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TRANSLATOR'S PREFACK,

Tue part of M. Fournet’s work which is here presented to the
English reader, contains his researches on auscultation. Though
chiefly directed to the diagnosis of phthisis, and having constant re-
ference to the second part of the work, it forms a tolerably complete
system of auscultation of the respiratory organs, in which, while some
errors, sanctioned by the authority of Laennee, are rectified and
some omissions supplied, most of the physical phenomena are con-
sidered in a point of view somewhat different from that in which
they were contemplated by the great discoverer,

If we examine with attention the history of auscultation, we will,
I think, be eonvineed that its progress has been greatly retarded,
and its advantages hitherto confined to a particular class of cases,
chiefly from the mode in which it has been studied. In the usual
mode of study, the ear, accustomed from the first to certain obvious
and easily recognized sounds, which often afford conclusive evidence
of the condition of the lungs, becomes insensible or indifferent to
slighter and less distinet impressions ; while the mind, instead of
viewing the physical signs as forming a part of the facts upon which
its conclusion should be founded, is unconsciously habituated to look
at them rather in an independent point of view, and to consider
them, when recognizable at all, as in themselves alone suflicient to
establish the diagnosis. Hence the exaggerated importance attached
to pectoriloquy, bronchophony, cavernous respiration, &c.; hence
the more delicate signs, that mark the first inroads of disease, have
been altogether neglected ; hence the eapiratory murmur was so long
unnoticed or forgotten, This mode of viewing the physical pheno-
mena may be said to have originated with Laennec himself, and
has continued more or less to influence observers ever since. In the
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caso of Laennee, indeed and men of his stamp, familiar with all
the features of discase and whose views were in general profound
and comprehensive, the erroneous direction thus given to the mind
probably produced in practice no other ill effect than depriving them
of some important diagnostic signs ; but it was otherwise with per-
sons of inferior capacity, and perhaps with the majority of students.
With them an undue confidence in physical signs has unfortunately
often led to mistakes in diagnosis, the result of which has been
doubt, distrust, and at length total abandonment of auseultation,
or perhaps what was worse, the practice of appealing to it without
any faith in its responses. From the same cause has originated
the reproach which is sometimes with too much reason addressed to
auscultation : that it is silent at the period when it might be ser-
viceable, and only reveals the disease when it is no longer remediable
either by art or nature.

The new method followed by M. Fournet in the study of auscul-
tation must lead to happier results. Attention is here first divected
to the attainment of a familiar acquaintance with the normal res-
piratory sounds. This is the natural course, and its advantages
are =0 obvious that most writers have recommended it; but the old
system tended rather to divert the mind from this study, which on
the other hand, forms an essential and indispensable part of the
new, A careful analysis of the properties of these sounds brings
under notice different sonorous phenomena hitherto neglected, whose
modifieations in disease furnish a number of new diagnostie signs.
The constant existence of an expiratory vesicular' murmur both in
health and disease being recognised by M. Fournet, its physiological
characters are studied with the same minuteness as those of the
inspiratory, and another new source of diagnosis found in their
morbid modifications. Let me observe, that while in this study of
the properties of the normal murmurs, the ear acquires a perfect
familiarity with these sounds, it must at the same time attain a de-
licacy of perception which will enable it to recognize the first devia-
tions produced by disease ; nor is this study caleulated to foster a
false confidence in physical signs ; but on the contrary, from the
delicacy of the phenomena and the difficulty of appreciating them, it
will probably suggest to every mind the danger of relying on them
alone, or of contémplating them in an isolated or independent point
of view ; the necessity of always considering them in their relations
with each other, and in connexion with all the other signs, symp-
toms, and general phenomena.

The separate study of the two periods of respiration naturally
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suggested the idea of determining with which of them each morbid
sign co-exists, and from this source a number of new differential
characters is derived. TLastly, the combinations of the physical
phenomena with each other, the relations that connect them together,
their natural or accidental course and the successive transformations
of some of them, have been carefully studied, and a number of gene-
al facts thus established, of considerable use in the diagnosis and
prognosis of certain diseases.

It is in reference to phthisis that the defects of the usual mode of
studying the physical phenomena appear particularly conspicuous.
Most practitioners are familiar with the physical signs of this disease
at the period when its diagnosis is scarcely of any use; few have
studied them at the period when any benefit might be hoped for from
remedial measures. It is in phthisis also that the method of M.
Fournet may be expected to produce its happiest results. Its ad-
vantages are strikingly illustrated in the second part of this work,
in the diagnosis of the earliest stage of the disease. But as this
first part is complete in itself, and as it is, in my opinion, the most
useful guide in the study of anscultation that has yet appeared, 1
thought it better publish it at once, intending to follow with the
other part with as little delay as possible.

Dublin, August, 1541.







PREFACE.

Tug researches contained in this work are directed to two objects.
1°. the auscultation of the respiratory organs conducted upon prin-
ciples different from those that guided Laennec; 2°. the history of
the first stage of phthisis pulmonalis considered under various
points of view : the causes capable of producing it and favouring its
developement, its curability in its first and last stages, the diag-
nostic signs of its first degree, and the treatment, as well prophy-
lactic as curative, suited to it.

If a new direction had not presented itself for my researches, if T
had not pereeived the possibility of considering these subjects under
other points of view than those of the great masters who had gone
before me, I would not have ventured upon any attempt after them;
still less would I have hoped, after the beautiful works they have
left, to arrive by my own investigations at new results which, per-
haps, will not be deemed altogether undeserving attention. Should
it be so, should any merit belong to a work which has at least that
of being conscientious, the greater part of it is due to M. Andral,
since it is to his good opinion, to his gemerous kindness, 1 am
indebted for the favourable position I occupied for making these
researches.

I have divided this work into two parts: the first contains my
researches on auscultation, the second my researches on phthisis.

1°. The analysis of the two murmurs of respiration (inspiratory
murmur, expiratory murmur), instead of the gingle murmur
deseribed by Laennec, has multiplied the number of signs by
means of which we recognize the diseases of the respiratory organs,
and has dissipated some errors which followed necessarily from the
consideration of a single murmur instead of the two that really
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exist.  The analysis of a greater number of the properties of sound
than Laennee noticed, has enabled me to ascertain a greater num-
ber of morbid modifications of the respiratory murmurs, to establish
new relations between the symptomatology and pathological ana-
tomy, and to multiply, by this new means, the signs of the discases
of the pleura, of the lungs, &e. The determination of the law of
coexistence of the morbid sonorous phenomena of the respiratory
apparatus with inspiration or expiration, has served also to inerease
the number of these relations and of these signs.  Lastly, the more
exact order, the more full conception, the more fixed principles that
have directed the whole of this new study of auscultation, will,
I hope, have the effect of making better known the relations that
connect together a great number of these phenomena, the successive
transformations of several of them, their natural or accidental
course, in a word, the laws that govern them, and, consequently, of
rendering more easy and more useful their application to the diag-
nosis, to the prognosis, and therefore to the treatment of the mala-
dies of which they are signs. These auscultatory researches will
also, in many instances, have the advantage of rendering the diag-
nosis of certain diseases possible at a period of their course at which
it was hitherto impracticable, the period of their commencement,
which is the most favourable for their treatment.

2°. With respect to the considerations that directed my re-
searches on phthisis pulmonalis, they were: 1° to determine what
are the chances of the curability of this affection ; 2°, to deduce the
treatment from the data furnished by the etiology of the disease,
that is, to make Aygicne its principal basis, for pharmacology has
hitherto only served to confirm the melancholy presentiment of the
absolute incurability of phthisis; 8° to apply this treatment to the
first stage of the disease, the only one during which it can be
in any way successful, and, for this purpose, to investigate the
diagnostic signs of this first stage.—Now I liope I have demon-
strated : that the general opinion of our age, as to the cure of
phthisis in its third stage, by means of the cicatrization of cavities, is
not accurate ; that the opinion of the incurability of phthisis in its
first stage is not founded on any solid reasons: that on the con-
trary, there is every reason to think that the result of the treatment
of this affection, if managed upon certain principles, ought to be:
1%, in some individuals, to prevent the developement of phthisis with
which they are menaced ; 2°, in those who are actually affected with
it, and who have recourse in time to the aid of medicine to remove,
in some, all local traces of the disease; and, in many others, to
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arrest its progress, so that the patient lives, retaining however
in his lungs the vestiges of the disease. In all cases, the only treat-
ment that can have any success is that which consists chiefly of
prophylactic measures, by which we oppose, sometimes the first
appearance, sometimes the increase of phthisis. From its very
nature, this treatment must be derived chiefly from hygitne, and
be indicated by the etiology of phthisis ; its chances of suceess must
be proportioned to the space of time longer or shorter, that has
elapsed since the commencement of the atfection. Now, I venture
to hope that my researches on the cause of phthisis will contribute
to guide the treatment in this preservative course, and that my
researches in diagnosis will enable us to apply it to the first stage of
phthisis, at least in the greater number of cases. If I have attained
the latter object, which I hope will be admitted, surgery will also
derive great advantage from it, for the surgeon will not be so often
exposed to endanger the life of the patient by calling into activity,
by his operations, tuberculous affections till then unfelt and sta-
tionary, nor to risk his own reputation and that of his art by
failures due to the unfavourable condition in which the patient
happens to be.

The new course I have followed in the study of auscultation, is
one of the sources from which I have derived the signs of the first
stage of phthisis; in this point of view, a knowledge of the first
part of the work is indispensable, in order to understand and appre-
ciate what, in the second part, relates to this diagnosis. I am
obliged to offer this warning to persons who, thinking they had no
interest except in the second subject of this treatise, might consider
the study of my researches on auscultation useless to them. To be
able to recognize the signs I point out, it is necessary to be accus-
tomed to the mode of auscultation I have developed in the course of
the first part ; it is necessary to have educated the senses in this
particular point of view ; it is necessary that the mind be prepared
for the new relations I have established amongst the facts; but how
place oneself in these conditions by any other means than a full
knowledge of the principles and facts I have established ? T repeat
it, those who choose to judge the results I announce in the present
state of their senses and their minds, and who will not take the
trouble to follow step by step the course I have adopted, to renew
their education in auscultation, these men will not be in a condition
to form a just opinion. In a word, I am the first to challenge an
examination of the facts I have brought forward, but T demand that
this examination be serious; for elinical observation gives always the
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same answer when it is properly interrogated. I think I should
also warn the reader, especially in reference to the second part of
this work, that the facts contained in it are of such a nature, and
are so dependent one upon the other, that it is not pessible to form
an accurate idea of the value of each, except after reading all, and
analyzing the whole assemblage of them. I may have fallen into
errors ; how can I expect to be secure from them, after having
myself pointed out several in Laennec? but of this I am eonvinced,
that no one could undertake ta work with more desire of truth,
with greater impartiality in his researches; no one could make
areater efforts to attain this end. My oricinal cases are taken at
great length ; when the facts with respect to which I interrogated
the patients did not exist, I noted their non-existence with as much
care as their existence in the opposite case ; the autopsies are
reported with the same detail ; so that I have been able to establish
accurate relations between the morbid alterations, and the different
circumstances of the history of the disease, It is these relations,
often observed, that have authorized me to elevate to the rank of
signs, several of the phenomena that had been noticed during life,
It is by the same process that I have arrived at the knowledge of
the general facts which are scattered here and there in the course of
the work. Knowing by experience how difficult it is to obtain accu-
rate information from patients, I have taken the utmost pains in
questioning them, not passing from one question to another till T
had reason to believe, that the answer of the patient was an accu-
rate representation of the fact. Lastly, in order to have, in the
testimony of others, the certainty that my senses had not deceived
me, I often requested M. Andral to ascertain whether the pheno-
mena were such as I had seen or heard them ; or I asked other per-
sons well versed in clinical practice, who usually attended the hos-
pital, to do the same. I dwell on all these eircumstances, because
it is to them we must look in investigating the cause of the relations
true or false that have been established between the facts.

The cases of phthisis pulmonalis on which the second part of this
book 1s founded, are 192 in number. Those that supplied me with
the auscultatory facts contained in the first part, are much more
numerous, for all the cases of disease of the thoracic organs that I
have noted during the last four years, have been taken with a view
to those researches. Being obliged, however, to confine myself
within certain limits, I have given only a small number of cases in
the course of this work. Those introduced here and there in the
text, are in general given with little detail; I have only retained
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the circumstances that establish the faet with respect to which they
are brought forward.  The five cases which terminate the work are
the only ones that have been reproduced, with almost all their pri-
mitive developements ; the reasons that determined me to act thus
will be seen at the commencement of Chapter XVIL, Part 2nd.
These cases will be found to present very striking examples of
phthisis recognized in its first stage. As several of the general facts
announced in the course of this work are of considerable importance,
and that one eannot rest satisfied with merely stating them, I intend
to enter into a detailed explanation of them in separate memoires,
when at least I can make use of my cases.

The diagnosis of the first stage of phthisis is, in general, composed
of very numerous, and sometimes very complex elements. It is not,
therefore, on the results of auscultation alone I rely in forming this
diagnosis, as some persons have imagined. So far from this, nothing
is, in my opinion, more certain, than that we must necessarily com-
mit many errors if we presume to judge from one class of signs
alone, and from their absolufe value, instead of considering all toge-
ther and their relative value. 1 dwell upon this fact, in order that
persons may not impute to a want of value in the signs I point out,
mistakes which result from their not being properly appreciated. In
the diagnosis of the first stage of phthisis, as in every diagnosis,
there are different degrees of certainty, which vary according to the
different conditions of the patients; but, in the greater number of
cases, an accurate diagnosis may be formed, sometimes even it may
be attained at the period when phthisis consists in a certain general
disposition only, and when the tuberculous matter has not been as
yet secreted either in the lungs or in any other organ,

There are persons who will treat as minutie, some of the auscul-
tatory facts that concur to the diagnosis of the first stage of phthisis.
The importance of the result obtained by these pretended minutiwe,
would be in itself a sufficient answer ; but we may observe to per-
sons who thus accept the result, and seem to wish to reject the
means, that their raproach is not logical, for alterations so slight as
those with which phthisis commences, can produce very slight
gymptoms only, inasmuch as the degree of the symptom expresscs
the degree of alteration; we niust, therefore, be prepared to find the
signs more delicate in proportion as we choose to approach nearer
the commencement of the malady. Besides, let me remark, that
those signs which will probably appear of extreme delicacy and difli-
culty to physicians little habituated to auscultation, are very sen-
sible and very distinet to those whose senses have, by constant
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practice, acquired peculiar delicacy ; conscquently, it is a question
of persons rather than of facts, and therefore admits not of discus-
sion. We know the incredulity and the conflicting sentiments with
which the first discoveries of Laennee were received, and we know
whether much of this incredulity exists now. The utility of some of
my auscultatory researches may be contested with more show of
reason, on the ground that they only lead to a kind of superfluity of
diagnosis. I admit, that in ordinary cases it would be useless to
avail oneself of some of the signs I have pointed out in my first
part. But there are other cases where the diagnosis of certain
affections of the chest is very obscure, where the general signs are
serious, the progress of the disease alarming, the mind undecided as
to the seat, the degree, the course, sometimes as to the nature of the
malady, and consequently as to its treatment; in such a case will
we not eagerly welcome the same signs which were rejected as
superfluous in happier cireumstances ? Does the chymist or natural
philosopher neglect the most trifling phenomena, when they are of a
nature to throw light on the facts he investigates? Do we ever com-
plain of the richness of a language? Now, in the point of view in
which the sciences were regarded by Condillac, is not semeiology
the language from which we derive, and from which we ought to
derive all our inspirations ?

The first part of this work presents a system or general plan of
auscultation nearly complete ; at the same time, the reader must not
expect to find in it all the facts that constitute the domain of aus-
cultation of the respiratory organs. My object was only to lay
before him the new auscultatory facts to which I have been con-
ducted by my researches, to rectify some errors that escaped Laennee,
and to present some of the facts he described, in the peeuliar point
of view in which those researches enabled me to contemplate them.
I have on several oceasions been obliged to eriticise Laennec; but 1
declare, that no one can feel higher admiration for his labours, nor
greater respect for himself, even looking at his mistakes, for these
mistakes themselves are proofs of the active and energetic character
of his mind,

To avoid too frequent repetitions, I have employed the words
inspiration and eapiration, as synonimous with the words inspira-
tory murmur, expiratory murmuwr. It will be easy from the context
to distinguish whether the former are used in their proper or
synonimous sense. The words cells, pulmonary wesicles, also oceur
in many places ; it is not that I wish to pronounce any opinion as
to the nature of the texture of the lungs; these words are only
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::mpluj,'ml for the want of better, to indicate the seat of certain
sounds, or certain alterations in the terminations of the bronchial
ramifications. The word Jaw which I also employ sometimes,
might seem ambitious to some, if T did not state that I merely use
it as a brief expression of the following thought: the general fuct
governs @ certain number of particular facts.

It was in 1835, at the Hotél-Dieu, Paris, I commenced the
researches contained in this work; I continued them afterwards at
the hospitals la Piti¢ and la Charité. Since 1836 I have constantly
oiven clinical lectures on the two subjects of my labours, and on the
vesults at which T had arrived. These lectures were attended
chiefly by physicians from other countries, who having heard of my
researches, did me the honor to desire to see my elinical practice.
They have often urged me to publish this work, and to use their
testimony as evidence of the accuracy of the facts it contains, of the
ease with which each was able to verify those facts by following the
course and method I pointed out, and of the advantage they
derived, in the study of auscultation, from the general facts in
which I have included a certain number and certain classes of par-
ticular facts. Several of these physicians requested me to state
that they had attended my lectures; I comply with their wish, and
at the same time produce them as witnesses by inseribing here
those who have left me their names.*

In conclusion, let me add, that the manmer in which these
researches have been received by the Academy of Medicinet and by
some distinguished individuals, and the opinions expressed to me
on this subject, induce me to hope that some good will result from
my labours. Thus, looking to the second subject alone of this
work, consumption, may we not anticipate that in the full and eir-
cumstantial account of the causes of this malady will be found
a copious source from which practice will derive its best indications,
and from which must flow valuable results? May we not hope that
the possibility of acting in the earliest period of phthisis, some-
times even before the local disease is formed, will hereafter afford
medicine a fair prospect of success? Perhaps, too, these researches
may make a salutary impression on the minds of that enlightened
portion of society that gives an impulse to the rest: perhaps I may

* The author gives here a long list of physicians of different countries, among whom
I find the following English :—

Dns. Fernenstox, Newcastle, Northumberland; Nerssen, London; Ross, Lon-
dom; Power—Crankr—Cornamaw, Ballinrobe, Treland.

t Seance de I'Academic Royale de Medecine, du 13th Mars, 1838,
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CLINICAL RESEARCHES, &c.

FIRST PART.

RESEARCHES ON AUSCULTATION OF THE RESPIRATORY ORGANS.

INTRODUCTION.

Ix 1816 the immortal Laennec opened a mew career to the science of
diagnosis. From the first he comprehended all its extent; while his
powers of observation, which equalled the facility and accuracy of his
understanding, enabled him subsequently to traverse it in almost every
direction. In a very short time he had collected around him immense
materials ; and upon this mass of facts, so new, so numerous, so diversi-
fied, but of whose value the accuracy of his senses assured him, he poured
the light of analysis. Similar facts were brought together, their relations
recognized ; a common chain united them, order succeeded to confusion,
science laid hold of what seemed at first a mere object of curiosity, and
auseultation was created. The impulse that acted on Laennee was felt
by other men in his own time and since. At his side M. Andral, inspired

with the same foresight, animated with the same force, attained the same.-

end. At times Laennec even seemed annoyed by the too close proximity ;
but this passing weakness only tended to the advantage of science, by
exeiting him perhaps to still greater activity. Similar men soon took the
same path : accurate and well-trained senses, a sound judgment applied to
the analysis of facts, confirmed the results of Laennee, and even pene-
trated beyond him. Observers of a different stamp mingling with the
former, laboured in various ways in this new field of science ; and aus-
cultation, great even in the eradle, fruitful from its birth, was hailed on
all sides with the enthusiasm and the unanimity reserved for truth. Some
minds, always slow to follow the progress of their age, generally rebellious
to every discovery, obeyed as usual their instinet of opposition ; but their
conversion, which could not be long delayed, was a homage to auscultation,
or the new science passed easily over this obstacle. (1)
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But so much space could not be traversed in so short a time, withont
some mistakes and some omissions. The mind, full of its progress and its
object, had not taken time to reflect sufficiently on the point from which
it started ; hurried along by the force of circumstances, distracted by the
number and vaviety of phenomena, it neglected in its route some import-
ant elements of the problem, and hence the solution was incomplete in
some points, inexaet in others, Besides, in this rapid movement, it was
difficult to preserve an equally vivid impression of all the relations of the
facts, and it was impossible to arrive at the knowledge of all the laws thut
govern them.

For a long time Laennee, exercising around him that invisible influ-
ence, that fascination which belongs to genius, maintained within the
limits he had traced, the science of his ereation ; hurried on by the im-
pulse he had communicated, men continued to follow in his track without
almost thinking of the principles that had guided him; without seeking
to extend or even to analyse those prineiples. For some time past, how-
ever, even those that belonged to the first movement, and still more,
some new men have returned upon the route of Laennee, and have suc-
eeeded in discovering some useful facts, which his prepossessions and the
rapidity of his progress prevented him from seeing.

Devoted for many years, by position and by taste, to a profound study
of clinieal facts, I was fascinated by the career of Laennec the moment I
became acquainted with it. T set about traversing it with the same zeal
as if T were the contemporary and pupil of that illustrions master. I did
so with a three-fold object :—1st. to arrive more quickly and more per-
fectly at the practical application of the discoveries of Laennee, by finding
out by myself all the facts he had ascertained; 2nd. to subject them,
one by one, to a rigid analysis, in order to recognize their exact value ;
3rd. to extend, if possible, the domain of these facts. With senses per-
fectly unprejudiced and well trained ; with a mind free from all foreign
influence, and from all personal interest, one might hope to attain this
object. I endeavoured to place myself in these conditions. I sought, in
the first place, by associating with those who had specially cultivated this
subject, to give my senses that delicacy and that aceuracy which was ne-
cessary to enable them to proceed subsequently alone ; after the example
of those men, I endeavoured to make the operations of the senses always
precede those of the mind, and to place both under the control of that
precious faculty, attention, which, in watching their operations, is the
guarantee of their results. Placed sufficiently remote from the sphere of
Laennec’s activity, to be unaffected by the influence he exercised around
him, I could, in reflecting on the route I had to traverse, see what had
Leen done, ascertain what remained to be done, and so arrange before-
hand the object and the means. My position as intern of the hospitals,
the friendship of my masters, by placing at my disposal a great number of
patients, afforded me full opportunity for such researches. It was in the
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beeinning of 1833, at the Hotel-Dieu, I commenced my labours. Patho-
logical anatomy, inseparable from symptomatology, formed an essential
part of them.

1. In listening attentively to the respiratory murmur in persons whose
chests were healthy and well formed, I was astonished to hear two sounds,
instead of the single one deseribed by Laennee. I verified however the
accuracy of this first result, and saw, that, in the normal state, inspiration
and expiration were each accompanied by a very distinct murmur ; the
latter being merely muech weaker than the former. (*) Its comparative
weakness, as well as a singular distraction of the senses, in one in whom
they were so well trained, made Laennec overlook it ; and the mischievous
re-action of the mind on the senses perpetuated the error. He says,” “on
applying the stethoscope, with its funnel-shaped cavity open, to the chest
of a healthy person, we hear, during inspiration and expiration, a slight, but
distinet murmur, answering to the entrance of the air into, and its ezpul-
sion from, the air cells of the lungs” Thus he describes in the most ex-
plicit terms the production of sound during both periods; he remarks
that this sound accompanies on the one hand, the entrance, on the other,
the expulsion of the air. Any one who has analysed these two sounds,
and recognised their perfect independence, will perceive from these words
that Laennec’s ear had heard both; but his mind had noticed only one,
and from that moment, the sense was subjected to the mischievous influ-
ence that usually accompanies every preconceived opinion. His attention
had slumbered on this point, and was never after awakened. Many other
circumstances might have brought him back to the right road—the an-
alogy of the larynx, in which the two sounds had been studied; ausculta-
tion at a distance, which in like manner analyses both,—physiology, even
physics, and above all, the study of the morbid sounds, where we some-
times meet the expiratory murmur sodeveloped. But no; he had passed
on without ohserving the fact, and it was not for years after, it was not
till the death of Laennee, and the kind of enfranchisement which resul-
ted from it, that the error was perceived. A remarkable example of the
despotism the mind may obtain over the senses, as well as of the
mysterious dominion a man of genius exercises over all that comes
within the sphere of his activity! It is curious to observe how M. Me-
viadec Laennec, obeying, without being aware of it, this influence, has
givent this passage of Laennec; le has stripped it of all that belongs
peculiarly to the senses, and has left only what belongs to the mind : “the
penetration of air into the respiratory apparatus is accompanied with a
glight murmur, which is distinctly perceived by means of auscultation,
and constitutes what is ealled the respiratory murmur.”

I avow that before placing myself in the position for observation de-

*® Anscult. Med. edition d'Andral, 1837; vol. 1, page f0—Forbes' translation of

Laennec, 3rd edition, p. 29.
1T Andral’s edition of Laennec, p. 76.
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seribed above, I had often read this passage in Laennec, without meeting
any thing that arrested my attention, and that like him, and like all the
world, I had heard, or at least perceived but a single sound, that which
was called, and is still so generally called, the respiratory murmur. 1L
was obliged to separate, by the aid of reflection, and as it were with vio-
lence, the operations of the senses from those of the mind, in order to
avoid the common error. It was only then that, on a fresh perusal, I
comprehended the full foree of this passage in Laennec.

The Academy of Medicine, February the 27th, 1838, appointed a com-
mission to examine different communications I had laid before it: the
commissioners that attended found no difficulty in distinguishing the two
normal respiratory murmurs, and recognising the different characters of
each; this was more especially easy to one of them, M. Andral, as he had
himself long since ascertained the truth of the fact, in the patients in his
wards, who had served for my researches.

If we proceed to analyse the two sounds of respiration, and compare
the result of this analysis with what Laennec has said respecting the res-
piratory murmur, it is evident that the sound to which he gives that
name, as well in the normal, as in the morbid state, is the inspiratory
murmur, and that it is the murmur of expiration he has overlooked.

We may thew:fore retain in our new route nearly all that Laennee
has written. All is accurate, or nearly all, if we apply it to inspiration ;
but it is at the same time evident, that the entire half of the domain of
auscultation is left uncultivated : perhaps we might even say more than
half ; for not only has one of the two sounds of respiration been altoge-
ther overlooked, but the natural relation between those two sounds, and
every thing that depends on the disturbance of that relation, as well as on
the disturbance of the expiration, has also been unnoticed. The neglect
of these two things has been sometimes even the source of errors, which
we shall have to point out. Fortunately, many of the facts, as well par-
ticular as general, which Laennec connected with the sound of inspiration,
are applicable to that of expiration: hence itis that, without being aware of it,
he has in some degree anticipated a part of the history of the fact he over-
looked, in the history of the fact he recognised and analysed with so much
ability. It will be seen, however, by a glance at this question, and the
consequences it involves, that diagnosis must gain much both in extent
and in certainty, by the recovery of this omission of Laennee, by the ree-
tification of some errors which have resulted from it, and finally by the
completion thus given to his beautiful labours. We may give one or two
examples of this:—In neglecting the study of the expiratory sound, he
deprived himself of a precious source of diagnosis in the first stage of
pulmonary phthisis. He has expressed on this point the following opi-
nion, to which we have now a right to revert. ¢ But when these tumounrs
(tubereles, &e.) arve small, * however numerons they may be, if the pul-

* Auscult, Med, ed. 1837, vol. 2, p. 8,
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monary tissue in the intervals between them is healthy, auscultation fur-
nishes no sign.” In pulmonary emphysema, the respiratory murmur, says
Laennee,® (and it has been repeated after him,t) is much diminished, or
even altogether abolished ; and yet when we analyse carefully the two
sounds of respiration, we find, it is true, that the inspiratory has suffered
the changes indicated, but that the expiratory on the contrary has greatly
increased, both in extent and in intensity.

Physiological accuracy then compels us to admit, that instead of the
single sound, to which Laennec has given the name of respiratory mur-
mur, there exist two very distinet sounds: one stronger, belonging to the
period of inspiration ; the other weaker, produced during expiration. On
the other hand, pathological observation confirms this division ; for we see
the weaker sound become at times the stronger, and wicé wversd ; lastly,
the interests of diagnosis require it, for a number of valuable signs result
from this mode of studying the sounds of respiration. Hence this auscul-
tatory principle : always to observe and analyse the inspivatory and expi-
ratory murmurs separately ; at the same time that by viewing them together,
we appreciate the changes that may have occurred in their natural velation
to each other.

This primary fact of the existence of two murmurs being established,
the fact of their morbid modifications being also elearly ascertained, as
well as the existence of a number of signs corresponding to these modifi-
cations, we must, in order not to lose any of these signs, investigate in the
normal murmurs, all the different cireumstances from which they may be
derived. In this way we will come to multiply the number of signs.
Thus then we are led to investizgate, in the inspiratory and expiratory
murmurs, their proper characters, and their general properties as sounds ;
to choose amongst these properties, those whose modifications may furnish
practical signs; to expound in a methodieal order the whole of the morbid
characters of these sounds, and to introduce, as far as possible, into those
different analyses, the prineiples and precise language of physies. In this
way the science of auscultation will gain both in extent and in precision :
in extent, by the appreciation of a greater number of characters, both
normal and morbid, and by the application of these characters to two
sounds instead of one ; in precision, by the more rigorous analysis of these
characters, by the greater facility of comprehending the chain of their
relations, and the general prineiples that govern them.

The following are the fundamental characters that it seems to me useful
to analyse in the respiratory murmurs :—

1. The proper or distinctive character.

2. The hard or soft character.

3. The dry or humid character.

4. The quality (le timbre). (3)

* Ausult, Med. ed. 1837, vol. 1, p. 373—Forbes’ Translation, p. 162,
t Memoires de la Soe, Med. d'Obsery. Emphy. ; Louis, p. 212
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The tone.
The intensity.

7. The duration.

8. The rhythm.

All the morbid modifications of the respiratory murmurs, that are sus-
eeptible of any practical application, may be referred to one of the ahove
sources. For this purpose physiology, pathology, and pathological anatomy
at once lend their united aid : physiology, which serves as a type or unit
of measure ; pathology, which compares with this unit each faect it fur-
nishes ; pathological anatomy, which gives value to the differences, by
exhibiting the organic states that correspond to them.

A. The proper character of the normal respiratory murmurs is a breath-
ing or blowing (un souffle); the proper character of a certain class of
morbid sounds, is also a blowing, but of a different kind ; the proper
character of the large class of alterations of quality (timbre),* consists in
that sensation which is called metallic ; the proper character is something
sui generis, which represents the nature of a phenomenon, or of a group
of phenomena, whilst the other characters express rather its forms and
different accidents.

B. The kard character and the soft or mellow character ave the opposite
of each other : the latter produces on the ear an agreeable impression ; it
has in it something free, unconstrained, natural; the vesicular expansion
of a healthy lung during a normal inspiration furnishes this character in
its most perfect form. By a gradual degradation of this soft character,
we pass to the hard: this leaves a disagreeable impression on the ear;
therve is in it something of difficulty, of roughness, of restraint, which
gives the idea of an obstacle to motion, of a dense and unyielding tissue,
of a rough surface, &e.f The pleuritic friction sound may serve as a
type of this character. The first represents the pliant, yielding condition
of the tissues, and is a more favourable sign according as it is more com-
plete ; the second represents the opposite state, and is always proportional
to the obstruction of the funetions of the part in which it is produced.

C. The dry and humid characters approximate closely to the preceding.
The hard character always conveys an impression of dryness; the
soft character almost always accompanies the sensation of humidity, but
the latter does not always accompany the former. The dry character is
but a form or degree of the hard ; the humid character, on the contrary,
is a distinet type; the dry character is the opposite of this type ; like the
preceding, they may alternately degenerate into each other. In respect
to prognosis, the dry is to the hard character what the humid is to the
soft: there exists, however, a very wide difference between the soft and
humid characters, for the perfect state of the one represents the physiolo-
gical condition, § while that of the other depends on conditions essentially

* The clear, blowing, bronchial, cavernons, amphoric guality, &ec.

T First stage of phthisis, emphysema of the lungs, dry pleurisy.
1 Normal respiratory murmurs.
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pathological.® The prognosis from the Lhumid character varies besides
with the sensation of more or less viscidity : the more marked this sensa-
tion is, the more serious ave the organic changes with which it corre-
sponds. It is the reverse, when the liquid that determines this sensation
Jeaves an impression of great fluidity.

D. It is not yet known upon what circumstance in the composition of
bodies, that property of sound which is called the quality (timbre) depends.
The most general fact we can establish on this subject, in the relations of
symptomatology with pathological anatomy, is that in eeneral the alter-
ations of guality in the normal murmurs present themselves in cases of
augmentation of density of the tissues, f and inerease of diameter of the
tubes traversed by the columns of air.} The ear does not casily mistake
this character when it has once heard it distinetly. The impression
usually made on it may be conceived by recollecting that typical and
common sound, which is ealled metallic. This character presents several
degrees: these degrees are connected together by successive gradations,
through which each of them passes in its inerease, or its decreasc; the
chain is continuous, regular, from the highest to the lowest degree; and
we often see one of the morbid murmurs that compose it, follow it through-
out its entire length. § Its progressive increase is always an unfavoura-
ble sign ;| its highest degrees, in general, make their appearance only a
short time before death; ¥ its progressive decrease, its return to degrees
lower and lower, is on the contrary a good omen; the lowest degrees in
this kind of retrogression usually denote the resolution of congestions.
Every thing in this phenomenon belongs to pathology ; there is nothing
physiological that resembles it, unless perhaps, and that in a very remote
degree, respiration in the child. Among the different morbid sonorous
phenomena, it is one of those that appear latest, one of those, therefore,
that indicate organie alterations far advanced ;** it is, moreover, one of
the most unequivocal characters, one whose course is the most regular, and
whose laws are the most fixed. It ceases, but it never changes into one
of the other types, whereas we have seen that the two preceding charac-
ters may be transformed into each other.

E. The tone or the keight of a sound, depends on the number of vibra-
tions in a given time. It is sometimes useful to appreciate the degree of
height, or the tone of certain morbid sounds of the respiratory apparatus :
the most general physical fact that it is important to keep in mind, in the
analysis of this circumstance, is that the acute tone corresponds to the
greater number of vibrations, and the grave tone to the smaller number ;

* Active sanguineous congestion of the lungs.

t Phthisis, pneumonia, pleuritic effusion. 1 Dilation of the bronchial tubes.

§, For example in phthisis, || Pneumonia, phthisis.

8 The cavernous and amphoric characters in phthisis and in hydro-pneumo-thorax.

** In pneumonia and phihisis, in comparison with the other characters furnished by
auscultation in these discases,
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the anatomical fact that it is necessary to conneet with the preceding, is

“that in general these two degrees in the height of the sound correspond
‘to differences, in an inverse respeet, in the diameter of the air tubes: the

acute tone to the diminution of these tubes, and the grave tone to their
relative augmentation.®
If we compare the two kinds of phenomena we have just noticed, one

‘physical, the other anatomical, we will find a natural connection between

them: we know, in fact, that in passing through tubes, a column of air

‘produces vibrations, whose number is directly proportional to the narrow-

ness of the tubes; that the number of vibrations inereases, (acute tone)

‘when the air passes from a wider into a narrower part, and diminishes

(zrave tone) in the opposite case. The sonorous phenomena of this elass
are in general transitory, fugitive, of moderate value; they may depend on
lesions, purely nervous, as well as on physical conditions, and the latter
are sometimes very serious, sometimes very slight: they appear much
oftener in diseases of the larynx than in those of the lungs. In this
work, I will only take them into account in the study of the bronchial
ronchi, and of the characters that the voice and cough supply in the

‘diagnosis of the first stage of phthisis.

F. While the height of a sound depends on the number of vibrations,
its intensity depends on their size ; but here, without confining ourselves

to the precise physical definition of the word, we will understand by in-

tensity what is commonly understood, the distance to which the sound is
propagated, and the degree of force with which it strikes the ear.

G. By the duration of a sound, we understand the time during which
the perception of the sound is prolonged. The duration and intensity of
the murmurs are sometimes intimately connected with one another;+
sometimes they separate and are modified in different degrees, or even in
opposite directions. + It is much more easy to connect anatomical eir-
cumstances with the intensity than with the duration: the first is vefer-
able to two different kinds of cause ; it is sometimes the result of changes
in the organitself in whichthe sound originates, § sometimesof changes in
the neighbouring organs; || in the latter case it depends solely on the condi-

‘tions of conduetibility that surround the organin which the sound is genera-

ted ; we may say, in general, that its increase is directly proportional to the

* The first of these two propositions is however, much more true and more gencral
than the second; at times both the acute and grave tones are heard at the same
time in the same lung ; in general, in this case, the only anatomical circumstance we
‘observe is that which we have considered as belonging to the acute tone : it may indeed
be said, that in this case, the anatomical condition of the grave tone is represented by
the relative dilatation of the healthy bronchial tubes.

1t Pneumonia, pulmonary congestions, pleuritie effusions.

‘1 Phthisis in its first stage, pulmonary emphysema.

4§ Pneumonia, pleurisy, emphysema, phthisis. .

|| For example : the imperfect transmission of the veice and sounds of the heart in
cases of consideralile emphysema.




INTRODUCTION. 9

density of the tissues, and its diminution to their ravefaction : with respect
to the duration, it usually depends on causes much less easily analysed,
the degree of elasticity and contractility of the tissues appearing to influ-
ence it in certain cases.® However, though its causes are more doubtful,
the character of duration is not less precious than that of intensity; the
diagnosis in general derives most advantage from analyzing them in their
relations with each other ; in fact the laws that govern them are tolerably
constant, and hence the changes that occur in the one, assist us in appre-
ciating the value of those exhibited in the other; both have, besides, the
following advantages :—they are usually the first to appear of all those
signs we have described, and thus give us information in the earliest
periods of disease ; + they may, though appearing at the commencement,
persist a very long time, and come to indicate a considerable change in
the primary conditions of the organ;{ the series formed by them is very
‘extensive, as successive and as regular as that of the alterations of qua-
lity, and capable of being followed and appreciated with equal ease.
These two characters are never confounded, are never transformed, and
though frequently connected, remain always perfectly independent of each
other.

H. The word rhythm has several meanings ; sometimes it signifies the
order in which several independent, but accidentally combined phenomena
follow one another (this is its largest and least used signification) ; some-
times it expresses the order of succession of several phenomena connected
together by intimate relations, concurring to the same end, and consti-
tuting the same fact, as, for instanee, the rhythm of the two respiratory
sounds ; lastly, the application of this word is sometimes still more re-
stricted, and it is employed to designate the different periods, the different
parts of the same phenomena, and the mode in which the succession of
these periods and parts is accomplished. This is the sense in which we
shall use it when we say, the rhythm of such a sound in particular. The
second acceptation is almost the only one that admits of any useful appli-
cations, and in this point of view, the consideration of the rhythm forms
some part in the appreciation of the relations hetween the inspiratory and
expiratory murmurs. The study of the rhythm is of little use in diag-
nosis; it is, however, sometimes useful, especially for comprehending the
connection between the phenomena, and aiding us in the investigation of
.the laws that govern them.

All these different characters may be combined with each other in a
thousand ways, and the diagnosis may be most materially aided by the ana-
lysis of these combinations. Many of them obseure at first sight, and
apparently confused, are governed by fixed prineiples, and these prinei-
ples are in some cases more fixed than those that are connected with the

* For example: the expiratory murmur prolonged in emphysema of the lungs.
t Pneumonia, pleurisy, phthisis, &e. I Phthisis, emplhysema.
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existence of the sound itself. There is usually an intimate relation be-
tween certain combinations of phenomena and certain physical cireum-
stances; but we are not always able to discover this relation. Sometimes,
in a given space of time, different combinations succeed one another s in
some cases it is also possible to find a regular chain of connexion in this
succession of changes, and to discover the reason of this connexion.
Phthisis pulmonalig, followed step by step in its whole course, in all the
different accidents that by turns affect the lungs, is one of the diseases in
which we observe the greatest number of those combinations, and in
which it is most easy to discover the law that governs them; to such a
degree, that it is possible, as we shall see hereafter, to exhibit these dif-
ferent combinations, either separately or in succession, in the form of so
many problems, of which experience furnishes the solution.

In general, we may say—Ist. that the alterations of guafity in their
lowest degrees are most frequently combined with most of the other cha-
racters 3 but that they obseure and efface those characters in proportion as
they become more marked, * and that then they tend more and more to
exist alone; 2nd. that the character of hardness is frequently combined
with the character of duration;t 3rd. that the character of rhythm is
almost inseparable from that of duration or intensity ;i 4th. that the
two latter, almost constantly found united, coincide frequently with the
character of humidity, especially when this character exists in its highest
degrees, for example, in the bubbling form. §

Custom has eonsecrated the use of the term murmur (bruit), instead
of sound, to designate the acoustick phenomena of the different systems of
the economy; and though it is most frequently inaccurate, as regards the
physical definition of the word, there is an advantage in preserving it,
because the common acceptation is well defined.

Of the dry, humid, and bubbling characters.

In reference to the dry and humid characters, I think it right to give
a summary of some experiments, which will enable us to comprehend
better the nature of these characters, and their possible applications to
diagnosis, by explaining their mode of production.

A. If a perfectly dry sponge be subjected to an alternate movement of
compression and dilatation close to the ear, we hear a very distinet sound,
slender if the sponge be fine, and of more volume, of it be of coarse tex-
ture ; and this sound, the result of the compression of the tissue of the
sponge and its expansion by the air, gives a very distinct sensation of

dryness. : :
B. If the sponge be moistened, we get with this sound a sensation of

* Pneumonia, pleurisy with effusion, phthisis. 1 Pulmonary emphysema, phthisis.

1 Pulmonary emphysema, phthisis.
§ Serous and sanguineous congestions of the lungs, pulmonary catarrh.




INTRODUCTION. 11

ihumidity ; and this character becomes more and more marked, in propor-
tion as the sponge contains a greater quantity of liquid. When this pas-

sair that penetrates into the cells of the sponge can expand, and form a
ilittle bubble, such as is formed by blowing with a tube into any kind of
Iliquid, then the sensation changes.
C. If this change in the sponge, from a dry to a humid state, be con-
‘ducted by insensible gradations, we perceive the humid character increase,
jremain for a time homogeneous, and then divide into a number of small
iunequal consecutive sounds; these afterwards become more marked, sepa-
yrate a little from each other, assume each a rounded form, and at length
| produce the sensation of bubbles originating, being developed, and burst-
\ing; at this point, the humid character deserves the name of bubbling ; but
it always leaves on the ear its primary impression of humidity.
We can easily vary the results, by varying the fineness or coarseness
.of the sponge, its degree of expansion, the conditions of its tissue as to
texture and motion, and the nature of the fluid with which it is moist-
ened. I have, in this way, by producing in the sponge a certain number
of the anatomico-pathological conditions of the lungs, suceeeded in ob-
taining artificially several of the physical signs furnished by these organs.
I confine myself to a deseription of some effects which have a more direct
connexion with some symptoms I shall have to describe.

1st. The character of dryness and hardness in the sound produced by
the alternate compression and expansion of a dry sponge, may have dif-
ferent degrees; these degrees vary according as the sponge is more or
Jess fine or pliable, and free from all admixture with foreign bodies, or as
it is hard, stiff, coarse, and contains the little shells we sometimes find
scattered through it. These different forms, these different degrees of
dryness and hardness, may be compared to the same characters presented
sometimes by the respiratory murmurs ; for example, to the character of
dryness in cases of severe emphysema, or rather to the hard, rough,
crumpling character we meet in the first stage of phthisis; or still
more to the erumpling sound, to the dry erackling ronchus which 18
in like manner produced in the same disease at the same period.

9nd. If the sponge be moistened with water simply, the impression of
‘humidity felt resembles the sensation produced by the respiration of an
edematous lung. It seems as if the ear perceived that the liquid, with
which the sponge is moistened, is devoid of consistence and viseidity-.

3rd. In fact, if the sponge is soaked in blood, or in a slightly sirupy or
gummy liquid, the ear at once feels that the dilatation of the sponge no
longer takes place in the same way ; it feels distinetly the impression of
something viscid, fatty, glutinous; and this impression resembles the sen-
sation produced by the auscultation of a lung in a state of active sangui-
neous congestion, (see first part, ch. 17, sect. 2, 5, 3). This character of
the respiration accompanies hemoptysis.

.ses a certain limit, when it is in such quantity that each little column of
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4th. If the sponge be fully saturated with this gummy solution, or with
blood, then the bubbling character appears, but with particular shades:
the walls of these bubbles seem to be thick, and not easily broken ; their
developement, their spherical form is attained with a kind of difficulty ;
it is always very incomplete, unless the tissue of the sponge is gorged
with fluid, and that its cells ave rather large. According as the bubbles
are more or less voluminous, more or less confounded with each other,
they give the idea of that peculiar ronchus I shall hereafter deseribe
under the name of Aumid ronchus with continuwous bubbles, which forms
one of the signs of active sanguineous pulmonary congestion; or they
resemble perfectly the large mucous ronchus, which is heard in the
large branches of the bronchi and in the trachea, at the period of mucous
secretion in acute pulmonary catarrh, or a little after an attack of hamop-
tysis.

Sth. If we take a fine sponge moderately moistened with water alone,
compress it in a point, and then withdrawing the finger, allow it to be ex-
panded by the air, crepitation is immediately produced. This crepitation is
regular and rapid, close, equal, very round and fine; in short, it is precisely
similar to one of these puffs of erepitant ronchus, heard in pneumonia, es-
pecially during the inspiratory movement. If the finger be withdrawn gra-
dually, this crepitation is prolonged, and then resembles these long puffs of
erepitant ronchus, which we hear when the patient makes a deep and re-
gular inspiration. It is short, and the bubbles few, if the finger be with-
drwn suddenly; in this ease also the bubbles are imperfect, as is sometimes
the crepitant ronchus in a short, rapid, semiconvulsive inspiration. If the
finger be raised little by little, and that the air penetrates with difliculty,
and as it were by small successive efforts, into the humid cells of the
sponze, the bubbling character is imperfect; or there are merely some
scattered bubbles which crepitate at intervals; thus it is that in pneu-
monia, occupying the entire mass of one lobe of a lung, when only some
cells here and there remain pervious to air, with whatever attention we
listen, we hear merely some scattered bubbles, in general incomplete,
widely separated from each other, and leaving the impression of an effort
made for their developement; very different in this respect from the
large puffs of crepitant ronchus, which convey theidea of a rapid and ready
penetration of air into the pulmonary tissue ; it is moreover distinetly felt,
that this penetration takas place over a much larger surface. It is for
this reason, that in the course of a pneumonia, we ought in general regard
as a serious indication these scattered, rare, imperfectly and difficultly
developed bubbles; and on the contrary, think better of the physical con-
dition of the lung, when we have these large puffs of crepitant ronchus
reproduced at each inspiration. In the former case, the bubbles frequently
do not appear till the second or third inspiration, and are not developed

“till towards its termination. The erepitant ronchus presents this peculiar
character of infrequency and separation of its bubbles, when the pneu-

-
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monia is passing from the first to the second stage, or at the period of its
return from the second to the first. It is obvious indeed, that in both
these cases, as well as in considerable engorgement of the entire mass of a
lobe, there are only some cells here and there pervious; whereas, at a
period less advanced, and in a more diffused engorgement, a much greater
number of cells may admit air, and be more completely expanded. Such
is the physical cause of these differences. When at a late period the cre-
pitant ronchus diminishes and disappears, this depends on another cause,
the diminution and cessation of one of the elements of production of ron-
chi, the presence of fluid in the bronchial ramifications. As much of the
sponge as can be covered and compressed by the top of the finger, or even
less, is sufficient to produce a crepitation as long and as complete as the
largest puff of the crepitant ronchus. If we submit the entire sponge to
this sudden penetration of air into its moistened cells, the puff of ronchus
resulting does not produce a much louder sound than that produced by
the crepitation of the small portion spoken of above ; but its crepitation is
more prolonged, the sound somewhat more distinet, its gquality clearer.
There is not then a distinet ratio between the sound produced and the
number of bubbles that erepitate, between the sensation of a stronger or
feebler sound, left on the ear by the crepitant ronchus, and the number of
pulmonary ecells and lobules that remain pervious : the one cannot there-
fore enable us to judge absolutely of the other; but we may sometimes
with a practised ear, and by means of the differences, I have pointed out
in each of the two cases of the last experiment, probably arrive at notions
of some use in diagnosis. For this purpose we must keep in view the two
eanses that concur in the production of the phenomenon: 1st. the degree
of motion with which the air enters; 2nd. the physical conditions of the
tissue it penetrates. If either of these elements be neglected, the solution
of the problem will be inexact.

fth. The experiments with sponge may serve another purpose. If we
take a sponge half a foot long, and place the ear at one end of it, and
produce at the other the puffs of erepitation I have been deseribing, the
sound, however strong it be, will scarcely reach the other ear;
beyond this point it is totally inaudible ; on the contrary, it becomes more
and more distinet in proportion as the ear is brought nearer the point in
which it is produced. If the portion of sponge between this point and the
ear be completely soaked in liquid, the crepitation reaches the ear more
readily than if the sponge be squeezed dry. But in either mode, the sound
is propagated worse than when no foreign body whatever is interposed
between the sponge and the ear, in which case the crepitation is heard at
the distance of a foot. The crepitation is no longer audible, if the inter-
posed body is any soft substance ; it is only diminished, if we use, as a
conductor, a solid body such as a piece of wood. If we make a small
moist portion of sponge crepitate at some inches from the ear, at the same
time that we make an intermediate dry portion contract and dilate alter-

R

e L

S e g e Sy ws TS

S




14 INTRODUCTION,

nately, the slight murmur produced in the latter prevents us from hearing
the former; the one is the image of respiration in the outer layer of a
lung, the other represents the crepitant ronchus that most probably exists,
but is sometimes inaudible in central pneumonia. By applying to the case
of a diseased lung what we have said of the sponge, we will see the reason
of several phenomena, or of several circumstances of phenomena, which
we could not well explain without the aid of experiments. The crepitat-
ing sound of the sponge is propagated to a greater distance, in proportion
as the bubbles are more voluminous, and more complete in their deve-
lopement, because they then produce a louder noise in bursting. It is
the same of the different ronchi that are produced in the different sections
of the bronchial system; those that arise in the small ramifications, and |
whose bubbles are fine, slender, &e. are propagated a much lezs distance
through the pulmonary tissue, than those that are produced in the higher
sections of the respiratory canals, The conditions of conductibility of
which I have spoken above, are in like manner very applicable to the
different shades of alteration which may be found united in the same
lung; at the same time that they complicate the problem, they may assist
in solving it, or at least they may afford an explanation of some facts that
seem irvegular ; for instance, we can very easily, from these experiments,
explain why the crepitant ronchus is sometimes wanting in central pneu-
monia; now this fact, which they would have led us to anticipate, has
been established by clinical observation. M. M. Andral,* Chomel,+ &e-
have pointed out the error of Laennec in this respect.

7th. If we listen to the erepitation produced in one portion of the
sponge, and conveyed through another portion moistened and placed
nearer to the ear, we get a very distinet idea of the character of remote-
ness which any sonorous phenomenon may present. The ear feels dis-
tinetly that the sound is produced at a distance ; and knowing the mode |
of propagation of these sounds through the tissues, it can even appreciate
that distance. It feels equally well when the phenomenon is produced
j immediately beneath it. If two different sounds are produced at a dis-
' tance from each other, so that both are audible, it distinguishes them qnite
N well, and determines with certainty which is the deep, which the superfi-
' cial sound. Such is the case when we produce in the part of the sponge
‘nearest the ear that slight murmur caused by the entrance of the air into
its dry and yielding tissue, while we excite in a part more remote and
moistened with water, the erepitation I have described ; this is the ph_q-
nomenon presented by a lung whose superficial layer is sound, while the
parts below have become the site of a peripneumonic engorgement.

ath. In its movement of expansion, the tissue of the sponge produces
sound which resembles that of inspiration. No very distinct sound is
produced by its compression. This sound resembles the inspiratory, es-

* Auscult. Med. ed. d'Andral, v. 1, . H30—533.
t Dict. de Med. en 21 vol. t. 17, p. 227.
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peeially in this respeet, that in it also the impression made on the ear is
of the penetration of air into an infinite number of little cells which are
dilated by its pressure. The duration of this sound is directly propor-
tional to the thickness of the part of the sponge compressed, that is, to
the number of cells expanded by the entrance of the air; it is also directly
proportional to the slowness with which the air penetrates. Its intensity
follows nearly the same law, but in a less obvious manner. The inspira-
tory murmur is apparently produced by the same mechanism, and obeys
the same law ; that is, that in the healthy state and the ordinary condi-
tions of movement, its duration and intensity being determined by the
mass of the organ, and this mass remaining the same, these two characters
will also always be the same. This it is that enables us to represent by
numbers (see hereafter) these two qualities of the inspiratory and expira-
tory murmurs ; this it is that gives value to that method. Thus in the
normal state and in the ordinary conditions of movement, the duration
and intensity of the two respiratory murmurs have natural limits which,
like the physical fact that determines them, arve constant. I have sup-
posed that the conditions of movement remain the same; it is obvious,
indeed, that if the movement by which the air enters or quits the pulmo-
nary cells be inereased or diminished, the sound will rise above or fall
below its normal limits. Hence, in order to have an accurate idea of the
phenomena I am describing, it is necessary to place the patient in his or-
dinary conditions of respiration. In this explanation we have the key of
all the changes that ean occur, in the intensity and duration of the respi-
ratory murmurs. All these changes, of whatever kind they be, increase
or diminution, depend on two causes :—I1st. different conditions of move-
ment ; 2nd. different conditions in the mass of the organ, that is, in the
number of cells pervious to air. Sometimes these causes act separately,
most frequently they are united. The changes in the intensity and du-
ration of the sounds, which depend solely on a modification of movement,
are in general neither very serious nor very durable, because this gene-
rally results merely from nervous influence. They are much more serions
when they arise from a modification in the mass of the organ. The con-
ditions of movement, however morbid they be, remain nearly the same as
long as the physical lesion of the organ exists, or continue to hear the
same ratio to it; hence the duration and intensity of the respiratory
sounds follow the same law of increase and decrease as this physical lesion;
hence these sounds express by their degree the progress and degree of
anatomical change; they remain stationary with it; they increase and
decrease with it. Thus we are enabled to extend to pathology the me-
thod of expressing by numbers the duration and intensity of the respira-
tory murmurs.  In this consists the object and advantage of this method ;
a murmur being given, we express by a number the normal conditions of
its intensity and duration; this number is 10 for the inspiratory, and 2
for the expiratory murmur. We have here two fixed points, above and
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below which we construct a graduated seale, which descends to 0 and
rises to 20. Between the two extremes we have all the degrees com-
prised between 0 and 20. The conditions of the intensity and duration of
the murmurs change ; these characters rise above or fall below their
normal number, and, both above and below, their changes are expressed
by successive degrees, which themselves express more accurately than any
words, the physical conditions of the organ. If, after the compression of
the sponge, we only allow the air to penetrate its tissue imperfectly, the
sound which is produced and which we have compared to that of inspira-
tion, is diminished exactly in proportion to the resistance we make to the
dilatation of the cells of the sponge. This diminution affects at once both
the intensity and duration, and is the image of the changes that the in-
tensity and duration of the inspiratory murmur suffer in this respect ; it
reveals the general physical fact upon which these changes depend, the
diminution of the mass of the lung, that is, of the number of cells pervious
to air, or merely the diminution of that perviousness. The experiments
with sponge teach us nothing as to the changes that may take place
in the duration and intensity of the expiratory murmur; but they enable
us to see how the augmentation of the duration and intensity of the inspi-
ratory is produced. The mass of the sponge is represented by 2; the
greatest possible quantity of movement, that is of expansion of its cells,
by 2 also; in the ordinary motion to which I submit it, I avail myself of
each of those conditions but as 1; there remain therefore 2 in reserve,
and if T wish to avail myself of all my resources, the sound produced will
be as 4 instead of being as 2; for I have already shown that the intensity
and duration of the sound of the sponge, are directly proportional to the
number and expansion of its cells. Now the sponge is here, as before, the
image of the lung ; in availing myself of the means at my disposal but as
9, I produce the ordinary inspiratory murmur ; in availing myself of them
as 3 or 4, I produce puerile respiration.

The different physiological and pathological conditions of the lung
may in fact be tolerably well represented by the sponge suitably adjusted.
Like the lung, it has its movement of inspiration and expiration ; the one
represented by its compression, the other by its elastic expansion ; by the
expulsion from, and the penetration of air into its cells. The lung, like
the sponge, has its conditions of dryness,® and of humidity ;T the liguids
that produce in it the humid character, are very fluid in some cases,f very
viscid in others.§ There is therefore nothing strange in the tolerably
perfect similitude of the effects produced in each. * I have confined my-
self to some useful comparisons between the sonorous phenomena of the
sponge, and those of the lung, but it is easy for any one to increase the
number. Thus if; in the preceding experiments, we employ a fine sponge,

» Pulmonary emphysema, 1st. stage of phthisis.

4 Serous or sanguineous congestion. t (Edema of the lung.

§ Active sanguineous congestion, mucous secretion in the bronehi.
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we find that the crepitation is confined exclusively to the period that we
may call the inspiration of the sponge ; if we employ a sponge the cells
of which are large, there is a little crepitation produced during the move-
ment of compression or of expiration also; in the latter ease, the crepita-
tion is coarser and more humid. What do we see in this experiment ?
small cells producing a fine erepitation, which is audible only in inspirvation ;
and large eells, in which a coarse erepitation is produced, which is heard
during inspiration particularly, but also during expiration. Now we
have here the double image of the bubbling vesicular ronchi, and of the
bubbling bronchial ronchi, (see 1st part, chap. iv). The first are only
produced during inspiration, the second accompany this, but also coexist
with expiration, (laws of co-existence, 1st part, chap. v). The analogy
therefore between the phenomena of the sponge, and those of the lungs, is
perfectly natural. The causes being the same, or nearly the same, the
effects ought to be similar. If the comparison holds good during almost
the entire duration of a phenomenon or a group of phenomena, this de-
pends on the permanence of the causes that produce them. For the same
reason, the peculiar impressions made on the ear have the same value as
all physical phenomena ; that is, that, in general, they are constant; that
in the same circumstances they oceur in the same manner; and that there-
fore they may be justly regarded as representatives of these cireumstances.

M. M. Piorry, Bean and Leclaire have made experiments, which are
analogous to those I have just detailed; they are reported in the Traite
de Diagnosis, vol. 1, page 467, under the nos. 6, 7, 8, 9, 10. Having
injected water into the lungs of a calf, and then blown air into the trachea,
they found that mucous and sibilant ronchi were produced, when the
quantity of water was small ; fine ronchi, extremely humid, when the
quantity was greater. They ascertained that the latter were produced
- in the tissue of the lung itself, and not in the bronchi. On pressing, close
to the ear, the pulmonary tissue meoistened with water, and allowing it
to be afterwards expanded by the entrance of air, as I did with the
sponge, they heard the same crepitation I heard in the latter. This is in
some degree the counterpart of the experiments I have just deseribed, and
confirms some general conelusions which result from them. Mr. Spittal
of Edinburgh® has also made some experiments, the results of which
bear upon this subject. Having put liquids of different densities into
several vessels, he produced by agitation bubbles of air at the surface of
each, and comparing the small crepitation produced by the rupture of
these bubbles with the crepitant ronchus, he remarked that the serous
liquids, and such as resemble them in density and viscidity, were those
in which this phenomenon was most readily produced. These are the
only conclusions attributed to him by the editor of the Archives. (4)

5. A science almost always has two epochs: the first, of particular
facts ; the second, of general facts. In the hands of Laennee, and of

* Archives Generales de Medicine, tome 29, année 1832, p. 269,
O
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those who followed close npon him, auseultation passed over both nearly
at the same time, and the second almost as completely as the first; such
was the energy and acuteness, such the sagacity and accuracy of mind
they brought to bear upon it ; such the rapidity with which facts are ge-
neralized, and their relations discovered, when they are of a kind easily
observed, and always subject to the same laws! However, it appeared to
me possible to reduce the abundant materials of auscultation to greater
simplicity : many of the phenomena which are regarded as independent
of each other, appeared to me to belong to the same type of which they
were but different forms or degrees; a considerable number of particular
facts seemed to be included in some general ones, much more satisfactory
to the mind, and more convenient to the memory. I thought it might
in this way attain more precision as a science, more utility as an art, and
I have attempted it. He that knows the general principles that govern the
particular facts, is much more advanced than he that knows only the
latter, however well he may know them; the one precedes the event, the
other can only follow it. But here more than anywhere else prudence is
necessary. Nor do I mean to offer the generalizations contained in this
work, as any thing more than so many propositions that experience has
hitherto appeared to sanction.

4. The murmur of inspiration and that of expiration marking each a
separate period in the complete movement of respiration, the different
morbid sounds may present themselves with the one or the other only, or
with the two together ; and as the causes on which this co-existence de-
pends, are usually physical causes, fixed causes, it follows that the co-ex-
istence of the morbid sounds with such or such a period of respiration,
may, in many cases, furnish useful diagnostic signs, because we are in this
way enabled to ascend from the effect to the cause. Not that it is always

ssible to establish this relation upon physical principles, and to explain
why the fact iz so; but of what importance is this in practice, provided
the fact be well established, provided we have ascertained a constant, or
nearly constant connexion between such a mode of co-existence of a
morbid sound, and such an organic alteration ? I have applied this means
of analysis to all the morbid sonorous phenomena that appeared to me
susceptible of it.

5. One of our good modern works * says: «We have no signs capable
of clearly indicating, in cases not far removed from the healthy state,
whether the lung has suffered some commencement of change, or whether
ts functions are performed with regularity.” Such is, in some degree,
the reply of auscultation to the sage counsel of antiquity: « Principiis
obsta.” Long impressed with the importance of this principle, I had
taken it as a guide in my clinical studies, and especially in my researches
on nuscultation. The great delicacy of sense required to recognize the

* Compendium de Medicine Pratique de M. M. Delaberge et Monneret, tome 1,
p. A64.
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symptoms at their first appearance ; the danger of confounding them
with passing modifications of healthy actions; the diflienlty of determining
among the shades that distinguish them, those that ave sufficiently per-
manent to have a certain value as signs; the sagacity requisite to dis-
cover the real relation between the first symptomatic manifestations, and
the first changes that take place in the tissue of the organ, all concur to
retard very much this part of medicine, and all warn us to employ the
greatest rigour in researches of this nature. The disease that most loudly
called for the application of this principle, and of these researches, was
undoubtedly phthisis pulmonalis.  We cannot reasonably hope to do any
thing for those afflicted with it, except by applying, to the first stage of
the disease, the hygienic or therapeutic resourees which medicine supplies.
I have devoted myself to the study of this first stage, especially as rezards
its diagnosis ; the applications, already rather numerous, that I have been
able to make of my researches, induce me to hope that advantage will be
derived from them in practice. It was the same principle that guided me
in my researches on the signs of active sanguineous congestion of the
lungs.

Such, in short, is the course I have followed in the study of auseunlta-
tion. After having passed some years in these clinieal pursuits, without
heing turned from them for a moment by the study of books ; after having
attained at least a part of my object, I looked round, and I had reason to
congratulate myself on the route I had taken, when I saw that several
men of acknowledged ability had likewise adopted it.

A distinguished observer, M. Jackson, was the first to mention the ex-
piratory murmur.®  All he has said of it refers to its morbid state, and is
extremely accurate. He has even made known some of the general facts
that belong to the history of this murmur; thus, its co-existence in phthi-
sis, with diminution of the smoothness and softness of the murmur of in-
spiration ; its appearancein all eases where there is an augmentation of den-
sity of the pulmonary tissue; thus also, the successive passage of the bron-
_chial character from expiration to inspiration. When the Memoires de la
Societe d'Observation appeared, I was happy to find in previous observa-
tions, of which I was ignorant, results so similar to those furnished by my
own. There is, however, in the researches of M. Jackson + one result that
I cannot admit. He thinks we can distinguish in all cases vesicular from
bromehial respiration, by means of the prolongation of the expiration,
which oceurs, he says, in the latter only. It will be seen, in the
course of this work, that the respiration called puerile is essentially cha-
ractised by presenting a much stronger expiratory murmur than ordinary
respiration, and that consequently this character of prolongation of the
expiratory murmur is not sufficient to distinguish exalted vesicular respi-

* Memoires de la Societe Medieale d'Observation, tome 1, p. 14.
1 Thid. p. 15.
¢ 2
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ration from bronchial respiration. It is in the different guality of these
sounds that their distinctive characters are chiefly to be found.

M. Andral was one of the first that recognized the existence of the ex-
piratory murmur in the first stage of phthisis. Observe how he expresses
himself on this subject in the 3rd edition of his Clinique Medicale® : « At
the same time, that the presence of a certain number of tubercles in a part
of the lung, diminishes in this place the sound of pulmonary expansion,
another phenomenon may be produced: this is, a stronger murmur than
usual, during the period of expiration. The latter, which in general
produces no sound, is in this case accompanied by a much more strongly
marked murmur, than that which coincides with the movement of inspi-
ration ; it is easy to see why this is so.”

It is curious to follow step by step the gradations that were passed over
in arriving at o knowledge of the expiratory murmur: its existence
was recognised in pathology before it was suspected in physiology +3
this was natural enough, since it is much more developed, and hence
much more appreciable, in the former than in the latter. It was first
taken for one of those morbid sounds, of which there is no trace in the
normal state, or it was supposed to result from the decomposition of the
single murmur admitted in respirationf. As it had been heard for the
first time in the commencement of phthisis, it was regarded as a sign
peculiar to that discase§ ; whereas we shall see that it is common to
several different morbid states. At first it was not observed, except when
greatly developed|); afterward it was traced in its inferior degrees, and
then came the question, whether it might not be an exaggeration of a
murmur, which was peculiar to one of the periods of respiration. From
that moment, it was recognised that what had been hitherto called the
respiratory murimur, Was produced during inspiration, and an analogous
murmur was sought for in expiration. Sometimes it was perceived ; at
other times it was supposed to be inaudible¥. At first it was considered
an exception, then it was said to be often heard ; still later it was admit-
ted, that in the normal state there was an expiratory murmur, but varia-

* Clinique medicale, 3rd edition, v. 4, 6.

+ Clinique Med. 4'Andral, 3rd ed. v. 4. p. 69. Passage already cited.

1 *The respiratory murmur is doecomposed into two murmurs.” Note at page 196
of the 2nd vol. of the edition of 1837 de I’ Auscultation de Laennec.

§ * The expiratory murmur sndicates the existence of tubercles already rather large,
and which have obliterated several bronchial tubes,” note at page 197 of 2nd vol. of
ihe edition of 1837 of Laennec.

|| “This (expiration) which ordinarily produces no sound, is then accompanied

“by a murnur much more atrongly marked than that which coincides with the movement
. of inspiration,” Clin. Med. vol. 4, page 69.

€ When we apply the car to the chest of a healthy person, we hear, especially
during inspiration, a light but very distinet murmur, which indicates the penetration
of air into the pulmenary tissue, and which at times marks its expulsion,” Compen-
dium de Medicine Pratique, vol. L. . 468, sce also p. 470.
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Ll in its intensity ® ; because the limits of the normal state were not well
established. We shall see, in fact, that in the normal state, the murmur
of expiration obeys as fixed laws as that of inspiration. Some physiolo-
gical varieties, or some unnoticed pathological states could alone have led
to this admission of the variability of the expiratory murmur. Persons,
as it were, hesitated before pronouncing positivelyt. But at present,
M. Andral, M. Louis}, &e.recognize the existence of the two murmurs in
respiration; each constant, and having a fixed character ; the one strong-
er, belonging to inspiration, the other much more feeble, belonging to
expiration. M. Piorry in his work on Diagnosis§, sanctions the principle
of the auseultation of respiration in its two separate periods. He marks
carefully the greater intensity of the inspiratory sound, indicating at the
same time clearly, that the expiratory sound is easily appreciable in the
normal state, This result, however, has only been arrived at within a
very short time, and there are still excellent observers, authors of recent
and highly esteemed works on auscultation, who seem not to be aware of
the existence of the expiratory murmur, either in the diseased or the
healthy state. Such, for example, is M. Histz of Strasburg, who through-
out his excellent thesis|, never uses any expression but respiratory mur-
mur. Such is also Dr. James Clarke in his work on Consumption. The
authors of the Compendium de Medicine Pratique (Art. Aunscultation) are
nearly in the same position. M. Piorry, who carefully points out the
principle of the study of respiration in its two separate periods, and who
even adds that, in the morbid state, these two murmurs are modified in
various ways **, never suggests in the course of his work any serious ap-
plication of this principle. In conclusion, the murmur of expiration has
been heard and analysed, as well in the normal as in the morbid state,
by several observers, but at first timidly, with doubt, with restrictions ;
for men dared not trust their ears, where Laennec had heard nothing.
Besides, those who had been the contemporaries of Laennee, and shared
his labours, as well as his opinions, could not believe they had formerly
overlooked a sound they heard now ; urged at once by the past and by

e

* ©In the study of vesicular respiration, there arve then two murmurs to be investi-
gated, which are more or less marked, according fo circnmstances. That which is first
heard is the murmur of inspiration, and that which succeeds it, the murmur of expira-
tion,” note, page 71 of the 1st vol. of the edition of 1837 of Laenncc.

t “In the normal state, the respiratory murmur is audible almost exclusively at the
time the air penetrates the pulmonary cells ; when it issues from them, the sound is
much more feeble, and even most frequently quite imperceptible.” Note, page 71, 1st.
vol. of edition of 1837 of Lacnnec.

1 Clinique de I'Hospital de la Pitie, de 1836. M. Louis taught at this period that
the expiratory murmur was extremely feeble and searcely recognizable, bnt constant.

§ Traite de Diagnostic, vol. 1, p. 455.

| Recherches Cliniques sur quelques points du diagnostic de Ia phthigic pulmonaire,
aout 1836,

% Traite sur la Consomption Pulmonaire, traduit par Lebeaw.

** Traite de Diagnostic, tome 1, page 455.
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the present, they took a middle course; hence the variability admitted
in the expiratory murmur. It was necessary to escape from the past, and
place both the senses and the mind in a state of independence, in order
to be prepared to call seriously in question the existence of the single
pespiratory murmur admitted by Laennee, and to see that there ex-
isted two. (5) Other observers appear to have seen the necessity of an-
alyzing, in the normal murmur of respiration, a greater number of pro-
perties than Laennee did, in order to increase the number  of signs
resulting from their modifications: but the impression was vague, and
remained almost entirely unapplied. Thus we read in the Compendium
de Medicine Pratique * : #the respiratory murmur may present modifica-
tions, as well in its intensity, as in its quality.” The same expressions
oceur in the Clinique of M. Andral, and in some other works.

A greater number of observers have felt the importance of investiga-
ting the principles that regulate the coexistence of the morbid sounds
with the period of inspiration, or of expiration, or with both at the same
time; but this study has been directed almost exelusively to the ronchi,
and always in an imperfect manner. We find some traces of the appli-
cation of this prineiple in several modern works ; but no one has deve-
loped it so fully as M. Andral, who considers in this way the crepitant,
suberepitant, sibilant, snoring, and mucous ronchi.

Laennec has given, at considerable length, precepts for the practice of
auscultation. There are, however, some which he has omitted, and others
on which he has not, perhaps, bestowed all the attention they deserve ; 1
would instance the following :

1. When auscultation is properly performed, the series of acts of which
it consists is divisable into two very distinct parts: the operations of the
genses, and those of the mind ; the first collect the different elements that
coneur to the solution of the problem, the second judges them. These
two kinds of operations ought to be per['c;rmed at two distinct times, and
those of the senses always before those of the mind. This is the natural
order. It would perhaps seem surprising, that I should insist on a thing

so simple, if it were not well known that more than one observer forms
his opinion of the disease before he has practised auscultation, and thus
interprets a part of the symptoms pefore he has collected them ; hence
arise many more errors than might be supposed. .

9. Tt is of the greatest importance that the faculty of attention be excited
previously to each act of the senses, or of the mind. We are thus assured
from the first of the aceuracy of their operations. The opposite state,
distraction, in abandoning them to themselves or to foreign impressions, |

* Yol. 1, p. 47D
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'< the source of many mistakes. We-are astonished at the diflerence,
when we come to compare together the resultsof a first examination made
with cfistmcé-im, and those of a second made with atfention.

3. The sense of hearing being once well trained, we can, with the aid of
this faculty of attention, during all the time an auscultatory examination
lasts, be perfectly insensible to any other sensations than those made on
the ear; and then concentrate the attention of the ear upon the sounds
produced in the interior of the chest to such a degree, that the different
other sounds occurring about the patient no longer affect it. In short, we
may be able to concentrate the whole attention of the sense of hearing on
a particular sound, without being in any way disturbed or distracted by
those that oceur at the same time : as, for example, on the augmentation of
the intensity of the expiratory murmur, or the diminution of the duration
of the inspiratory, in the midst of the other morbid sounds that accom-
pany these in the first stage of phthisis. This faculty is extremely pre-
cious ; it is only by its aid we can recognize certain delicate shades of
alteration in the normal sounds, and estimate their diagnostic value, We
can thus analyze one by one several sounds that are produced at the same
moment.

4, The physician who practises auscultation must know well, both the
physiological varieties that different circumstances produce in the normal
sounds, and the proper and distinctive character of all the morbid sounds.
Without this double knowledge he is often liable to confound one with
the other, and to form false opinions. Hence it iz that we cannot derive
from auscultation all the advantages it is capable of affording, till we have
practised it a very long time. ;

5, It sometimes happens that in examining the posterior part of the
chest, we pass the inferior boundary of this cavity, that we apply the ear
a Lttle too low down, and conclude from auscultation that respi-
ration is inaudible at the lower part; hence the diagnosis of a commenc-
ing pleuritic effusion. I have often seen persons make this mistake in
the wards of an hospital. It is, besides, favoured by the less extent ver-
tically of the respiratory sounds on the right than on the left side ; because
many, from inattention, forget that this difference between the two sides
depends on the presence of the liver.

6. Before applying the ear to the patient's chest, it is well to observe
how he respires. Sometimes, in fact, we hear no trace of the respiratory
murmurs, or perhaps of the expiratory only, and this depends altogether
on the way in which respiration is performed: the patient thinks that we
expect something extraordinary from him; he makes convulsive efforts
with the muscles of the walls of the chest or of the mouth, and the air
either does not reach the lungs at all, or reaches them at intervals, and in
an irregular manner. With respect to the isolated absence of the expi-
ratory murmur, it cannot occasion any error if we keep in mind this
weneral fact, that excopt in the above circumstance, the eapiration is never
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a4 INTRODUCTION,

absent alone, and that this circumstance does not correspond to any anato-
mical lesion.

7. But it is of importanee also, for another reason, to observe how the
patient breathes, before we commence our examination ; in fact, every
kind of respiration is not equally fitted to reveal anormal murmurs; in
general we will place ourselves in the most favourable condition in this
- respect, by taking care that the inspirations and expirations of the patient
are frequent, regular, and deep ; it is even necessary sometimes when the
gounds heard are doubtful, to explain these points to him, or, what is still
better, to give him an example by making some respirations before Lim.

8. The stern air, the abrupt address, the solemnity with which some
physicians approach the sick bed, seldom fail to throw the patient into a
state of nervousness, which is very unfavourable to the production of such
respiration as is fitted to produce audible sounds. We know, besides, that
this state of nervous disturbance is injurious in other respects. There is
a calm, simple, benevolent mode of accosting a patient, a certain gentle-
ness and earnestness of manner, that at once wins his confidence, and
renders him composed, so that he answers correetly, does what he is de-
sired well, and that his features, influenced only by the morbid state,
express accurately all he feels,

9. It is important in each examination, to pass over every point of the
chest, especially when we do not find at onee the reason of the general
phenomena observed. It often happens that it is in the top of the arm-
pit or in the supra spinal fossa, or in some other very limited spot, we
find the signs of a pneumonia which we have in vain sought every where
else ; at other times we discover in this way some complication of a pul-
monary catarth, which would in itself have been sufficient to explain the
general phenomena observed.

10, There are eertain fugitive sounds, heard now, and no longer au-
dible a moment after. This character of inconstancy is one that it is
sometimes important to ascertain aceurately; for example, to distinguish
the fine mucous ronchus from the erepitant ronchus of pneumonia ; hence
a precept, applicable to some cases only, to make a second examination a*
short time after the first. It is also necessary to examine the patient
once at least in twenty-four hours, especially during the acute period of
the disease, otherwise we might miss the successive changes that some
gounds undergo, and mistake the course of the malady.

11. There is often danger in trusting too much to medical tact, and
allowing oneself to be swayed by the feeling of pride which results from
recognizing the nature of the disease, by the mere inspection of the pa-
tient’s face. If we are mistaken, which sometimes at least happens, we
have placed the senses in a false position, with respect to the mind, and
too often, with the utmost anxiety on our part to go right, it will eccur
that they see and judge according to its premature decision. In such
a case, the mucous ronchus is easily taken for the crepitant, &e. It
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is only men grown old in practice, that find their first impressions
sufficient for forming a correct decision.

12. The auscultatory examination being made aceording to the prece-
ding conditions, its results compared with the assemblage of general
symptoms presented by the patient, the different combinations of these
signs properly analysed, it seldom happens that we cannot arrive at the
exact determination of the disease with which the lungs are effected.

13. M. Louis * insists with reason on the importance of observing in
the comparative auscultation of the right and left sides, exactly the same
conditions on both sides; for a slight difference in the conditions, is often
sufficient to vary the result, at the time that the lungs are equally healthy.

14. There is a cireumstance conneeted with immediate auscultation,
upon which authors have not observed, and which is however of some
moment ; it is the degree of pressure the ear ought to make on the parts
examined. Some experiments on this subject have given me the follow-
ing results:—Ist. In the healthy state, if the ear be strongly pressed
against the walls of the chest, the respiratory murmurs are heard less pure
and less distinet.  2nd. If it be too lightly applied, the result is the same.
ard. In the auscultation of the voice, in a person in health, it is heard
very pure when the pressure of the ear is somewhat strong, and in other
respects regular.  4th. It changes if the pressure be increased, and espe-
cially if too much air be confined within the ear, because this, by aug-
menting the tension of the membrane of the tympanum, alters its condi-
tions of vibration. .5th. It changes still more, if the ear be but lightly
applied ; in that case, its guality, and its intensity are modified ; it often
takes the wgophonie character ; the manifestation of this character is, in
general, inversely as the pressure. These differences will be seen at once,
by examining in a healthy person the right and left sides alternately, or
the same point, with different degrees of pressure. If we were not aware
of this circumstance, we might readily believe in the existence of mgo-
phony, in a part where the ear had been applied lightly, and where we had
reason_besides to expeet it. We know at the present day, that 2gophony
is a much rarer sign, and of much less value than Laennec thought ; per-
haps his mistake arose partly from the cause I have just pointed out.
What would lead one to think so is, that he himself gives as a precept
in searching for mgophony, to apply the ear butlightly on the stethoscope,
remarking that it was not heard well except in this way. 6th. The dif-
ferent degrees of pressure of the ear upon the chest, have the same inju-
rious influence upon the auscultation of the morbid, as of the healthy
sounds. Henee this precept : to apply the car to the walls of the chest, 80
as to make moderate pressure, and not to confine too much air within
it. (6)

The glory of Laennee is not in the discovery of maediate anscultat-
jon ; it is in the discovery of the thousand different sounds that oceur

* Clinique de 1'Hop. de la Pitie, annce 1836
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in the diseases of the thoracie organs, in the analysis of these sounds,
in the determination of the connexion between them and pathologi-
cal anatomy, and in the order he discovered in the midst of this ap-
parent confusion. The naked ear can reveal all the secrets of ausculta-
tion, as well as the stethoscope. It is even preferable as a general method.
Notwithstanding what has been said by Laennee, who greatly exaggerated
the importance of the stethoscope, immediate auscultation has the advan-
tage in the greater number of circumstances ; it is more convenient both
for the patient and for the observer ; it enables one to hear quite as well,
often even more distinetly, and in as limited a space, the most delicate
and most circumscribed sounds of the chest; it is not more exposed,
sometimes indeed even less exposed, than the other to the production of
accessory sounds; it enables us to recognise the nature of anormal sounds,
quite as well as the stethoscope; lastly, it is more simple, and has
less that air of display, which is so injurious to the physician in the
opinion of the world. However, it is at times of use to have recourse to
the stethoscope ; it enables us, it is said, to hear some sounds better, for
example, pectoriloquy, on account of its property of heightening the
sounds that traverse it. I avow that, even in this respect, it has not ap-
peared to me to add any thing to the certainty of the judgment we form
in making use of the ear alone. The only circumstances in which it has
seemed to me necessary to employ the stethoscope, are those in which we
have to examine regions to which the ear cannot be conveniently applied.
M. Andral, who will not certainly be accused either of partiality or in-
aceuracy in observation, confines the use of the stethoscope to nearly the
same cases®*. The authors of the Compendium de Medicine Pratique §
express also the same opinion. (7)

* Wote de la page 54 du Ire. vol. de l'edit. de 1837 de Laennec.
t Vol. 1, art. Auscultation, p. 4G6.
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CHAPTER I.
PHYSIOLOGICAL SONOROUS PHENOMENA OF RESPIRATION.

PART L.
FUNDAMENTAL CHARACTERS OF THE RESPIRATORY SOUNDS.

§. l. SOUNDS OF RESPIRATION IN THE DIFFERENT SECTIONS OF THE
RESPIRATORY APPARATUS.

In a first movement, inspiration, the air passes into the different parts
of the respiratory apparatus, from the mouth and nasal openings to the air
cells of the lungs ; in a second movement, expiration, which immediately
suceeeds the former, it traverses the same passages, in the opposite diree-
tion. During each of these movements, it produces in its passage a distinct
sound :—Ist. the inspiratory murmur—2nd. the expiratory murmur.
Those sounds are produced in all the sections of the respiratory apparatus
at the same time, and with different characters in each. This difference in
their characters is derived from the peculiar texture of the parts in which
they are produced ; their primary characters are modified along with this
texture. These modifications in the primary characters of the respiratory
murmurs, occasioned by the changes of texture or arrangement in the parts
where they are generated, are so many signs of the diseases from which
these changes result; but the modifications cannot be appreciated, unless
we have previously ascertained the primary characters; and their value
as signs of disease will be uncertain, if we have not determined before-
hand the limits of the normal state : this is accordingly the first enquiry
we shall enter upon. We will in another place (see lst part, ch. vii.)
endeavour to show that the sounds in question do in point of fact originate
in the parts of the respiratory apparatus assigned as their seat; but
whatever be the theoretic view adopted on this point, the sound heard,
its normal characters, its morbid modifications, and its value as a sign,
remain still the same : in this case, practice has nothing to fear from the
errors of theory. I will now proceed to consider each section of the res-
piratory apparatus separately, and to investigate—Ist. the characters of
the inspiratory and expiratory sounds in each ; 2nd. the successive altera-
tions these sounds suffer, the differences they present in these different
sections 3 3rd. the relation between these alterations and the differences
in texture of the parts where they originate; 4th. we will afterwards
enquire whether the sounds produced are exactly the same on both sides,
and here we will examine comparatively the anatomical conditions of the
two lungs.
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VESICULAR SECTION.
Inspiration.

Ist. The proper character of the inspiratory sound is a light dreathing
or blmcing. This breathing is pure, without an admixture of any accessory
gound ; it is successive in its duration, but it does not give to the ear the
sensation of the developement of the vesicles of which the lung is sup-
posed to be formed. T have convinced myself, by repeating the experi-
ments on healthy individuals, of all ages and all degrees of strength, that
we will never find natural respiration, if we seek for a vesicular character
in it ; that is to say, the distinct sensation of isolated vesicles, which are
dilated one after another. The vesicular character is essentially morbid ;
it is the type of certain ronchi, the existence of which demonstrates a
morbid change in the state of the pulmonary ecells. The expression,
vesicular murmur, employed by some writers to designate the normal
murmur of respiration, does not therefore correspond to the mode in which
the respiratory sounds are produced, to the sensations they excite, but to
their presumed seat.

2nd. The durationand intensity of the inspiratory murmur are two
characters which it is very important to appreciate well, on aceount of
the symptomatologic value they may present. To avoid the inconveni-
ences of a nominal valuation of these characters, a nominal valuation
which leaves no limit in the mind, and which cannot furnish an unit of
measure sufficiently exact to enable us to compare with it the modifica-
tions that these characters suffer, I have had recourse to a numerical
valuation ; that is, I have expressed in figures the degrees of intensity
and duration of the respiratory murmurs. The intensity and duration
of these sounds vary very little in a state of health. They present, in the
adult, a mean which is nearly always the same, and to which there-
fore the fixedness of the mode of valuation I propose is well adapted.
I have investigated this mean in a great number of individuals, and
have arrived at this result: that inspiration compared with expiration is
represented in its intensity and duration by the number 10. It is of little
importance whether or not this number be an absolute representation of
the inspiratory murmur: it is intended chiefly to denote the ratio between
the duration and intensity of inspiration and expiration. It represents a
fixed point above or below which we may be carried in the morbid state.
This relative appreeiation is alone important to our object.

The number 10 expresses at once the intensity and duration of inspi-
ration : in the physiological state, these two properties of the respiratory
sounds always continue equal.

3rd. The gentle breathing that constitutes the inspiratory murmur
leaves upon the ear an impression of softness, of smoothness, of free and
casy expansion, with which it is important to familiarize oneself, the alter-
ation of this character being a most valuable sign in many cireumstanees.
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4th. The inspiratory murmur does not give the sensation either of
dryness or of humidity ; it is something between both. We will find that
the character of dryness or that of humidity may be developed in it, and
acquire a certain diagnostic value.

Expiration.

1st. Expiration, like inspiration, is represented in its proper character
by a pure and gentle murmur. This murmur is even more continuous,
less successive than that of inspiration. The term vesicular, in any other
sense than as indicating the seat of the sound, is atill less applicable here
than in inspiration.(8) In proportion as the expiratory murmur under-
goes an increase in its intensity and duration, the continuous character
of this sound is a little changed, as we shall hereafter see ; it then seems
composed of small successive periods, of little continuous jerks; but still
there is nothing of the sensation of vesicles that are dilated.

ond. The duration and intensity of expiration are equal, and are re-
presented by the same number. This number is much smaller than that
of inspiration ; it is only 2. As has beeen already remarked, it is em-
ployed to represent the ratio between inspiration and expiration, consi-
dered with regard to their duration and intensity, rather than the abso-
lute limits of those characters. This relation between the intensity and
duration of the two murmurs is of great importance, beeause the changes
that oceur in it furnish valuable signs in the majority of the diseases of
the lungs. Hence I have taken much care to determine it accurately. I
have examined with this view a great number of persons differing both
in age and constitution, and the numbers 10 and 2 have appeared to me
to express best the comparative intensity and duration of the two respira-
tory murmurs. The ratio of 1to 5 is the same as that of 2 to 105 but I
have chosen the latter because it affords a longer scale of increase and
decrease, above and below these two extreme limits ; by means of it we
estimate more accurately, more progressively, the successive modifications,
gither in the way of increase or of decrease, that take place in the
intensity and duration of the respiratory murmurs. We can thus con-
struct o seale of the alterations of these murmurs above and below the
normal type s a scaleof which each degree, marked by a number, corre-
sponds to a certain degree of anatomical and physiological alteration in
the organ. In this way we appreciate more accurately, more consecu-
tively, the symptomatology ; we distinguish more easily the degrees, the
delicate shades of the same symptom which may be in turn a sign of this
or that disease s we follow, in a more regular and more secure ImMANNET,
its increase or decrease; we avoid the phrases, a little more, @ little less,
much, moderately, the limits of which vary with each observer; and
lastly, we employ a language which is equally easy to all the world : we
derive from it besides this great advantage, that all observations made on
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this plan are exact, and capable of being compared with each other. It
is true that several physicians examining the same patient, will not
always arrive at precisely the same number ; but with all who have had
some experience of this method, the differences, if there be any, will not
exceed one or two degrees, and hence can never vitiate the result,

3rd. The sensation of softness, smoothness, freedom, the absence of any
marked sensation of dryness or of humidity, belongs to this as well as to
the inspiratory murmur.

The normal rhythm of the inspiratory and expiratory murmurs is
known to all; the strong and prolonged murmur first, the feeble and
short one afterwards. I only allude to it here, to prepare for what I shall
have to say hereafier on the alterations of this rhythm.

It is plain then that all the fundamental characters of the inspiratory
and expiratory murmurs are in a great degree common to both, and that
they only differ in respect to their intensity and duration, which are in
the ratio of 2 to 10.

THE BRONCHIAL, TRACHEAL, LARYNGEAL, PHARYNGEAL, BUCCAL, AND
NASAL SECTIONS.

1. Normal bronchial respiration. The differential diagnosis between it and
morbid bronchial respiration.

The sounds I have just deseribed are heard at all points of the thoracie
walls, but more pure and more developed in proportion as the part exa-
mined corresponids to the greater thickness and greater funetional aetivity
of the pulmonary tissue ; for example, in the antero-superior regions of
the chest. Wherever a thick layer of pulmonary tissue covers the large
bronehial tubes, such is the effect of the vesicular inspiratory and expira-
tory murmurs, that the sounds produced in the bronehi and in the trachea
are quite inaudible, as long as the pulmonary tissue is pervious to air,
But if the air cells for some extent are compressed, so that the air
censes to penetrate them, then the preceding murmurs are no longer
heard, and the sounds which depend on the passage of the air through the
bronchi, through the trachea, make their appearance, more distinet in
proportion as the pulmonary tissue has become a better conductor of
sound, (by means of its increased density), and as they are no longer
masked by the murmurs of the vesicular vespiration. These conditions
may be met in the normal state, and enable us to appreciate the nature
of the respiratory sounds in the bronchi, &e. This study is important,
because it teaches us to distinguish them from nearly similar sounds that
originate in the morbid state. There exists, in fact, between the two an
essential difference, arising from the difference of the conditions in which
they are produced : when morbid bronchial respiration is heard, (pneu-
monia in the 2nd. stage), there is at the same time cessation of the vesi-
enlar respiration, and more complete transmission or perhaps even aung-
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mentation of the sound in consequence of the induration of the pulmon-
ary tissue; in normal bronchial respiration, such as we hear when we
apply the ear at the root of the lungs, the latter condition does not exist
at all, and the former exists in a much less degree ; in fact, vesicular res-
piration is produced at a very short distance, or sometimes even all round,
in a thin layer of pulmonary tissue. In some persons, normal bronchial res-
piration is not heard, even at the root of the lungs, however attentively we
examine ; this circumstance appears to depend on this, that in such cases,
the bronchi instead of being quite exposed, are covered with a layer of
pulmonary tissue, so thick, that the vesicular respiration masks entirely
the bronchial ; in fact in those cases we distinguisha feeble respiratory mur-
mur. We sometimes observe in the numerous autopsies the hospitals
supply, the anatomical disposition I allude to; but it is necessary to be
aware of its existence in order to remark if, for in general it escapes
notice.

The part of the posterior region of the chest corresponding to the root
of the lungs is the only place, in general, that normal bronchial respira-
tion can be heard, and furthermore this pointis much more circumseribed
than is usually supposed. The great number of persons I have examined
in reference to this matter, and the eare with which those examinations
were made, lead me to think that theoretic reasoning, or indeed some
oversight as to certain morbid conditions in the cases examined, has ten-
ded much to produce the contrary opinion (9). Tobe certain that all the
facts put forward in this chapter really belong to the physiological state,
I have repeated each of my observations, on military men, well formed
and in the constant enjoyment of good health, and the results have been
the same as with other persons.

It has been said that, in many persons with sound lungs, a little of
the bronchial character is audible in the normal state, in the region of
the spine of the right scapula; I have never met this.

The normal bronehial respiratory murmur differs from the morbid
bronehial 3 1st. in its intensity, which is much less, and, in general, never
passes what weshallhereafter call the first degree of the bronchial character;
9nd. in its duration, which is shorter ; 3rd. in its quality, which is much
less marked, and which seldom rises above the lowest degrees of bronchial
quality ; 4th. in its exclusive and very circumseribed seat at the root of
the lungs ; whereas the morbid bronchial character, which may exist in
any part of the chest, appears in this part much more rarely than in any
other ; 5th. in its co-existing more peculiarly with the period of expira-
tion, while the morbid bronchial character, at a somewhat higher degree,
co-exists equally with both periods. One of the general facts, presented
by both the normal and morbid bronchial characters, is that of rising gra-
dually to a state of greater intensity, co-existing in their first degrees with
expiration alone, and not accompanying inspiration until they have at-
tained theirv higher degrees. Now, the normal bronchial character, which
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is always confined to a low degree, is for this reason scarcely ever heard
except in expiration; whilst the morbid bronchial character, when a
little elevated, co-eXists at once with both inspiration and expiration.
The differential diagnosis between them will then be possible, by this
means, when the gound in question has much intensity ; but it will not
be so, whenever the bronehial character observed is at a low degree. [have
never seen the bronchial character, normal or morbid, cu-c:xist: with inspi-
ration alone. 6th. In the ease I was supposing, where the morbid sound
presents itself in its lowest forms, we may still distinguish it from the
normal sound, by this character, that, in the latter, the inspiratory mur-
mur is heard nearly pure, free from all change in its softness; whereas
in the case of morbid bronchial character limited to expiration, the in-
spiratory mwmur has acquired a peculiar character of hardness and
roughness: this is what we see in the first stage of phthisis. The tu-
mefaction, the melanotic dezeneration of the ganglia which surround the
large bronchial tubes and the termination of the trachea, produce at
times the morbid bronchial character opposite the root of the lungs; but
in such cases it usually presents a much greater intensity than the nor-
mal bronchial sound.

I1.—Tracheal, laryngeal, pharyngeal respiration.

In proportion as we ascend to a higher section of the respiratory ap-
paratus, to the trachea, larynx, pharynx, &e. the inspiratory and expira-
tory sounds tend more and more to become equal in respect to their du-
ration and intensity, and at the same time pass, in respect to their
quality, from a lower to a higher degree. This is particulary apparent
when they are heard in the region itself where they are produced. I will
not attempt to deseribe these successive shades of quadity, of intensity,
and of duration, for no very important practical result can be derived
from them: the general facts included in this section are sufficient for all
particular applications of any utility. Another foet of some importance
is that the respiratory sounds are better heard at a distance, whether the
ear be applied to the chest or not, according as they belong to a higher
section of the respiratory apparatus; which probably arises from their
being stronger, their quality being higher, and the organ in which they
are generated being more superficially sitnated. If, while we are listen-
ing to the vesicular respiration, these sounds ghould happen to strike the
ear, their guality and their intensity are a little modified by this trans-
mission through the pulmonary tissue ; they appear to fall to the lower
degrees, and to an inattentive observer, they might strikingly simulate
the morbid bronchial character ; especially if the attention slumbered for
a moment as to the existence of the vesicular murmurs, and if these should
be naturally rather feeble: but the moment the attention is aroused to
the action of the senses, we feel at once, that the sound heard comes from
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a region very remote from that to which the ear is applied; that its
quality is buccal or pharyngeal instead of being bronehial ; and lastly, that
we can sensibly modify it by making the patient change the form and
diameter of the openings of the mouth and pharynx, and by diminishing
the velocity with which the air passes through those parts. Sometimes
too we are sensible that it is the ear that is free that hears these sounds,
and not the ear applied to the chest ; now this never occurs in the case
of the bronchial character, or of the sounds of the vesicular section.

The different varieties more or less transitory that may be met with in
the nasal, buceal, pharyngzeal sounds, appear to depend chiefly on the three

following circumstances :—1st. on the degree of velocity with which the
. air passes through the mouth, the nasal passages and the pharynx ; 2nd,
. on the relative or absolute degree of narrowness of the mouth and nostrils ;
3rd. on the passage of the air more or less in a direct line, in a perfeet
column, or in a column broken against the pharynx. Thus, the sound is
more nasal and bueeal in proportion as the velocity of the air is greater,
and the nasal and labial openings are narrower; it is more exclusively
one or the other, in proportion as these conditions are found united in
one of these openings, the other remaining in its normal state; and it is
more pharyngeal in proportion as the column of air is more rapid, the
mouth more widely opened, and the veil of the palate more raised ; then
“in fact the column of air strikes directly upon the pharynx, and resounds
| but little on the two preceding portions of the respiratory passages.

I will not dwell upon the auscultation of the larynx in its normal state
more than on that of the pharyngeal, buceal and nasal sections, because, as
we shall see hereafter, the direct auseultation of this organ is scareely of
any use in the diagnosis of its diseases; it is sufficient to know that in

' the normal state the laryngeal inspiratory and expiratory sounds consist
« each of a very strong murmur, equal in both periods, the intensity and
« duration of which may be represented by the number 20.

III.  Relation between the differences presented by the sounds in the different
sections of the respiratory apparatus, and the different texture
or arrangement of cach of these sections.

The differences which the respiratory sounds present in the different
‘sections we have been considering, appear to depend chiefly on the dif-
Herences of texture that exist in those parts. If the object and limits of
i this work permitted me to enter into considerations of this nature, we
iwould, with the aid of physies, find in the greater number of cases, an in-
itimate relation existing between the suceessive inerease in the intensity,
ithe duration and the guality of the murmurs, and the successive incrense of
Ithe diameters of the air passages, the more vibratory nature of their walls,
1as well as the mass and the inereased velocity of the column of air that

itraverses them. We would find their trangmission to a greater distance,
1
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and their greater distinctness explained by their more superficial position,
and the more favourable conditions for condueting sound by which they
are surrounded ; but it is sufficient in this general view that we place
each physiological or morbid phenomenon in juxtaposition with the ana-
tomical fact to which it corresponds. What a difference between the tex-
ture of the pulmonary vesicles, and that of the mouth and pharynx! What
an interval between the vesicular murmurs, and the buecal and pharyn-
geal! In the one case, a delicate yielding tissue of feeble conducting
power, cells of small extent ; and, corresponding to this, gentle murmurs,
nelther dry nor humid, soft, of little extent, and little intensity, percepti-
ble only by direct auscultation. In the other case, large cavities with
dense and elastic walls, and surrounded by organs that augment the sounds;
and then murmurs of great intensity, of much greater extent, clear in
quality, and easily perceptible by auscultation at a distance. The differ-
ence between the anatomical changes that may oceur in these different
sections is very great; the pulmonary tissue formed of little cells full of
air, may pass through all possible degrees of condensation or of rarefac-
tion; the cavities of the mouth and pharynx can only increase or dimi-
nish a little in diameter 3 but again how limited are the modifications that
can oceur in the buceal and pharyngeal sounds, how numerous are those
we observe in the murmurs of the vesicular section !

IV. Jre the respiratory sounds the same in the two sides of the chest,
and in the different regions of the same side ¢

An important question arises: are the respiratory sounds the same in
both sides of the chest, and in the different regions of the same side? If
o natural difference exists, it may be mistaken for the commencement of
a pathological state, and hence will result errovs in diagnosis. Two dif-
ferent ways conduct to the solution of this question :—1st. the direct and
comparative observation of the sounds produced ; 2nd. the comparative
examination of the texture of the two lungs, and of the conditions of con-
ductibility, by which they are surrounded ; we have just seen, in fact,
¢hat a difference in the anatomical composition of the different parts of
the same tube produces remarkable differences in the sounds that are
formed there.

A. Attentive auscultation of different parts of the same side of the
chest, in healthy persons, shows that the inspiratory and expira-
tory murmurs are in general more distinet in front than behind, and in
the superior than the inferior lobes. In proportion as the sound becomes
more intense and more distinet, we find that of expiration in particular
take a character of greater clearncss. This result agrees with an anato-

mical observation made by M. Cruveilhier.®* That accurate observer

remarks that if, after death, a certain quantity of air be thrown into the
» Laennec, Aus. Med. ed. de 1837, note de M. Andral, vol. 1, p. G47.
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bronehi, it penetrates more easily and more rapidly into the superior
lobes of the lungs ; whenee he draws this inference, that in the habitual
state, the cells of these lobes take a greater part in respiration than those
of the inferior lobes.

B. I examined a great number of persons in the medical and surgical
wards, who presented every appearance of healthy lungs, and found in
almost every case that the inspiratory and expiratory murmurs were éx-
actly the same on both sides of the chest, at the superior as well as at the
inferior part, in front as well as behind. The few individuals in whom 1
found the expiration a little more developed under the right clavicle than
the left, were those precisely who were caleulated to excite some doubt as
to the state of their lungs. To satisfy myself on this point, I afterwards
selected, in the military wards, persons who had all the appearance of robust
health, and who had been brought to the hospital by diseases very dif-
ferent from those of the thoracic organs ; in this way I satisfactorily ascer-
tained, that in a state of health, the respiratory sounds are equally audible
on both sides of the chest. It results from this that whenever we find a
difference between the murmurs at the summits of the lungs, this difforence
may, in general, be attributed to a pathological condition. (10)

C. I have made some anatomical investigations, with the view of ascer-
taining whether there exists any difference in texture between the two
lungs, which could have an influence on the normal sounds of these
organs. I selected for this purpose the lungs of well formed adults,
who had never suffered from any disease of the thoracic organs, and in
whom the lungs were quite sound and the chest well formed. T have
repeated these investigations several times on the lungs of men and wo-
men, and have arrived at the following results

The two thoracie cavities, carefully measured, present no difference in
their transverse diameters.

The summits of the two sides are on the same level, and the capacities
of these summits are equal.®

The conditions of conduetibility of sound are the same on both sides ; or
at least we cannot discover any circumstanee to make them differ sensibly.

The tops of the two lungs are equal in volume.

No perceptible difference as to density of tissue can be discovered.

The mean length of the trachea, from its origin to its bifurcation, is
three inches ; it is composed of twenty eartilaginous rings.

A horizontal line, touching the summits of the two lungs, meets the
trachea at the union of its two upper thirds with the lower. The two
upper thirds are two inches long, and comprehend fourteen rings; the
lower third is one inch, and contains but six.

If a transverse incision be made through the tops of both lungs, at the
game level, it is evident, whether the bronchi be injected with solid mat-

* The difference in vertical extent between the right and left side depends on the base

and not on the summit.
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ter or not, that the openings of the bronchial system are of the same
diameter on both sides. If there be a difference, it is so trifling, that it
may in fact be considered doubtful, and as of no importance as regards
the change it could produce in the respiratory sounds of the side where
it is supposed to exist.

The transverse diameter of the trachea, at its bifurcation, is thirteen
lines* ; the transverse diameters of the origins of the bronchi is six
and a half lines for the right and six lines for the left; hence a difference
between them of one line only.

The bronchus of the superior lobe of the right lung is five lines at its
origin ; those of the inferior lobes of the same lung are each five and a
half.

Each of the two bronchi distributed to the superior and inferior lobes
of the left lung, is at its origin from six and a half to seven lines in dia-
meter. In conclusion, we see that the sum of the diameters of the large
bronchial tubes of the left lung is very nearly equal to the sum of the
diameters of those of the right lung ; and that the small bronchial tubes
of the summits of the lungs do not present any sensible difference either.
The diameter of the trachea in its superior portion is three lines less than
at its bifureation; and yet the most careful auscultation of these two
points alternately, could not detect any appreciable difference between
the sounds produced in them. 4 fortiori there should not be any differ-
ence in this respect between the bronehial tubes at the right and left
sides, the sums of whose diameters vary only from half a line to a line.

The conclusion from the anatomical facts I have detailed, is that there
is no sufficient reason, in the physical conditions of the organ, for any
sensible difference between the normal sounds of the summits of the right
and left lungs. We find, moreover, by contrasting the pathological
changes with the symptoms, in certain cases of dilatation of the bronehi,
that the production of the bronchial chavacter of respiration is owing less
to the increased diameter of the bronchial tubes, than to the induration
of the tissue of the lung round the dilated bronehi. The bronchial cha-
racter is usually quite imperceptible in those cases where the pulmonary
tissue has not suffered any appreciable alteration, and where the bron-
chial dilatation is slight; it increases in proportion to the increase of
diameter in the bronchi and of condensation in the surrounding pulmo-
nory tissue, because the latter circumstance is almost always inseparable
from the former. We should also remark that the uniform and more or
less general dilatation of a part of the bronchial system has but very
little influence in the production of the bronchial character, which is
chiefly produced by partial and irregular dilatations. Now, the difference
in diameter that exists between the bronchi of the right lung and those
of the left is extremely trifling in the large branches, and almost nothing
in the others. This comparative dilatation of the large bronchi of the right

* This digmeter is but 10 lines in the guperior § of the tube.
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side is uniform and general; it is not accompanied by any difference of
density in the surrounding tissue; consequently it is incapable of pro-
ducing any difference between the sounds of the two sides. I had already,
as I said before, arrived at the same result from the comparative exami-
nation of these sounds.

The right bronchus and its first divisions have neither the same ex-
tent nor the same direction as the left bronchus and the two trunks into
which it iz divided ; but these circumstances produce no sensible differ-
ence in the results of auscultation practised at these two points. (11)
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1§ 2. NORMAL RESONANCE OF THE VOICE THROUGH THE WALLS OF
THE CHEST.

L,
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Writers are by no means agreed as to the degree of the normal reso-
nance of the voice through the thoracic walls. However, as this reso-
nance may sometimes be an important sign, for example, in the diagnosis
of the first stage of phthisis, it is right to determine the limits of the
normal and of the morbid state. It is indeed difficult to fix this limit
absolutely, because an almost imperceptible gradation leads from the one
to the other ; however, the practise of auscultating the voice in the heal-
thy and in the diseased condition, the practise of comparing these with
each other, enables us to determine with tolerable exactness, in the ma-
Jority of cases, even to slight shades, whether the form and degree of
vocal resonance observed belongs to the normal or the morbid state. In
immediate auscultation the resonance of the voice is stronger than in
mediate auscultation. This eircumstance may have contributed to make
Laennec consider the vocal resonanee feebler than it really is. Accord-
ing to him, this resonance is secarcely at all perceptible®. This expression
appears to me exaggerated. The general result I have obtained is as
follows: one ear being applied to the chest of a healthy person, while he
1s speaking or counting, and the other ear being closed with the finger, we
hear a tolerably strong, somewhat obscure murmur, a kind of buzzing, not
reproducing with distinetness the words of the individual; this sound,
which has a kind of jerking character, seems to occupy a large surface,
coming from all sides, but irregularly, to concentrate itself beneath the
ear. In bronchophony, even in a slight degree of it, the sound appears
to pierce straight through the lung, in its passage to the ear; the rays of
sound which compose it form, as it were, a body more compact, and concen-
trated into a smaller volume; the sound produced occupies less space be-
neath the ear, and this organ, as if struck in a single point, feels a more
strong impression, The sound is more distinet, more piercing, its guality
is more clear, a little metallic as it were ; but the words of the patient
continue always indistinct.
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* Auscult, Mediate; edition de M. Andral, vol. 1, p. 83, Laennec by Forbes, p. 38,
drd edition,
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The normal resonance of the voice is somewhat more marked in front
than behind, somewhat more at the summit than the base, but equal on
both sides. The position of the patient, whether upright or horizontal,
has no influence on its degree.

The vocal resonance is in general somewhat stronger in persons in
whom the voice is manifestly grave ; it is less when the voice is a little
sharp or infantine. It is more distinet when the chest is thin, but well
and strongly formed, than when it is fat, narrow, and slightly made. M.
Andral® and M. Cagniard Latour have obtained the same results,

Opposite the root of the lungs, in the middle of the dorsal region, the
normal resonance of the voice is more marked than any where else. (12)
(For the normal resonance of the cough, see hereafter.)

§ 3. NORMAL RESONANCE OF THE SOUNDS OF THE HEART IN THE
SUB-CLAVICULAR REGIONS.

In the normal state, the sounds of the heart are heard somewhat more
distinctly under the left clavicle than the right. This difference, though
slight, is very clearly perceived by immediate auscultation. In short,
this readier transmission of the sounds of the heart to the left than the
right clavicle is quite simple, since the conditions of conductibility being
the same in both lungs, the heart is more distant from one of the summits
than from the other. But the conditions of conduetibility may change ;
the top of the right lung may become indurated, either alone, or to a
greater degree than the top of the left; then the sounds of the heart are
more distinetly heard under the right clavicle than under the left; hence
a sign of which we will make use in judging of the comparative state of
the summits of the lungs. The mere equality of the resonance of the
heart’s sounds under both elavicles may even, in the majority of ,cases,
be considered an indication of an increase of density of the top of the
right lung. We will make use of this sign particularly in the diagnosis
of the first stage of phthisis pulmenalis.

ARTICLE II.

PHYSIOLOGICAL VARIETIES OF THE RESPIRATORY SOUNDS.

Without passing the limits of the physiological state, the fundamental
characters of the inspiratory and expiratory murmurs may exhibit differ-
ent varieties, or suffer certain modifications, which it is necessary to know,
in order that they may not be confounded with the morbid changes of
which these murmurs are susceptible. I will not go over each of these

* Diction, de Medicine, p. 660,
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modifications and of these physiological varieties ; they have for the most
part been very well described by Laennec; there are some few only which
he has not pointed out, others on which it seems to me he has not insisted
sufficiently ; of these I shall proceed to give a brief account.

1st. It has been ascertained by the auscultation of a great number of
persons, that the different circumstances ‘of age, sex, constitution, &e.
apart from any morbid alteration, produce no change in the peculiar
nature of the inspiratory and expiratory murmurs. It has been ascer-
tained that they remain the same in essence and in form, and that they
are only either exaggerated or diminished. Thus the only modifications
of which they are susceptible affect their duration, and particularly
their intensity. These modifications are but temporary, and the ratio
of inspiration to expiration remains always the same. It is important
to know this fact; it affords us the means of distinguishing modifica-
cations of the respiratory murmurs, which are merely physiological, from
certain classes of their morbid modifications.

9nd. In laying down some precepts for performing auscultation, I have
already remarked (page 23) that in certain states of nervous disturbance
of the respiration, the respiratory murmurs, or one of them at least, the
expiratory, was not audible, though the motions of the chest were per-
formed with apparent regularity. At other times, under the influence of
the nervous disturbance to which I am alluding, some individuals, after
having produced a noisy inspiration, draw out the expiration so gently
and so slowly, that it communicates to the ear no perceptible sound. In
both cases we have only to wait till the respiratory movements are per-
formed naturally, in order to see the normal murmurs of respiration re-
appear. Besides, as the absence of the expiration alone is never depend-
ent on any organic cause, it cannot give rise to any error in diagnosis.

3rd. Other individuals perform the respiratory movements in such a
way, that the air passes and repasses the mouth, nasal fosse, and pharynx,
almost without reaching the lungs. A very intense murmur is produced,
and is heard in examining the chest; but this is not the murmur of the
vesicular seetion j it is that of the pharynx, of the mouth, or of the nasal
foss®; a practised ear perceives at once that this sound comes from a
distant part. Besides its quality is much clearer, more metallic than that
of the vesieular section; and furthermore, it is audible at a distance,
which the former never is. An inattentive observer might take it for a
morbid murmur, more especially as its gualify somewhat resembles that
of the bronchial character.

4th. Persons strongly formed, very robust, and with large chests, in whom
we might expect to find respiration proportional to their strength, pro-
duce in general a weaker respiratory murmur than those who are slender,
feeble and nervous,

5th. Some old persons are in a state of habitual dyspnew, though
auscultation discovers nothing but much greater feebleness than usual
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CHAPTER II.
MORBID SONOROUS PHENOMENA OF RESPIRATION.
ARTICLE I

{GENERAL PRINCIPLES THAT GOVERN THE MORBID RESPIRATORY
MURMURS.

The morbid sonorous phenomena of the TﬂSpil‘ﬂfDl‘}" apparatus may be
‘divided into two tolerably natural classes: 1st. such as are merely modifi-
ceations of the normal sonorous phenomena ; 2nd. such as, not having pre-
vviously existed in any form, are newly developed in consequence of cer-
ttain organic alterations, as metallic tinkling, the pleuritic friction
ssounds, &ec.
All the modifications that can occur in the normal sonorous phenomena
cof respiration may be referred to the four following heads: 1st. modifica-
itions by augmentation ; 2nd. by diminution; 3rd. by cessation; 4th. by
|perversion.
This fourfold division, founded on eclinical experience, on the actual
cobservation of the senses, is applicable to the sonorous phenomena of all
tthe other systems of the economy, and especially to those of the circula-
i ting system.
The modifications by perversion establish a sort of transition between
ithe morbid sounds which are but mere modifications of the normal ones,
tand the morbid sounds which are wholly new formations; thus the metallic
itinkling of hydropneumothorax belongs to the last class, at the same
itime that it follows in the train of the alterations of guality that belong
Ito the first.
The ronchi, regarded by Laennec as sounds foreign to respiration, are
iin reality, as I have shown by my experiments with sponge (page 12),
1 only modifications of certain normal characters of the respiratory sounds :
| the humid ronchi, a gradual developement of the humid character up to
‘the glutinous and bubbling form ; the dry ronchi, a developement of the
\dry character, from the simple form of erumpling or crackling, to the
‘most elevated degree of the grave or acute tone.
A division nearly similar to that which I have proposed is suggested
by M. Andral, in his Clinique Medicale * : “ Instead of being modified in
its intensity only,” says he, “the respiratory murmur may be so alsoin its
nature.” But he has not insisted on the different modifications of which
the nafure of the respiratory murmurs is susceptible,

The modifications by augmentation or diminution do not affect the
nature of the respiratory murmurs; they affect only their intensity and

® Third edit. tom, 4, p. 657.
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their duration. Hence it follows, that an inspiratory or expiratory mur-
mur may be modified more or less profoundly in its intensity and duration,
without any change whatever in its nature. The changes in the nature
of the murmurs belong only to the class of modifications by perversion.
This perversion of the respiratory sounds may affect either the qrality,
the soft, mellow character, the dry, humid character, or lastly the rhythm.
The modifications by perversion are therefore altogether different from
those by augmentation and diminution. The modification by cessation
is only the last degree of the modification by diminution.

The modifications by perversion of the inspiratory and expiratory mur-
murs may coexist with modifications by augmentation or by diminution;
for example, in the first stage of pulmonary phthisis, where the inspira-
tion is augmented in intensity, the expiration augmented in duration,
both are hard, dry, and accompanied with some bronchial character. On
the other hand, each of these modifications may exist alone, as well as be
met all united. Thus in the respiration called supplementary, the modi-
fications by augmentation alone exist. Let me, however, observe, that in
general we rarely meet in the morbid sounds of respiration one class only
of modifications; we usually find them combined together in a greater or
less number, as in pulmonary emphysema, pneumonia, phthisis, and most
of the other diseases of the lungs. Their combinations are extremely
various ; we cannot point out any well marked general peculiarity in
this respect.

The coexistence of these different kinds of morbid sounds does
not prevent the isolation of each by analysis. A discase, as phthisis
for example, at the end of its first stage, may present a great num-
ber of them combined, without any one of them interfering with the
existence, the progress, the evidence, and the analysis of the others: it is
sufficient to observe order in our examination ; to concentrate, as I have
elsewhere said, our attention on each in turn, and each appears of its
proper value, and contributes its distinet part, its quota to the diagnosis.

Each of the modifications of the physiological sonorous phenomena that
we have just pointed out may affect a single property alone of the sound,
or embrace several of them at once. Thus, in the first stage of phthisis,
we often find the inspiratory murmur inereased in intensity, and on the
contrary diminished in duration; whilst the intensity and duration of
the expiratory are both at the same time, and both equally augmented.
The alterations by perversion may affect only the soft, smooth, free
character, as in emphysema of the lungs: or, as in phthisis, affect also
the guality of the sounds.

The normal characters of the murmurs may undergo very different, or
even quite opposite alterations. In the first stage of phthisis, we see the
inspiration diminished in duration and the expiration increased in this re-
spect. Inthe same stage of the same affection, while the inspiratory mur-
mur has not as yet suffered any change except in its intensity and duration,
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or at most some perversion of its soft and mellowy character, the expiratory
has already undergone alterations in quality also. Afterwards however
these alterations in guality invade also the inspiratory sound. In general,
as soon as we pass from the physiological to the pathological conditions of
the orean, we find the murmurs of inspiration and expiration, hitherto
conneeted together by a proportional ratio, by characters identical in

'their nature, separate from each other and take opposite sides. Thus the

duration of inspiration is greatly diminished in emphysema of the lungs,
while the duration and intensity of expiration are much increased. As
long as the respiratory murmurs have not suffered any alteration in their
intimate nature, inspiration and expiration preserve their natural ratio ;
but this ratio ceases from the moment a perversion takes place in the

. characters that constitute the intimate nature of these sounds; and then

inspiration and expiration separate; each presents modifications pecu-
liar to itself ; each requires a distinet study ; each contributes to the diag-
nosis a series of valuable signs.

Under the name rasping respiratory murmur, M. Hirtz* has united
several of the morbid characters that I have described separately. In
another part of this work (see 2nd. part, ch. 7, art. 1,) I will endeavour
to reduce to their primitive elements the morbid characters included
under this name.

The -causes that produce these different modifications of the normal
murmurs are of various kinds; but they may be reduced to two classes:
1st. physical or mechanical causes; 2nd. dynamical or nervous causes.
The physical causes have their seat sometimes in the organ itself in
which the sound originates, sometimes in its neighbourhood. In the first
case, they depend on anatomieal changes in the organ; in the second,
upon the conditions of conductibility of sound that surround it. Altera-
tions by angmentation or diminution often depend on this last class of
causes ; on the other hand, they never produce alterations by perversion.
In general, the changes that occur in the characters that constitute the
nature of the sound are caused by changes that occur in the texture and
especially in the density of the organ. Those same circumstances,
determine also alterations by augmentation, diminution and cessation ;
but not so exclusively, as we have just seen. The dynamical or
nervous causes are sometimes concentrated in the respiratory organs, asin
certain forms of asthma ; sometimes are connected with a general dyna-
mical or nervous state of the system. These causes produce alterations
of rhythm, when the dynamical conditions, local or general, preserve re-
gularity in their mode of production ; but when these are exaggerated or
depressed, they only excite an increase or diminution in the intensity and
duration of the normal sounds. It is easy to see of what importance it
must be in practice to be aware of these different possible causes of the
abnormal gounds, and to be habituated to distinguish what part each has in

* These inaugurale, Stratsbourg, Aout, 1836, p. 19,
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their production. In fact, a very serious prognosis is connected with
sounds produced by some of them, whilst the same sounds, produced by a
different class of causes, do not indicate any thing alarming. Such are
flll;erutimls in ’Ehe intensity and duration of the respiratory sounds depend-
Ing on organic causes, and the same alterations arising from nervous
influence alone. Often too, the diagnosis and prognosis are altogether
different, according as the modifications observed in the normal MUrmurs
depend on new conditions of conductibility in the parts surrounding the
organ where the sounds are produced, or on changes that have taken place
in the organ itself.

These different causes of the modifications of the normal sounds may,
furthermore, either exist separately, or be combined together in different
forms, so as greatly to complicate the problem, and to render its solution
sometimes very difficult. In such complex cases, it is only great practice
in this kind of analysis, the frequent comparison of the thousand forms
under which we every day at the bedside see this class of phenomena,
and the recollection of numerous relations established between the symp-
toms and the pathological changes, that can lead to an accurate apprecia-
tion of the value of the sounds heard.

The modifications by perversion are more serious than those by
augmentation or diminution; that is, they, in general, announce a more
unfavourable condition of the organ. In fact, as we have seen, they are
not produced until some physical change has taken place in the lungs,
whereas the augmentation or diminution of either of the respiratory mur-
murs may, within certain limits, depend on a mere temporary funetional
disturbance. This fact being important, I have taken much pains to
determine its accuracy.

Amongst the modifications by perversion, those which affect the
quality of the sound indicate a more serious prognosis. Indeed, it is to
this class that the blowing, the bronchial, the cavernous, the amphoric
character, as well as the metallic tinkling belong ; and we know that each
of these phenomena is connected with serious lesions of the pulmonary
organs. The perversion of the soft, mellow, continuous character of the res-
piratory sounds comes next; in fact, it is chiefly in emphysema of the lungs,
and still more in phthisis in its first stage, that we meet the characters of
hardness, roughness and want of freedom of production in the respiratory
murmurs, I place in the third rank, the perversion of the normal rela-
tion between inspiration and expiration, as this alteration may be met
with in cases of very different kinds. The characters of humidity
and of dryness come last, because they may depend on physical cir-
cumstances of rather a transitory nature, as the greater or less quantity
of blood or serosity a lung contains, the greater or less activity of the
bronechial secretion.

But if the modifications by perversion are more serious, they are also
less frequent than those of simple augmentation or diminution.
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The latter, contrasted with each other, present almost the same {re-
quency, if we compare the diminutions in duration of inspiration and
the augmentations of expiration. Their place, in the scale of symp-
toms arranged according to their severity, is equally high, but it is
below that of the alterations by perversion. In fact, we find organic
alterations equally serious coinciding with the diminutions of the du-
ration of inspiration, and the augmentations of the intensity and
duration of expiration: on the one side, pleurisy, pneumomia, all the
indurations of the pulmonary tissue; on the other, phthisis and emphysema
of the lungs. On the contrary, the alterations by augmentation of inspi-
ration and by diminution of expiration do not, in general, indicate any
thing serious. The modifications of expiration by diminution, are of
little importance except in the case of almost complete cessation, as this
supposes that the inspiratory sound has also ceased almost completely.
The modifications of inspiration by augmentation are very frequent, but
we have seen that they are of little importance in reference to prognosis.

The complete cessation of the respiratory sounds is a much rarer eir-
cumstance than is generally thought ; it supposes complete imperviousness
of the pulmonary tissue, or total obstruction of the larynx, the trachea or
bronehi. If the imperviousness or the obstruction be not complete, it sup-
poses with it very great feebleness of the respiratory forces. I have
scarcely ever witnessed total absence of the mormal respiratory sounds,
except in those who on examination after death presented a considerable
hepatization of the pulmonary tissue or an abundant effusion of air or
liquid. This absence was not at all complete in persons affected with
contraction of the larynx, even when asphyxia was impending. The
cessation of inspiration is more frequent than that of expiration. It is
rare not to find some trace of the expiratory sound, even at the time the in-
spiratory has totally ceased. One of the effects which usually accompanies
the diminution of the inspiratory sound is even, in general, an augmenta-
tion of the expiratory. There is no connexion between the complote and
sgparate cessation of the latter sound, and the different organic changes
that occur in the lungs. This absolute and separate disappearance of
the expiratory sound can only arise from some nervous disturbance of
the respiratory movements. We have here facts apparently contradictory
and yet clearly established: lst. we find in general the murmur of
expiration increase, when that of inspiration diminishes; 2nd. in pneu-
monia and in very abundant pleuritic effusions, there is generally com-
plete cessation of both murmurs ; 3rd. in some cases of pneumonia and
of pleurisy with less abundant effusion, the murmur of expiration dimi-
nishes sometimes in the same proportion as that of inspiration. It is
especially the degree of hepatization or of pleuritic effusion that deter-
mines which of the three preceding forms is observed.

The different modifications we have been considering have nothing
peculiar, as regards the situation they occupy in the lungs. They are
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seen, according to the diseases on which they depend, appearing in every
point of the organ in which those diseases can exist ; it is in this respect
only that the consideration of their situation can have any interest. Thus,
the diminution of the duration of inspiration, the augmentation of expi-
ration, the character of hardness, of roughness, of crumpling in the
respiratory murmurs, if found to exist over all the extent of the chest,
or of one of its sides, may be regarded as depending on emphysema of
the lungs. On the contrary, should they be localised under the clavicles,

in the superior regions, it is probable they depend on tubereulization of
the lungs.

ARTICLE IIL

MORBID CHARACTERS OF THE INSPIRATORY MURMUR.
L. Alterations by Augmentation.

lst. The intensity and duration of the inspiratory murmur in its normal
state being represented by 10, thismumber is a fixed point, above and
below which we may construct a graduated scale, for the modifications by
diminution as well as by augmentation. Those of diminution may fall to
zere, where they take the name of cossation : this first scale comprises 10
degrees. We may make the second equal to the first, by taking 10 de-
grees above the number 10, and representing by 20 the maximum of
aungmentation of the inspiratory sound. Between these two extremes,
there exists a sufficient number of degrees to enable us to express by
successive numbers all the possible intermediate shades between the ces-
sation of the inspiratory murmur and its highest elevation. Hereafter
we will do the same for the expiratory sound. All the modifications of the
duration and intensity of these sounds are thus expressed in language
at once accurate, concise, and intelligible to all, and which has the advan-
tage of placing before the mind the extent of physical alteration in the
organ; for in the greater number of severe cases (and it is about those
that the practitioner is chiefly anxious), the number that expresses the
degree of the symptomatic modification, represents also with sufficient
exactness the extent of anatomical alteration. In the first stage of
pulmonary phthisis, for example, we see the expiratory murmur undergo

a successive increase in duration and intensity, and pass from the number

2, which is its normal one, to the numbers 4, 8, 12, 15, 18, 20 ; and these
suceessive numbers measure with sufficient accuracy the progress that
the disease makes at the same time.

2nd. The duration of inspiration is never angmented independently of
its intensity ; thus in the respiration called supplementary, the angmenta-
tion affects at once both the intensity and the duration of inspiration and
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expiration. It may happen, on the contrary, that the duration remaining
unchanged, the intensity increases; this occurs in tuberculization of
the summits of the lungs.

3rd. A momentary nervous excitation, a physical circumstance such as
panting, lastly, certain organic circumstances, may produce this aug-
mentation of inspiration. I shall in this place speak only of that which is
produced by the last class of causes. The augmentation of inspiration
is never a direct effect of any organic alteration of the lungs; it is not
even produced in the diseased part, but in the neighbouring healthy por-
tion of the organ. It is that this healthy portion supplies the place of
that which is no longer capable of performing its function: according as
the part affected is more or less extensive, more or less diseased, the
healthy part augments its efforts and its murmurs; hence the different
degrees of supplementary respiration. If this exaltation of the respira-
tory sounds takes place in a part completely separated from the part
affected, * the respiratory murmur, however elevated it may be, remains
perfectly pure, and the increase affects equally the intensity and the dura-
tion; this is the ecase in ordinary supplemental respiration. But if
the sound portion of lung be sitmated close upon the affected part, or
indeed inclosed among diseased lobules, this proximity will impress cer-
tain special characters on the exaltation of the respiratory murmurs : thus
the augmentation will especially affect the intensity, and certain modifi-
cations by perversion will be united with it: in fact, the morbid sonorous
phenomena will then be formed in a complex, in a mixed state, on
account of the two sources from which they are derived. For example,
in tuberculization of the central part of the top of the lung, the morbid
sounds produced there mingle with the pure but exaggerated sounds of
the surrounding parts; and the result is an inspiratory murmur greatly
increased in intensity, diminished or not in duration,—an expiratory
murmur increased in both respects,—and each accompanied sometimes by
the bronchial character, and always by some hardness and dryness.

From this explanation of the augmentation of the inspiratory mur-
mur, it is plain this character must present itself in a very great
number of different cases. It is enough to say, generally, that these
cases will be where one portion of lung takes on the duty of another
which is ineapable of performing its functions.

4th. The physieal characters of this augmentation of the inspiratory
sound are those of normal inspiration, but exaggerated. I will hereafter
examine particularly supplemental respiration, and point out its usual
course and its differential diagnosis (see art. VIIL)

* As, for example, in front, in pneumonia of the posterior parts; or in the right lung,
when there is pleuritic effusion in the left side.
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II. Alterations by diminution.

1st. From the number 10 inspiration may descend successively to zero.
Unlike the phenomena of augmentation, the diminution of the inspi-
ratory murmur is a direct effect of the particular physical condition of
the respiratory organ; so that the number that indicates this dimi-
nution expresses exactly the degree of obstruction that exists to the
accomplishment of the function: this holds as well for contractions of
the larynx, of the trachea and of the bronehi, as for diseases of the lungs
and pleura.

2nd. This diminution usually affects both the intensity and duration at
the same time. It may however be confined to the duration, as occurs
in the first stage of phthisis; but this is very rare, and besides it takes
place only in cases where another morbid eircumstance has altered in its
own way the intensity of the inspiratory murmur, and in this manner
separated it from the duration of the same sound. Thus, except when
complex organic alterations act on the inspiratory murmur in different
ways, the diminution of this sound affects at the same time its duration
and its intensity.

3rd. The diminution of the inspiratory murmur is producefsyhenever
there exists, in any part of the respiratory apparatus, an obstacle to the
free entrance of air into the pulmonary parenchyma. These eases are
very numerous : their enumeration would be almost a complete list of the
diseases of the larynx, trachea, bronchi, pleura, and lungs. It occurs in
pleurisy, in pneumothorax and hydrothorax, in the case of old false mem-
branes enveloping the surface of the lung, in pneumonia, in chronie
induration of the pulmonary tissue, in tuberculization, pulmonary apoplexy
and emphysema, serous or sanguinecus congestion of the lungs, intense
bronehitis with eonsiderable tumefaction of the bronchial mucous mem-
brane ; in the different thickenings of the laryngeal mucous membrane,
in cases of false membranes secreted in the interior of the bronchial system,
&e. It is met also, independent of all organic changes, in certain spas-
maodie affections of the inspiratory organs.

4th. We can appreciate by auscultation, by the impression made on
the ear, whether the air passes freely forward into the pulmonary tissue,
and to what extent the expansion of this tissue takes place. If a consi-
derable pleuritic effusion compresses the lung, we feel, in some sort, that
the air, after having penetrated some way into the bronchial ramifications,
can go no farther ; we feel that it then struggles an instant against the
ohstacle which opposes the dilatation of the air cclls, and that, not being
able to penetrate these, it effects a kind of dilatation en masse of the com-
pressed pulmonary tissue, which is accompanied with a slight and quite
peculiar sound. There iz no word which exactly expresses this sensa-
tion 3 it must be felt: but it is of great importance to remark its degree,




MORBID SONOROUS PHENOMENA OF RESPIRATION. 49

in order to know how far the disease has proceeded. In fact, if we follow
the disease in its progress of improvement, we feel the pulmonary expan-
sion increase more and more, the air penetrate successively deeper and
deeper, in proportion as the effusion is absorbed, as the obstruction of the
lung diminishes ; and at the same time, the slight peculiar sound of which
I have spoken disappears, and is replaced by the normal inspiratory mur-
mur. I lately operated for empyema on two patients in M. Andral’s
wards, who had for a long time extensive pleuritic effusion. DBefore the
operation the respiratory murmurs were totally extinct.  We drew off gra-
dually a_part of the effused fluid with the canula; the rest escaped insensibly
by the wound; the compressed lung by degrees resumed its normal volume
so completely, that, in one of the cases, a pleuritic friction sound soon
announced that the surface of the lung had regained its contact with the
ribs. We followed attentively, with the aid of anscultation, all the grada-
tions that the respiratory murmurs passed through in their return: we
heard the slight sound I spoke of just now, a sound which announced the
imperfect penetration of air, and the expansion en masse of the pulmonary
tissue ; we expressed by numbers, gradually inereasing, the degree of pen-
etration of air, and of the sound that accompanied it, and we ascended
thus successively from zero, the state before the operation, to an inspi-
ratory murmur almost completely natural, which might be represented by
the number 8 or 9. In one of those patients a fresh pleuritic effusion
took place at the other side: we followed, in the opposite direction, the
successive diminution of the inspiratory number till it reached zero,
when the patient died. In persons affected for years with chronic dis-
ease of the larynx, on whom I performed tracheotomy, the inspiratory
murmur was almost at zero at the time of the operation, when the
patient was on the point of perishing "asphyxiated ; afterwards we ob-
served the gradual return of the inspiratory sound to its normal num-
ber, in proportion as the artificial opening produced by the bistoury
permitted the air to penetrate into the lungs, or as the cure being
effected, respiration was established by the natural passages.
5th. When inspiration has been for a long time in a state of diminution,
and that, in consequence of the resolution of the disease, it rises by
degrees higher and higher, it usually goes beyond its natural limit, and
passes from diminution to augmentation. But I have ascertained that
this takes place only in those cases where the resolution of the hepatized
lung, instead of being simultaneous in the whole affected part, is succes-
sive, and does not take place in the inferior portions until it has been
completed in the superior. The part where resolution is complete pro-
duces exaggerated respiration, until resolution takes place in a neigh-
bouring part ; this, in its turn, becomes the seat of puerile respiration,
whilst in the preceding part the respiratory murmurs return to their
-natural limit. This phenomenon does not oceur when resolution takes
place at once by a uniform and simultaneous movement throughout the
E
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whole extent of the hepatized portion. Very lately, a patient who lay at
No. 18 ward of Saint Louis (hospital of la Charite) afforded us an oppor-
tunity of confirming this general fact. He was in the stage of resolution
of a pneumonia, which had occupied all the posterior part of the left
lung. The resolution was effected in suceession in the superior, the
middle, and lastly the inferior third. We heard supplemental respiration
at the upper part, when there was still almost complete absence of respi-
ration at the base ; then respiration quite natural at the top, when it was
supplementary in the middle third, and just beginning to reappear at the
bottom. It is scarcely possible to conceive how much the knowledge of
the laws that govern the course of the morbid sounds tends to give con-
fidence to the mind and security to the judgment.

6th. We have already seen, in the preceding general views, that the
diminution of the inspiratory murmur may be simulated by different
eircumstances, independent of any physical lesion of the lung: we easily
avoid any error by combining with auscultation the other means of inves-
tigation, which, by controlling its results, enable us to appreciate their
value,

111, Alterations by cessation.

Pneumothorax, when somewhat considerable, affords a type of the
complete cessation of the respiratory sounds; because in it no accessory
sound comes, like the bronchial in pneumonia, to mask the period of
inspiration and expiration, and leave the ear in doubt as to the complete
or incomplete disappearance of the normal sounds, There are some
cases of very abundant effusion into the pleura, of close confinement of
the lung by thick false membranes, of chronic induration, of carnification
of the pulmonary tissue, in which the cessation of the respiratory mur-
murs is complete, without the intervention of any accessory sound. In
cases of this kind, the result of auscultation is entirely negative: the
motions of the chest are almost as extensive as in the normal state, at
least the motions of the entire cavity ; but complete silence has replaced
the murmurs of inspiration and expiration. In these circumstances, the
expiratory sound is as completely annihilated as the inspiratory. But
instead of the two normal respiratory murmurs, we still hear, in a cer-
tain number of cases, towards the end of the inspiratory movement, that
slight sound, to which I have just now called attention, and which
appears to result from the lateral effort the column of air which cannot
penetrate into the bronchial ramifications, exerts on the compressed pul-
monary tissue. The name, sound of pulmonary compression, CXpresses
perhaps sufficiently well the sensation felt by the ear. (13) I have not scen
any case of disease of the larynx, of the trachea, or of the bronchi, in
which there was complete cessation of the respiratory murmurs: this
total negation of the murmurs is only remarked in the last moments of
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life. We know, in fact, that the patients always die before the contrac-

tion is complete, and that, in eases of this kind, the immediate cause of

death is as much the want of nervous action, as the absolute and physical
impossibility of the penetration of air into the lungs.

IV. Alterations by perversion.

1° Rhythm. The inspiratory murmur, considered separately and
independently, is in its natural state the result of a uniform continuous
motion. This is what constitutes its normal rhythm. Now, this rhythm
may change. In acute pleurodynic pain, the inspiratory murmur
becomes brief, abrupt, jerking, composed of several successive and
unequal periods ; we are sensible that the sound begins and is inter-
rupted abruptly, on aceount of the sudden effort the patient makes to
stop a motion that excites pain. The ingpiratory murmur participates,
in some degree, in the convulsive state of contraction of the muscles.
Amongst the different characters I have now indicated, there is some
one that predominates; most frequently it is the quick, jerking cha-
racter. In general the inspiratory sound is diminished, the expiratory a
little increased.

In the commencement of pleurisy, the respiratory murmurs usually
present themselves in a form nearly similar, insomuch that the differen-
tial diagnosis of these two affections is at this time impossible by auscul-
tation. In some cases, however, we detect differences between the
respiratory sounds in these two affections, so striking as to enable us by
their means to suspect the real disease : thus we sometimes find in com-
mencing pleurisy the inspiratory murmur as it were uniformly com-
pressed, arrested in its developement with a kind of regularity, dull,
deep, and distant. I am wrong perhaps to enter into the detail of these
sensations, since a technical expression is wanting to designate their
distinet physical character: however, these sensations have still their
value; with an attentive ear, every one may find them, and we will
often see that, in the absence of more certain signs, they contribute very
much, by the general impression they leave, to the conclusion at which
we arrive,

In those cases where inspiration has suffered the changes of rhythm I
have just described, expiration wsually remains unalterd. We may
indeed conceive that it must be go, since the movement of expiration,
compared with that of inspiration, is almost entirely passive: it is a
period of repose for the patient ; the pain is extinet during this period,
so that the movement and the sound that accompanies it are produced
with freedom. Frequently the patient even prolongs this period, either
by gently drawing out the expiration, or by creating each time a distinet
moment of repose between it and the succeeding inspiration.

2. Quality (Timbre). The alterations the respiratory sounds suffer
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in their guality are numerous, and require to be well known, as well
separately, as in their relations to each other. I shall here consider them
with reference to the inspiration, briefly pointing out the general prinei-
ples by which they are governed. These general principles, as well as
the particular remarks will be, for the most part, as applicable to expira-
tion as to inspiration.

The gentle breathing, the soft murmur which characterizes the respira-
tory gounds in the normal state, may, under the influence of some organic
changes, take on a certain number of morbid characters, which affect
chiefly the quality of these sounds, and which, for that reason, I will
unite under the collective name of alterations of quality. There are, in
these alterations of guality, successive degrees which lead, by a conside-
rable number of gradations, from the most simple to the most elevated
forms, They ave, as it were, so many degradations of a common type,
which recals the sensation of metallic guality, and which I will designate
by that name. The signs which Laennee has described separately
under the names of cavernous, bimeing, amphoric respiration, and under
that of metallic tinkling, belong to this type; those which I will eall the
elear character and the resonant character belong equally to it, and mark
its first degrees. All give to the ear a sensation of something metallic ;
only this sensation is produced by each in a different degree; we see them
in certain diseases follow one another in order, and sometimes appear in
succession from the first shade to the last. From the moment the first
trace of bronchial character appears, till amphoric resonance or metallic
tinkling strikes the ear, there is an unbroken but graduated chain;
there is a successive passage from one degree to another, but no change
of nature.

Certain fixed physical conditions invariably correspond to this
symptomatic state. Let us examine all the cases in which the
metallic quality is manifested, under any of the preceding forms, and
we will always find coinciding with it the two following physical cir-
cumstances, either single or combined: 1° condensation of the pul-
monary tissue; 2° augmentation of the diameter of the cavities in
which the air moves. The effect of the first of these two circumstances
is:—1° to diminish very much or entirely destroy the sounds of vesi-
cular respiration; 2° to place, in the course of the sounds which arise
raturally in the bronchi, a good conducting body, or perhaps even a
sort of organ which strengthens the sound, which modifies its form or
degree, in proportion to the different forms and degrees of this conden-
sation, in proportion to the possible combinations between this and the
preceding circumstances.. A proof that the presence of a good condue-
tor of sound is an indispensable condition to the production of alterations
of quality, is that no such alteration is met in simple pneumothorax,
notwithstanding the state of compression and the inereased density of the
pulmonary tissue; in this case the alterations of guality and all the
morbid sounds which arise are arrested at the surface of the lung by the
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atmosphere that surrounds it. Accordingly, the results of auscultation
are entirely negative in this affection.

Melanotic indurations of the lungs, their carnification, their different
degrees of hepatization, their infiltration with tubercles, their compression
by a liquid effusion, the excavation of the pulmonary tissue in cavities
more or less numerous, of greater or less extent, the simple dilatation of
the bronchi, &c., are so many circumstances in which we recognise in the
living the alterations in quality of which I have spoken, and on the dead
the two anatomical characters that I have said correspond to the symptom.

Thus, whenever alterations of guality appear in the normal murmurs,
they correspond to a condensation of the pulmonary tissue, and sometimes,
at the same time, to an augmentation in the diameter of the bronehial
tubes, or to the formation of accidental cavities in the pulmonary tissue ;
but it does not follow, that because these circumstances exist, the pheno-
menon must always exhibit itself. Thus, when pleuritic effusion becomes
very abundant, the bronchial character disappears. Thus too I have not
found any trace of it in individuals, who yet after death presented a thick
false membrane almost eartilaginous covering the surface of the lung.

It will be seen that instead of deseribing the bronchial, the cavernous,
the amphorie characters, &c., as so many isolated and independent phe-
nomena, a8 Laennee did, I have placed them all in the same class, bring-
ing into view the common chain by which they are connected, and in
consequence of which they are all merely successive degradations of the
same type. The following is the secale of these degradations ; 1° Metallic
tinkling, 2° Amphorie character, 3° Cavernous character, 4° Bronchial
character, 5° Blowing character, 6°Resonant character, 7° Clear character,

Ist. When the normal sounds of respiration begin to pass through
the series of alterations of guality, the clear character is the first that
strikes the ear. This expression in itself sufficiently deseribes the sensa-
tion felt. The murmur of puerile respiration exhibits tolerably well
this character. In speaking of exaggerated respiration (see this ch. art.
viii.) I will point out how they may be distinguished. The clear quality
is usually met with when the sounds produced by a central hepatized por-
tion of lung, are mingled with those of the healthy parts that surround it.

2nd. When the respiratory murmurs which are still produced in the
interior of a lung are obliged, in their passage to the ear, to traverse a
layer of pulmonary tissue in which respiration is extinct, they convey a
peculiar intonation which a practised ear recognises at once, and which
gives the impression of having come from afar. The word remote,
remote character, seems to me to express this sensation best. It approxi-
mates closely to what I have named the resonant character, which is but
an exaggeration of the clear character, but a deeper shade in the alter-
ations of quality.

These inferior degrees are not manifested at all, or at least are not
observed in acute diseases, as pneumonia or pleurisy, because these
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affections produce very speedily considerable condensation of the pul-
monary tigsue: there is not time to observe these successive changes,
or indeed suflicient attention has not been given to the matter. But in
chronic diseases, as tuberculization of the summits of the lungs, the al-
teration proceeding slowly and by well marked gradations, each symp-
tom exists for some time, so that we have an opportunity of satisfying
ourselves of its existence and of its transformation.

3rd. The blowing character usually lasts but a very short time, and
does not always shew itself; sometimes it is very feeble, and does no
more than prepare for the bronchial character which soon follows it ;
sometimes it is very strong, persists a long time, and constitutes then the
phenomenon with Laennee calls blowing respiration. It is a murmur with
a clear quality, a murmur more or less strong, which gives usually the
sensation of a column of air taken and thrown into the ear of the obser-
ver by the chest of the patient. It only wants a metallic quality, more
strong, more distinet, to become bronehial, that is to pass to the next
character.

4th. The dronchial character is the most frequent form of the altera-
tions of guality. It is a sign of great value, because it is subject, in its
rise, progress, and disappearance, to laws nearly constant; because the
anatomical circumstances to which it corresponds, are always well defined ;
because the different degrees in which it appears represent with tolera-
ble exactness the degrees of anatomical alteration. Accordingly, it is
very important to appreciate its intensity, and it is easy to recognise three
degrees of it. This character has been very well studied by authors,
and by Laennee in particular. M. Andral has recognised several varie-
ties. M. Grisolles® has described one which gives, he says, the sensation
of the tearing of a piece of tabinet. It is particularly important to
remember that the bronchial character may present various degrees, and
it is, I think, more useful and more easy in practice to attend to these
degrees, than to seek for differences in the nature of the phenomenon.

5th. By almost imperceptible shades, the bronchial may grow out of
the clear, blowing characters, and pass itself into the cazernous ; however,
it is distinguished with sufficient accuracy, as well by its degree as by a
peculiar impression it leaves on the ear, from the characters now men-
tioned. The ear, while it recognises that they are of the same nature,
feels a difference between them: the intensity of the characters that pre-
cede the bronchial is in general but feeble ; their guality is not distinetly
metallic; on the contrary, the bronchial character produces on the ear
an impression stronger, more marked, much more unlike the characters
of the normal sounds, and its intonation is distinctly metallic. The ca-
vernous character gives distinetly the sensation of the passage of air into
a spacious and as it were rounded cavity; whilst the impression produced
by the bronehial is quite that of an uniform tubular cavity traversed by

* Journal Hebdomad. des Progres des Sciences Med. No. 29, 1836.
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o column of air. Emptiness of the cavity and of the bronchial system
are the best conditions for the production of cavernous and bronchial res-
piration ; because then the walls of the cavities vibrate more easily and
more completely. We may say, in oeneral, that these two characters are
proportional to the degree of emptiness of the cavities in which they are
produced. M. Andral has particularly insisted on this fact in reference
to cavernous respiration.

In its most elevated forms, the bronchial character conveys the impres-
sion of the passage of air into very large tubes, especially when the pul-
monary tissue has become very dense; this is seen particularly in infil-
trations of miliary tubercles, which invade the ‘whole mass of the lungs
with such extraordinary rapidity, that they are in a ghort time converted
into a nearly solid body. In these cases, it is easy to mistake the bron-
chial for the cavernous character: I was at first sometimes deceived in
this way. The mistake was the more easy, as the idea of the cavernous
character and of phthisis in its latest stage are so closely connected: I
was astonished, on examination after death, not to find the smallest trace
of a cavity. In carefully examining other cases of the same kind, and
directly comparing the very clear and very strong bronchial respiration
in these, with the real cavernous character, I observed that the latter,
even in this case, maintained a peculiar guality which cannot be better
expressed than by the word itself cavernous; the quality of the first,
which is equally peculiar, would be perhaps better represented by the
word fubular ; this, as is obvious, refers to the sensation felt, in the one
case, of an uniform prolonged cavity ; in the other, of one more limited
but more or less regularly rounded.

So true is it that this eavernous guality has something peculiar in it,
that T have several times been led by it alone to suspect a cavity of the
size of a nut in the centre of the top of one of the lungs, and in fact have
on autopsy ascertained its existence and its isolation.

6th. It is only in cases that are very rare, of a vast cavern, regular in
form and with firm and vibratory walls, communicating with the bronchial
system by one or two very narrow openings, that the cavernous changes
to an amphoric character sufficiently marked to enable one to infer the
existence of hydropneumothorax with perforation ; moreover, other
signs, other modes of investigation, may in general put us in the right
way. In a case of hydropneumothorax with perforation, of nearly a
year's standing, the amphoric character was completely localized at the
top of the right side of the chest, whatever was the position of the
patient. If the previous history were not known, it would have bheen
indeed difficult to say what affection this symptom belonged to: whether
a vast cavity in the lung, or a perforation of the lung with effusion of
air and liquid in the pleura; more especially as there was no metallic
tinkling, and that gurgling was distinetly audible under the right clavicle

(1) Clinique Medicale ; 3 edit. tom, 4, p. 73.
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(phthisis in the third stage). Hydropneumothorax with perforation and
all the symptoms of it had existed in this case a long time; but by degrees
the effused air and liquid were absorbed, the opposite sides of the pleura had
contracted adhesions, this progress towards a cure had proceeded from
below upwards, and the amphorie character, the sole remaining symptom,
had taking refuge as it were in the top of the lung. The patient
continued to improve; we saw the bronchial character successively
diminish and disappear, the walls of the chest sink in, and the patient
leave the hospital. He lay in Saint Louis’ ward, hospital of La Charite,
under the care of M. Andral.

7th. Laennec and some of those who have followed him have so well
described metallic tinkling and amphoric respiration, that it is impossible
to add any thing to what they have said on the subject. In chapter
viii, however, I will give the result of experiments I made with the view
of throwing light on the mechanism of these two sounds. We may give
the name of metallic resonance to a variety of metallic tinkling, where
this phenomenon, instead of being, as usual, an izolated and instanta-
neous sound, is prolonged for an instant, and resembles the sound which
continues to be produced for some time after a bell is struck. This
metallic resonance sometimes replaces altogether metallic tinkling ; it
is produced particularly towards the end of inspiration and expiration,
and secems to depend on certain conditions of the fistulous opening ;
but these conditions are still undetermined.

Some writers * have admitted several species of metallic tinkling:
one produced by the fall of a drop of liquid from the top of a cavity on
the surface of the purulent fluid it contains; another produced by the
same mechanism in the pleuritic cavity in hydropneumothorax, without
perforation of the lung; and lastly, that which usually accompanies
this complication of hydropneumothorax. I avow that I have never
heard any but the last, and M. Andral has often told me it was the same
with him. (14)

Laennec has deseribed, by the name of veiled blowing (souffle voilé ), a
phenomenon, with respect to which I must make the same observation as
with respect to metallic tinkling from the fall of a drop from the top of
a cavity on the liquid contained in it. In reflecting on the words of
Laennec regarding this veiled blowing, as well as this particular gpecies
of metallic tinkling, one is led to think that it was from reasoning, from
analogy, rather than from elinical observation, he derived these phe-
nomena, and that his faculty of comparison, by which he seems to have
been often happily guided to the anticipation of facts, was less fortunate
on this occasion.

One of the facts that it is most important to be familiar with, in the
history of the alterations of quality of the respiratory sounds, is the law that

* Lacnnee, Auscult. Med. edit. d’Andral, vol. 1, p. 137. Louis. Recherches sur la
Phthisie, p. 241. Williams, quoted by Clarke, Traite de la Censomption, p. 150.
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governs their co-existence with either period of respiration. Those altera-
tions always appear first in expiration alone, and spread afterwards to
inspiration ; but as they are inereasing in the first, while they are inva-
ding the second, it follows that, in general, they are always more marked
in expiration than in inspiration. In their decrease and disappearance
they follow exactly the same course, but in an inverse order, so that they
have disappeared from inspiration at the time we have still traces of
them in expiration. This is, therefore, first attacked and last aban-
doned. From the clear character up to the first degree of the bronchial,
the alterations of guality may co-exist with expiration alone; but when
the second degree of the bronchial character has appeared in expiration,
the alterations of quality that precede this degree present themselves in
inspiration. We have, in this peculiar and constant march of the sounds
-of this class, an excellent mode of judging of the progress the disease is
making for the better or the worse. Suppose, for example, the first stage
of phthisis: we are sure the disease is increasing if the bronchial cha-
racter, after having co-existed for some time with expiration alone, makes
its appearance in inspiration; we estimate afterwards the degree of this
inerease, from the more or less complete occupation of the two periods of
‘respiration by the bronchial character, and by the successively higher
- forms it assumes,

In their first degrees, the alterations of guality occupy only the end of
| the inspiratory and expiratory murmurs; but in proportion as we rise in
' the scale of these alterations, we find them occupy more and more the
“whole extent of the murmur. After a little, indeed, the morbid sounds
exceed the limit of the normal, and make these appear much inereased
“in duration. And hence we ought not, in general, pronounce that there
|is an increase in the duration of a murmur, exeept when no considerable
s alteration of quality accompanies it.

When alterations of guality co-exist with other anormal sounds in the
. same period of respiration, they tend, by their greater intensity, and the
ymore marked intonation with which they strike the ear, to obscure or
reven completely efface them. This is what oceurs with respect to the
lhard and dry characters which accompany the respiratory sounds in the
first period of phthisis: these characters can no longer be appreciated
from the moment the bronchial quality appears.

The law that determines the coexistence of the bronchial character
‘with expiration before it appears in inspiration, is the same for all cases
‘where alterations of quality oceur ; if we find it difficult to apply this law
\in acute diseases, in pneumonia for example, it is that in these cases the
| phenomenon, running very rapidly through its earlier phases, arrives
'soon at such a degree, that it must, on the very principle I have laid
(down, coexist with both periods of respiration. But there is another
imode of r](:termining the accuracy of the Pl'ii'lc'.'lpl{’,, even in these very
teases: that is, by investigating the different degrees of the phenomenon
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in different parts of the chest, instead of following its progress, the
rapidity of which withdraws it from our observation. There was lately
in St. Louis’ ward, no. 18, a man in whom a pleuritic effusion formed
gradually and slowly under my own eyes, in consequence of inflamma-
tion of the diaphragmatic portion of the left pleura: as the effusion
inereased, the bronchial eharacter, feeble and preceded by the clear and
blowing characters, appeared first in expiration and afterwards in inspi-
ration: it then inereased and soon occupied the whole period of these
sounds. When the pleuritic effusion was fully formed, we ascertained,
by percussion, that the sonorousness of the chest decreased from above
downwards ; it was searcely altered above, obscure in the middle, and quite
dull below. Now, above, no trace of bronchial character was audible ;
there was only a considerable diminution of the respiratory sounds; in the
centre, some bronchial character in its first degree was mingled with
expiration alone; and below, this character, at a much higher degree,
occupied at once both periods of respiration.

The alterations of guality are more constant in their appearance, in
their form, in their degree, and more independent of the mode in which
the patient respires, in proportion as they have reached a higher degree.

3% The soft, smooth, continuous character.

I have investigated with great care the alterations of the soft, free,
mellowy character of the normal respiratory murmurs, in all the cases of
auscultation I have met for some years, and I have learned to give to
this class of signs more weight than is usually assigned to them. In
emphysema of the lungs somewhat advanced, in the commencement of
tubercular phthisis, in all chronic diseases of the lungs where sound
portions are inclosed amongst indurated nuclei which impede their
expansion, the inspiratory and expiratory murmurs, especially the first,
instead of their soft, free, mellowy character, have a something hard,
rough, and restrained, which is quite peculiar. The character of dryness
most usually accompanies the preceding, and inereases the morbid im-
pression made by them. We sometimes meet the character of hardness
and restraint during the resolution of a pleuritic effusion, when the
liquid is nearly entirely absorbed: this character differs from the pleu-
ritic friction sound. The value and the application of this sign being
most striking in the diagnosis of the first stage of phthisis, I abstain for
the present from giving with more detail its proper and differential cha-
racters. It is always more marked and more easily appreciable in inspi-
ration than in expiration ; it is less distinet in proportion as it coexists
with a higher degree of bronchial character.

4°. The dry or humid characters.

The dry character, is seen in my observations, almost always coexisting
with the Aard character, in emphysema, in the first stage of phthisis, in
all chronie indurations of the pulmonary tissue. The ear easily distin-
guishes the dry character, especially when the examination enables us to

T
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compare it with the humid. We find then a marked difference between
the two, and between them and natural respiration.

In other circumstances the ear receives the distinet sensation of some-
thing moist. It seems as if the air passed across a tissue impregnated
with fluid. Sometimes the impression is that of a watery fluid, for
example, in 2dema of the lungs somewhat advanced; sometimes, as in
sanguineous congestion of the lungs, as in the period of the mucous
secretion in acute pulmonary catarrh, we have the sensation of a fluid
more viscid, more tenacious, and which seems to offer some obstruction
to the free developement of the sound. The humid character I have
described is analogous to that which I mentioned in speaking of my
experiments with sponge. It differs from the humid ronchi in this, that
instead of presenting the bubbling character more or less complete,
which is the character of these ronchi, it is continuous in its production.

ARTICLE III.

MORBID CHARACTERS OF THE EXPIRATORY MURMUR.
I. Alterations by augmentation.

1st. The modifications of expiration are of great value in diagnosis; hence
I will not hesitate to set them forth in detail. From 2, which represents
its normal intensity and duration, expiration may rise to 20 ; its maxi-
mum of augmentation is therefore much greater than that of inspiration.
Between 2 and 20 there are a great many degrees, which correspond
sometimes to different diseases, sometimes to different periods of the
same disease. In some affections, as for example phthisis and emphysema
of the lungs, we may see the expiratory murmur pass successively
through all its phases of increase.

9nd. It may be stated as a general fact, that the modification by
augmentation of the expiratory murmur affects at the same time and
equally its duration and its intensity, The few exceptions that I find
in my notes, are cases in which the duration was increased, the intensity
remaining normal. This circumstance might be a source of error, if we
did not contemplate these two properties of the sound separately : the
intensity being unchanged, and the mind having rather a tendency to
attend to it, and neglect the duration, we might in such a case conclude
that the expiratory murmur was natural or nearly so.

We must take care not to mistake for an absolute change in expiration
what is no more than a change in the proportion between it and inspira-
tion. It happens at times, that while expiration remains unchanged,
inspiration is greatly diminished ; accustomed to hear the inspiratory
murmur much more developed than the expiratory, the ear is struck by
finding the latter equal, or even superior to the former; and neglecting




60 MORBID SONOROUS PHENOMENA OF RESPTRATION.

to appreciate the absolute condition of these sounds, it attributes some-
times to an inerease in the expiration this change of proportion, produced
entirely by the diminution of the inspiration. The fact to which I
allude is by no means common : the error to which it eXposes us may be
avoided, by keeping in mind what are the absolute conditions of the in-
tensity and duration of these sounds.

drd. I have studied carefully, for some years, to aseertain in what cir-
cumstances the augmentation of the expiratory murmur is produced ; the
following are the results at which I have arrived.

It takes place under two different forms: in the 1° the normal ratio
between the inspiratory and expiratory murmurs is maintained ; in the
2° this ratio is destroyed. In the first case, the inspiratory sound has
increased in the same proportion as the expiratory ; in the second, the
inspiratory murmur has remained in its normal state, or has even dimin-
ished, while a progressive elevation has taken place in the expiratory.
Supplementary respiration is an example of the first ; the second is seen
in the first stage of phthisis and in emphysema of the lungs. The first is
very common ; it indicates an alteration in a part different from that in
which those sounds are heard: the second, with which a much more
serious prognosis is connected, is confined to a small number of cireum-
stances, and for this reason is of considerable diagnostic value. The
diagnostic value of augmentation of expiration with disturbance of the
normal ratio between it and inspiration, increases in proportion to the
degree of developement of the phenomenon : it is very great when the
augmentation of expiration is considerable, and the inspiration is at the
same time diminished ; it is much less when the augmentation of the one
is little marked, and the diminution of the other slight or inappreciable. 1-
Emphysema of the lungs and phthisis are the only affections in which
increase of expiration with decrease of inspiration are met with in a high
degree; and hence this double character has great diagnostic value in
in those diseases. In its lower degrees, we may meet it in all indurations
of the pulmonary tissue, in acute pulmonary eatarrh, in pleurisy with
moderate effusion. In phthisis and emphysema, it is only after passing
through the inferior that it attains its higher degrees; but, with the ex-
ception of these two affections, it scarcely ever manifests itself in the
latter form, unless indeed in chronic condensation of the pulmonary
tissue, a condensation which is very analogous in its anatomical conditions
to tubercular infiltration.

As in inspiration, the number that expresses the degree of increase of
the expiratory murmur in general represents tolerably well the degree of
anatomjeal alteration, and the successive inerease of this number is a suf-
ficiently exact expression of the successive aggravation of this alteration.
The autopsy of persons who have died at different stages of phthisis has
often enabled me to verify this fact.

In supplementary respiration the expiratory murmur usually increases
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\in a greater proportion than the inspiratory ; but still in all such cases it
continues very different from that of emphysema and phthisis; for in the
latter, inspiration instead of being increased is diminished ; this diminu-
tion, it is true, is often confined to the duration alone. But besides, in
the former, these morbid characters are always on the decrease, or at
most remain stationary for some days, whilst in the latter, they go on
continually increasing. I have never seen a case of emphysema of the
lungs where the increase of expiration took a retrograde direction, and I
have met only a few cases of phthisis, in which the expiration seemed, for
a time at least, to return to its normal limits.

The augmentation of the expiratory murmur is easily simulated Dy
the sound produced in the mouth, the pharynx, and the nasal cavities,
during expiration ; but with a little attention we soon find that this sound
is produced in a region remote from the ear, that it can be heard at a
distance, that the quality of the sound is gomewhat more clear, somewhat
metallic, and that the sound varies from time to time according to the
manner in which the patient respires. On the contrary, that which de-
pends on a real augmentation of expiration gives an impression of having
originated immediately beneath the ear; it eannot be heard at a distance,
it continues uniformly the same, and if its guality be altered, we find also
an appreciable difference between the peculiar character of these altera-
tions of quality, and the guality of the pharyngeal, buccal, or nasal sounds.

Certain anormal sounds may, in like manner, by their co-existence with
expiration, simulate an increase of the duration and intensity of the
expiratory murmur. Such are the sonorous and sibilant ronchi which
accompany pulmonary catarrh. In emphysema of the lungs, the inerease
of expiration is independent of these sounds; but in simple catarrh
(acute bronehitis), it is in general rather the result of this complication,
than that it has a separate existence; I have however found that in
some patients, who seemed to be affected with acute bronehitis alone,
without any complication of emphysema or tubercles, the expiratory
murmur was prolonged, at a time that no sonorous or sibilant ronchus
was heard: but there is every reason to believe that this increase of the
expiratory sound depended on supplementary respiration. I have said
that the increase of expiration, accompanied with a change in the ratio
between the two sounds, may also be met in the different indurations of
the pulmonary tissue, and in pleurisy with moderate effusion; but, in
these different affections, this anormal murmur does not exist constantly ;
we quite as often find that the expiratory murmur has undergone a dimi-
nution proportional to that of the inspiratory. So that, when the expi-
ration is prolonged and augmented in intensity, it seems to me very im-
portant to determine its constancy. I have always found it constant in
the first stage of phthisis, and in emphysema of the lungs. I have never,
on autopsy, found tubercular infiltration of the tops of the lungs or em-
physema, that the expiration during life had not been observed increased
in intensity and duration ; and I have invariably found this morbid mur-
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mur continue permanent during the usual course of these diseases.
They are the only ones in which it is met with this character of perma-
nence; so that, while I admit that this sound may appear in other
affections, I am of opinion that it has in those a peculiar diagnostie
value. I will return to this subject in speaking of the differential diag-
nosis of the first stage of pulmonary phthisis (2nd part, chap. 17), and of
exaggerated respiration (1st part, chap. 2, art. 8).

II.  Alterations by diminution.

The degrees of diminution of the expiratory murmur are comprised
between 2 and 0; below this there is complete cessation.

The diminution of the expiratory sound is much more rare than the
diminution of the inspiratory, inasmuch as the cireumstances which de-
termine the latter must be carried to a much higher degree, in order to
produce the former. Thus weoften see inspiration reduced to 4 or 5, expira-
tion remaining still at 2. But if, in this state of things, the pleuritic effu-
sion increase, the expiratory number begins to decrease, and sinks to 13,
1, 4 and even to 0. Its decrease is much more slow than that of inspira-
tion ; but they diminish in general in the same ratio: while one passes
from 10 to &, the other passes from 2 to 1; and =0 on. It may be said,
in general, that the affections which diminish expiration leave the nor-
mal proportion in duration and intensity between it and inspiration
unchanged; and that, on the contrary, those that inerease expiration
(except in the case of supplementary respiration) destroy that proportion :
pneumonia, pleurisy with effusion, false membranes enveloping the lung,
all considerable congestions of the pulmonary tissue, belong to the first
class ; emphysema and tuberculization of the lungs to the second. Now
I remarked, in the general views with which I commenced this chap-
ter, that every modification of the respiratory murmurs in which the
normal proportion between them is destroyed, indicates an alteration of
a more serious nature, of longer standing, leads to a more unfavourable
prognosis, than those modifications in which the murmurs preserve their
natural ratio: the proof of this is seen in the comparison I have just
made between the affections that correspond to each of these cases.

The diminution of the expiratory murmur affects at once both the
intensity and duration of this sound in a very large majority of cases.

All affections which produce a simultaneous and proportional diminu-
tion in the duration and intensity of inspiration, occasion also most fre-
quently a diminution of expiration; whilst, on the contrary, when the
intensity and duration of inspiration undergo opposite modifications, the
one of increase, the other of diminution, the expiration is invariably
increased. We have seen that there exist, in the normal murmurs,
two ratios : one between the murmur of inspiration and the murmur of
expiration ; the other between the intensity and duration of each taken
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separately. Now the study of the morbid respiratory murmurs conduets
‘us to this principle : that these two rvatios never separate, and that both ara
\at once destroyed or preserved together. In pneumonia, pleurisy, sangui-
‘neous congestion of the lungs, eedema of this organ, pulmonary apoplexy,
{there is diminution of inspiration and expiration, continuance of the
|proportion between these two, at the same time as between the intensity
‘and duration of each of them. In emphysema and tuberculization of the
‘lungs, expiration is increased, inspiration diminished, in respect to its
(duration, (the intensity very often continuing unchanged) and conse-
(quently the two proportions which I have just referred to arve destroyed.
When resolution takes place in the affections that have produced dimi-
ymution of both murmurs, expiration resumes its normal developement
ymuch more rapidly than inspiration.

111, Alterations by cessation.

The complete cessation of the expiratory murmur is very rave, still
rarer than that of the inspiratory. It never takes place till after the
latter. The type of this cessation of the expiratory sound is seen in
pneumothorax.

IV. Alterations by perversion.

1°. Rhythm. The shortness of the expiratory murmur, its feeble in-
tensity, the almost passive mechanism by which it is usually produced,
scarcely allow us to assign it a determinate rhythm, and still less morbid
modifications to this normal rhythm.

2°, Quality (Timbre) ; soft, free character, §e.  But, on the other hand,
the expiratory murmur presents in a more marked manner than the in-
spiratory, all the alterations of quality which I have before brought under
notice. All that has been said in speaking of inspiration is a fortiord
applicable here ; for the alterations of quality first appear and are almost
always more developed in expiration than in inspiration.

There are the same morbid characters, the same physical conditions of
developement, the same course, the same modes of termination, the same
successive gradations as in inspiration. The diseases that determine
these alterations of quality are the same for both. Here, as in inspiration,
we see the necessity of uniting under one common type all the alterations
of quality, and of viewing them as so many gradually decreasing degrees
of one phenomenon—variable, indeed, in its forms, but always the same
in its nature.

Every alteration of guality is more marked and sooner developed in
expiration than in inspiration. Every alteration of the free, smooth, con-
tinuous character appears first in inspiration, and assumes in it its most
marked forms. These two classes of morbid phenomena are therefore




Bl S —1

G4 MORBID SONOROUS PHENOMENA OF RESPIRATION.

directly opposed, in respeet both to their earlier appearance and their
. greater developement, with one or other of the two periods of respiration.
‘ It is only when the expiratory murmur has undergone a striking increase
in intensity and duration, that the characters of hardness, roughness,
dryness become easily appreciable in it. Such is the case in the first
stage of phthisis and in pulmonary emphysema. The humid character is
in general but little marked in expiration, because most frequently the
diseases that determine the production of this character, occasion at the
same time a diminution of the expiratory murmur.

The modification by cessation is the most rave of all the changes that
oceur in the expiratory sound ; the modifications by diminution come
next; the modifications by augmentation are rather frequent ; but those
by perversion are the most common of all : a high degree of alteration by
diminution, in general, indicates diseases very serious in degree, but not so
in their nature®, as compared with those that correspond to alterations
by perversion ; the latter, indeed, for the most partt, suppose discases
of a serious nature.  The alterations by diminutiont are usually ma-
nifested over an extensive surface ; it is the same, a fortiori, of those by
cessation§.  The other classes of modifications may indifferently, and
according to the kind of case, appear over a very great or a very limited
extent of surface.

The conditions of conductibility of sound of the organ itself in
which the normal murmurs are produced, or of the organs around
it,exercise a considerable influence on the degree, and sometimes even on
the existence of the morbid sounds, Thus, great rarefaction of the pul-
i monary tissue, as in a high degree of emphysema, may greatly diminish
or even altogether prevent certain morbid sounds from reaching the ear,
which, where a recent disease comes to be engrafted on one of old stand-
ing, are produced at the centre of the organ. We had a fine example of
this about two months ago at La Charité, ward of St. Martha, No. 6, in
a woman emphysematous to the highest degree, who died of pneumonia.

- -

v - Tp¥

ARTICLE IV.

v CHANGE OF THE NORMAL RATIO BETWEEN INSPIRATION AND
EXPIRATION.

Having considered the alterations by augmentation and diminution of
the inspiratory and expiratory murmurs, as regards the absolute changes
they produce in each separately, we must now view them with respect to
the changes they occasion in those murmurs when compared together,

* Pneumonia, pleurisy, eedema, sanguineous congestion.

1 Pulmonary emphysema and phthisis.

1 Pleurisy with effusion ; old false membranes ; pneumonia.
§ Pleurisy with effusion ; pneumothorax,
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that is, in the natural ratio that exists between them. We have already
in many places remarked upon the importance, as diagnostic and prog-
nostic signs, of the derangements of this ratio; the subject, however,
deserves still further consideration,

The inspiratory and expiratory murmurs are, as I have said, precisely
similar in their fundamental characters ; only, these characters are more
marked in inspiration than in expiration ; with respect to their intensity
and duration, they are to each other as 2:10. This relation may be
altered in two ways, to each of which I have directed attention at page
62 : on the one hand, the intensity and duration of each, which in the
normal state are expressed by the same number, may in the morbid state
be represented by different numbers ; on the other hand the ratio of 2: 10
between the murmurs may be changed. The two sounds, at fivst identical
in their nature, may become quite distinet in that respeet. Thus, in the
first stage of phthisis, we see at the same time: 1° a low degree of
bronehial character appear in expiration, when there is not as yet any
trace of it in inspiration; 2° the inspiratory murmur diminished in
duration at the same time that it is sometimes increased in intensity ;
3° the é}:pil‘ﬂtm'}r elevated from 2 to 10, and the inspiratory depressed
from 10 to 2 or 4. In this last ease it is obvious, that in respect to their
intensity and duration the respiratory murmurs are in a state dirvectly the
reverse of their normal condition ; but this change may go even farther,
for the expiratory murmur may rise to 20, and the inspiratory sink even
to 1. In extreme cases of emphysema of the lungs, I have often with a

‘watch ascertained, that while the whole of the respiratory sounds and
movements oceupied 5 or 6 seconds, the period and murmur of inspiration
consumed but 1, the other 4 or 5 heing expended in expiration. But
this morbid proportion between the duration of the two murmurs is only
met in extreme degrees of emphysema.

It seldom happens that important changes take place in one murmur,
without the other feeling them, and undergoing some kind or other of
modification. In this point of view Ifind, from an accurate examination
of all the facts I have collected, that changes in expiration much more
rarely occur alone, and hence are more serious than those in inspiration.
Whenever alterations in guality or noisy ronchi are present, the apprecia-
tion of the ratio between the murmurs is rendered much more difficult
and sometimes impossible, at least with accuracy : this happens, for exam-
ple in pulmonary emphysema complicated with eatarrh, in phthisis when
passing from its earliest stage to one more advanced. Then we lose the
diagnostic advantage this appreciation supplies, but the sign is replaced
by those that mask it.

In pleurisy and pleurodynia, we often find, as I have said, inspiration
short, abrupt, jerking, convulsive, whilst expiration remains nearly
normal. The same may oceur with respect to the hard, dry, humid

characters. In the earliest periods of tuberculization of the lungs it is
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ehiefly the inspiration that is hard, rough, erumpling. However, in some
eases, where the lungs were found covered with thick, false membranes,
the hard, rough character had been most marked in expiration. The
humid character which accompanies active sanguineous and serous con-
sestion of the lungs is more marked in inspiration than in expiration.
The general fact that results from the preceding considerations is this :
the prognosis derived from the disturbance of the normnal ratio between
inspiration and expiration is more serious, in proportion as this disturbance
affects a greater number of the relations I have pointed vut.

ARTICLE V.

PARALLEL BETWEEN TiE MOREID CHARACTERS OF THE INSPIRATORY
A¥D EXTIRATORY MURMURS.

The morbid modifications of inspiration are more frequent than those
of expiration. They are in general more easily appreciated with accuracy
on account of the greater intensity and duration of the inspiratory
murmur. But when expiration has undergone any considerable augmen-
tation, its morbid modifications are as easily appreciated as those of
inspiration,

A more serious prognosisis connected with the diminution of the expi-
ratory murmur, than with a proportional diminution of the inspiratory.

On the contrary, alterations of guality in the inspiratory sound indicate
a more serions prognosis than the same changes in the expiratorys
because such alterations, in their natural course, appear first in expiration,
and only extend to inspiration, when the organic change has made farther
progress. In general each is of equal value in prognosis, when the
modifications of guality in expiration are just a shade higher than in
inspiration.

The intensity and duration of the sound are scarcely ever separately
affected in expiration; in inspiration they are often modified in opposite
directions.

The most frequent and important signs furnished by inspiration are
derived from its modifications by diminution, and those furnished by
expiration from its modifications by angmentation, (putting out of con-
sideration for the present those of perversion).

In both periods of respiration, modifications by perversion indicate
a more severe form of disease than the other modifications; taking, among
the latter, those that correspond to the most serious maladies, for example
the augmentation of the expiratory sound*, the signs derived from
the modifications by perversion denote a still higher degree of these same
diseases ; they hold, therefore, the first place among the morbid sounds,
as well as signs of the degree, as of the nature of the organic alterations.

* Emphysema of the lungs; first stage of phthisis.
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Of the modifications by perversion, those that affect the guality of the
sounds belong especially to expiration; thosze that affect the soft, free,
continuous character, and the dry or humid character, are more frequent,
more marked, and more constant in inspiration.

The modifications by diminution of inspiration are usually in the
same subject, and the same disease, proportional to these of expiration.

Those of inerease are never proportional in the two periods, except
in supplemental respiration.

The modifications by perversion are scarcely ever proportional.

Alterations by diminution and cessation, common to the two periods
of respiration, always appear first, and advance more rapidly in inspiration
than in expiration ; in the return to the normal state, the expiratory on
the contrary precedes the inspiratory murmur®. When both sounds
have at the same time suffered modifications by inerease or diminution,
the modification by increase is always carried farther in expiration than
in inspirationt; that by diminution on the contrary, is earried farther
in inspiration than in expirationf.

Inspiration, as we have already said, precedes expiration in the modi-
fications by diminution; on the other hand, in the modifications by
increase, expiration precedes inspirationg.

Expiration may continue almost unaffected, while extreme diminution
takes place in inspiration|, and this in like manner remain unchanged
while expiration has undergone considerable increase.

In another respect also, we may have inspiration and expiration in
opposition : when the alteration in the first is chiefly a diminution of its
duration, the alteration in the other is chiefly an increase of the same
character ; we observe this in emphysema and the first stage of phthisis.

In conclusion, the inspiratory and expiratory murmurs, considered
separately, present, in their modifications, most important means of
diagnosis, signs of precise physical value, regulated by laws nearly con-
stant and easily appreciated. The signs furnished by inspiration belong
in general more to diagnostics already known. Those that expiration
furnishes, on the other hand, belong rather to affections the diagnosis of
which has been hitherto very difficult** ; or to circumstances more or less
obscure belonging to diseases in other respects easily recognised ; their
application applies particularly to the differential diagnosis of different
affections.

® We observe these facts plainly in pleuritic cffusion which forms under our own
eyes; which becomes so abundant that the bronchial character ccases to be audible,
and which is afterwards gradually resolved.

T For example, supplementary respiration.

1 For example, chronic congestions, pleurisy, &e.

§ Supplementary respiration, first stage of phthisis,

| In certain cases of pleurisy, of pneumonia, of chronic congestions of the lungs.

% In certain cases of emphysema, and of the first stage of phthisis,

** First stage of phihisis.
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ARTICLE VL

RELATIONS, PHYSIOLOGICAL AND MORBID, BETWEEN THE RESPIRATORY
MURMURS AND MOVEMENTS.

[ have made rvesearches, some physiological, others elinical, others
manometrie, with a view of determining : 1° the relations physiological
and morbid that exist between the respiratory murmurs and movements ;
92" the degree of suction force, and of pressure expended in the accom-
plishment of inspiration, of expiration, and of each of the respiratory
acts that depend on them; 3° for the purpose of investigating some of
the conditions of production of the vibratory motions of the chest. These
researches arve very far from explaining every thing connected with each
of these questions: my object was only to throw light upon some points ;
and among the results obtained I shall select those that have been most
invariable. Some are applicable to semeiology, others to the mechanism
of production of the physiological and morbid sounds of the respiratory
apparatus.

1st. Physiological experiments.

December 13th, 1836, I made, with M. Piorry, some experiments on
living animals, in reference to the operation for empyema, with which at
that time the Academy was very much occupied. We availed ourselves
of this opportunity to examine the locomotive movements executed by
the lungs during inspiration and expiration.

A strong vigorous rabbit of moderate size was fixed upon its back ; an
incision made down the centre of the sternum, and the skin of the tho-
racic regions rapidly dissected and thrown aside. The pectoral muscles
being raised, so that the walls of the chest were now formed by the ribs
and intercostal muscles alone, we could see what passed in the chest: a
white body successively ascended and descended, as if by a movement of
expansion and contraction : it was the lung; we endeavoured carcfully
to analyse its motions.

The respiration of the animal was calm; it did not appear to be affected
by the operation.

Inspiration—During inspiration the walls of the chest receded from
their central axis; the thoracie cavity was enlarged in every direction ;
and at the same instant, as if under the same dilating influence, the entire
mass of the lung underwent a general movement of expansion ; its tissue
became turgid, the border of its base, and its anterior edge swelled up
and executed an actual locomotive movement. During this locomotion,
the surface of the lung rubbed against the pleura, and the border of the
base of the organ was transferred at least & an inch (in ordinary respira-
tion) beyond the point where it stood at the commencement of inspiration.

The movement produced by this expansion was brief, rapid, very
regular, but successive, notwithstanding its rapidity : it was particularly
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easy and free from effort; it was always the same, at most only varied
by the degree of expansion.

The gliding or friction of the two serous surfaces upon each other
produced no sound : we satisfied ourselves of this by auscultation.

It seemed to us, in this experiment, that the lung followed (but fol-
lowed at once, without any interval) the expansion of the walls of the
chest, and the retreat of the abdominal organs, rather than that it had
the power of determining by its own expansion this recession of the
thoracic walls from their central axis. These two movements were
simultaneous, and as if produced at once by the same cause.

Eapiration.—The movement of retveat, that is, expiration, succeeded
without any obvious interval the movement of expansion. We saw the
lung sink in, lose its turgescence, and return upon iteelf with an
elasticity which was free, smooth, rapid, regular and suceessive, without
any jerking. We saw it return to the point from which it had set out
at the commencement of inspiration, by a movement resulting from its
sinking in, and a locomotion in the opposite direction to the former.
There was again friction between the surface of the lung and the costal
pleura, during this period, but friction without noise as before.

We repeated the experiment on another rabbit, having reduced the
thoracic walls to the smallest possible thickness, in order to render them
still more transparent. It was in this case even more easy to analyse the
the alternate movements of expansion and contraction of the lungs. The
phenomena were the same ; except that an opening having been made
into the chest on one side, and the animal being almost in a state of
asphyxia, the dilatation of the chest and of the lungs was greater, and
the expansive locomotion of the border of the base was at least an inch
instead of half an inch. Notwithstanding this greater expansion, this
more extended friction between the two serous surfaces, auscultation still
zave only'a negative result.

Thus, 1°% expansion with locomotion of the lung during inspiration,
contraction with locomotion of it during expiration; 2°, a direct ratio
between the degree of this locomotion and the degree of difficulty of
breathing ; 3°, a direct ratio between the extent of the thoracic move-
ments, and the extent of pulmonary locomotion ; 4°, in all cases, ﬂﬁiﬂﬁ]‘_‘*ﬁ
gliding of the two serous surfaces upon each other in the normal state.
The duration and intensity of the respiratory murmurs, increase direetly
as the frequency and the difficulty of respiration. It appears already, as
a consequence of these facts, that there is a direct ratio between the
intensity and duration of the respiratory murmurs, and the extent of the
pulmonary or thoracic movements.

2nd. Clinical experiments.

In fact, if we take a number of healthy persons, well formed, and with
well developed chests, and make them respire sometimes more, sometimes
less forcibly, we observe in general that the intensity and duration of the
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respiratory murmurs correspond to the extent and frequency of the
thoracic movements. Now, as we have just demonstrated, that the latter
are always directly proportional to the extent of pulmonary locomotion,
we may infer that in man, as in animals, the degree of expansion and
locomotion of the lungs may be very well estimated from the different
degrees of intensity and duration of the respiratory murmurs. Indeed,
pathological anatomy and symptomatology teach us that diminution of
the respiratory murmurs corresponds to organic alterations of such a
nature®, that the lung no longer yields so easily to the expansion pro-
duced by the penetration of air into its cells. In supplementary or
exaggerated respiration, the intensity and duration of the murmurs are
inereased ; now, this supplementary respiration which we produced in
the animal that served for our second experiment, corresponds, as we
have seen, to an exaggeration of the pulmonary and thoracie movements.
In general, we may say, that there exists between these three facts—1°, the
intensity and duration of the respiratory murmurs; 2°, the frequency
and extent of the thoracic movements; 3° the degree of the expansive
and locomotive force of the lung—so intimate a connexion, that the
derangements of one, necessarily re-act on the others, and hence, that we
may, from those derangements that ean be seen or heard, appreciate those
that cannot be directly observed during the patient’s life. Hence it is,
that the thousand varieties that constitute the morbid sounds of respira-
tion, and the modifications produced in the thoracic movements, can guide
us to a knowledge of the smallest organic alterations that occur in the
lung.

But the connexion between these three facts is far from being so
general and so absolute in pathology as in physiology. It is trune we
usually find the three diminish together4, or increase togethert, and
this in the same proportion; but sometimes they cease to correspond,
they separate from each other, are decomposed and combined 4n various
ways- :

Thus with great diminution of the expansion of the lung, and of the
duration and intensity of the normal murmurs, we sometimes have the
thoracic movements exageerated and as it were convulsive ; for example :
in all cases where there is a mechanical obstacle to the penetration of air

* Such are most of the organic diseases of the pleura, lungs, bronehi, trachea and
larynx. For example, in cases of contraction of the larynx, or of the trachea, or in
cases of congestion of the lung, we can very well judge of the degree of laryngeal
contraction or of pulmonary congestion, from the degree of diminution of the res-
piratory sounds. This means of investigation sometimes furnishes precious data for
prognosis and for treatment.

t In pleurisy with effusion, in pneumothorax, in cases of very old and very thick
false membranes surrounding a lung, in acute or chronic hepatization of a great part
of the mass of one lung, in tuberculization of the summits of those organs, ke. the
intensity and duration of the inspiratory and sometimes of the expiratory murmurs are
much diminished, as well as the thoracic movements and the expansion of the lung.

T For example, exaggerated respiration.
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into the bronchial system, whether from thickening of the mucous mem-
brane or from any other cause; for example: in certain nervous affec-
tions of the respiratory organs (nervous asthma), in which, notwith-
standing the convulsive efforts made by the patient, the air appears not
to reach the air cells at all; in such cases, in fact, the respiratory mur-
murs are either no longer audible or are very feeble indeed.

Thus it is that the thoracic and pulmonary movements having
diminished, the two respiratory murmurs, instead of diminishing also,
according to the general law, separate from each other, in such a way
that one only is diminished, and the other on the contrary is inereased.
This is what we see in phthisis pulmonalis and in emphysema, where the
inspiratory murmur is diminished and the expiratory increased. Thus
it is that, in numerous cases, the thoracic movements like the sounds are
decomposed ; that the inspiratory movement is diminighed and the expi-
ratory increased. Such is the case in pulmonary emphysema. I have
already said that in patients affected with emphysema in an intense
degree, we can easily determine, with the aid of a watch, that the dura-
tion of the inspiratory movement is to that of the expiratory as 1 to 4 or 5.

Thusit is thatin the first stage of phthisis pulmonalis, &e. we find dimi-
nution of the pulmonary expansion and of the inspiratory murmurs,
coinciding with diminution of the partial movements of the chest ; the
movements of the whole continuing nearly unchanged. The whole
thoracie cage continues to rise and fall as one entire piece, but the move-
ments by which the ribs are approximated and separated have become
much less marked.

In the midst of these apparent deviations from the general principle
that connects and governs the three facts 1°% the extent and force of
the thoracic movements, 2° the locomotive expansion of the lung,
3% the duration and intensity of the respiratory murmurs, we can still
discover between these irregularities and the anatomical fact on which
they depend, relations that bring them more or less under our principle ;
thus: 1% in pulmonary emphysema and the first stage of tuberculization
of the lungs, we see the two periods of the respiratory murmurs, as well

as the two periods of the thoracic movements, undergo alterations in

opposite directions, so that one of the periods is increased and the other
diminished ; but there is this correspondence between the murmurs and
the movements, that the alterations in each are the same ; inspiration is
diminished and expiration increased. The same changes take place in
the pulmonary movements: in fact if we open the chests of broken-
winded horges we see the movement of contraction or the retreat of their
lungs much more slow and more prolonged than the movement of dilata-
tion, which has become extremely feeble. 2° The perfect harmony
between these three circumstances, motions of the chest, motions of the
lungs, duration and intensity of the respiratory murmurs, does not exist,
and in fact cannot exist, except when the alteration that has taken place
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in the lung is of such a nature as to act upon the three facts in the same
manner and nearly to the same extent; thus, in considerable pleuritie
effusion, in pneumo-thorax, in hepatization of the entire mass of a lung,
the walls of the chest resisted from within by the effused liquid or air,
or by the solid body into which the lung is converted, eannot easily move
and scarcely present any trace of their partial motions; the air no longer
penetrating into the pulmonary tissue, the motions and sounds of the
lung are no longer produced or are produced but imperfectly. 3% If on
the other hand, the thoracic movements continue or are exaggerated, not-
withstanding the diminution of the murmurs and apparently of the
motions of the lung, it is that the cause which determines these
disorders is of a nature to act on the one and not on the others; such as
thickening of the bronchial mucous membrane, any kind of narrowing
of the air tubes, that prevents or impedes the passage of the air, and
consequently the murmurs and movements of the lungs, without
obstructing the movements of the chest. Thus, by keeping in view all
the elements of the question, we may usually ascend from the effect to
the cause ; and so this accidental disagreement between two phenomena
usually connected together by similar characters, (the intensity and dura-
tion of the respiratory sounds, the force and the extent of the thoracie
movements) instead of the confusion it at first seems to produce, is on
the contrary caleulated to afford us aid in the analysis and accurate
appreciation of the facts. If we would always take pains to examine
attentively the different questions involved in a diagnosis, and determine
the relations of the facts with each other, we should certainly meet with
much fewer cases that we could not master. 4° The movements of the
whole chest resisting longer than the partial movements a common
obstacle, if the first continue and that the second have ceased or at
least greatly diminished, we will have reason to think that the physical
canse that determines this alteration is less than if the movements of
the entire and the partial movements had both ceased. In fact, in the
latter case, we have to do with a very abundant effusion of air or liquid
in the pleura, or a very thick fibro-eartilaginous false membrane, which
binds down the lung in its whole extent; in the first case on the con-
trary, we have the same affections, but in a less severe degree, or per-
haps moderate emphysema, or tuberculization of the top of the lungs.
We may distinguish in the movements of the chest as in the respi-
ratory murmurs, the intensity or the force, the duration or the extent.
The movements, like the murmurs, may be altered in these two qualities
at the same time, or in one alone, or in each in a different way. In
pneumothorax, the motions of one side are diminished, of the other
almost abolished, in the twofold relation of force and of extent. In
pneumonia of an entire lung, in recent pleurisy with moderate effusion,
they are diminished in extent only, and sometimes increased in intensity.
In emphysema of the lungs, the movement of expiration is greatly increas-
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ed in duration and diminished in intensity. The partial movements are
sometimes greatly diminished, whilst the movements of the whole remain
unchanged or still more frequently are augmented. This oceurs when-
ever adhesions between the lung and pleura, a moderate effusion, tuber-
cular or other indurations of the tops of the lungs, produce considerable
dyspnea, at the same time that they present but a slight physical obstacle
to the thoracie movements.

It is very rare to find the movements of the wholz chest cease entirely
under the influence of an affection of the pleura, and I do not think that
any affection of the lungs is capable of producing this effect. In a
patient in the ward St. Louis, (hospital de la Charite,) in whom we found
a dilatation of nearly 2 inches of the right side of the chest, produced by
an abundant pleuritic effusion, the motions of the entire of this side of the
chest were still very obvious, and yet this was one of the most consider-
able dilatations that has been met with; there was searcelyany trace of the
partial movements.

The alterations of the duration and intensity of the respiratory mur-
murs, are the only ones that are connected with the alterations of the
thoracic movements by any very evident relation; besides I should
remark that it is only when they have attained a somewhat elevated
degree and when the conditions of their production are constant, that
these alterations and the alterations of the thoracic movements are con-
nected together by rather intimate relations. Apart from these two eon-
ditions, mere nervous influence is sufficient to disturb the thoracic move-
ments, without any sensible modifications being produced in the murmurs,
or without these modifications, if they exist, corresponding to any organic
alteration in the lungs. But, in this case, the modifications suffered by
the thoracic movements, affect the rhythm rather than the duration and
force of these movements. Besides, it seldom happens that the morbid
relations, which we have pointed out between the respiratory murmurs
and movements, are so closely simulated by mere nervous disturbance,
that there is any danger of mistaking them. This mistake is the more
difficult, as the nervous influence can only modify the respiratory mur-
murs in their rhythm, their duration and their intensity, whereas the
majority of alterations of the pleura, and of the lungs, produce other alte-
rations in them by which they ean be recognized.

In immediate auscultation, the ear applied to the chest, feels the tho-
racie movements at the same time that it hears the thoracic sounds.
Sometimes too, if we are not careful, it happens that these two sensations
are confounded into a single one, that we appreciate only the movements,
(more particularly when the sounds are diminished), that we refer this
sensation produced by touch to the auditory sensation which usually
oceupies us, and that we call that sound which is only motion. I have

often seen persons tolerably practised in auscultation confound thus, in
a moment of inattention, these two things together, and affirm that the
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respiratory murmurs were unchanged, while, in reality, they were greatly
diminished.

3vd. Manometric experiments.

A favourable opportunity occurred lately for making manometric expe-
riments on respiration. I had performed tracheotomy on a young girl in
M. Andral’s wards, who had had {or more than 4 years a very severe affec-
tion of the larynx®. At the time I operated, the patient’s voice was quite
extinet, she was reduced to a state of complete marasmus, and asphyxia
was impending. M. Andral had the kindness to leave the management
of the case to me. Under the influence of the localt and general
treatment which I adopted, she gradually regained flesh, her general
health became very good, and her voice and respiration returned nemly
to their natural state. At this time she still wore the eanula; I had
taken the preeaution of leaving it in its place, plugging it up at the same
time with linen, in order that respiration should go on entirely throngh
the larynx}. Things were in this state about a year when I com-
menced some manometric experiments on the patient.

The nature of the manometer of M. Cagniard Latour is well known.
This able experimenter has contrived two instruments. One consists
of a column of mercury, intended to measure strong pressures: it is
composed of a bent glass tube, the two branches of which are parallel.
Both branches are left open, and the mereury introduced into the tube
being exposed in each to the same atmospheric pressure, stands at the
same height in both. One of these branches being adapted to the open-
ing in the trachea, the column of mercury it contains ascends during
inspiration, on account of the vacuum that is produced there; and
descends during expiration, on account of the pressure that takes place:
and as the tube is graduated, we measure in this way the degree of force
of inspiration and of expiration. The other manometer is a column of
water, and consists of a tube of large diameter rounded at one extremity,
open at the other, and about half filled with distilled water. A capillary
tube is plunged into the water eontained in the large tube; the water
reaches the same level in both, but ascends a little higher in the smaller,
on account of its capillary form: a small column of water is thus eonsti-
tuted, which rises or falls according as inspiration or expiration acts on
the smaller tube, which is adapted to the opening of the trachea. A gra-

* This appeared to be (such was also the opinion of M. Andral) a chronie induration
of the submucous cellular tissue of the larynx. We ascertained, by catheterism, a very
considerable contraction of this canal.

t The local treatment consisted chiefiy in injections of a caustic liquid, which was
thrown direetly into the larynx, through the fistulous opening in the trachea, by means

of a small glass apparatus made for the purpose.

1 Since these experiments were made, the canula has been removed, and the fistulous
opening of the trachea obliterated. Although it had existed more than two years, sim-
ple suture of the pared edges of the fistula sufficed to close it perfectly. I exhibited
this patient to the Academy of Medicine before and after the obliteration.
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duated scale on the tube, as in the former case, enables one to appreciate
the different degrees of pressure to which the small column of water is
subjected.

This instrument, though very ingenious, would not answer for the
object I had in view; accordingly it was necessary to modify it. The
patient could not inhale enough of air for an inspiration in either of the
above manometers ; consequently this could not be effected in the normal
conditions, and the result must necessarily be erroneous. This instru-
ment, at most, could only serve to measure the pressure of expiration,
the patient inspiring by the mouth and expiring by the tube. These
inconveniences were avoided by placing on the tube by which the mano-
meter communicates with the trachea, a large reservoir of air, from
which the patient could draw air for several inspirations. This reservoir
was a large glass globe, with several tubular openings, which enabled us
during the experiment to renew the air vitiated by the respiration of the
patient. By making the manometer very long, I have been able in
general to do without the mercurial instrument. I received much assist-
ance in these experiments from one of my friends, an able man, M.
Gavaret, educated at the Polytechnic School. Some other manometric
experiments, of which I will make little use here, were made with M.
Cagniard Latour, who has given an abstract of them in the Journal of
the Institute.* It would be much too long to go into a detail of all
the observations I made on this subject ; I will confine myself here to an
account of the results verified by the members of the Academy who
were appointed to witness my experiments. I have deseribed the appa-
ratus I used, in order that others may repeat or follow up these mano-
metric researches. I should observe that they require great care, for
slight differences in the mode of proceeding may vary the results. We
must take care that all the joints of the apparatus are hermetically closed ;
we must be sure that the air does not escape at the point of junction of
the tube with the trachea. The presence of the canula does not sensibly
change the results, however it is better to omit it; the best mode is to use
an czsophagean catheter, as a tube of communication between the patient
and the apparatus, the expanded end resting on the neck and receiving
into it the fistulous opening. When we wish to compare together the
results of some experiments, it is important that the patient observe
exactly the same conditions in the different cases we compare. We
ought in the results to take into account, 1°% the influence of the capil-
lary form of the manometric tube; 27, the influence of gravity on the
degree of depression of the column of water, suspended for an instant
above its level by the force of inspiration, then abandoned to itself and
pushed down by the expiration that succeeds: the capillary influence
varies with the diameter of the small tube ; with respect to the influence
of gravity, when the manometric column has been raised by inspi-

* Journal de I'Institut, Decembre 1837, no. 222, et Janvier 1838, 20, 223.
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ration 20 centimeters above its level, it falls by the mere influence of
gravity one centimeter below this level. 8o that this influence is nearly
one in 20, or & in 10.

Ist. When the patient breathed by the mouth and nose at the same
time as by the manometrie tube, the influence of pressure on the mano-
metric column diminished, though it remained proportional to the
stronger influence that was exerted when the patient breathed by the
apparatus alone. The result here is quite simple, as in the one case the
respiratory power was concentrated on the atmosphere of the apparatus,
and that in the other, a part of this power was lost on the exterior
atmosphere.

2nd. If we made the patient breathe so as to give the respiratory
sounds the buceal, pharyngeal, nasal character, the manometric results
remained the same as in ordinary respiration ; from which we may infer
that no greater expenditure of force is required for the production of
this kind of respiration.

drd. With the water manometer modified in the manner 1 have
deseribed, the mean foree of suction in inspiration was 10 centimeters,
and that of pressure in expiration was 5 centimeters. We see from this
that the ratio between inspiration and expiration, considered as moving
forces, is not the same as between inspiration and expiration considered
as sounds ; and that in expiration particularly, there is less sound pro-
duced than force expended, in comparison with inspiration: on the one
hand, the ratio of 10 : 2; on the other, of 10 : 5. This difference may
depend on the different mechanism of production of inspiration and
expiration, or perhaps on the number of expiration being too small in our
approximative value of the ratio between the inspiratory and expiratory
murmurs ; but as an absolutely accurate value of this ratio is of little
importance in practice and as besides it would be probably very
difficult to obtain, I pass it by. It is enough that clinical and anatomico-
pathological facts agree in the ratio of 10 to 2 for the inspiratory and
expiratory murmurs, to make it more advantageous to adhere to it in
practice.

4th. a. In sighing, the manometric influence of inspiration increased a
centimeter, that of expiration remaining the same.

b. In speaking in a low tone, the pressure was the same as in ordinary
mspiratiun. In proportion as the voice rose in intensity, the depression
of the column of liquid inereased. It was eight centimeters below its
level in the ordinary high voice, and 22 in a loud shout.

c. The pressure was a little stronger in continuous, than in broken
speech.

d. It was much stronger, other things being the same, in the acute
than in the grave tones.

e. In ordinary speaking, the pressure on the manometric column was
from 14 to 16 centimeters.
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£ In efforts, as at stool, the column fell so much as 56 centimeters.

g. In sneezing, the pressure was much greater still, and represented
the maximum of power of the expiratory forces.

i. In ordinary cough, the pressure was 40 centimeters ; in more violent
coughing, the pressure was as much as 55 to 60 centimeters.

Several consequences follow from these rvesults :—1° the force expend-
ed in the expiratory acts is much greater than that expended in the
inspiratory®; 2°, the expiratory acts exhibit numerous differences in
this respect ; and if the fatigue the patient suffers from them is propor-
tioned, as we have a right to think it is, to the quantity of force expend-
ed, we may conclude that speaking in a low voice is not more fati-
guing to him than ordinary respiration; that the fatizue increases in
speaking in the direct ratio of the intensity, in the direct ratio of the con-
tinuity, and in the direct ratio of the acuteness of the tone of the voice.
3o, All the expiratory acts which are produced with a convulsive char-
acter, as efforts, coughing, sneezing, produce an expenditure of force, and
consequently a degree of fatigue, much more considerable than those that
have not this character. Sneezing, which is the type of the convulsive
character, is of all the expiratory acts that which requires the greatest
expenditure of force. Every one has experienced in himself these dif-
ferent modes and different degrees of expiration; now, if we recal the
sensation felt in each, we will find our impressions correspond exactly
with the manometrie results I have detailed. In general, indeed, our
impressions are accurate, but they cannot receive the stamp of truth, unless
they have the sanction of observation or direct experiment. 4", ‘'We
have a mode of making the patient inspire or expire more or less
strongly, when this is requisite for some auseultatory result, by making
him perform some one of these inspiratory or expiratory acts which we
have been just considering. 5° In pathology, as in physiology, there is
greater expenditure of force in the production of acute than of grave
tones : we know that the whistling and sibilant ronchi are produced par-
ticularly when the diameter of the bronchial tubes is diminished by the
tumefaction of their mucous membrane : we know that laryngeal inspira-
tion and expiration are more whistling in proportion as this portion of
the respiratory passages is more contracted ; we know also that in these
diseases the patients’ respiration is effected with greater effort: and that
the anormal sounds of the heart assume more and more of the acute tone,
(bruit de scie, de sibilus musical,) as the contraction of the orifices is
greater. We may also lay down as a general principle, that the anormal
gounds indicate a more serious prognosis, in proportion as they present a
higher degree of the acute tone; there are exceptions, however, to this
rule. 6. It appears, from the account of our experiments, that in the
different respiratory acts, the lungs, the trachea, and the larynx support
a much greater degree of pressure than is generally supposed, inasmuch

* Tt is obvious that T put out of view here ordinary inspiration and expiration.
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as this pressure has exceeded, in some cases, the ordinary pressure upon
them, by nearly the weight of the atmosphere.  Yet the patient did not
suffer any inconvenience, not even fatigue, beeause our experiments
were continued but a short time on each oceasion, If we compare these
results with those furnished by elinical observation, the consequence that
presents itself is, that the respiratory organs, such as the lungs, the tra-
ches, and the larynx, can bear with Impunity very strong pressure when
it is but momentary ; that it requires an enormous pressure to rupture
any of them; whereas a much slighter, but continuous and prolonged
pressure, may soon produce mischievous effects, if it exceed a little the
normal limit. Such is pulmonary emphysema, which cannot be produced
instantaneously by the greatest efforts made by workmen who raise
heavy weights*, and which comes on gradually from repeated attacks
of bronchitist. 7% I think with M. Cagniard Latour} that the fatigue felt
by players on reed instruments is partly owing to this, that the pressure
they support during their efforts of insufflation, falls not only on the
lungs, the trachea, and the larynx, which are organised to sustain con-
siderable pressure, but also on organs, such as the walls of the mouth,
&e. which are neither habituated nor destined to support it. 8. The
great pressure, which the trachea and the larynx are capable of sustain-
ing, is favourable to the opinion that assimilates the voice to the sound
of a reed instrument rather than to that of a flute, M. Magendie, to
whom these results were submitted, has made use of them in support of
his theory§. M. Cagniard Latour has taken some pains to develope this
idea and has communicated his views to the Philomathic Society].

oth. In general, there is a correspondence between the expiration and
the inspiration that preceded it, as well as between the expiration and the
following inspiration : if one has been produced above the normal limit,
the other feels its influence. It is only by an effort that we can produce
a normal expiration immediately after a very strong inspiration, and viee
versa. This principle holds at onee in the murmurs, the thoracic move-
ments, and the manometrie results. Hence it is, that panting, however
accidental it may be, cannot cease abruptly ; the respiration must go
through successive, and more or less rapid periods of decrease. So,
when we make a patient take a deep inspiration which augments the
murmur, we are sure (unless the patient hold his breath) to find the sue-
ceeding expiratory murmur increased.

* Traumatic emphysema of the lungs is only produced, in general, by very violent
pressure, as a blow of the shaft of a waggon, a heavy body striking the sides, violent
insufflation of air into the chest, &e.

t I do not mean to deny that, in these cases, a predisposition to the developement
of pulmonary emphysema exists, but the oecasional eause is still what I have pointed
out ; at least every thing leads us to think so.

+ L'Institute, 6 annee, Janvier, 1838, no. 223,

§ Communication made by M. Cagniard Latour,

I Journal de I'Institut, 6 annee, Janvier, 1838, no. 223,
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6th. If we obferve the rhytlm according to which the manometric
movements are produced, when respiration is regular, we find that these
movements, like the murmurs with which they correspond, are nearly
continuous, and not at all jerking in their formation. There is a pause
between the expiration and the inspiration, that is, between two complete
respiratory movements ; but we cannot observe any very sensible inter-
val between the inspiration and the expiration of the same respiratory
movement. In certain affeetions however, where inspiration is very
difficult, as in emphysema of the lungs, and some diseases of the larynx,
a short pause occurs between the inspiration and the expiration of each
respiratory movement. In the determination of this last result, and some
others that I am about to state, [ submitted to manometric experiments,
persons affected with different diseases of the respiratory apparatus. For
this purpose I adapted to the tube of the manometer a glass funnel,
which was placed over the openings of the mouth and nose of the
patient. It was arranged so that no air could escape. I have in the same
manner experimented upon healthy persons. It is from a comparison of
these different results, that the general facts that precede and follow here
have been derived.

7th. If the chest of a person submitted to manometric experiments, be
strongly compressed, the column does not rise as high as usual in inspira-
tion, but falls as usual in expiration. Hence we are authorized to lay
down this principle : that the obstruction of the functions of the parietes
of the chest, produces a diminution of the force of inspiration, without
sensibly affecting the force of expiration. If, while an assistant observes
the manometric movements, we auscultate the chest of the person
experimented on, the result agrees entirely with what is observed in the
manometer : the expiratory murmur continues normal, and the inspira-
tory is diminished. Have we not indeed remarked, that in cases of
considerable pleuritie effusion, of pneumothorax, of old false membranes
embracing the lung, the inspiratory murmur was much diminished,
sometimes altogether extinet, while the expiratory murmur was little if
at all affected ; in these cases the obstruction of the function of the tho-
racic walls is produced by the disease instead of by artificial compres-
sion. It will be recollected that in our experiments with sponge (pages
15 and 16) we arrived at this principle, that the respiratory murmurs are
directly proportional to the number of vesicles pervious to air, and to
the degree of expansion of those vesicles; that the murmur increases
or diminishes, with the increase or diminution of these two conditions.
Now, the results of the experiment I have just related lead to the
same conclusion. These results furthermore favour the opinion that
the lung is passive in inspiration and active in expiration®. This
difference between the mechanism of the two respiratory movements is

* This active power, moreover, may depend merely on the elasticity of the walls
of the cells.
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one of the canses of the continuance of the expiratory murmur,

in
diseases that produce more or less diminution of

the inspiratory.

8th. In proportion as respiration assumes a more convulsive cha-
racter, we ﬁﬂﬂ'ﬂlﬁ manometrie column rise higher and higher, during
inspiration, whilst during expiration it does not fall below its normal
limit. This fact is the reverse of the former. In this case the ms-
cular power is pushed to its maximum of action, this power presides
over inspiration peculiarly, and the latter is greatly augmented, both
as regards the movement and the murmur ; whilst the expiratory forees
having searcely suffered any change, the murmur and the movement
of expiration are produced in their normal limits. In the preceding
case, the inspiratory forces were restrained, the expiratory remaining
unchanged ; the inspiratory murmur and movement were diminished,
the expiratory remained unaffected.

Oth. In certain cireumstances, however, where the mspiratory effort
is convulsive, and where the air does not reach the air-cells at all, as
in a high degree of emphysema, as in some asthmatic paroxysms, the
murmurs and the manometric results may disagree ; then, indeed, the
inspiratory murmur is much diminished, though the influence of inspi-
ration on  the manometric column is much increased. This fact may
be presented in the following form: the less deeply the air passes into
the bronchial system, the more the manometric influence of inspiration
is increased, and the more the inspiratory murmur is diminished. The
reason is obvious. Except in this, and analogous cases, there is on the
contrary, as we shall hereafter see, a direct correspondence between
the murmurs, the thoracic movements and the manometrie results.

If our experiments be made on a patient affected with considerable
contraction of the larynx, or if indeed we observe what occurs when
a person in health breathes through a very small opening of the mouth
or nostrils, we recognize the preceding fact under a different form,
and we arrive at the following prineiple: the manometric influence
of expiration continuing nearly the same, that of inspiration increases
in the inverse ratio of the diameter of the respiratory passages. This
influence is very much inereased if these passages are greatly con-
tracted. The thoracie movements follow the same law.

Asphyxia may be produced: 1% by an obstacle to the movements
of the walls of the chest, the respiratory passages remaining free;
2°. by an obstacle to the passage of air into the pulmonary cells, the
thoracic movements being unobstructed and becoming convulsive :
now, the results are reversed in these cases; in the one the inspiratory
murmur i3 diminished, the normal ratio between the murmur, the
thoracie movement, and the manometric influence of inspiration being
maintained—in the other, the inspiratory murmur is increased, this
ratio being destroyed. There is then no general prineiple that expresses
the state of the respiratory murmurs, of the movements, and their
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characters in asphyxia in general ; to find the law that governs these
relations, it is necessary to decompose this morbid state into the dif-
ferent forms in which it may present itself.

10th. If we try to ascertain by the manometer the greatest efforts
which the inspiratory and expiratory forces are capable of in a state
of health, and if we exaggerate the two movements separately, we find
that the expiratory forces are more powerful than those of inspiration ;
if we exaggerate the two movements at the same time, we find that
both are nearly equal; their simultaneous increase is at least three
times their ordinary value. It is easy to see what a quantity of
respiratory force is in reserve for cases where it is required. It is
easy to see that some patients may habitually make a very considerable
expenditure of this force without being sensible of it*.

11th. There is a direct ratio between the force and extent of the
thoracic movements in inspiration and expiration, and the degree to
which the manometric column rises or falls. The degree of velocity
with which these movements are produced also exercises a great
influence on the manometrie results: this influence is very feeble if
these movements are slow; it is considerable if they are rapid. The
force and velocity of the manometric movements are two distinet
things, each influenced by the foree and velocity of the thoracie
movements. "

12th. The intensity of the respiratory murmurs is directly proportional
to the force of the thoracic movements; their duration, to their slow-
‘ness combined with their force. It is well to know this fact; it
indicates the best conditions of respiration, for obtaining the greatest
_possible intensity of the normal or morbid murmurs. :

13th. Lastly, we may establish as a general principlet, that there
118 a direct ratio between the murmurs, the thoracie movements, and
ithe manometric results. Whether we artificially produce morbid con-
tditions in the murmurs and movements, or analyse those conditions
iin patients that present them, the results observed correspond with
ithe preceding principle.

14th. It results from the experiments of M. Cagniard Latour, and
ifrom my own, that grave-toned sounds produce the most ex-
itensive vibrations.

. * Such is the case with some persons who have had for a long time an effusion in
Ilt]'le pleura, and who tell us they breathe naturally, though we find their respirations 30
sand 40.

t Except, indeed, in the circumstances already mentioned.
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ARTICLE VII.
MORBID CHARACTERS OF THE VOICE AND OF THE COUGH.

The morbid characters of the voice and cough have been inves-
tigated with great care by Laennec and the writers that followed him ;
perhaps, however, the following propositions will be found to contain
some new facts or some corrections of practical importance. As 1
must return to this subject in treating of the diagnosis of the first
stage of phthisis, (see part 2nd, chap. v. art. 2; chap. vii. art. 1) I will
only notice here a very small number of the facts connected with it.

At page 25, no. 14, I pointed out the best mode of applying the
ear to the chest in the auscultation of the voice. It is very important
to attend to the directions given there.

lst. In some persons, those especially in whom the voiee is grave and
strong, and the chest somewhat emaciated, the natural resonance of the
voice is so marked, that we might mistake it for bronchophony, some-
times even for pectoriloquy; butf, in such cases, the resonance is the
same in all parts of the chest; this circumstance is sufficient to prevent
any mistake, for there is no morbid state in which the voice presents this
general and uniform resonance.

2nd. Thiz marked resonance of the voiee, which, as I have said, is
peculiar to some individuals, is found in almost all children ; broncho-
phony and pectoriloquy in them deserve less confidence than at any other
age ; not so much perhaps on aceount of this source of error, against
which we might guard in the way I have pointed out, as on account of
the extreme difficulty of making them produce an uniform vocal sound,
and of instituting an accurate comparison between the results obtained
in different parts of the chest. The absence of pectoriloquy and broncho-
phony has in their case the same negative values; but when they are
present we must distrust them, unless their characters are very distinctly
marked.

3rd. From what I said (page 37) respecting the characters of the nor-
mal resonance of the voice, it is plain that in general, to enable us to
place much reliance on bronchophony at the top of the lung, especially
in front, it must be very distinet, though not of a high degree; but
that whenever a marked difference in this respect is found betwee
the summits of the two lungs, it may be regarded as depending on a
morbid state.

4th. Moreover, the bronchophony which depends on tubercular or
other indurations of the tops of the lungs, and which is heard below the
clavicles, is usually too intense to be confounded with the normal reso-
nance of the voice ; not unfrequently, there will be more danger of
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confounding it with pectoriloquy; more especially as this, as we will
show hereafter (chapter 3), may be considered as only a higher degree of
bronchophony. It is well to be aware of this fact, that we may not
hastily infer the existence of pectoriloquy, and mistake the first stage of
phthisis for the last. The absence of the local and general morbid
characters that coincide with the one, the presence of those that coincide
with the other, and the practice of placing but a very limited confidence
in pectoriloquy, in these circumstances, unless it be quite distinct, are the
best means of avoiding this mistake. The authors of the Compendium
de Medecine Pratique®, have fully comprehended this cause of error.

5th. There is not always an exact correspondence between the degree
of bronchophony and the degree of tubercular infiltration of the top of
the lung,  This oceurs in cases where a tolerably thick layer of healthy
tissue intervenes between the ear and the indurated part. It is easy to
see that in such circumstances, the voeal resonance must be less than
when the tubercular induration is nearly complete in the entire mass of
the top of the lung. As this is met with frequently, especially in the
early periods of phthisis, we must not be too ready to judge of the degree
of tubercular infiliration from the degree of bronchophony.” There are
certain combinations of signs, which I will point out in speaking of the
first stage of phthisis, that may enable us to recognise the real state of
the case.

6th. M. Hirtz says in his thesisf, *“that a kind of pectorilogquy
naturally exists at the junction of the clavicle with the sternum and in
the interscapular space, and that consequently we can draw no conclusion
from its existence in these regions.” This opinion cannot, I think, be
admitted in a manner so unrestricted. In the first place, it is not true
that in the normal state pectoriloquy is heard at the sterno-clavicular
articulation ; I have convinced myself of the contrary in many perfectly
healthy persons ; with respect to the interseapular region, we find in it, in
most persong, in a state of health, not pectoriloquy but bronchophony ;
besides, this bronchophony exists in a circumseribed space round the
root of the lungs, and not over the whole interscapular region. Unless
we take it for doubtful pectoriloguy, we can scarcely mistake the nature
of the vocal resonance in this place. Moreover, we seldom find cavities
here, another reason that renders the mistake less likely. Thus the pro-
position of M. Hirtz will only apply to the sterno-clavicular region ; but,
instead of being general, it should be restricted to those cases in which
pectoriloquy and the different signs that accompany it in phthisis, ave not
sufficiently distinet to exclude doubt.

7th. M. Hirtz has brought forward many strong arguments against the
“value, either positive or comparative, of pectoriloquy as a sign of disease.

* Compendium de Médecine Pratique, par MM. Monneret et Delaberge, vol. 1,

i p. 475
t These inaugurale, Stratshourg, p. 57,
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My observations and the comparisons I have made between the symptoms
and the pathological changes, are quite in accordance with his con-
clusions. Most physicians accustomed to elinical researches are now of
opinion that pectoriloquy, considered as a sign of cavities, is of far less
value than was supposed in the time of Laennec. The division of
it made by him into perfect, imperfect, and doubtful, tends in itself
to make us doubt its value. (15)

8th. It is the same with respect to egophony ; it is much less frequent,
much less distinet than bronchophony, much less characteristic of
pleuritic effusion, than Laennec supposed. It is probable that, in his
anxiety to find special signs of each disease, he concealed from him-
self part of the doubt his senses suggested ; for he himself admits as possi-
ble a combination of bronchophony and egophony ; he adds that this
combination presents several varieties, and that it produces a certain de-
aree of obscurity in the appreciation of the phenomenon. Egophony is
completely simulated by the normal resonance of the voice in some per-
gons; but then the voice in them is naturally bleating or egophonie.
This prevents our falling into the error we might, if we were satisfied
with appreciating the character of the voice in such persons by mediate
or immediate auseultation alone. Old persons, and especially old women,
have frequently this bleating voice ; we may be certain beforehand that
we will hear egophony distinet enough, in examining the chests of such
persons. Even when no such cireumstance exists, there is sometimes an
egophonic character in the vocal resonance, in cases where on examina-
tion after death we find only hepatization of the lung without effusion.
Lastly, egophony iz wanting in a great many cases of pleuritic effusion,
in the very conditions assigned by Laennec for its production. I pointed
out at page 25, no. 14, one of the circumstances which may have led to
mistakes as to the value of this sign. What Laennec has said on this
subject would lead us to think that the very rule he laid down for the
auscultation of egophony, contributed very much to make him hear this
character of veice in cases where his previous notions induced him to
look for it. One whose senses were highly cultivated, and whose
mind was extremely accurate, expresses himself thus on the subject
of egophony*: “in conclusion, I think, 1°.—that egophony has not, in
the modification of voice it produces, any character that essentially and
in all cases distinguishes it from bronchophony; 2°.—that it is only
by the aid of other symptoms that we can distinguish these two pheno-
mena. I have many times fallen into this error of taking bronchophony
for egophony : on opening the body there was no effusion.” The authors
of the Compendium de Medecine Pratique adopt the opinion of Dance,
and sayt: « We gladly range ourselves on the side of those observers who
consider egophony a fallacious sign. We have remarked that the bleating

* Dance, Dict. de Med. en 25 vol. 2nd ed. t. 4, p. 415.
+ Compendium de Medecine Pratique, vol. 1, p. 475,
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voice seldom presents itself in a pure form, and that it is often simulated
by the peculiar guality of the sound of the voice in some patients.”
M. Piorry® regards egophony “as a sign hard to meet, and still harder to
recognize.” Thus the result of my observations is sustained by that of
other physicians of great experience in clinical practice. There are
~ others, contemporaries of Laennee, and whose names alone are an
authority, who have come to entertain great doubts as to the value
attributed to egophony by the discoverer of auscultation. M. Andral is
one of those. However, ezophony exists, there cannot be a doubt of it
and, in certain cases, this character coincides with pleuritic effusion, and
serves to characterize it. But we may establish as a general principle :
that it cannot give a character of certainty to the diagnosis, unless it is
confined to one side of the chest ; is andible posteriorly ; does not coincide
with a naturally bleating voice; is not subject, in its existence or its
degrees, to the same variations that the patient can produce in his voice;
and suffers the same changes in its situation as oceur in the fluid accord-
ing to the different positions the patient assumes.  This last character is
the best we can avail ourselves of in order to distinguish bronchophony
from egophony ; in fact the seat of bronchophony remains still the same
in whatever position the patient iz placed. Lastly, egophony has no true
value as a sign of pleuritic effusion, unless it coincides with other pheno-
mena, local or general, which in themselves warrant the opinion of the
existence of effusion in the pleura. Sometimes we see pleuritic effusion
originate and develope itself under our eyes; we follow its progress from
below upwards with the aid of auscultation and percussion. In this par-
ticular case, egophony though it should not combine all the conditions I
have above enumerated, may still form an element in the diagnosis; but
then it will rather aid than determine the judgment. Some writerst
think that one of the chief conditions of the admission of egophony, as a
sign of pleuritic effusion, should be its existing exclusively in the space
comprised between the vertebral column and the inner edge of the
scapula, round the inferior angle of this bone, and in a zone from one to
three fingers in breadth, extending in the direction of the ribs from the
middle of the scapula to the nipple. I do not think we ought to restrict
in this way the seat of egophony. Observations made with eare, and
accompanied by antopsies, demonstrate to me that it may exist in almost
the whole extent of the posterior and lateral part of the chest, with
the exception of the superior regions.

9th. Laennece has truly said that egophony is only produced when the
effusion is moderate.  All the eases of pleurisy with effusion I have seen
confirm this conclusion. Egophony appears when the layer of effused
fluid is of moderate thickness; it disappears when the mass of fluid
is much increased, to reappear anew when the effusion has diminished.

* Percussion Mediate, 1828, p. 84. Traite de Diagnost. t. 1, p. 581.
t Among others the authors of the Compendium de Medecine Pratique, t. 1, p. 475.
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I have often had an opportunity of following thus step by step the march
of this phenomenon, which was so happily traced by Laennce. I do not
recollect ever having heard egophony when the effusion was considerable.
In some patients, I have never heard it at any period, though they were
in a favourable state for the production of this sign. A man, who lay in
the ward St. Louis, had an enormous effusion in the right side of
the chest : the dilatation of the side was very considerable ; the only dif-
ference between it and the sound side in the reverberation of the voice,
was that, in the affected side, the voice came direet to the ear, and seemed
to issue from the depths of the lung, and pass in a close column till
it reverberated at a single point ; while, in the healthy side, it seemed to
come from all the adjacent parts of the lung, and to reverberate indis-
tinetly over the entire surface covered by the ears; in short, it was some-
thing analogous to bronchophony. Several observers, relying on the fact,
that in some cases we hear egophony in a point, and cannot hear it
either above or below this point, have concluded that the effusion had
always a level, and that this was pointed out by the site of the egophony.
Is it not more probable that, where egophony is produced, the layer
of fluid exists in a state favourable to its production, while above
and below this, it is too thin or too thick? We have already seen that
egophony is not produced except where the effused fluid has a certain
degree of thickness. Auscultation, which, in these cases, exhibits the
respiratory murmurs diminishing gradually from below upwards, and not
by any means abruptly, and percussion, which gives exactly the same
result for the sound of the chest, authorise the explanation I offer. (16)
10th. Laennec says™® that the most complete extinetion of the voice
does not prevent the production of pectoriloquy. But he does not say by
what characters we can recognise this sort of pectoriloquy. I have had
several opportunities of verifying the truth of the observation of Laennee
and of investizating these characters. Pectoriloquy presents in such
cases something quite peculiar: it is as if one spoke mysteriously, in
a whisper, into the very ear. The words are perfectly distinet; it is the
mysterious character of the voice that is especially striking, I do
not think this phenomenon can be confounded with any other known
morbid sonorous phenomenon, it presents something so peculiar; itisa
sort of ventriloguy in a whisper, or rather the voice of these patients
resembles that produced by speaking in a low tone while inspiring.

ITth. Little use is, in general, made of the morbid characters which the
cough furnishes by mediate or immediate auscultation, Laennec * has
deseribed these characters with great accuracy, insomuch that I have
nothing to say on the subject. There are only two things to which I
would for a moment direct attention: 1°: the normal reverberation of

* Auscultation Mediate; edit. de M. Andral, t. 2, p. 205. Forbes's Trans. p. 344.
t Auscultation Mediate, edit. M. Andral, t. 1, p. 114. Forbes's Trans. p. 49.
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the cough ; 2% the cough called tubary by Laennec, and bronchial by
M. Andral. -
Laennee says®: “the cough in itself, and when the lungs are quite
healthy, produces no particular sound in the chest ; we perceive only the
shock communicated to the thoracic walls, and an expiration more
rapid, but perhaps less loud than the natural expiration.” We would be
liable to err in auscultating the morbid characters of the cough, were we
to suppose that it produces no sound, in tlie normal state. In healthy
persons, whom I have examined with the view of determining the
character of the reverberation of the cough, I have found it a dull, low,
rapid, and somewhat smothered sound, a little diffused beneath the ear.
When the sound produced by coughing is obliged to traverse a condens-
ed portion of lung in its passage to the ear, its characters are different
from the above. The sound of the cough is then more intense, more
penetrating, more resonant ; and instead of being diffused and irregularly
seattered under the ear, it strikes it more directly and in a more limited
surface ; it passes into the auditory canal more easily and more directly.
These characters of the bronchial cough, upon which writers have not
perhaps sufficiently insisted, are of nearly as much value as bronchophony
in the diagnosis of the first stage of phthisis, and of some other indura-
tions of the lungs.(17) With respect to the morbid characters of the voice
and cough when heard at a distance, it would be going out of my way
to treat of them in detail; I shall only notice them in speaking of the
diagnosis of the first stage of phthisis, (see 2nd part, chap. 5, art 2)-

ARTICLE VIIL
OF EXAGGERATED RESPIRATION.

We know, since the researches of Laennee, that when respiration is
much diminished in one lung, or in a part of one lung, it undergoes a
corresponding increase in the neighbouring part, or in the opposite
lung. The respiration thus augmented has been called supplementary,
hecause in fact the sound part of the lung then supplies the place of
the diseased portion ; it has been called puerile, becanse it resembles
the respiration of infants. Perhaps the name exaggerated respiration is
more suited to it, gince it is indeed, as we shall see presently, merely an
exaggeration of the normal characters of the respiratory murmurs.

Laennec has deseribed it in a general way only, and has left undeter-
mined its exact characters, the circumstances in whieh it chews itself, its
differential diagnosis, its march, and its value as a diagnostic and prog-
nostic sign. The study of these is of some interest, and may throw much

* Auscultation Mediate, edit. M. Andral, t, 1, p. 114, T orbes's Trans. p. 49
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light on the seat, the extent, and the course of the diseases in which
supplementary respiration makes its appearance,

I. The character of exaggerated respiration is, a pure and gimple in-
crease of the inspiratory and expiratory murmurs. This inerease affects
both the intensity and duration of these sounds. The increase in expira-
tion is proportionally greater than in inspiration. The inspiratory murmur,
whose normal number is 10, may rise to 12 and 15; the expiratory
may attain the same elevation. We see, therefore, that the increase in
expiration is proportionally much greater than in inspiration.  This
exaggeration of the expiration is the most remarkable character of
supplementary respiration, the one to the accurate analysis of which we
should pay most attention, because it may lead us to suppose the existence
of a much more serious morbid state than is really present. The in-
crease in expiration is not always so great as we have just stated ; it
may stop at 8, 10, 12, that of inspiration being 15.

In exaggerated respiration, the respiratory sounds suffer no alteration
by perversion ; they preserve their normal murmur; but this murmur
assumes, without however any change in its nature, a clear quality,
which might, and which has been sometimes confounded with a low
degree of the bronchial character. We shall point out hereafter the
mode of distinguishing them.

In short, the characters of supplementary respiration are three: 1°
increase in the intensity and duration of the respiratory murmurs; 2.
a greater proportional increase in expiration than in inspiration; 3% a
slight shade of the blowing or clear guality. The most general character
of supplementary respiration, is the simple exaggeration of the normal
murmurs, without any change in their nature.

II. There are several circumstances in which exaggerated respiration
may be confounded with certain morbid forms of respiration whose
diagnostic import is quite different. These circumstances are the follow-
ing :

Ist, The increase of expiration that takes place in the first stage of
phthisis, may be mistaken for mere exaggerated respiration ; the follow-
ing characters will distinguish them :

In supplementary respiration, the inerease in inspiration affects both
the duration and intensity of the sound—in phthisis, the intensity alone
1s augmented, and in general the duration is diminished.

In the first, the number that marks expiration never exceeds that of
inspiration—this often happens in the second.

In the inspiration and expiration of phthisis, the character of augment-
ation is combined with a certain roughness, hardness, and dryness, which
are quite foreign to exaggerated respiration.

In the first stage of phthisis, the bronchial character is sometimes
preceded by a slight shade of metallic guality ; but this does not shew
itself in inspiration till after it has co-existed with expiration, whereas
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the slisht clear quality of supplementary respiration appears at once in
both murmurs. When the alterations of guality, which belong to the first
stage of phthisis, exist in both inspiration and expiration, they have
become too well marked to be confounded with the slight shade of clear
guality of exaggerated respiration.

Besides, in phthisis, the alterations of guality continually tend to
increase in intensity ; in supplementary respiration, the clear quality we
have noticed remains always the same. An obscure or dull sound on
percussion usually accompanies the respiration of a tuberculized lung;
in supplementary respiration the sound is rather increased than dimin-
ished.

In the first, the usunal seat of the morbid characters is the top of the
lung ; they are localized below the clavicle—this localization is very rare
in the other.

2nd. In emphysema of the lungs there is also increase of expiration,
as in exaggerated respiration ; but these two morbid states differ essen-
tially in other respects :—in emphysema, the inspiration is diminished at
the same time that the expiration is increased. With these characters
is joined that of roughness and dryness. The sound on percussion is
almost tympanitic. These characters usually exist over the whole extent
of the chest.

Nothing of this kind is met in supplementary respiration ; moreover,
the accompanying signs render the diagnosis easy.

3rd. Between exaggerated respiration, and rather strong natural
respiration in the adult, there is this difference : that, in the latter,
expiration has at the most increased only 1, 2 or 3 degrees, that respira-
tion is the same in all parts of the chest, and that there is not the
co-existence of any morbid phenomenon—whilst, in the former, these
circumstances are reversed. The same differential signs apply to
exaggerated respiration compared with the respiration of the child; but
other circumstances may also serve to distinguish them : both present in
their quality a shade which reminds one of the first degrees of metallic
quality ; but we feel distinctly that, in the respiration of the child, the
penetration of the air into the pulmonary tissue is more easy, more
uninterrupted, more complete, and more profound than in exaggerated
respiration.

4th. The differential diagnosis between exaggerated respiration and
the normal respiration of the adult or child may in fact become neces-
sary. Exaggerated respiration has been sometimes regarded as the
purest and most complete natural respiration; the expiratory murmur
that accompanies and makes part of it has been taken for a distinet,
independent morbid sound; this, however, was at a time, when the
existence of two distinet respiratory murmurs was not fully admitted.
Such is the following passage, in which the characters derived from
auscultation in lobular pneumonia are analyzed: “ With the exception of
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these cases in which the inflamed lobules are situated towards the exterior
of the lung, we hear at every point of the thoracic walls, vesicular res-
piration as pure, complete, and profound, as in the normal state. In
some cases of this kind, however, I have been struck by the appearance l
of a phenomenon which usually shews itself when a certain quantity of '
tubercles ave developed in the parenchyma of the lung; I mean the
expiratory murmur : I have heard it distinetly in persons in whom the
different rational signs of pneumonia were strikingly manifested, at the
same time that neither the sound of the chest on percussion, nor the
vesicular murmur was in any degree altered. As the disease advanced
towards resolution, the expiratory murmur gradually disappeared, and
the cure once complete, no further trace remained of it®.” This, which
is here noted as oceurring in some cases, is a general fact, but more or
less marked according to the nature of the case.

ITi. Three circumstances may produce exaggerated respiration:
1°. nervous influence, more or less transitory, which I merely notice;
2", external physical influences, which it is equally useless to dwell upon ;
3" internal physical influences, which are, in general, organic alterations.
The exaggerated respiration that depends on nervous influence is charac-
terized by being general and transitory, by returning to its normal limits
as rapidly as it passed them. It is the same in general with respect to
exaggerated respiration depending on external physical influences. On
the contrary, the essential character of supplementary respiration depend-
inz on internal physical causes, especially organie causes, is, that it is
localized in some one part of the respiratory apparatus, and that it
appears, and, still more, disappears slowly, like the alteration that pro-
duces it.

The general principle that governs this third class of causes, is that:
whenever respiration is impeded in a portion of the lungs, the sound parts
supply the want of respiration in the diseased. Now, the degree and extent
of supplementary respiration is always proportional to the degree and
extent of obstruction. The lung that, in the normal state, respires as 1
in each of its parts, will respire as 2 in its superior half, if the inferior
has entirely ceased to act. In the article duscwltation of the Dict. de
Med. Pratique (tom. 3, p. 655) M. Andral has properly dwelt on the
obstacles to circulation and respiration, considered as eauses of exaggera-
ted respiration.

It is in pneumonia especially that exaggerated respiration presents its
most elevated forms. It is, in general, more intense in proportion as the
parts in which it exists are nearer the affected parts: hence, it is more
intense when it presents itself in one half of the lung, the other half
being affected, than when it exists in the whole of one lung, the other
being diseased in its entire mass; when the pneumonia occupies the
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posterior of one side of the chest, it is more intense in the anterior part
of this side, than in the opposite gound side.

Supplementary respiration may manifest itself in any part of the
chest; but we meet it more frequently in the front than behind, and
above than below. Tt is, as I have said, always most intense in the parts
most near the seat of the disease. Hence, its diagnostic value in certain
eases where the existence and seat of the affection are doubtful, as, for
example, in ecases of central pneumonia.

Its character is to decrease in proportion as we recede from its place
of maximum intensity, and to become confounded either with the natural
or the morbid respiration, according to the direction in which we move.

The signs with which it co-exists are those of the diseases that pro-
duce it. These signs are sometimes very obscure. Combined with
supplementary respiration, they sometimes simulate remarkably other
affections. It would be tedious to descend into the details of these dif-
ferential diagnoses; the distinction will be in general easy, when the
mind has clearly before it the general principles that govern the different
modifications of the normal murmurs.

IV. In general, exaggerated respiration begins along with the disease
itself; it then shows itself in its immediate neighbourhood; it follows
all its phases: increases, decreases, and disappears with it, in this ease,
ite duration is the same as that of the disease that produces it. But, in
certain cireumstances, it does not make its appearance till the period of
resolution ; then, it exists not only in the vicinity of the affected part,
but in the part itself: respiration, which had been at first much dimin-
ished there, rises by degrees, and reaches its normal standard; but
instead of stopping here, it sometimes passes several degrees beyond it,
and then constitutes supplementary respiration. This occurs in pneu-
monia, whenever resolution takes place by successive steps. Suppose, for
example, a pneumonia occupying all the posterior part of a lung: reso-
lution, instead of proceeding uniformly in all the affected parts, takes
place from above downwards, in such a way, that the superior part of
the lung has resumed its functions, while the inferior part is still hepa-
tized : in such a case then we find supplementary respiration appear suc-
cessively from above downwards, and disappear above, in proportion as
with the process of resolution it is propagated downwards. In this par-
ticular case, the production of exaggerated respiration rests on the same
principle as in ordinary cases; that is, that the portion of lung which
first returns to its normal state supplies the place of that which is inef-
fective, and ceases from its exaggerated action, when the latter has
resumed its normal condition,

Supplementary respiration has three periods in its duration : it is feeble
at fivst ; increases afterwards in proportion to the impediment to respi-
vation 5 decreases as this diminishes, and disappears with it. However,
its disappearance does not always correspond with the time of the com-
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plete resolution of the disease: it continues for some time after every
trace of the affection has disappeared, sometimes several days, sometimes
more. Its continuance in this way, when the resolution of the disease is
complete, appears to depend on a kind of habit of respiring more strongly
than usual, which the patient has acquired, and which only ceases by
degrees. In fact the production and the different degrees of exaggerated
respiration are influenced by two causes: 1° the facility with which the
air penetrates the air cells; 2° the force employed by the patient to
effect this penetration. The first ceasing by the resolution of the malady,
the second is sufficient to keep wup, for a time, the exaggerated
respiration.

In this kind of respiration, inspiration returns to its normal state
gooner than expiration. This is one of the applications of the general
principle I formerly laid down, namely, that in all kinds of morbid respi-
ration when the expiratory murmur is increased, it returns to its normal
state more slowly than the inspiratory.

We may say, in general, that the progress, the degrees and the modifi-
cations of supplementary respiration, are regulated by the progress, the
degrees and the forms of the diseases that determine its existence.
Hence its diagnostic value in these affections.

V. In fact, exagperated respiration is to the disease on which it
depends, what the shadow is to the substance. It may lead us to
suspect the existence of an obseure affection, hidden deeply in the in-
terior of the lungs, or enable us to discover its site when other signs
have proved its existence. We have had this year at the hospital
la Charité, in St. Louis’s ward, three patients affected with central pneu-
monia: the rusty, straw coloured, viscous sputa, and the entire general
phenomena left no doubt of the existence of pneumonia, and yet none of
the usual local signs of this disease could be discovered either by auscul-
tation or percussion ; there was no pleuritic pain, we knew not on which
gide the pneumonia was, but the existence of well marked supplementary
respiration in one of the sides soon removed all doubt: and in fact in two
of the cases the pneumonia extended from the centre to the circumfe-
rence ; bronchial character and crepitating ronchus made their appear-
ance, and the diagnosis founded on the supplementary respiration, was
thus confirmed. In the other case, the exaggerated respiration dis-
appeared along with the morbid character of the sputa and the general
phenomena.

When supplementary respiration exists to a considerable degree in the
whole extent of one side of the chest, it should lead us to suspect some
affection of a serious character, if not in its nature, at least in its degree
and extent, in the other side. It is however necessary to remember that
there is not always an exact correspondence between the degree of exag-
gerated respiration and the degree of the affection upon which it depends.
In some persons, this intensity of supplementary respiration is perhaps as
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much owing to an easily excited nervous system, as to the organic alte-
rations themselves.

Perhaps if the symptomatic and anatomical facts that correspond were
accurately analysed, we would find that the character of augmentation of
the expiratory murmur which respiration presents in several morbid cir-
cumstances, is, in the end, but the character of exaggerated respiration ;
and that the differences we observe in these cases depend entirely on the
combination of different morbid characters with the exaggeration of the
inspiratory and expiratory murmurs; buf this study not being of a kind
to add to or take from the value of the morbid characters just passed in
review, and therefore not being of any practical use, I will not occupy
myself with it here. (18)

ARTICLE IX.
OF THE PULMONARY CRUMPLING MURMUR OR RONCHUS.

For some years past, in carefully auscultating the chest in certain
classes of the sick, T have been struck by a sound which is quite peculiar
and different from all those hitherto described, and which is sufficiently
permanent to have allowed me to study its character, progress, &c. The
impression this sound leaves on the ear, is that of the crumpling of a tis-
sue pressed against a hard body ; and as there is every reason to think
that, in this case, it is the pulmonary tissue that is thus erumpled, it is
natural to call the sound so produced pulmonary crumpling sound.

L. Its physical characters.

The general character of this sound is that it gives the ear the sensa-
tion of squeezing or crumpling. This sensation is so peculiar that we
always recognize it easily from this general character. It seems as if the
eye, receiving the same impression as the ear, saw the pulmonary tissue
struggling with effort and with noise against the obstacle that obstructs
its expansion.

The pulmonary crumpling sound may present different forms and
degrees: 1% in its highest degre it is the new leather creak (bruit de
cuir neuf ), not differing from that of pericarditis except in its quality,
which is somewhat more acutes 2° in a less marked form it is a kind of
plaintive moaning sound, varying in tone with the state of oppression of
the patient, with the force and rapidity of the respiration; 3°. lastly
in a still lower degree, which is the weakest and most common form, it
perfectly resembles the light, quick, dry sound produced by blowing on
very fine paper. :

Although it is sometimes very intense where it is audible, it is very
seldom propagated beyond the point in which it is generated. For this
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reason, and from the limited extent of surface it commonly occupies, it is
necessary, in most cases, to listen with some attention to be able to hear
and analyse this sound.

In general it co-exists with inspiration alone ; I have however several
times heard it during both inspiration and expiration ; but more marked
in the former.

The intensity of this sound is in general proportional to the force with
which the patient respires. This is what we should expect : the column
of air that struggles to dilate the lung being stronger and more rapid,
the erumpling of the pulmonary tissue being greater, the sound produced
in this way must be more intense. z

Some phthisical patients are sensible of a feeling of restraint, of
uneasiness, sometimes even of pricking pain, in the points where the pul-
monary crumpling sound is heard. But with the far greater number of
patients there is no direct connexion between these two classes of phe-
nomena ; for the morbid feelings above noticed, are met with in a very
large number of cases in which the erompling sound does not exist at
all; and vice versa. We find also these two classes of phenomena exist-
ing separately in distinet parts of the chest. They arve therefore two
effects of a common cause, the anatomical alteration of the lung, but
effects independent of each other. I have as yet seen only a few cases
in which there appeared to be a kind of dependence between these two
phenomena. In one, for example, a well marked pulmonary erumpling
sound existed at the top of the left lung, and the patient felt in the same
part a sensation of inward rubbing, which, he said, made respiration
more difficult there than on the opposite side. The alteration increased,
the local phenomena assumed a more intense form, the crumpling sound
disappeared, and with it the feeling of inward rubbing.

I1. Discases in which it appears.

Notwithstanding the care with which I have examined every patient I
met affected with diseases of the chest, I have as yet heard the pulmona-
ry erumpling sound in the three following circumstances only: 1% in a
woman who died in 1834 at the hospital Saint Antoine, both whose
lungs were compressed by an enormous encephaloid tumour seated
in the anterior mediastinum ; 2° in a patient, who lay at No. 17 ward of
St. Martha, hospital of la Charite, in whom we found, on autopsy, at the
top of the left lung, a very large non-tuberculous cavity, regular in
form, containing only air, and bounded superficially by walls two or
three lines thick, firm, flexible, and resembling perfectly a picce of
leather of the same thickness. In this case, the pulmonary erumpling
sound, which was very intense, was produced by the to and fro motion of
this wall, caused by the passing of the air in and out of the cavity; in
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this ease, too, the sound was heard both in inspiration and expiration.
3°, Lastly, this sound is heard chietly in the first stage of phthisis.

1st. It is only at a certain epoch of phthisis that this sound is met.
This epoch includes the last half of the first stage and the commence-
ment of the second. Sometimes I have seen it appear before the quality
of the respiration had assumed the bronchial character ; but, in general,
I have found both make their appearance at the same time. It has
always disappeared when the dry crackling ronchus had passed to the
moist state; when the bronchial character had acquired great intensity
and extended from expiration to inspiration, that is, when the softening
of the tubercles had commenced. I have never seen it persist during the
formation of cavities, unless it was produced in their vicinity.

9nd. Not having seen the patient in the first case I mentioned, during
the early periods of the developement of the tumour, I cannot say exactly
what may be the precise degree of pressure a tumour must exercise
on the lung to produce the erumpling sound ; but one thing is certain,
that, both in this case and in the second, the sound was more marked than
in cases of phthisis.

3rd. In the first stage of phthisis, the pulmonary erumpling sound co-
exists with the other signs of this period : thus, with the dry crackling
ronelius 3 with the bronehial character in expiration alone, or in both
expiration and inspiration, but at a low degree ; with an inerease of the
duration and intensity of expiration, expressed by the numbers 10 or 153
with a diminution of the duration of inspiration, expressed by the num-
bers 6 or 85 with marked dullness of sound on percussion and decrease
of the vibration of the voice in the corresponding point ; lastly, with dis-
tinet bronchophony.

4th. The signs that coincided with this sound in the case of the non-
tuberculous eavity, were: mucous ronchus with large bubbles, gurgling
ronchus, and cavernous respiration.  The only sign coexisting with this
sound, that was remarkable, in the case of tumour in the mediastinum,
was extraordinary diminution of the inspiratory murmur.

5th. The site of the crumpling sound is wherever the anatomieal con-
ditions necessary for its production exist; in the case of mediastinal
tumonr it was heard in the front of the chest, and some way down both
gides ; in the patient who had the large excavation in the top of the lung,
it was produced around the part that was dull on percussion. In phthisis,
it exists at the tops of the lungs only; most usually in front below the
clavicle, sometimes behind in the supra-spinal fossa. I have scarcely
ever observed it at the same time in both sides. In fact we seldom find
the tops of both lungs effected by phthisis to the same extent, and under-
zoing at the same time equal alteration ; almost always one is more
changed than the other; we have then, in the one where the pulmonary
crumpling sound does not exist, the signs of a period, either carlier
or later, than that at which this phenomenon uzually appears.
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6th. It was only in one case, that in which the sound existed in
its most intense form, that I was able to perceive by the touch any trace
of the pulmonary crumpling ; and even here the vibration produced by
it was very slight, often indeed very obscure.  This sound differs very
much in that respect from the pleuritic friction sound, which is usually
accompanied by a vibration very easily felt. Tt is easy to conceive,
indeed, that friction should be more capable of producing vibrations per-
ceptible to the hand than mere crumpling.

IIL. Relation between the sound produced and the physical state of the
organ.

I have often had an opportunity of examining the lungs in cases
where the erumpling sound had been audible till death. 1° In the case
of tumour in the mediastinum, both lungs were flattened anteriorly, they
presented here and there indurated nuclei, and it was obvious that the
column of air introduced by inspiration must have found it difficult
to dilate the surrounding pulmonary tissue. This state, it is plain, is very
analogous to that of a tuberculized lung. 2% In a consumptive, who
died in the hospital, the superior half of the left lung (where the erump-
ling sound was heard) was enveloped by a thick false membrane, which
was also adherent to the pleura opposite ; the top of the lung, thus im-
prisoned, was reduced to nearly half its volume, and its expansion very
much impeded. Furthermore, the entire cireumference of this part of
the lung was infiltrated with miliary tubercles which rendered this outer
layer tolerably dense, while its central part was still quite pervious to air.
In the top of the right lung, where the crumpling sound had never been
heard, only some few very small miliary tubercles were found scattered
here and there, In another patient, who died in the hospital of disease
unconnected with the chest, we found the cause of a pulmonary erump-
ling sound, which had been heard at the right side, to be some large
tubercles seated in the top of the lung. In this case there was no adhe-
sion of the pleurs.  3°. In the patient, that died at No. 17 ward of St.
Martha, a thick, dense, indurated layer of pulmonary tissue, resembling
a piece of leather, was kept continually flapping forwards and backwards
by the passing of the air in inspiration and expiration in and out of the
cavity it surrounded.

In conclusion, we see that the anatomical conditions of production of
the pulmonary crumpling sound, are the following: 1%, a mechanical
obstacle to the expansion of the lung; this obstacle having its origin,
either at the exterior or the interior, or in both at the same time ;
2°, lobular induration of the pulmonary tissue, so that, in the midst
of spots impervious or almost impervious to air, there are still some
tolerably free ; 3° the alternate flapping to and fro of a thick and dense
lamina of fibrous tissue.

S
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LV, Its diagnostic aud prognostic value,

I have seen several eases in which aneurismal or other tumours com-
pressed the lungs to a certain extent; but in two of them only was the
crumpling sound to be heard. In these two it was quite constant, well
marked, and so distinet that it was impossible to mistake it. In such
cases then, the existence of this sound is an additional sign to those fur-
nished by auscultation and percunssion; but we can infer nothing from
its absence.

This sound existed in about § of the cases of phthisis, in which I care-
fully noted the auscultatory signs. The smallness of this number de-
pends no doubt on the circumstance, that as it exists only during a
limited period, it is unobserved in several cases. When this sign does
~ exist, however, it is tolerably constant; it is not like some other sono-
rous phenomena, unsteady or fugitive. By making the patient respire in
a suitable manner, we may always hear it, provided the period of its du-
ration be not passed. In conclusion, its situation almost exelusively in
the top of the lung, its coexistence almost constantly with the other signs
that suggest the idea of phthisis, its progress regulated by laws that do
not vary, give it considerable weight as a sign of phthisis in the cases
where it exists, at the same time that we ean draw no conclusion from its
absence. As it never appears except in the earliest stage of the disease,
the prognosis derived from it is only serious, on account of the nsual pro-
gress of the malady of which it is a sign. It is almost always in cases of
acute phthisis I have met it; in fact the miliary form of tubercular infil-
tration, a form by much the most frequent in acute phthisis, seems more
favourable than any other to the developement of this sound.

V. Progress of the pulinonary crumpling sound.

We have already seen at what period of phthisis it appears, and when
it ceases to exist. When we can thus follow it during its entire dura-
tion, we find it at first very slight, very feeble, though always giving to
the ear a peculiar and very distinet sensation. After some time it aug-
ments a little, because, independently of the gradual increase of the phy-
sical alteration of the lung, the oppression of the chest, and the conse-
quent increased respiratory efforts made by the patient, render it more
intense. When it is about to disappear it becomes more moist, less
rough, less hard ; we hear it less distinetly, and at length we hear it no
more. Its duration varies, according as the disease is acute or chronic in
_ita progress ; in the latter case it persists a very long time ; in the first, it
sometimes appears only for a few days, and disappears suddenly. It
continued constantly in the patient, whose lungs were compressed by the
encephaloid tumour, and also in the patient that had the exeavation in

the top of the left lung.
i
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VI Its differential diagnosis.

1st. The phenomenon with which it may be most easily confounded,
is the dry crackling ronchus, (see farther on, crackling ronchus, Art. X.)
Both are usually met with in the top of the lung ; both appear in inspi-
ration chiefly ; both have a rough, hard, dry, and well marked character ;
both belong to the same period of phthisis; and yet they are two very
distinet phenomena : the erackling ronchus is infinitely more frequent
than the crumpling sound, and the impression it makes on the ear is
altogether different. In the one case, it is a single rapid sound, which
arises and ceases instantaneously, like the sound caused by the sudden
rent of a piece of silk; its tone is essentially grave: in the other case,
the tissue seems, instead of erackling and being torn, to be erumpled, or
to unfold itself; the sound is more prolonged, more continuous; its tone

18 rather more acute.

2nd. The pulmonary crumpling sound is so different from the sibilant
and sonorous ronchi, which are also sometimes heard at the top of the
lung, that with a little experience in auscultation, it cannot be econ-
founded with these; and still less with the different moist bubbling
ronchi, which may be met with in the same situation ; the bubbling and
the moist character are both so unlike the erumpling sound, that the ear
is never tempted to compare them.

3rd. The pleuritic friction sound might more easily be mistaken for
the pulmonary crumpling. We may distinguish them by the following d
characters :—the latter is continuous; in listening to it, the ear feels no :
sensation of displacement; it is produced, almost exclusively, in the top
of the lung ;. it coexists with the signs of the earliest stage of phthisis;
the patient has usually no sensation from it ; the hand cannot appreciate
it, and it exists almost exclusively in inspiration. The pleuritic friction
sound, on the contrary, is composed of little jerks or shocks; the ear
receives the sensation of displacement from above downwards, and from
below upwards, according as it is heard during inspiration or expiration ;
it almost always coexists with both periods of respiration ; it is usually -
produced in a part (the middle of the posterior part of the chest,) where
the other is never met; and it is in general appreciable by the hand as
well as sensible to the patient. Lastly, the two sensations felt by the .
observer, that of pulmonary crumpling on the one hand, and that of
pleuritic friction on the other, are altogether different. (19)
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ARTICLE X.
THE DREY AND HUMID CRACKLING RONCHI AXD THEIR TRANSFORMATIONS.

I. Sound pmduced.

1st. The crackling ronchus or sound of pulmonary erackling (rile de
craquement ou bruit de eraquement pulmonaire) differs, in the nature of
its sound, in the sensation it produces on the ear, from all the other
morbid sounds of the chest, which are called ronchi, and still more from
those that have not that name. It consists in a sensation of erackling,
which is quite peeunliar, and of which we cannot give a befter idea than
by comparing it to the different sounds which ave called erackling. This
sensation cannot be deseribed, it must be felt ; but, in general, when once
heard, it is always easily recognized, at least in its higher degrees.

2nd. This ronchus presents itself in two very distinet forms, each of
which marks a period of its duration. When it first appears, and for
some time after, it produces on the ear a sensation of dryness, and it
deserves then the name of the dry erackling ronchus ; after a time more
or less long, it passes insensibly to the moist. The ear appreciates dis-
tinetly this transition, and is at the same time sensible, that the nature of
the sound has changed a little; it is indeed still the sensation of erack-
ling, but a crackling that tends to become mere mucous ronchus. In
fact, we will hereafter see that this transformation of the humid erack-
ling into the mucous ronchus, is one of the changes through which it
must pass, before it becomes the gurgling ronchus.

3rd. This ronchus is not, as might be supposed, a single homogeneous
sound ; it is formed by a succession of small sounds; each of these
is a crack, and it is the sum of these sounds during one of the respiratory
movements, that constitutes the erackling ronchus.  These little succes-
sive sounds do not exceed 2 or 3 in number. These characters belong
essentially to the dry erackling ronchus.  With respect to the humid, it
i also composed of several successive sounds, nearly the same in num-
ber; but these sounds assume from day to day still more the form of
bubbles ; in the end they present perfectly the bubbling character, and
‘then the description of them belongs to the bubbling ronchi. The
erackling ronchus is found ecoexisting with inspiration more exclusively
in proportion s it is more dry. As it becomes humid, it is heard in
expiration also.

4th. Unlike the pleuritic friction sound, which is also composed of
successive jerks or sounds during one of the periods of respiration, the
erackling ronchus always leaves on the ear the impression of having
come from a distant point, a point remote from the surface. If it happen
that the physical eause of it is situated at the perviphery of the lung,
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100 MORBID SONOROUS PHENOMENA OF RESPIRATION.

which is not often the case, there is still in the character, more or less
superficial which it then presents, something that enables us to distin-
guish it readily from the pleuritic friction ; the ear appreciates accurately,
even in these exceptionable cases, that the sound originates in a point
beyond the limits of the pleura. We know that the sense of hear-
ing, when aecustomed to the different shades and degrees of sounds,
appreciates perhaps even better than that of sight, the distance through
which the sonorous wave has passed.

5th. With respect to its seat, the erackling ronchus has also something

quite peculiar. It is never heard, in the diagnostic conditions we
are now supposing (first stage of phthisis), except in the top of the lung.
If we sometimes hear it in points more or less distant from this, it
is when the signs of softening or of a cavity have already appeared
in the top of the lung; it is when the tuberculization, invading succes-
sively and from above downwards the whole mass of the lungs, appears
in its first stage in the middle or at the base, while cavities are already
formed at the top or the middle. But these exceptions do not alter the
preceding rule as to the seat of the crackling ronchus, because I only
apply this rule to the diagnosis of the first stage of phthisis.
- 6th. It is usually in the very top of the lung that the dry crack-
ling sound is heard: as in the supra-spinal fossa, and above and below
the claviele.  With respect to its maximum intensity and frequency in
front, behind, on the right, or left side, it follows the same course as the
disease on which it depends.  The dry ronchus is in general confined to
a much smaller space than the humid. We meet it here and there
in seattered points of small extent.

Thus, then, the crackling ronchus goes through the same course of de-
velopement as the physical eause that produces it (tuberculization of the
lungs); it makes its first appearance, in general, at the top of the lung,
and if it be distinetly recognised in the mammary region, or in any other
part vemote from the top, it denotes the existence of a much greater
degree of change above.  Hence, in the tabular view of my cases, we
invariably find, that if the dry crackling ronchus existed towards the
middle of the lung, the mucous and gurgling ronchus, or at least
the humid crackling, was found above. Hence, when we follow, in the
same patient, all the successive stages of phthisis, we see the dry crack-
ling ronchus invade the lungs successively from above downwards, and
leave in the part it abandons, as marks of its progress, sounds which are
but successive degradations of this ronchus, and which indicate an
inerease of the disease.

7th. Of 55 patients in whom I have ascertained the existence, and
traced the characters and the progress of the erackling ronchus, I have
only met 9 in whom it was not constant. If we examine the cir-
cumstances that in these 9 cases coincided with this inconstancy of the
ronchus, we find that in them it was dry, that it was in its earliest stage,
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and that it became more and more constant, in proportion as it had
existed longer, in proportion as it had passed to the humid character. It
is easy to see that this must be so: when the physical conditions on
which it depends have only reached the point necessary for its produe-
tion, it is obvious that it cannot be produced in a very regular and con-
stant manner; it is plain also that this regularity, this constancy, ought
to be met with afterwards in proportion to the degree of developement of
the preceding physical conditions.

Thus, we may, in general, lay it down, that the erackling ronchus is
constant in its nature, but that its regularity and its constancy increase
with the duration of its existence.

8th. But one circumstance which is nearly invariable is, that the
erackling ronchus belongs more exclusively to inspiration in propertion
as it is nearer its origin and its period of dryness; and that it tends
more and more to invade expiration also, as it recedes farther from
its origin, and is passing to the humid state, always, however, continuing
most marked in inspiration. I have often observed this successive oceu-
pation of the two periods of respiration by the erackling ronchus; and
amongst the phenomena of respiration which I have hitherto studied and
deseribed, there are few that follow a more regular course than this.

We will see hereafter, when we come to speak of the successive trans-
formations which the erackling ronchus undergoes, that these transfor-
mations have also their law of coincidence with one or other period of
respiration, a law expressed by the following formula: the successive
transformations of the erackling ronchus coexist more equally with both
inspiration and expiration, in proportion as these transformations indi-
cate a more advanced degree of the crackling ronchus; as, for example,
the gurgling ronchus,

IL. Morbid circumstances in which the erackling ronchus is produced.

lst. Phthisis pulmonalis is the only disease in which this ronchus
is heard.  Though I have sought for it with great care in other affee-
tions of the chest, I have never met it except in tuberculization of the
lungs; this applies, however, only to the earlier forms of the ronchus; it
is especially applicable to the period when it is still dvy ; for in propors
tion as it assumes the humid form, as it acquires a greater analogy with
the mucous ronchus, it may, if we consider it independently of its progress
‘and its seat, if we view it in an isolated manner, be confounded with
‘some of the ronchi that are produced in other diseases. But if; instead of
looking at it abstractedly, and isolated from the circumstances by which
it is surrounded, we form our opinion of it from its physical characters,
its progress and its site, we may consider it peculiar to phthisis, particu-
Jarly if we take into account the very peculiar nature of thig sound.

2nd. It appears, {from the eases I have collected, that the crackling
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ronchi do not belong to one form of phthisis in particular more than
another. It is by no means the same with respect to the period at which
they appear ; they present, in this respect, a character of constancy which
is one of the best foundations of their diagnostic value. The dry crack-
ling ronchus belongs to that period of the first stage of phthisis, which I
have called the 2nd phasis, whilst the humid crackling ronchus belongs
to the 3rd phasis, and establishes in some degree the transition from the
first stage of the disease to the second. It appears from this that the dry
crackling ronchus is not the first symptom that appears in phthisis:
several of the modifications in duration of the respiratory murmurs pre-
cede ity the time at which it shews itself is nearly the same as that
at which we observe the pulmonary erumpling sound, when it exists.
3rd. The dry and humid crackling ronchi coexist, for the most part,
with a certain number of phenomena, which, like them, form part of the
symptoms of a determinate phasis of the first stage of phthisis: 1% with
the dry crackling ronchus we usually find, in the same points, an aug-
mentation of the intensity of inspiration, which, in general, does not go
beyond the number 12; a diminution of its duration which seldom
descends lower than 8 or 9; an increase of the extent and intensity of
expiration, which wvaries between the numbers 6 and 10 ; sometimes,
however, it rises higher, the ronchus continuing dry. It is not often
that the bronchial character, even in its lowest degree, exists at the same
time as the dry crackling ronchus; unless, indeed, the alteration of
quality has as yet appeared only in expiration. A moderate degree
of bronchophony is often observable at this period of phthisis, The
sound on percussion is already a little obscure. The vocal vibration
is somewhat less opposite the points where the ronchus is lheard, and the
patient complains sometimes of a peculiar feeling of oppression, of
obstruction in the interior of the chest. I have seen some, but very few
indeed, who said they felt in the chest a kind of crackling (this was their
expression), and they sometimes pointed to the spot where this ronchus
was heard ;s 2°. but in proportion as the ronchus passes from the dry to
the humid state, we find the numbers that represent the augmentation of
the intensity of inspiration, and of the intensity and duration of expi-
ration, gradually increase ; we find these numbers rise to 12, 15, 18, and
even 20, when the erackling ronchus has become quite humid. At the
same time, the bronchial character has appeared, or has increased in
intensity, and has extended to inspiration.

Strong bronchophony, sometimes even imperfect pectoriloquy, are
united with the preceding signs; the sound on percussion has become
more obscure or even dull; the vibration of the voice is much diminished,
and the local sensations felt by the patient are more marked than during

the preceding period.
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I11. Course.

Thus the erackling ronchus begins to shew itself, after the respiratory
murmurs have already suffered a slight modification in their duration
and intensity. At this time it gives distinctly the impression of some-
thing dry, hard, and rough, crackling several times in succession, and
returning at each new inspiration ; then it becomes a little humid ; the
modifications in the duration and intensity of the respiratory sounds are
augmented ; alterations in the quality of these sounds, as well as different
other signs, make their appearance ; the number of the successive crack-
lings that compose this ronchus increases a little, and these cracklings, at
the same time that they become more marked and more humid, begin to
appear in expiration also, and are soon established there, and coexist with
it almost as perfectly as with inspiration. Such is the usual course of

this ronchus.

V. Transformations.

During this general course, the erackling ronchus undergoes certai
transformations, which flow in succession one from the other. These
transformations, instead of being studied in an abstract and isolated
manner, as has been in general hitherto done, deserve to be reunited
under one type, and to be viewed as links of one chain, on which they
mark the successive phases through which the disease must pass, in its
progress from its slightest to its most serious anatomical conditions.

If, from the moment the first symptoms of phthisis appear, we follow
attentively all the successive changes the disease suffers, up to the period
of cavities and death, we see that amongst the ronchi the dry crackling
commences the scene ; that by an insensible fusion, it is transformed into
the humid; that this assumes gradually the bubbling character; that =oon
after, without the ear being able to mark the limits between them, this
becomes the mucous ronchus : this is, however, the mucous ronchus with
large, moist bubbles; it is localized in the upper part of the chest, and is
characterized by a peculiar, somewhat metallic guality, by a particular
impression on the ear, that prepares it for the cavernous character. In
fact, this quality, this particular impression, becomes gradually more and
more developed; a ronchus which deserves the name of cavernulous
(a name given to it by M. Hirtz, a physician of Stratsburgh) succeeds
the mucous ronchus, and is itself in succession changed into the proper
cavernons or gurgling ronchus (rdle de gargouillement ). This successive
transformation of the primary form into its secondary forms is scarcely
ever wanting, when we have an opportunity of observing the disease from
the first appearance of the symptoms, and when the first form, the dry
erackling, has been observed. Besides, whether the dry erackling has or
has not existed, the succession of secondary forms is always the same.

e A
S T T R

“
anin "]

i

T
R e
g b &5 b ]

Mo




R Tty =
R
5 U

o
(!

T —
#

o
L L g

L St s T

i

L e L L et Te "
e

=
ey

L

104 MORBID SONOROUS PHENOMENA OF RESPIRATION.

In that case it is the humid erackling ronchus that begins the series.
But the great number of observations I have made on the first stage
of phthisis, induces me to think that the dry crackling ronchus is still
more frequent than the tabular view of my cases would lead one to sup-
pose. The want of opportunities of observing cases of phthisis in
the first phases of the first stage, and the rapidity with which, in some
instances, we see the dry crackling change to the humid, appear to be the
reasons that this ronchus has not been recognized and deseribed by
authors, and that it is set down in some only of my cases.

Indeed, we have seen patients in whom the process of tuberculization
proceeded with such rapidity, that all the foregoing ronchi were developed
in suceession in the course of a few days ; we have seen this entire series
of transformations completed in less than 10 days in one patient, and in
10 days in another. But the passage from one form to another is usually
more slow. Thus, in most of my cases, the transformation of the dry
into the humid ronchus took place in a period of from 8 to 10 days for
acute phthisis, and from 20 days to 2} and 3 months for chronie phthisis.
We sometimes, however, find in chronic phthisis, one period completed
more rapidly than the others ; and then the time between the two epochs,
between the two forms of the ronchus, is shorter; thus in one case
of chronic phthisis, nine days sufficed for the crackling ronchus, which
was at first dry, to pass to the humid state.

This peculiar course, these successive transformations of the crackling
ronchus, reminds us of the general fact that governs the different modifi-
cations of the gquality of the respiratory sounds: there is between the dry
and humid erackling, the mucous and gurgling ronchi, the same relation
as between the metallic quality, the bronchial character, the cavernous
charaeter, and amphoric respiration. I have already said, in speaking of
the general facts that govern the ronchi of phthisis, that the successive
changes of their physical characters is accompaned with changes in their
coexistence with one or other period of respiration. They are observed
to belong more exclusively to inspiration, in proportion as we approach
nearer the commencement of the series they compose ; and more equally
to both periods, as we approach the end of the series.

The modifications of the respiratory sounds which I have considered
hitherto, are connected with the ronchi of phthisis by a most intimate
relation.  The course of the one series is simultaneous with that of the
other; when the analysis of the one has been well made, it is very
serviceable in the analysis of the other; with some slight exceptions,
all the signs, all the groups of symptoms conduct the mind, by different
routes, to the same conclusion. Hence the importance of including
in one view all the elements of a problem in diagnosis. How much
stronger the conviction becomes, when several kinds of facts, differing in
nature, all tend by their concurrence, by their common progress, by their
convergence towards the same result, to awaken the same thought.
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V. Differential diagnosis.

. The different forms of the ronchi of phthisis are so easily distinguish-
able, as to make it unnecessary to lay down their differential diagnosis :
the dry crackling ronchus can never be confounded with the gurgling
ronchus ; it is the same of the other forms of these ronchi, when we
compare those that are remote from each other in their natural order of
suceession ; but in their points of contaet, in the gradual transition from
one to another, the sensation of one passes into that of the other, by such
imperceptible shades, that it is impossible to establish any distinet limit
between the two that are contiguons. Nevertheless, without being able
to say when exactly the one ends and the other begins, the ear remarks
that a change has taken place, and the mind is excited to attend to this
change, and to the anatomical conditions that correspond to it : now, this
is all that is required in practice, this is the useful side of the question—
this iz what we seck. Besides, have we not said, that in the law of
coexistence of these different forms of ronchi, in their seat, in the symp-
toms that accompany them, we have the means of distinguishing them ?

1st. The crackling ronchus, during its period of dryness, may be con-
founded with the pulmonary crumpling sound more easily than with any
other ; I have already, in speaking of the latter, given their differential
diagnosis.

ond. It is the same with respect to the pleuritie friction sound.

As to the humid erackling ronchus, and the mucous ronchus that sue-
ceeds it, we will find in their peculiar seat, in the order in which they
appear, in the symptoms that accompany them, the means of distinguish-
ing them. Besides, at the period of the disease that these ronchi exist,
phthisis reveals itself by other and well marked signs; and hence the
practical object of this work (the prognosis, the diagnosis, and conse-
quently the treatment) will still always be attainable, even though there
should be a doubt as to whether we hear the simple mucous ronchus, or
the mucous ronchus which is a more advanced form of the humid crack-
ling, and which is the usual prelude to the cavernous and gurgling
ronchi®.

* The ronchus I have described as the humid crackling, appears to have been ob-
served by some authors, and noticed by them under different names. M. Andral (Clin.
Med. t. 4, 3rd edit. p. 67,) describes it under the general name of humid ronchi; he
compares it to those of bronehitis. M. Clarke (Traité de la Consomption pulmonaire,
p. 38,) says, that in the 2nd stage of phthisis we hear a erepitant ronchus, to which he
himself in some places gives the name of erackling, so naturally does this word present
itself to the mind to express the sensation felt by the ear. M. Hirtz has :laacri]ml it
by the name of cavernulous ronehus. But the very descriptions these writers give,
induce me to think that the ronchi noticed by them, under these different names, belong
to a more advanced period of phthisis than that which T call humid erackling. The

ronchi they deseribe correspond rather to that degradation of the humid crackling that
1 have called mucous ronchus with a clear and somewhat metallic qualify, and which
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VL. Conditions of production of the crackling ronchi.

Whenever an opportunity offered, I have endeavoured to ascertain the
anatomicgl conditions corresponding to the crackling ronchi. Several
patients who have sunk at different periods of the disease, either from the
disease itself, or from some other, have afforded me opportunities for
these researches. The anatomical conditions on which they depend, may
be summed up in the following propositions :

lst. The dry crackling ronchus corresponds to that phasis of the first
period of phthisis, which is represented by a simple infiltration of crude
tubercles into the pulmonary tissue. The eondition of production of this
sound, appears to be the presence of a certain number of tubercles, iso-
lated or united in groups in the top of the lung. When only a few very
emall isolated tubercles are contained in the top of the lung, the dry
crackling ronchus does not seem to be produced, except from the reunion
of several conditions by no means easily analyzed.

is the prelude to the cavernous ronchus. We have a proof of this in the comparison
M. Andral makes between it and the humid ronchi of bronchitis ; in the remark of M.
Clarke, that it does not appear till the 2nd stage of phthisis; in what M. Hirtz says of
his cavernulous ronchus (p. 27. These Inaugurale): * To have an aceurate idea of the
cavernulous ronchus, we must study it in a ease where excavations are on the point of
forming ; the bubbles being then larger, we will perceive round the commencing cavi-
ties the ringing, metallic crackling that characterizes it. It should be sought for chiefly
on the scapula and under the clavicles. In thin persons it may often be perceived by
the hand.” Every thing, it is plain, tends indeed to prove that the humid ronchi, ante-
cedent to the cavernous, deseribed by writers under different names, represent a more
advanced period of phthisis than the humid erackling. Thus then, the humid erackling
ronchus, and still more, the dry crackling ronehus, enable us to arrive at the diagnosis
of phthisis at a much earlier period than the ronchi deseribed by authors. Ts further
proof necessary ? The metallic guality, the prelude of the cavernous gualify, which I
have said accompanies the mucous ronchus of phthisis, and which M. Hirtz gives as
the distinctive character of his cavernulous ronchus, is not found in the humid crack-
ling ; consequently, the cavernulous ronchus of M. Hirtz represents a more advanced
period of phthisis than that which I have described by the name of the humid crackling,
and corresponds to the ronchus T have called mucous with metallic quality. In conelu-
sion, I think the name cavernulous ronchus replaces happily that of mucous ronchus
with metallic quality. Tt expresses more concisely and more technically the variety of
ronchus that precedes the cavernous. The series of the ronchi of phthisis may then be
laid down thus : .

19, Pulmonary crumpling sound, or ronchus.

90, Dry crackling ronchus.

40, Humid crackling ronchus.

40, Cavernulous ronchus (or mucous with clear quality).

50, Cavernous or gurgling ronchus. .
The two first belong to that period of phthisis when the tubercles are still in the state

of infiltration; the first usually appears earliest in the progress of the diseasc.
The third manifests itself when the softening of the tubercles is going on.
The fourth, when cavities have formed, but ave yet small.
The fifth, when the cavities have attained a greater size.

-
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ond. The humid ecrackling ronchus appears to be, in its different
phases, the exact symptomatic representative of the process of softening,
which gradually pervades the erude tubercles. The more or less rapid
progress of this softening, and its actual degree, appear to be expressed
with tolerable accuracy by the rapidity with which the crackling ronchus
passes to its humid period, by the degree of its humid character, and by
its greater or less tendency towards the bubbling form. The tubercular
infiltration that produces and accompanies this ronchus is always more
marked, more abundant in cases of miliary phthisis, than where the
tubercles are large.

3rd. We find the erackling ronchi oceur in distant parts of the lungs
more frequently in acute than in chronie phthisis. The reason is ob-
vious: in the latter the tubercular infiltration is usually confined to the top
of the lung ; whereas in the former it generally occupies a greater extent.

4th. The degree of perviousness of the portion of pulmonary tissue
that intervenes between the tubercles, is one of the conditions of produc-
tion of the dry crackling ronchus, and of its different transformations.
Indeed, without indulging in conjectures on the mechanism of formation
of these ronchi, we may conclude that the degree of force with which a
column of air, or a great many small columns, are pushed into the vicinity
of the foreign bodies contained in the tissue of the lungs, must have much
influence on the degree of intensity of the crackling ronchus and its dif-
ferent transformations.

VIIL. Diagnostic value.

In conclusion, coming to determine, as the object of this work, the
diagnostic and prognostic value of the crackling ronchus, we may lay
down as facts sanctioned by experience :

1st. That the crackling ronchi, viewed separately, or in connection
with the other ronchi of phthisis, and with the different alterations that
may have taken place in the respiratory murmurs, are important signs in
the diagnosis and prognosis of that disease.

9nd. That they enable us, by means of the physical characters that
belong to them, to determine, in a manner generally exact and precise,
the degree of alteration actually existing in the lungs.

3rd. That the dry erackling ronchus corresponds to simple infiltration
of erude tubercles.

4th. That the humid crackling ronchus expresses, by its degree of
humidity, by its degree of tendency to the bubbling character, the
degree and progress of the softening process in the tubercles.

5th. That, viewed in their entire existence, in their connection with
cach other, or with the other morbid signs of phthisis, these ronchi afford
an excellent means of appreciating the general course of the malady, as
well as its stationary or progressive state. (20)
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ARTICLE XI.

OF THE HUMID RONCHUS WITH CONTINUOUS BUBBLES.

The lung, like the brain, may become the seat of actire sanguineous
congestion ; hence the affection I have deseribed under the name of
active sanguineous congestion of the lungs. 1 abstain from entering into
details on this subjeet until I come to speak of the auscultatory signs pre-
sented by each of the diseases of the respiratory system (see lst part,
ch. vi. art. 2, sec. 3) ; for the present, I intend only to describe one of the
signs of active sanguineous congestion, that which I have named humid
ronchus with continuous bubbles.

All the cases, 23 in number, from which I have collected a detailed
account of active sanguineous congestion of the lungs, have presented a
peculiar auscultatory sign, deserving the name of ronchus, distinguished
by the following characters : :

Ist. This sound is a humid, bubbling, vesicular ronchus, that is origina-
ting apparently in the vesicular section of the respiratory apparatus, and
giving to the ear the sensation of bubbles which arise, become developed,
and are accompanied with a peculiar character of humidity. These two
sensations are perfectly distinet ; they are constant, and have besides
a special character, which completely distinguishes them from sensations
nearly similar produced in other circumstances, ;

2nd. With the humid character of these bubbles is combined a cha-
racter of ziseidity, which leaves on the ear an impression of slow, difficult,
and especially of imperfect developement : in fact, these bubbles never
attain, as those of other ronchi do, a complete spherieal form ; they never
reach more than one-third, or one-half, perhaps, of their developement,
and it is distinetly felt that this is owing to the viscid quality of the
liquid that forms them. Each bubble succeeds the preceding one, before
the latter is rounded and perfectly developed ; and so continually. Hence
it follows that the series of bubbles composing a period of this ronchus,
instead of representing a well marked festooned line, each festoon corres-
ponding to a bubble of the ronchus \_/ . _ "\, as in the other
mucous ronchi, represents on the contrary a line scarcely festooned,
almost straight — —— . Hence the name continuous given
to these bubbles. Hence the expression humid ronchus with continuous
bubbles, an expression which represents with tolerable accuracy the im-
pression made on the ear. '

3rd. These bubbles are somewhat more voluminous than those of the
primary crepitating ronchus of pneumonia, and less voluminous than
those of the common mucous ronchus (humid bronchial), or of the
secondary crepitating ronchus of pneumonia, at an advanced period of the
resolution of hepatization.
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4th. Their number is not considerable : 3 or 4 only in each inspiratory
movement.

5th. They are not very uniform, compared with those of the primary
crepitating ronchus of pneumonia, but they are tolerably so, compared
with those of the mucous ronchus.

fth. Their form is flattened rather than round: such, at least, is the
impression made on the ear, and which is in accordance with their
incomplete spherical developement.

7th. They are produced slowly: which seems to depend on the
viseidity of the liquid with which the lung is gorged.  This slowness in
their developement strikingly distinguishes them from the bubbles of the
primary crepitating ronchus of pneumonia, which, on the contrary, as is
well known, suceeed each other in puffs and with precipitation.

ath. The essential character of the humid ronchus with continuous
bubbles is, that it is constant, and coexists exclusively with inspiration.
It is towards the termination of this movement it 15 heard.

gth. In general it is more marked in proportion as the patient inspires
more strongly. Its diagnostic value in active sanguineous pulmonary
congestion is very great, for I do not recollect having ever met it in any
other disease.

10th. From the delicacy of its sound, it is not audible beyond the
limits of the congestion that produces it. Its site is variable, like that of
the affection on which it depends.

11th. It presents but few varieties: it is only a little more or less
marked ; its bubbles a little more or less humid, with a character of
continuousness more or less striking, according to the degree of the
disease.

The ronchi with which it may be eonfounded are the following :

The primary and secondary crepitating ronchi of pneumonia, the sub-
erepitant ronchus of cedema of the lungs, and the sub-crepitant ronchus
of acute capillary bronchitis.

1st. It is, in general, distinguished from them all, by the continuous
and viscid character of its bubbles, by their slow, and, as it were, difficult
developement.

ond. It is distinguished from fhe primary crepitating ronchus of
pneumonia, by the greater number of bubbles in the latter, their perfect
sphericity, their precipitate formation, and their production in puffs; by
the almost complete want of the sensation of humidity in them, while
this sensation is inherent in the ronchus of congestion ; by the signs that
accompany the pneumonic ronchus, espeeially dullness on percussion and
bronchial respiration.

3rd. It is distinguished from the secondary crepitating ronchus of
pnenmonia, chiefly by the progress of the latter, by the circumstances in
-which it originates, by the last signs of pneumonia which still remain ;
lastly, by the greater size and more complete separation of the bubbles.
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4th. The sub-crepitant ronchus of wedema of the lung is distinguished
from it by the complete absence of the sensation of viseidity ; by the
greater sphericity and separation of the bubbles; by the absence of all
the symptoms of sanguineous plethora and general excitement, or even
very often by the opposite state, serous plethora, anasarea, and general
Ancmla.

5th. The sub-crepitant ronchus of acute capillary bronchitis is com-
posed of larger bubbles ; these bubbles, in number, sphericity, and rapidity
of production, resemble in some degree those of the primary crepitating
ronchus of pneumonia ; it exists over a great extent ; it always occupies
the posterior part of both sides of the chest, while the ronchus of conges-
tion is usually confined to one. The ronchus of bronchitis is, moreover,
accompanied with much cough, with sibilant and sonorous ronchi in some
points, and with much fever ; circumstances that are all wanting in simple
sanguineous congestion.

The humid ronchus with continuous bubbles has three periods: its
period of commencement, in which it is little marked, and is in some
degree merely an exaggeration of the humid character; its perfect state,
in which it presents the characters just described ; its period of resolu-
tion, during which the bubbles become a little more voluminous, more
rare, and more humid.

The ronchus 1 have described is the principal sign of active sanguine-
ous congestion of the lungs. It is to this affection what the crepitating
ronchus is to pneumonia. At the same time the coexistence of the other
signs of congestion is, in general, necessary to determine the diagnosis ;
for example, the coexistence of diminution and of humidity of the respi-
ratory sounds. But these signs so constantly accompany the former, at
least in all the eases I have observed, that doubt will seldom arise, pro-
vided we follow in the application and analysis of auscultation, the course
I have developed in this work. (21)

ARTICLE XIL

OF THE PLEURITIC FRICTION SOUNDS.

Different writers, and particularly M. Renaud, have treated with great
ability of the pleuritie friction sounds. It is not, therefore, my intention
to take up the history of these sounds here, but merely to direct attention
to some points that seem to require notice, and to the practical conclusions
that may be derived from them.

1st. At page 68, I have proved, by experiments on animals: 1° That
in the normal state the lung, during both inspiration and expiration, per-
forms a locomotive movement upon the surface of the costal pleura;
2°. That this movement is not accompanied by any appreciable sound.
M. Andral had long before determined the same fact by experiments on
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hovses. Auscultation practised on healthy persons, of all ages and con-
stitutions, gives the same negative result.

If we suppose, as reason and analogy suggest, that there is a corre-
spondence between the extent of locomotion of the lungs and the volume
of the thoracic organs, we must conclude that in man, in whom the
thoracie organs are much more developed than in the rabbit, the extent
of the locomotion of the lung, and the friction between the pleurs, is
much more considerable than in that animal, and consequently much
more than an inch. Now, we shall hereafter see this proposition con-
firmed by the morbid circumstances we shall have to analyze.

The friction, which in the normal state is noiseless, is accompanied
with sound, when the natural lubricity and smoothness of the correspond-
ing pleurs happen to be changed.

ond. The sounds that originate at the surface of the pleura have all
the common character of leaving on the ear that hears them, on the hand
that feels them, a sensation of firiction, of the motion in different diree-
tions of two dry or irregular surfaces. They are composed of successive
jerks, whose number, which never exceeds 5, is directly proportional to
the extent of surface engaged. Their duration is measured by the num-
ber of these jerks, and hence affords an aceurate means of judging of the
extent of the rubbing surface ; sometimes it is a small point on the sur-
face of the lung, which passes as a tangent over the parietal pleura, and
then the sound is brief and rapid ; at other times the extent of surface is
considerable, and its contaet prolonged, and then the sound is more slow,
more elongated, composed of a greater number of jerks. The extent of
the rubbing surface, and consequently the duration of the sound, are
dirvectly proportional to the degree of dilatation of the lung, that is, to the
permeability of its cells, and to the degree of foree with which the patient
produces the respiratory motions.  The intensity of the friction sounds
is proportional to the degree of developement of the anatomical causes
that produce them, and to the force with which the two dry or uneven
surfaces are pushed against each other.  Three degrees in particular of
this intensity have been recognised, as rvepresenting three anatomical
degrees or forms: 1°% the grazing sound (bruit de frolement); 2°. the
friction sound properly so called (bruit de frottement); 3° the rasping
sound (bruit de raclement). Setting aside the dynamic influence common
to the intensity and duration, it may be said, speaking generally, that the
duration of the pleuritic friction sounds represents the state of the lung
(the degree of permeability of its cells), and their intensity, the state of

the pleura (the dryness or roughness of its surface). We will see here-
after what practical inductions may be drawn from these circumstances.
ard. We feel distinetly, in listening to the pleuritic friction sounds,
that they are generated immediately beneath the ear, quite superficially,
and not, as in the case of most other sounds, deep in the chest.
4th. The pleuritic friction sounds ought to be analysed separately
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in inspiration and expiration, for they do not necessarily coexist with
both periods of respiration.  The general principle that governs them in
this respect is the following : 1° they are always heard during inspiration ;
they are not audible in expiration, except when they have a certain
degree of force, a certain duration, and a defined form ; at the grazing
degree no trace of them is perceived in expiration; the friction sound,
properly so called, is usually audible in both periods of respimtiun.; and
a fortiori, the rasping sound. There are, however, exceptions to this
general principle: in one of my cases, the grazing sound was heard both
in inspiration and expiration; and in another, the rasping sound was
confined to inspiration alone. 2° they are always more marked during
inspiration; the jerks of which they are composed are somewhat more
numerous during this period ; this is what we should expect, inasmuch as
the locomotion of the lung and the dynamic effort are more considerable
during this period of respiration ; the difference is more striking in pro-
portion as the friction sounds are more feeble.

5th. The pleuritic friction sounds give the sensation of a successive
developement from below upwards in inspiration, and from above down-
wards in expiration. This fact implies a contradiction to the experi-
ments on animals, reported at page 68 ; for in them the lung was seen to
move from above downwards in inspiration, and from below upwards in
expiration. I shall not attempt to explain this opposition between two
facts, satisfied with having established them.

Gth. In the great majority of cases, the sound of pleuritic friction is
accompanied with a sensation of drymess; but, in some instances, it
leaves an impression of humidity. In one of my cases it assumed this
form ; and there it depended on the soft and humid state of the rubbing
surfaces®. But these two conditions are necessary : for if the false mem-
branes are very dense, very firm at the surface, though bathed in liquid,
the friction sound preserves its dry chavacter. Such indeed were the
anatomical and symptomatic characters presented in a patient who died
August 18th, 1836, at No. 18 ward of St. Raphael, hospital of La Pitie.

7th. The usual seat, and in general the place of maximum intensity of
the sound of pleuritic friction, is the postero-inferior region of the chest ;
but a fact less known, and of some importance as a rational sign of tuber-
cular infiltration of the lung, a fact which several of my cases confirm, is
that the grazing sound is remarkable for the variability and the change-
ability of its situation, which is in the superior rather than the inferior
parts of the chest. Being in general the result of partial pleurisies of
small extent, which very often depend on eccentrie tuberculization of the
lungs, it of course is found wherever this occurs, that is, in various points,
but rather near the top than the base of the lung., The grazing sound
resulting from this cause is usually confined to a very small space, while

* It was, of course, hy examination after death that this was established. (Hospital
de 1a Charite, ward St. Louis, No. 24.)
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that which depends on simple pleurisy (which M. Reynaud has deseribed
under the name of dry pleurisy) is heard over a much greater surface. (22)

8th. We must not always consider the space over which this sound is
heard, a measure of the extent of surface affected, for in three of my
cases the sound was propagated beyond this limit. In such cases we
find, that it loses its intensity in proportion as we recede from the place
it originates, and that instead of ceasing abruptly, as is sometimes the
case, it diminishes and ceases by insensible shades. In one of the three
cases to which I have just referred, we heard the friction sound in the
inferior two-thirds of one side of the chest, and yet the autopsy shewed
that the rubbing surface did not exceed two square inches.

Oth. It is in general a favourable sign to see the pleuritic friction sound
oceupy a large surface, because this indicates a rapid and uniform absorp-
tion of the effusion.

10th. The pleuritic friction may be appreciated by auscultation, by
touch, and by the sensations of the patient. But it is not appreciable by
the two latter means, except in some of its forms and at certain degrees
of intensity. The general principle on this subject is the following : the
touch and the sensations of the patient are less applicable to the analysis
of this phenomenon, in proportion as the degree of its intensity and form
is lower. In its first degree they are altogether inapplicable.

11th. Laennec has described, as a pathognomonic sign of interlobular
emphysema of the lungs, an ascending and descending friction sound : the
first, he says, accompanying inspiration ; the second expiration®. He
attributes this phenomenon to the rubbing against the costal pleura of the
moveable projecting bubbles of air, which, in this disease, elevate the
pleura of the lungs. But we do not find, in Laennec’s work, any anato-
mical confirmation of this relation of cause and effect, assigned by him to
the bubbles of emphysema, and the sound he describes as their sign. On
the contrary, he says in another placet, ¢ that he never saw a person die
of interlobular emphysema.” The only two cases he has given } are of
patients who were cured, and who, as M. Meriadec Laennec has
remarked §, were at the same time affected with well marked pleurisy,
diagnosed as such by Laennec himself. In the case shewn to him by
M. Honore in 1824, in which this ascending and descending friction
sound existed, and from which this doctrine of Laennec originated, there
was also pleurisy with effusion: Laennec himself remarks| that the
respiratory murmur was almost extinet in the side where the effusion had

~existed. In another part of his work ¥, he says also he never saw inter-

* Auscultation Mediate, edit. de M, Andral, t. 1, p.411. Forbes's Translation,p. 175.

1 Ibid. p. 413. Ibid. p. 176.
1 Thid. p. 414, Thid. p. 176.
§ Ibid. p. 418,

|| Thid. p. 144. Thid. p. 61.
¥ Tbid. p. 410. Ibid. p. 175.
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lobular emphysema and vesicular emphysema coexist in the same lung ;
consequently he could not have made use of this circumstance, to establish
the relation of eause and effect between the two facts referred to above,
which he admits he was never able to establish directly. The friction
sound he has described as belonging to emphysema is besides quite that
of pleurisy: like it, it has the ascending character in inspiration, the
descending in expiration ; like it, it is superficial, it is produced during
gtrong inspirations only ; lastly, like it, it is appreciable by the sensations
of the patient, by touch and by auscultation®. The progress of the phe-
nomenon is the same in both eases. In the supposed cases of interlobular
emphysema, quoted by Laennec, the patients were all cured ; now we
know that pleurisy, in the state in which the friction sound is present,
always ends in resolution, and that it is the reverse in emphysema.
Laennect says he observed the signs he attributes to emphysema, in 12
or 15 other cases besides those he relates; now all know how rare real
lobular emphysema is, and how frequent pleurisy.

Lastly, Laennec concludesi *that the friction of ascent and descent
depends, at least in most cases, on interlobular emphysema of the lung:
it is, he says, with the dry crepitant ronchus with large bubbles, quite
pathognomonic of this affection.”

Since Laennce, many other practised auscultators, of whom I shall only
mention M. Andral and M. Louis§, have seen the different forms of
emphysema, both before and after death, and no one has met the sign
deseribed by Laennec. I have in the hospitals noted carefully many
cases of pulmonary emphysema; I have often, after death, found bubbles
of air on the surface of the lung, elevating the pleura, some moveable,
others not; and yet the most delicate examination during life had never
4in these cases detected a trace of this sign.

From all this, it is plain that Laennec must have mistaken pleurisies
in a state of resolution for interlobular emphysema of the lungs; or that
‘indeed, seduced perhaps by the specious analogy between the anatomical
conditions in the two cases, he admitted, @ priori, the friction sound heard
in pleurisy as a sign of interlobular emphysema, forgetting, under the
influence of this impression, the necessity of direct observation. The
respect I feel for the opinions of Laennee, even when I differ from him,
a respect that induces me to go at length into the proofs of my own views
on the subject, will, I hope, be considered sufficient excuse for the length
of this discussion. (23)

Let us then give up emphysema as a cause of the friction sound, and

= Auscultation Mediate, edit. de M. Andral, t. 1, p. 144. Forbes's Translation, p. 61.

t Ibid. p. 145. Ibid. p. 61.

1 Ihid. p. 415. Tbid. p. 61.

§ In his excellent Memoir on pulmonary emphysema (Memoires de la Soc. li[dl]..:

d'Obsery.), M. Louis even considers it out of place to speak of the friction sound of

ascent and descent.
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conclude that pleurisy, of longer or shorter standing, can alone, as far as
we at present know, produce this phenomenon.
12th. There is, in general, a complete correspondence between the
intensity and duration of the sound in question, and the duration, the
extent, and the severity of the pleurisy that produced it. However, we
find instances of recent acute pleurisy accompanied by friction sound in
its third degree.
13th. Pleurisy is a very common disease ; the pleuritic friction sound
is rather rare; and yet most pleurisies terminate by resolution, and follow
a course apparently favourable to the developement of this phenomenon.
Whence, then, this difference as to frequency of cause and effect?
1°. When there is nearly complete and regular adhesion between the two
pleural surfaces, the friction sound cannot be produced, on account of the
obstruction thus given to the locomotion of the lung. 2°. When, in
pleuropneuwmonia, the congestion of the lung is so great and so extensive
as to prevent its locomotive expansion, and that resolution of the pleurisy
takes place sooner than that of the pneumonia, the friction sound cannot
occur. Lastly, we can easily comprehend that it may not be noticed in
many cases, either because the sound is very feeble, or that it occupies
only some small points of the chest, which have not been examined, or
that there have been too long intervals between the examinations. But
besides the causes which I have assigned to account for the absence of
the pleuritic friction sound, there are cases in which the elements of this
problem of simple physics are so complex, that it seems impossible to
determine the precise cause.
14th. Ifind in my observations of pleuritic friction sound, a considerable
number of relapses in pleurisy : in such circumstances, as is well known,
new layers of false membrane are deposited on the old, and this, above all
' other things, must produce inequality and roughness of these membranes;
and so it was in those cases particularly I met the most intense forms of
i the friction sound.
15th. We always find some trace of the respiratory murmurs coexist-
ring with the friction sounds, because the locomotive expansion of the
lung and the rubbing that results from it cannot be produced without the
| penetration of some air into the vesicles. But, in general, we observe the
irespiratory murmurs decrease in proportion as the frietion sound attains
1a higher form. The sound on percussion, the vibration of the voice, and
Ithe motions of the chest, follow the same law. (24)
16th, It may be said, in general, that the pleuritic friction sound indi-
reates an affection of shorter or longer standing, according as it is weaker
tor stronger. But there are many exceptions to this rule. '
17th. The natural course of the frietion sound is, that it is at first
Hfeeble ; then it augments in extent and in intensity, and then diminishes
‘and disappears. It always appears first, and disappears last, in inspira-
ttion. I was able to follow this progress perfectly in one of the two cases
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of empyema in which [ operated : in proportion as, by the more complete
evacuation of the liquid, the contact of the lung and costal pleura became
more immediate and extensive, the {riction sound, appearing first in
inspiration, and extending afterwards to expiration, increased in duration
and intensity.

18th. The persistance of the frietion sound is usually proportional to
itz intensity, to the slowness with which it manifests itself, and to the
chronic character of the pleurisy that produces it.  The diagnostic con-
sequences deducible from it are very simple. The grazing sound, which
I have already referred to partial pleurisy depending on eccentrie tuber-
culization, is characterized by a duration so ephemeral, that it may com-
plete its course in a single day, and may thus in a few days appear and
disappear so often as four times. Such, at least, is the result of sope of
my observations. The sudden disappearance of the friction sound may
depend on the return of the effusion, or on the supervention of pneu-
monia, which prevents the locomotive expansion of the lung.

19th. My observations prove, that a blister applied over the part where
the friction sound is audible hastensits disappearance. One case is pecu-
liarly remarkable in this respect: two blisters were applied in successions
each time during the period of suppuration the friction sound disap-
peared, each time it reappeared as soon as the part dried up. The care
with which auscultation was practised in this instance left no room for
doubt.

20th. The friction sound is not produced unless two quite distinet and
independent conditions are present: 1% a certain state of dryness and
unevenness of the pleure ; 2° a locomotive movement effected by these
surfaces.

91st. The anatomical conditions of pleuritie friction sound are well
known. I will only state in reference to this some facts which do not
agree with the general laws that have been laid down on the subject. 1%
In one of my cases, the only irregularity found on the surface of the false
membrane consisted of an infinite number of small tubercular granula-
tions, infiltrated into the false membrane, and projecting above its surface
by a small segment only of their circumference.  The granulations did
not exceed in size the head of a small pin, and yet the friction sound was
of the third degree. 2°. A small quantity of fluid, about a spoonful,
effused into the pleura in one of my ecases, produced no sensible diminu-
tion in the intensity of the sound, but communicated to it a peculiar
humid character. 3° In another case an abundant effusion existed, and.
yet the friction sound was not the less audible ; but some bands of adhe-
sion retained part of the lung in rather close contact with the costal
pleura.

922nd. The physiological causes of the pleuritic friction sounds have
been less investigated than the anatomical.  They consist in the degree
of locomotive expansion of which the lung is suseeptible. They exercise
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considerable influence on the period of appearance, the course, the extent,
and the degree of intensity of the sounds. Upon them rests the principle
formerly laid down: that, in the first period of the existence of a frietion
sound, there exists a direct ratio between its degree and the eipher
of inspiration.

It is under the influence of this class of causes that we sometimes sce
the appearance of the friction sound coincide, not with the period of the
resolution of the pleurisy, but with the period when the resolution of a
coexisting pneumonia has taken place, and when the respiratory expan-
sion begins to reappear. It is under this influence that the friction sound
increases in extent, in proportion as the extent of the hepatization
diminishes. It is this makes the sound gradually disappear, when pneu-
monia supervenes in such circumstances. It is by this also that, without
any change in the anatomical conditions, an intense friction sound ceases
to be audible in the last hours of life, when inspiration can do no more
than push the air into the first or second divisions of the bronehi. These
propositions are but a summary of so many particular observations. Thus,
two elements compose the physiological condition of the friction sound:
1° the degree of force with which the patient respires; 2% the degree of
permeability of the lung. In certain anatomical conditions, a very small
extent of motion is sufficient for the production of this sound. In one of
my patients it existed in its highest degree, and yet after death, on blow-
ing into the bronchial tube of the lobe where the sound was heard, with
more force certainly than the ordinary inspiration of the patient, we
could not produce a greater dilatation than 8 lines in the cirenmference
of the lung. One of my cases also shews, that the adhesion of a part of
the lung does not prevent its locomotive dilatation and the develope-
ment of friction sound in the rest of its extent. This fact is a con-
sequence of the preceding one.

93rd. The problem of the sound of pleuritic friction comprehends these
three principal elements: 1° the anatomical state of the surfaces; 2. the
relation of these surfaces to each other; 3°% the degree of motion with
which they are impelled against each other. These elements, variously
combined, account for all the phenomena produced, and the cirenmstances
by which they are accompanied. It is the delicate amalysis of each
of these elements, of their possible combinations, and of the relation
existing between these different combinations and the symptomatic phe-
nomena observed, that gives the practitioner the power of ascending from
the effect to the cause, and of thus determining from such or such
an assemblage of symptoms, the anatomical and physiological conditions
of the affected organs. Such is, in a word, the object of the researches I
have detailed. I have alveady, in stating the facts, anticiputed some of
the practical applications of which these researches are susceptible ; the
analysis of my cases shews some others that may be useful in practice.
Thus:
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24th. The grazing sound, when it is fugitive and of small extent, when
within a short space of time it often reappears in different points of the
chest, especially about the superior regions, may become a sign of pul-
monary phthisis.  In some cases, in fact, the tubercles are developed at
the circumterence rather than the centre of the organ, and excite here
and there partial pleurisies, before they manifest themselves by the usual
signs. But most frequently, the disease is already obvious enough when
the partial pleurisics oceur, and then the whole value of the friotion
sound lies in shewing the progressive increase and the spreading of the
tubercles from the centre to the circumference.

25th. A friction sound diminishing and suddenly disappearing, at the
same time that the respiratory murmurs diminish and dizappear also, is a
sign of pneumonia or of the renewal of the pleurisy. These circum-
stances made me suspect pneumonia in one of my cases, and this suspi-
cion was confirmed by the local signs that afterwards appeared.

26th. The locomotive expansion of the lungs is sensible in all parts of
the chest, since the friction sound is heard every where. But clinical as
well as direct observation proves, that this movement is more developed
in proportion as we descend to the inferior parts of the chest.

27th. In some cases of operation for empyema, and in a great number
of cases of pleurisy, the friction sound shews by its appearance, the con-
tact that has taken place between the two surfaces of the pleura; it
shews the extent of this contact, and the size the lung, long compressed
by the effusion, has attained. In one of my cases this sign was more
faithful than auscultation and percussion ; the lung had resumed its con-
tact with the ribs, but its external layer being considerably indurated,
there was, in consequence, much dullness of zound and marked diminu-
tion of the respiratory murmurs in that side of the chest; and these two
circumstances led to the erroneous notion that the lung was still main-
tained at a distance from the ribs by a layer of liguid.

28th. The preceding case proves, that the locomotive expansion of the
lung is not so much impeded by condensation of its outer layers, as by
false membranes of the same thickness; for the friction sound is never
produced when a thick false membrane embraces the lung: the reason
ig, that in the one case the volume of the lung is diminished, in the other
it remains unchanged.

20th. If we have dullness on percussion, and some dilatation of the side
where the friction sound is heard, there is considerable effusion into the
pleura, and a portion of the lung is retained in contact with the side by
bands of membranous adhesion. The pulmonary expansion that takes
place under these circumstances, is a proof that the expansive foree of the
lung exceeds the pressure of even a considerable effusion. Let me again
observe, that these propositions are a summary of some of the facts I
have observed on this subject.

30th. When a friction sound, appearing in the course of a pleurisy
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with effusion, acquires in a uniform and rapid manner, over afl extensive

surface, considerable intensity, it is a proof that the resolution of the
effusion is taking place freely and rapidly—it is a good sign; and if]
after having attained its maximum, it follows in its decrease the progress
[ have traced, it is a further proof that the resolution of the pleurisy con-
tinues to follow a uniform and free course, and that we have not to fear
the slow, irregular, interrupted resolution we sometimes meet.

ARTICLE XIIL

REMARKS ON SOME OF THE RONCHI DESCRIBED BY LAENNEC.

I. Humid crepitant vesicular ronchi.

There are a number of ronchi that appear to be formed in the air cells
themselves, and to depend on the different states of engorgement that
occur in these cells. Some persons consider these different crepitations
as so much alike, that they can only be considered as signs common to all
the organic alterations that produce them. Writers do not allow more
value to the erepitant ronchus described by Laennec as pathognomonic of
pneumonia. Others, on the contrary, have endeavoured to determine
constant, or nearly constant differential characters between these ronchi,
to ascertain the relations that connect these characters with the differ-
ences that exist between the various organic states in which these ronchi
are met, and to attach each as its sign to that organic alteration with
which it is most frequently found to coexist. I think with the latter, that
if we confound under the general term crepitant, the different vesicular
ronchi, and see no sensible difference between them, it arises for the most
part from our neglecting to seek for those differences, or from not seeking
for them in circumstances calculated to furnish them. The authors of
the Compendium de Medecine pratique® foresaw what must happen, when
they said: “ We think, from the progress every day made in the mode of
observing diseases, that the number of ronchi now admitted will here-
after be increased.”

I believe, that in the actual state of seience, we may admit as distinct
the following varieties of vesicular ronchi:

1°. The humid ronchus with continuous bubbles of active sanguineous.

congestion of the lungs.
9. The sub-crepitant ronchus of cedema of the lungs.
3°, The sub-crepitant ronchus of acute capillary bronehitis..
4°. The erepitant ronehus redux of pneumonia.
5°. The primary crepitant ronchus of prnenmonia.
I have already given the differential characters of the humid ronchus
" with continuous bubbles.
* Vol. 1, page 480,
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‘om
the primary ecrepitant ronchus of pneumonia, by its bubbles, which are

more voluminous, fewer in number, more humid, much less close to each
other, less uniform in size, less regularly rounded ; by its existence in the
postero-inferior regions on both sides of the chest, whereas the pneumonic
ronchus searcely ever exists in more than one side ; by the absence of the
symptoms of pneumonia, local and general ; by the existence of general
serous infiltration, which most frequently coincides with pulmonary
@dema ; by its rapid change of situation, in passive cedema, aceording to
the position the patient takes. 2. It is more difficult to distinguish it
from the ronchus redux of pneumonia, because we often see pneumonia
towards the termination of its resolution, end in wedema of the lung. At
the same time we can, in general, distinguish them in this way : that the
ronchus redux exists in one side only of the chest ; that it succeeds to the
signs of pneumonia, and that some of them often coexist with it, such as
a shade of bronchial character, and rusty coloured sputa ; that it resem-
bles more in its physical characters, the primary pneumonie ronchus, than
the crepitant ronchus of cedema. 3°. The ronchus of acute bronchitis
and the ronchus of edema agree as to their site; both usually oceupy the
pustero-inferior parts of the chest. But they differ in other respects: the
bronchitic ronchus resembles, in its physical characters, the ronchus of
pneumonia much more than that of cedema 3 its bubbles are dryer, more
regular, more closely approximated, more numerous, more rapid in their
developement ; besides, with the bronchitic ronchus there is either no
expectoration, or it is of a viscid character, and not the watery expecto-
ration of edema; there is cough, fever, and in general sonorous and
sibilant ronchi, which occupy the superior parts of the chest, especially in
front.
2nd. There is something so peculiar in the erepitant ronchus of pneu-
monia, in its fine, dry, regularly rounded, uniform bubbles, closely
approximated to each other, and decrepitating in rapid puffs beneath the
ear during inspiration, that I do not think there is any known ronchus
that can perfectly simulate this assemblage of characters, when they exist
in the marked form I have just described ; accordingly, in such cireum-
stances, the erepitant ronchus ought, in my opinion, be considered pathog-
nomonic of pneumonia ; but it does not always present itself in this well
marked form. 1° In this case the ronchus of acute bronchitis is that
with which it may be most easily confounded. The best distinetive
character between them® is, that the pneumonic ronchus searcely ever
exists in more than one side of the chest, whereas the bronehitic inva-
riably occupies both ; moreover, the exclusive seat of the latter is the
postero-inferior regions, while the seat of the ronchus of pneumonia is as
variable as that of the disease. We will usually have in the coexistence
of the signs of bronchitis or the signs of pneumonia, other means of

Ist. The sub-erepitant ronchus of wdema is distingnished : 12 fi

* Character given by M. Louis, Clinique Medie. de la Pitie, 18306,
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establishing the differential diagnosis of these two ronchi, 2% The bub-
bles of the ronchus redux arve in general more voluminous, more irregular,
more humid, more slowly formed, less numerous, and in particular less
produced in puffs, than those of the primary ronchus of pneumonia.
Moreover, they coexist less exclusively with inspiration ; frequently they
are only heard when the patient makes a deep inspiration, and cease to
appear in the ordinary inspirations that follow.

3rd. The ronchus of acute bronehitis, is distingnished from the ronehus
redux, by the same characters that distinguish it from the primary ronchus
of pneumonia.

Such are the differential chavacters of the vesicular ronchi. In their
typical forms these ronchi may always be distinguished. When they are
less marked, we may still, most frequently, arrive at their differential
diagnosis by an exact analysis of their different characters; it is how-
ever true, that like other morbid phenomena, they may undergo such
degradations from their normal type, that they approximate so closely to
one another as to be no longer distinguishable. This is observed when
several of the organic alterations with which the ronchi correspond exist
at once in the same lung; in such cases the diagnosis derived from all
the other signs is as obscure as from the ronchi.

A rvonchus with bubbles somewhat humid, tolerably fine, tolerably
regular, and usually not numerous, sometimes appears after pneumonia
in the posterior inferior parts of both lungs. It is only heard in the first
deep inspiration we make the patienttake ; after which, in whatever way
he inspires, it is no longer andible.  This ronchus appears to depend on the
state of sanguineous and serous engorgement that occurs in the depending
parts of the lungs, at the period of resolution of some pneumonias. Itis
the same ronchus that is produced in the pulmonary engorgements that
accompany diseases of the heart; only in the latter case its bubbles are
larger, more humid, and less regular; moreover it persists a very long
time, and may disappear and reappear frequently, according to the state
of the pulmonary circulation.

It is now well ascertained, contrary to the opinion of Laennee, that in
central pneumonia, the most careful auscultation cannot recognise any of
the usual local signs of the disease. During the year 1837, there were three

patients under the care of M. Andral at la Charite, who were affected

with central pneumonia, characterized by the sputa and the general
symptoms, in all of whom the above was true.

Some patients in whom I have traced, with the utmost cave, and as I
may say from hour to hour, the progress of a pneumonia, that I had seen
arise under my own eyes, have had no primary erepitating ronchus at the
commencement of the disease, and no ronchus redux at the period of
resolution. Perhaps this usually occurs when the primary ronchus is
wanting.

Extreme debility in the patient, by diminishing very much the extent
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ol inspiration, may prevent the occurrence of the crepitant ronchus
of pneumonia, although the lung be in a favourable state for its pro-
duection.

It results from some cases of pneumonia which I observed at la Pitie
and la Charite, that the primary erepitant ronchus is dryer, its bubbles
finer, more closely compressed together and generated in larger puffs, in
proportion as the attack has been more sudden, and the eourse of the
disease more rapid.

A patient died very rapidly of pneumonia at No. 10 ward of St.
Louis. All the usual symptoms appeared in suecession ; the disease
passed to the third stage, and then we heard in the part of the lung in
which the autopsy revealed diffuse suppuration, a mucous ronchus with
large humid bubbles, the peculiar character of which was that it was only
produced in inspiration. I have since had an opportunity of observing
the same fact in another case. The absence of all bronchitie complica-
tion in those cases, leaving no ground for supposing that this was a mere
ordinary mucous ronchus, gives to those facts considerable value. If
indeed, it be determined by farther observation, that at the period of
suppuration in pneumonia, a mucous ronchus, coexisting with inspiration
only is produoced, the fact will be the more valuable, inasmuch as we
have at present no certain sign to indicate the passage of pneumonia
from the second to the third stage.

IL. Laennec considered a ronchus, which he called dry erepitant with
large bubbles, as a pathognomonie sign of interlobular emphysema of
the lungs.® It is the same of this ronchus as of the friction of ascent
and descent, which he also regarded as pathognomonic of that disease ;
neither the one nor the other belongs properly to it: one is the pleuritic
friction sound and belongs to the history of pleurisy; the other, as M.
Louis has observed+t is but the ronchus of bronchitis, and belongs to the
history of that disease. Let us see how M. Louis expresses himself on
this subject ; « But the reader, if he keep in view the facts that have been
just detailed, that in the cases I have carefully studied, the subcrepitant
ronchus of emphysema, was the same, following the same laws, and ob-
served in the same parts as that which occurs in severe acute bronchitis,

~will reject the assertion of Laennec, that it is never heard except in those

parts of the chest where the emphysema has attained its maximum.”}
Supposing besides that Laennec was not led astray by the ronchus that
M. Louis deseribes, a supposition searcely admissible, as he was ignorant
of the existence of this ronchus ; supposing that he has deseribed, in the
dry crepitant ronchus with large bubbles, a peculiar sound, we are still
justified in thinking he was mistaken, since the most practised ausculta-

* Auscult. Med.; edit. de M. Andral, t. 1, p. 145. Forbes' translation, p. 163.

1 Dict. de Med., 24 Ed. t. 2, p. 354,
1 Mémoire sur I'Emphyseme, par M. Louis, dans les Memoires de la Societe Med.

d'Obs. page 215.
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tors have been unable to find this ronchus. M. Andral and Louis deny
its existence, and if I am rightly informed, Bouilland, Chomel, Rostan,
&¢., do the same. (25)

It is stated in the Compendium de Medecine Pratique,® that the
mucows ronchus, amongst other morbid states, belongs to pulmonary
edema. I think this is a mistake, and that the real mucous ronchus, that
is, a ronchus with bubbles somewhat voluminous, very humid, completely
developed, and coexisting with both inspiration and expiration, is not
produced in real cedema of the lungs.

In all cases where we have reason to think that a certain quantity of
any liquid occupies the trachea-bronchial system, if we place our ear
near the patient’s mouth, we hear a bubbling humid ronchus, which at
once reminds us of the slight crepitation which is produced on the sur-
face of a frothing liquor, as a glass of beer or champagne. It seems as
if these bubblez were very slender, very delicate, and, as if formed in a
very thin liquid, they were developed with the greatest facility. They
may be more or less voluminous, and more or less humid, but they do
not depart much from the preceding description. When we hear this
ronchus in a number of cases, we observe that the bubbles that com-
pose it are not always formed at the same depth; sometimes they seem
to come from the pharynx, sometimes from the larynx, from the trachea,
or even from the bronchi. The ear, in general, judges accurately
enough as to the distance of the place where they originate. We may
estimate the quantity of liguid with which the trachea-bronchial system
is gorged by the more or less marked character of the ronchus; thus it
is more striking in proportion as the patient is more near a state of
asphyxia. It is heard both in inspiration and expiration, but chiefly in
inspiration. M. Piorry was the first I believe to call attention to it.f

There is much difference of opinion as to the value of the cavernous
ronchus as a sign of phthisis in the 3d stage. M. Andral, who has par-
ticularly studied this sign, places but moderate confidence in it. “In
my opinion,” says he,f “there is no ronchus produced in a tubercular
exeavation which may not be equally met with in the bronchi” M.
Louig,§ and the authors of the Compendium de Medecine Pratique,|
cite cases of dilatation of the bronchi in which the cavernous ronchus
was heard. I have myself seen all the signs of the most extensive exca-
vations in a patient that died at no. 26, St. Martha’s Ward, (Hospital of
la Charite,) and who, on examination after death, presented nothing but
dilatation of the more superficial bronchi, but to such an extent, that
even at the surface of the lung, beneath the pleura, one of them was an
inch in circumference. As this enormous dilatation and the signs that
corresponded to it existed at the base of the lung, the idea of a tubercular

* Vol. 1,p. 482, + Traite de Diagnostie, v. 1. § Recherches sur la Phthisie, p. 235,
1 Clinique Med. 3d Ed. t. 4, p. 75, | Tome 1, p. 485,
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cavity in this case scarcely arrvested our attention. M. Hirtz, on the
contrary, places more reliance on the cavernous ronchus than on any
other sign of the third stage of phthisis. « It ought to be considered,
says he®, as the pathognomonic sign of the third stage.” ¢ As long as it
is not recognized, we have no right to admit the existence of cavities,
though the patient present in other respeets all the physical signs united
of this state of the lung”f. We may think, with M. Hirtz, that the
cavernous ronchus, taken separately, is of more value than pectoriloquy,
and even than cavernous respiration, inasmuch as bronchophony and the
bronchial character, in some cases, approximate closely to these pheno-
mena ; but we cannot admit with him, that the diagnosis of a cavity
ought to be deemed doubtful, as long as the cavernous ronchus has not
been heard, when all the other physical signs are combined to sustain it.
We know, in fact, that certain circumstances, such as extreme emptiness
or fullness of the cavity, prevent the production of gargouillement.
Again, the diagnostic value of the cavernous ronchus ought, in my mind,
be restricted to cases where it shews itself in the regions in which tuber-
cular cavities are usually formed, and where the state of the patient’s con-
stitution and health warrant the idea of phthisis in its third stage. If
these conditions do not exist, it is only in cases in which all the physical
signs of an excavation of the lung are found united, that we can admit
the existence of a non-tuberculous cavity, independent of dilated bronchi.
While I am on this subject, I may remark, en passant, after the observa-
tions of M. Delaberge that the cracked-pot sound (bruit de pot félé) con-
sidered as a sign of the third stage of phthisis, is of no value, unless it be
associated with marked dullness of sound on slight percussion.

x T]IEH-E inaugural, p. 41. T Ibid. p. 42.
1 Journal de Connaissances Medico-chirurgicales, No. 3 de Sep. 1837, p. 91 a 92.
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CHAPTER III,

COURSE AND CONNEXION OF THE SONOROUS PHENOMENA ; THEIR
RELATIVE VALUE, THEIR VARIOUS COMBINATIONS.

The different sonorous phenomena, physiological and morbid, of the

respiratory apparatus, which we have passed in review, are subject in
and even in some of their varieties, to laws nearly

their general progress,
constant. These laws are derived from the discovery of the relations

{hat exist between the symptomatology and pathological anatomy. The
physician, who is master of these relations and the laws derived from
them, knows beforehand, if I may say so, all the resources of the disease
he has o encounter. He is at each instant aware of all its movements,
and of all its tendencies ; he can oppose them even before they are deve-
loped. If he is called to the patient, when the disease has already gone
through a part of its course, he can, from the present learn the past, and
descend into the future.

A certain number of phenomena belong to the same type, and are so
intimately connected with each other, that we always find them in the
came circumstances ; there is a certain type of the anatomical state which
always corresponds to a certain type of the symptomatic state, and then
successive degradations of each which mutually correspond. A conti-
nuous chain connects these symptomatic degradations with each other;
so that with the aid of the link which we have within our reach, it is
possible, traversing in one or other direetion the series of this group of
phenomena, to ascend to the past or descend into the future. The group
of alterations in guality, and that of the ronchi of phthisis are perfect
illustrations.

The combinations of the phenomena with each other, are also regu-
lated by fixed laws, on which depends what we call e relative value of
these phenomena. In such or such circumstances, We find always, or
almost always the same combination of signs. Such a phenomenon, co-
existing with such another, has a certain value, which changes if it be
alone, or if it be combined with any other; appearing in such circum-
stances, after such a phenomenon, it has quite a diffevent value from that
which it has when it appears in such other eircumstances before the same
phenomenon. When we know the general laws that govern the prin-
cipal combinations of these signs with each other, if we meet a case
where the more usual combinations are departed from, and an apparent

confusion of symptoms renders the diagnosis obscure, we ean very often,
by ascending from the effect to the cause, and from the simple to the

.
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compound, discover the combination of different anatomical states that
has oceurred, from the combination of the different signs that we observe.
In fact, just as certain organie states are more frequently combined
among themselves than with others, so0 in like manner are the signs that
correspond to them; but these s Zns, in combining, do not always pre-
serve their primitive characters ; they assume sometimes g different
shade, under which it becomes more difficult to recognize them.

This analysis of the course of the phenomena, of their analogies, or
their differences, of their various combinations, is more naturally placed
after the study of each of them, than in a separate chapter. The general
fact strikes us with more force, we perceive more clearly its origin and
its applications, when it immediately follows the particular facts, than
when it appears isolated and in an abstract form. Hence it is that I
have endeavoured to point out successively the general faets, in propor-
tion as the mind was prepared for them by the exposition of the parti-
cular ones. They will be found scattered here and there, especially in
the second chapter: for example, at pages 9 and 10, 33 to 34, 41 to 46,
51 to 53, 66 and 67, 68 to 81, 103 to 104, &e. My object here, in recal-
ling for a moment attention to this subject, is only to impress more
deeply the importance of considering the symptoms in this point of view,
and to insist a little upon some of the relations I have pointed out
elsewhere.

Ist. Instead of considering egophony, bronchophony, and pectoriloquy
as three distinet phenomena, having no connexion with each other, shall
we not derive some advantage in practice from bringing them under a
common type, of which each is a different form or degree. In the first
place it will, I believe, be more accurate to view them in this way, and
then, aware of this fact, the ear will avoid the mistake it often makes, in
always attributing to a difference in nature alterations in the phenomena,
which most frequently correspond to different degrees only of the same
anatomic state.  Prepossessed with the idea that egophony appears only
in pleuritic effusions, pectoriloquy in cavities, &e. we always infer their
existence when we meet the symptom; we connect with one of these
states, distinct from every other, an intermediate shade of the symptom,
which in reality depends on an intermediate state; because we have
accustomed ourselves to regard as always and altogether distinet from
each other organic states, which are often combined and confounded
together. Hence the errors I have pointed out.

In fact bronchephony, pectoriloquy, and egophony are very far from
being separated from each other by such marked limits, such distinet cha-
racters as Laennec has asserted. It is at times impossible to tell with
which of these phenomena we have to do; the most we can say is, that
it is something which resembles one or the other. A continuous chain
conneets them together, composed of a number of links that seem to cor-
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respond to a similar number of intermediate degrees of pathological
change. Do we not see Laennec himself recognize several degrees of his
pectoriloguy, egophony, and bronchophony, and without suspecting it,
establish @ successive transition from one of these phenomena to another.
« In conclusion,” says he, “between perfect pectoriloquy and that which
is quite doubtful, there are degrees with which practice makes us familiar,
and which it would be as superfluous as it is difficult to describe.” Dance,
in like manner, says®, that pectoriloquy is very often doubtful, and may
easily be confounded with bronchophony, or vice versa, if we confine our
attention to the modification or resonance of the voice alone.” All who
have devoted themselves peculiarly to the study of clinical medicine,
know, that we often see bronchophony rise to the degree of pectoriloguy,
when there is no trace of a cavity 3 and that on the other hand, in many
cases of cavities, there is nothing more than simple bronchophonie rever-
beration of the voice. The distinction between bronchophony and pec-
toriloquy, is always a stumbling block to students ; in general they will
not admit that there is a difference in the nature of two phenomena
which they see confounded with each other by insensible degrees. It is
to the authority of Laennec, and not to the fact they submit. * Broncho-
phony, depending on pneumonic or tubercular induration, may be so
intense, says M. Hirtz, that the lowest words of the patient are blown
through the stethoscope to the ear of the observer ; while daily observa-
tion proves that in cases of cavities, pectoriloquy is often very feeble and
scarcely perceptible.” Hence pectoriloquy is, in general, a sign of but
little value in the diagnosis of the third stage of phthisis, while bron-
chophony, on the contrary, is of very great value in the diagnosis of
tubercular or other indurations of the lungs. Pectoriloquy is really but
a high degree of bronchophony ; for we find that it is where the pulmo-
nary induration is greatest, where the tissue is become most dense, that
bronchophony attains the degree of pectoriloquy. The result is the same
if we compare pectoriloquy and egophony. We see this in the following
words of Laennect: « Egophony is, of all the phenomena furnished by
auscultation, that which seems to me most complex in its caunses; it may
readily be confounded with pectoriloquy, and still more easily with bron-
chophony, on account of the place in which it is usually heard. T my-
self confounded it for a long time with the first of these phenomena, and
still longer with the second. My uncertainty as to the value of egophony
was of longer duration, because it does not exist in every case of pleurisy,
because bronchophony is still more frequently wanting in pneumonia,
because these two diseases and consequently the two phenomena are often
combined, and becanse the number of fatal cases of acute pleurisy is too
inconsiderable to afford many opportunities of verifying, by examination

* Dict. de Med. 2nd ed. t. 4, p. 413.
t Auscult. Med.; vol. 1, p. 87, Forbes's translation, p. 40.
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after death, the exact relation between the phenomena observed and the
interior lesions.”

We find between bronchophony and egophony the same gradual fusion
a8 between bronchophony and peetoriloquy. It is, in many cases, as diffi-
cult to distinguish them from each other ; we see them pass successively
one into the other by shades that establish between them an absolute con-
tinuity. We often see the one occupy the place which Laennec assigned
to the other: thus bronchophony alone is met in well marked eases
of pleuritic effusion, and in the very conditions too, indicated by Laennec
as favourable to the production of egophony ; =0 also the egophonic cha-
racter of voice is manifested in some cases where there is no alteration in
the respiratory organs (see ch. 2, art. 7). «There is nothing, says
Dance®, in the modification of voice produced by egophony, that
essentially distinguishes it from bronchophony.” M. Reynaud thinks,
“that egophony is nothing but remote bronchophony, that is, heard
through a layer of liquidt. Laennee, himself, admits that the combina-
tion of egophony and bronchophony may furnish three varieties, which
he calls the trumpet-voice (la voiwr de cornet), the counter voice (la
voiw de jeton ), and the punchinello voice (la voix de polickinelle). Tt is
very far from true, that these varieties only show themselves in the cir-
cumstances indicated by the discoverer of auscultation ; we know, more-
over, (see page 25) that the degree of pressure made by the ear on the chest,
has a very great influence on the degree and form of vocal resonance
we hear.

The conclusion from all this is, that egophony, bronchophony, and
pectoriloquy, instead of being separated by distinet limits and characters,
as is the case with phenomena differing in nature, are continued into each
other by a chain of intermediate gradations ; that they cannot be distin-
guished except at the extremities of this chain ; that it is only in this
last case, and under certain restrietions (see ch. 2, art. 7), that they corres-
pond to the three anatomic types indicated by Laennec; while with
respect to almost all their intermediate degrees, there is nothing very
fixed in their relations with pathological anatomy; of the three pheno-
mena bronchophony is that whose relations are most constant; a tolerably
close connexion is found to exist between its degrees and the degrees of
induration of the pulmonary tissue. (26)

2nd. Under the the name of alterations of guality, I have united in the
same class a certain number of phenomena, hitherto regarded as quite
distinet from each other, and have considered them as belonging to the
same type, of which they are merely successive degradations (see p. 53).
I have united in this class: 1°% metallic tinkling ; 2°. the amphorie char-
acter ; 3% the cavernous character ; 47 the bronchial character; 5°% the
blowing character; 6° the resonant character; 7° the clear character.

* Diet. de Med. 2nd edit. t. 4, p. 415.
t Auscult. Med, edit. de M. Andral, note M, Laennee, p. 94.
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It is in particular in the study of phthisis, that we can easily convinee
onrselves that all the alterations of metallie guality are identical in their
nature, and only differ from the degree of anatomieal change that produces
them. 1° when the pulmonary tissue becomes the seat of tubercular
infiltration, sufficient to modify the guality of the sounds of respiration,
we find the murmurs, the expiratory first, and afterwards the inspiratory,
assume a clear, resonant, blowing quality, which we recognise as the pre-
clude to the bronchial character ; 2° in fact, if we follow the progress of
the affection, we soon see the bronchial character appear distinet, but
feeble, and heard in expiration only ; and now, in the corresponding
points of the lung, the tissue is more indurated, the tubercular infiltration
more advanced ; 3° the disease still inereasing, the bronchial character
next spreads to inspiration, and at the same time acquires more intensity
in expiration; 4°. at length when the lung has acquired a great degree of
density, the bronchial character appears in its most marked forms during
both periods ; 5° while the pulmonary induration continues to increase
round the tubercular masses, these soften at their centre, an excavation is
hollowed out, the air of the neighbouring bronchus finds its way to it, and
we see the bronehial character change by degrees into the eavernous;
this increases in intensity as the cavity inereases in size; 6° if a vast
cavity be formed in the lung, if moreover, it be separated from the ear by
parts of no great thickness, and that it communieates with the bronehial
gystem by a small opening, the cavernous respiration assumes the
amphoric character ; and this character becomes much more widely
extended and much better marked, if instead of an exeavation of
moderate extent, such as phthisis produces in a lung, a communication
be established by means of a pulmonary fistula, between the bronchial
system and the corresponding pleural cavity. The same anatomical
conditions exist in fact in the two last circumstances, only in a different
degree in each. In both cases, there is a large excavation, partly filled
with liquid, partly with air, and which receives, through a narrow open-
ing, a column of air in respiration. (27)

In dilatation of the bronchi, there is nearly the same succession of
phenomena, because there are nearly the same physical conditions :
1°. a cavity of inereasing diameter; 2° the pulmonary tissue that sur-
rounds it undergoing successive degrees of induration. If the indura-
tion of the lung increases, or if the cavity in which the air moves
enlarge, whether from mere dilatation of the bronchi, or from the for-
mation of an excavation in the lung, or still more, if those two
circumstances go on together, we sce the blowing, bronchial, cavernous
characters appear in suceession, and the transition from one to the other
is 8o gradual, that we are often embarrassed as to the precise determina-
tion of the character of two neighbouring phenomeni. In a woman
who died lately at No. 26, St. Martha’s ward, under the care of M.

Andral, the bronchi were found enormously dilated, on examination after
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death ; some of them were nearly an inch in cireumference at the surface
of the lung, and in those points we had recognised during life most
marked cavernous respiration ; others exhibited a gradually decreasing
developement, and as we had carefully noted the different points where such
and such symptoms were heard, we were able to establish this relation
between the symptoms and the pathologie altersitions, that in proportion
as we receded from the point of greatest dilatation, in passing to the
normal state, we pasged through the different varieties of metallie quality
pointed out above.

3rd. We have seen that in the physiological state (see p. 33 and 34,) the
quality of the respiratory sounds becomes more and more clear and
metallie, in proportion as we ascend from the lower to the higher sections
of the respiratory apparatus; we have seen that an intimate relation
could be established between the successive elevation of the guality of
these sounds, and the suceessively increasing physical conditions of the
different sections of the respiratory apparatus ; we have ascertained that
in the pathological state the alterations of guality of the normal sounds
compose a successive series, each degree of which is intimately connected
with the new anatomieal conditions in which the lung is placed. Now,
the preatest analogy exists between the successive degrees of normal
quality, and the successive degrees of morbid quality, beeause in reality
nearly similar physical conditions belong to both. The similarity of
effects depends on a similarity of causes. The successive increase of the
dinmeter of the cavities traversed by the air in inspiration and expira-
tion, and the suecessive increase of the conduetibility and vibratory con-
ditions of the walls of these cavities or of the surrounding tissues, are the
two circumstances on which the successive alterations of quality in the
respiratory sounds depend, and these ecircumstances exist in both cases.
We might, even a priori, pass from physiology to pathology, and say,
if anatomieal alterations take place in the lung of such a kind, that they
represent more or less closely the normal conditions of the respiratory
canals, alterations of guality nearly similar to the successive degrees of the
normal sounds must be produced ; now this reasoning is perfeetly appli-
cable, as is seen, to the anatomical and symptomatic conditions of phthisis
and of dilatation of the bronchi. Thus it is that physiology and patho-
logy are twined together, and afford to each other the support of ana-
logy, if we will only take the trouble to ascertain the relations of the
facts, and to ascend constantly from the phenomena and their varieties to
the physical causes that determine them.
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CHAPTER TV,

CLASSIFICATION OF THE PHYSIOLOGICAL AND MORBID SONOROUS
PHENOMENA OF RESPIRATION.

The two following tables exhibit in a summary form the arrangement
I adopted in my researches on the physiological and morbid characters of
the respiratory sounds.

In the first are seen, in the first place, the primary characters of the
respiratory sounds which have served as the basis of my observations, in
the physiological and in the morbid state.

A brief exposition of the nature of these primary characters in the nor-
mal respiratory murmurs, in the voice and in the cough, occupies the
remainder of this first table, and establishes the limits between the physi-
ological and morbid states of these sounds, without a knowledge of which
the observer, embarrassed in his judgment, can derive no profit from
auscultation.

In the second table are comprised all the forms of the respiratory
sounds, of the voice and of the cough, that exceed these limits, that
is, that constitute the morbid state, and which are discovered by analyzing
the primary characters placed at the top of the first table.

K 2
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TABLE OF THE PHYSIOLOGICAL SOUNDS OF RESPIRATION.

Primary characters to be studied in the physiological and morbid
sounds of respiration.

19, Proper or distinctive chavacter ; 6% Tone;

20, Hard or soft character ; 6. Intensity ;
3%, Dry or humid character ; 70, Duration;
40, Quality ; &9, Rhythm.

A. Inspiratory and expiratory murmurs :

Festcular Section.

pharyngeal, buccal, and nasal

Bronchial, tracheal, laryngeal,
Sections.

" A pure light breathing.

Soft, free, mellowy character.

Neither dry nor humid but between both.

Intensity of inspiration represented by 10.

Intensity of expivation represented by 2.

Duration of ingpiration represented by 10.

Duration of expiration represented by 2.

Murmurs successive in their duration but not conveying the impression

of the developement of cells.

Murmurs more marked in front than behind.

Murmurs somewhat more marked superiorly than inferiorly.
Murmurs the same at each side of chest.

[ Bronchial and tracheal murmurs not heard, in the normal state, through
the pulmonary tissue.

Tracheal, laryngeal, pharyngeal, bucecal, and nasal murmars, heard in
the normal state, as well at a distance as by mediate or immediate
auscultation ; better heard in proportion as they belong to a higher

< section of the respiratory apparatus.

Murmurs tending more and more Lo become equal in intensity and dura-
tion, in proportion as they belong to a higher section of the respiratory
apparatus.

Murmurs whose gualify is more and more marked, in proportion as they
belong to a higher section of the respiratory apparatus.

B. Sounds of the voice and cough heard by mediate or immediate
auscultation :

1%, Faice, 29, Cough.
Sound tolerably distinet. Sound dull.
—— rather obscure. —— somewhat clevated.
—— a kind of buzzing. —— shork
—— somewhat jerking. —— somewhat stifled.
diffused beneath the ear. —— diffused beneath the car.

Words of the patient indistinet.
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Classification of the vonchi in particular.

A good classification of the ronchi is of more importance than perhaps
some may suppose, for the diagnosis and prognosis of the affections
to which they belong. These phenomena are very numerous, very
important in semeiology ; hence it is most necessary to establish such well
defined limits between their characters, as will enable us to recognize them
wherever they appear, to distinguish them from each other, and to refer
them to the anatomical conditions which they represent.

M. Andral’s classification of the ronchi, founded on their place of
origin, in such or such a section of the respiratory apparatus, is most
generally adopted ; it is the one that, in the actual state of science,
is best suited to the wants of the subject. That which I propose is in
part borrowed, as will be seen, from M. Andral’s; but, instead of taking
a gingle character as the basis of classification, as has been hitherto

generally done, it appeared to me more advantageous to take several;
some principal, some accessory. The characters I have taken are the
following ; 1°. their seat or place of origin; 2° their bubbling or non-
bubbling character ; 3° their dry or humid character. These are, it is
plain, the characters that are most common, most constant, and most
easily analyzed; they are also those which establish the most direct
relation between the phenomenon and the circumstances that produce it.

1. Seat.

The position assigned to the ronchi in such or such a part of the
respiratory apparatus is often in a great degree conjectural ; but, apart
from this inconvenience, which after all only applies to a small number
of cases, and is corrected by combining together several bases of classifi-
cation, the consideration of the seat of the ronchi is very important;
it assists in localizing in this or that portion of the same system the
affection on which the ronchus depends; it harmonizes also perfectly, in
the great majority of cases, with the peculiar form of the ronchus, with
its constant and inconstant character, &e.; frequently it affords a key to
the mechanism of its production. Ronchi may be produced in any part
of the passages traversed by atmospherie air, from the mouth to the air
cells; but in general we comprehend under this name only the sounds
produced in the laryngo-bronchial canals.

9, Bubbling or non-bulbling character.

This character is essentially clinical. It divides the ronchi into two
very distinet classes: one class gives to the ear the sensation of bubbles
that arise, are developed, and burst in the midst of a matter more or less
liquid, more or less viseid ; in the other we at once distinguish that there

are no bubbles, that it iz a kind of continous sound, like blowing, whist-
ling, or a note struck on a base cord. These two sensations are perfecily
distinet ; persons the most inexperienced in auscultation at once rank a

vonchus in one or other of these classes.  These two physical characters

.
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are the most constant as to the laws that regulate them, the most marked
in their form, and the most easily recognized and analyzed.

9. Whether a ronchus be of the bubbling or non-bubbling class,
it always gives the sensation of dryness or humidity.  This sensation is
very distinet in well marked cases; it is by no means so in the points of
contact of the dry and humid ronchi, and these points of contact are
rather numerous ; besides, a ronchus which is dry to day may be humid
to-morrow. This character, therefore, though furnishing a very good
means of distinguishing the ronchi, may not be sufficient for this purpose,
as there is a point where it ceases to be applicable. The bubbling
or non-bubbling character, on the other hand, if employed alone, would
sometimes prepossess the mind rather too much as to the mechanism of
formation of the ronchi ; besides, the same s0norous phenomenon, in pass-
ing through its different phases, may at first not belong to the bubbling
class, and afterwards come to take its place there.  Such are the ronchi
we have deseribed under the name of dry erackling and humid crackling.

It is evident that mo one of these three principal characters will
“n itself suffice for a complete and accurate classification of the ronchi.
The three together, on the contrary; comprehend every thing important
to be known in a ronchus, as well for the purpose of distinguishing
it from others, as of referring it to the causes that produce it, and henee
of making use of it as a means of diagnosis and prognosis. Ranged after
each other, according to their degree of importance, they mutually
correct whatever deficiency or excess there may be in each.  This com-
pound basis of classification has also another advantage; that of con-
trasting those three principal characters with each other, of uniting them
by their natural relations, by certain general views which result from
contemplating them all together. This mode of classification, more per-
haps than any other, puts us in the way of discovering the relation of a
phenomenon with its causes, as well physical as physiological. ~ Thus it
is that the formation of bubbles, supposing the coneurrence of two con-
ditions, of a column of air and some kind of liquid mesting in a cavity,
we might @ priori conelude that all the bubbling ronchi would be humid,
and that all the non-bubbling ronchi would be dry, because it is from the
absence of one of the preceding conditions that the latter ronchi
originate ; now, this is exactly the result obtained by observation. Thus
it is that, inasmuch as the bubbles of a ronchus cannot exceed in magni-

tude the cavity in which they are generated, we have reason to think,
and observation confirms the opinion, that we may judge of the part of
the trachea-bronchial apparatus in which the ronchus is produced, by the
size of the bubbles: in fact all the vesicular ronehi have small bubbles ;
all the humid bronchial ronchi have voluminous bubbles, and so likewise
the gurgling ronchus. Thus it is that; liquids having a tendency
{0 settle in the vesicular section of the lung, which iz the most depending
part, and the more or less round form ‘of the air cells being besides
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a physical condition favourable to the production, to the formation
of bubbles, we might at once conclude that the ronchi produced in the
vesicular seetion must be both bubbling and humid ; now, this a priori
result is confirmed by observation. We might farther conelude that every
disease that tends to obstruct the pulmonary cells, and to produce in them
a more viscid humidity than usual, ought to render the bubbles, if they
form at all, smaller and more dry; for example, the primary crepitant
ronchus of pneumonia compared with the subcrepitant ronchus of
cedema.

This classification, founded on a compound basis, has these indisputable
advantages over classifications founded on an exclusive character ; it does
not, however, corvespond to all the wants of the subject, it does not
satisfy the mind on all points. This fault is less in the classification than
in the imperfect knowledge we still possess of several of the phenomena
it comprehends.

The seat is the character taken as the first basis of classification ; the
bubbling or non-bubbling character comes next; the dry and humid
character last.

Considered in respect to their seat, the ronchi may be divided into six
classes.

1° Intra-vesicular; 2°. extra-vesicular; 3°. bronchial; 4°. tracheal ;
5" laryngeal ; 6° bucco-pharyngeal.

1°. Intra-vesicular ronchi.

These are supposed to be produced within the air cells. They are all
bubbling, all have the humid character ; they are the following : as they
have different degrees of humidity, I arrange them here in the order of
their decreasing humidity :—

1°. Humid ronchus with continuous bubbles of sanguineous congestion ;
2'. subecrepitant ronchus of cedema; 3° suberepitant ronchus of acute
eapillary bronehitis ; 4°. suberepitant or erepitant ronchus redux of pneu-
monia; 5° primary erepitant ronchus of pneumonia.

2°, Eatra-vesicular vonchi.

They naturally form two secondary classes, according as the tissue of
the lung has preserved its continuity, or as it has been excavated.

Ist. In the first case we find two peculiar sounds to which I have
already devoted a special description ; these are the erackling, and pul-
monary crumpling sounds, or ronchi. I conceive that these peculiar
sounds are formed outside the air cells, by the compression of the
pulmonary tissue against the foreign bodies (the tubercles) that are
deposited in it. This opinion is not, as may be supposed, a mere con-
jecture. It is the result of the comparisons I have made between the
pathological changes and the symptoms in the cases I observed. It is the
result of some experiments om sponge artificially approximated to
the different morbid conditions of the pulmonary tissue ; experiments of
which I have given an idea in another part of this work (see p. 16).
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The erackling and erumpling ronchi are each dry and non-bubbling.
The crumpling ronehus preserves this character during its entive dura-
tion ; it never exists except in this form. The crackling ronchus, on the
contrary, has two periods, one in which it is dry and non-bubbling, the
other in which it is humid and bubbling ; the transition from the one to
the other is quite gradual.

2nd. The preceding ronchi prepare the way for the second order of
extra-vesicular ronchi ; for the latter, which we are now about to notice,
are nothing but’ the gradual degradation of the erackling ronchi. The
dry crackling commences the chain, the humid crackling forms the
second link ; after this there is a solution of continuity, and later still an
excavation of the pulmonary tissue, and we find the mucous ronchus with
a clear or eavernulous guality, the dry cavernous ronchus, and the gurgling
successively appear.  These ronchi, in fact, constitute this second order.
'They are all bubbling, all humid, with the exception of the dry cavernous
ronchus. This last has not been deseribed; it is produced in eircum-
stances that are not common where ecavities, completely drained of
liquids, and somewhat dried up in the interior, are in the same condition
with respect to the atmospherie air, as the bronchi and trachea in the first
stage of acute bronchitis.  So, too, the effects, the sounds produced, are
nearly the same; they differ only in their guality, cavernous in the one
case, bronchial in the other, that is, in the form and diameter of the
cavities in which they are generated. The tone of the dry eavernous
ronchus, like that of the dry bronchial, may be grave or acute.

3°. Bronchial ronchi.

Those that are produced in the bronchial system. Here we encounter
the inconvenience of a classification founded on the seat. For we cannot
determine an exaet limit between the bronchial and vesieular scetions ;
consequently the two classes of ronchi must be more or less confounded
at their point of contact. The conditions of dryness and humidity being
very easily produced here, and being, in fact, often produced in different
morbid civeumstances, we have the four secondary classes of bubbling
and non-bubbling, dry and humid ronchi.

The following are the bubbling and humid bronchial ronchi ; I arrange
them in the order of their maximum of humidity.

1°. The gurgling (gargouillement) in cases of considerable dilatation of

the bromchi; 2°. the mucous with large bubbles; 3° the mucous with

moderate bubbles ; 4°. the mucous with small bubbles.

The non-bubbling and dry ronchi are, some grave, as the sonorous and
snoring ronchi ; some acute, as the sibilant and whistling. Some varieties
are derived from each of these orders.

1°. Tracheal ronchi.

The physical conditions of the trachea are nearly the same as those of
the bronchi; accordingly we find in hoth precisely the same ronchi; the
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LAWS OF COEXISTENCE OF THE SONOROUS PIIENOMENA, ETC. 41

CHAPTER V.

LAWS OF COEXISTENCE OF THE MORBID SONOROUS PHENO-
MENA OF THE RESPIRATORY SYSTEM WITH INSPIRATION OR
EXPIRATION.

The separate study of the two periods of respiration, necessarily leads
to the investization and determination of the laws of coexistence of each
of the sonorous phenomena of the respiratory apparatus, with one or
other of the two respiratory murmurs. We find in these laws of co-
existence of the morbid sounds with inspiration or expiration, a number
of differential characters which are useful in practice. Certain sounds, of
very different diagnostic value, are sometimes confounded with one
another in many respects, and distinguished by this character : that some
coexist with both periods of respiration, while others coexist with one
only ; such are, for example, the humid bronchial ronchi, compared with
the vesicular ronchi. There are other signs, which appearing first
in expiration, and not extending till later to inspiration, enable us in this
way to estimate the progress of the disease; such are the alterations
of quality. The constancy, for the most part, of the laws of coexistenee
of the sonorous morbid phenomena with this or that period of respiration,
eives, in general, considerable value to the signs derived from this source.
Nor indeed is this means of diagnosis altogether unknown; the idea of
employing it occurred to several; we find traces of it here and there in
their works ; but almost all have confined it to the study of the ronchi.
M. Andral®* has sanctioned the principle. Laennee had applied it to the
dry crepitant ronchus, which he considered pathognomonic of interlobular
emphysemaf. Dance had done the same for the erepitant ronchus of
pneumoniaf. M. Hirtz, in the excellent thesis he has published on aus-
cultation, seems to have paid scarcely any attention to this subject|. The
authors of the Compendium de Medecine Pratique have given it more
consideration, and have summed up all that had been previously said
respecting it§.

1st. Each of the two classes of morbid sonorous phenomena that we
have described may be met alike in inspiration and in expiration. The
morbid sounds of the second class, however, seem to belong more pecu-
liarly to expiration, in this sense, that the. greater number of them appear

* Auscult. Med. ed. d’Andral, vol. 1, p. 136. T Ihbid.
T Dictionaire de Medecine, 2nd edit. t. 4, p. 400.
|| These Innugurale, p. 26. § Tome 1, pages 472, 482, 483,
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142 LAWS OF COEXISTENCE OF THE SONOROUS PHENOMENA

first in it, and, morcover, always maintain there their maximum of
developement.
2nd. The modifications by augmentation are met almost equally in
expiration and inspiration ; but those that coexist with expiration are of
far greater importance in diagnosis than the others. The modifications
by diminution belong much more peculiarly to inspiration than expira-
tion, and are besides much more frequent in it. The complete cessation
of expiration is very rare compared with that of inspiration.
3rd. All the morbid sonorous phenomena comprehended in the first
group of the second class (alterations of guality) are much more intimately
connected with expiration than inspiration. They have all a common
character, that of appearing always in succession, never at the same time,
in the two periods of respiration. They appear first in expiration, after-
wards extend to inspiration, preserve for a long time a higher degree in
the former, and never present the same degree of intensity in both,
except towards the end of their course, when they have attained their
maximum of developement.
4th. No very fixed law governs the coexistence of the grave or acute
tone with inspiration or expiration. We meet them sometimes in one,
sometimes in the other of these periods; however, we find the grave
tone coincide more frequently with the second, and the acute tone with
«the first.
5th. It is usually through the expiration that the ratio between the
inspiratory and expiratory murmurs is disturbed ; but in general this dis-
turbance depends on modifications produced in both sounds at the same
time ; especially when these modifications are of opposite kinds.
6th. The characters of hardness, roughness, difficulty, shew themselves
in general in inspiration before they appear in expiration ; they remain
always more sensible in the former. They never become well marked in
the expiratory murmur, until its intensity and duration are greatly aug-
mented, and that some trace of change of guality has appeared in it, as in

emphyzema of the lungs.
7th. It is the same with respect to the characters of drymess and

humidity ; they coexist in particular with inspiration, but they may also
be met in expiration, under the same conditions as the preceding cha-
racters.

Rth. With regard to the ronchi, we may say, in general, that they
belong more peculiarly to ingpiration. This is what we would expect, as
the column of air is better able to act on the liquid in the respiratory
canals in a way calculated to produce these sounds, in inspiration than in
expiration.

We see, on the whole, that the division is somewhat unequal between
inspiration and expiration: the greater part belongs to the former. But
if it be true, that the greater number of the morbid sonorous phenomena
belong more peculiarly to inspiration, it is not less so, that these that are
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most important are found much more immediately connected with expi-
ration ; the one has the advantage in number, the other in value.

1st. In supplementary respiration, the slight clear quality which is pre-
sent occupies equally both periods ; whilst in morbid respiration, if there
be a commencement of alteration of guality, it exists only in expiration ;
or if it coexists with both periods, it is more marked in it.

9nd. In normal bronchial respiration, such as is heard over a small
space at the root of the lungs, the bronchial quality, from its low degree,
iz andible in expiration only ; so true is this, that we may establish as a
oeneral rule, that wherever the bronchial character, coexisting in a well
marked manner with both expiration and inspiration, is audible at the
root of the lungs, there is every reason to think it is the morbid and not
the normal bronchial character we hear.

3rd. The law that determines the coexistence of the alterations of
guality with expiration first, and then with inspiration, during their
period of increase, remains the same during their decrease ; that is to say,
that the same series of phenomena takes place in an opposite direction,
and that it is in the expiration the alterations of guality are last heard.
By means of this law we can estimate the decreasing as we did the
increasing course of the disease.

4th. The more elevated the form in which the alterations of quality
exist, the more equally do they affect inspiration and expiration, still,
however, in general preserving a little more developement in expiration.

5th. In some cases of hydropneumothorax with perforation, the me-
tallic tinkling deseribed by Laennee is entirely wanting; but, in its
stead, the amphoric character of the respiration seems to reverberate in a
vague diffused sound, a sort of echo which resounds in the chest, and
rings like the voice under an arch; this phenomena may be designated
metallic resonance. It often accompanies both the voice and cough, and
is sometimes produced along with metallie tinkling. It coexists with
both periods indifferently.

6th., With respeet to metallic tinkling, it belongs peculiarly, but not
exclusively, to expiration. We know, in fact, that the way to produce it
is to make the patient cough, or speak, or expire foreibly while we are
auscultating the chest: now, coughing and speaking are but modes of
expiration. If it is produced during both periods, it is most marked in
expiration.

7th. The pleuritie friction sound in its 1st degree, the grazing sound,
is heard only in inspiration. In its 2nd degree it may be audible during
both inspiration and expiration, but it is more marked in the former. In
the 3rd degree it coexists with both. It may be equally intense in both,
but in general it is more marked in inspiration. In conclusion, the
pleuritic friction sounds are found less frequently coinciding with expir-
ation, in proportion as they are weaker, and as they are more near their
origin or cessation. During the deerease of a pleuritic frietion sound,
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144 LAWS OF COEXISTENCE OF THE SONOROUS PHENOMEKA

which has coexisted with hoth periods, we find it invariably cease first in
expiration, and afterwards in inspiration ; it follows in a reverse direc-
tion the course it followed in its gradual developement.

LAW OF COEXISTENCE OF THE RONCHI WITH INSPIRATION OR
EXPIRATION.

I. Intra-resicular ronchi.

1°. The humid ronchus with continuous bullbles of active congestion of
the lungs. -

This ronchus is never heard except in inspiration. It is towards the
termination of the inspiratory murmur it is produced. T did not meet
a single exception to this rule in the 23 cases of this affection which I
carefully observed.

2, The sub-crepitant ronchus of wdema of the lungs.

The ronchus of wdema is searcely heard except in inspiration. Yet it
is not so exclusively conneeted with this period of respiration as the pre-
ceding ronchus. When we do find some trace of it in expiration, it is
always less marked than in inspiration.

3. The sub-crepitant ronchus of acute capillavy bronchitis.

This almost always coexists with inspiration alone. In some rare
cases it appears in expiration ; but then it maintains its maximum inten-
sity in the former. In general it is produced at the commencement of
inspiration.

4°. The crepitant ronchus reduw of prnewmonia.

It usually prefers inspiration, but shews itself in expiration more fre-
quently than the preceding ronchi; we are more likely to find it there,
in proportion as it is more humid, as the bubbles are less fine, and as the
period of resolution of the disease is more advanced.

5% The primary erepitant ronchus of pnewmonia.

This ronchus belongs to inspiration alone ; and more exclusively, in
proportion as the bubbles are finer and less humid, that is, as the disease

is nearer its origin.

II. Extra-vesicular ronchi.

1°. Dry and humid crackling ronchi.

The dry crackling ronchus of phthisis is almost exclusively confined to
inspimtidn ; we do, however, sometimes hear it in expiration, but much
wenker.

In proportion, however, as it grows humid, it spreads more and more
to expiration ; when it has become completely humid, it coexists as much

with it as with inspiration.
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95 Afucous ronchus with clear QUALITY or carernulons ronchus.
When the humid crackling passes into the cavernulous ronchus, the
law of coexistence which I have just stated, becomes still more fixed;
then, in fact, it is heard during both periods of respiration, more equally
in proportion as its bubbles are more humid and more voluminous, that
is in proportion as we depart farther from the preceding period, and
approach that in which the cavernous or gurgling ronchus is produced.

3% The mucous ronchus of the 3rd stage of pneumonia.

I have already said, that in two cases of pneumonia in which the
disease passed through all its stages under my own eyes, I had recog-
nized, during the passage from the 2nd to the 3rd stage, a mucous
ronchus with large bubbles, which was remarkable in coexisting con-
stantly and cxclugivc-.lf with inspiration, whereas the bronehial mucous
ronchi coexist at the same time with both periods. Death oceurred in
these two cases ; and on autopsy we found nothing but diffuse suppuration
of the pulmonary tissue, without a trace of abscess or cavity. I have not
given this ronchus a place in the table of ronchi, because two facts are
not sufficient to determine the value of a sign,

4%, The humid cavernous or gurgling ronchus.

This coexists with both inspiration and expiration. It is nearly as well
marked in the one as the other.

5°. Dry cavernous ronchi.

They follow the same law of coexistence as the dry bronehial ronchi.
They differ from them however in this respeet, that they always occupy
both periods, whilst the dry bronehial ronehi occupy sometimes only one
or the other.

6°. Pulmonary crumpling sound or ronchus.

If I have seen the pulmonary erumpling sound coexist two or three
times with both inspiration and expiration, it was the most ; in all other
eases it was audible during inspiration alone.

II1. Bronchial ronchi.

1*. Dry bronchial ronchi.

These ronchi, which are generally designated sonorous and sibilant,
present as essential characters: 1% being in general variable, as to their
exclusive coexistence with this or that period of respiration ; 2°. coexist-
ing at once with inspiration and expiration; 3" and then sharing be-
tween them these two periods, so that those whose tone is acute (whistling,
hissing,) are observed chiefly in inspiration, and those whose tone is
grave (sonorous, snoring,) in expiration. It is the same with respect to
the sounds derived from each of these two primary types; thus the wood-
pigeon sound (le bruit de tourterelle,) is heard chiefly in expiration, and
the bird’s cry (le cri d'oiseau) in inspiration. At the same time, we very
frequently see, in acute capillary bronchitis, the sibilant ronchus exist
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1;-.J,-:M; chiefly in inspiration; whilst in the bronchitis of the large tubes that

ﬁ‘:‘i accompanies emphysema, it rather coexists with expiration, and is then

*f" more marked. i
Wi 9 [Tumid bronchial ronchi. }

4 They ave distingnished by the general name of mucous. The mucous i

ronchi with small bubbles may appear, and usually do appear at the same
time in both expiration and inspiration; there is even in this a good
differential character between these ronchi and all those included under 2
the name intravesicular ronchi. Their coexistence with the two periods
of respiration is more equal and more constant, in proportion as they
become more humid and more voluminous.

IV. and V. Trackeal and laryngeal vonchi.

The tracheal and laryngeal ronchi follow exactly the same law as the
bronchial.

V1. Bucco-pharyngeal ronchi.

The small bucco-pharyngeal ronchus, with fine, delicate, slight bubbles,
which I have already described, is heard chiefly in inspiration, but is also
perceptible in expiration.

Such are the laws that regulate the coexistence of the different ronchi
with this or that period of respiration. They may be reduced to a cer-
tain number of general prineiples as follows:

1st. The more nearly the seat of any ronchus, whether it be dry or
liumid, bubbling or non-bubbling, approaches the vesicular extremity of
the respiratory apparatus, the more exclusively does it belong fo inspira-
tion. For example, the entire class of intra-vesicular, and the first order
of the class of extra-vesicular ronchi.

9nd. On the other hand, the more the seat of a ronchus approaches the
exterior extremity of the respiratory apparatus, the more equal and con-
stant is its coexistence with both inspiration and expiration at the same time.

3rd. The interval between these two extremes is occupied by a number
of intermediate degrees, in which are arranged, always according to the
same principle, the ronchi which ascend by successive steps from an
exclusive coexistence with inspiration, to a common coexistence with
both periods of respiration.

4th. The general principle contained in the three foregoing proposi-
tions appears under a different form in the following: the exclusive
coexistence of the ronchi with inspiration alone is more marked in pro-
portion as they originate in a narrower part of the respiratory system, for
example, in the vesicular section. On the other hand, they extend
to expiration, and coincide more and more with both periods, in propor-
tion as they are seated in a wider part of it (for example, the mucous.
and the dry bronchial ronchi, compared with the extra-vesicular ronchi
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of the st order); in like manner, when they are produced in newly
formed ecavities, they coexist more equally with both inspiration and
expiration, in proportion as the diameter of the cavity is larger; for
example, the successive series of the humid erackling, cavernous, dry
eavernous, and gurgling ronchi.

5th. The bubbling ronchi are found to coexist more with both periods
in proportion as their bubbles are voluminous. On the contrary, they
coexist more exclusively with inspiration, in proportion as their bubbles
are smaller. The same law is applicable to the degree of humidity of the
fine bubbling ronchi; thus we have seen that the coexistence of the
vesicular ronehi with inspiration is in general more exclusive according
as they have less of the humid character.

6th. The more intense the dry non-bubbling ronchi are, the more they
invade both inspiration and expiration at once; and wice versa, the more
feeble they are, the more exclusively do they coexist with inspiration ;
for example, the dry bronchial ronchi compared with the dry ronchi of
the 1st order of the extra-vesicular class. '

Tth. The coexistence of the dry, non-bubbling ronchi, with this or that
period of respiration, corresponds in a similar manner with their tone.
Thus the ronchi whose tone is grave coexist more peculiarly with expi-
ration, and those whose tone is acute with inspiration.

8th. The ronchi that coexist exclusively with inspiration depend in
general on more serious affections than those that coexist with both
inspiration and expiration at the same time.

This principle would be completely general, but for the humid crack-
ling and the gurgling ronchi, which are exceptions to it.

I have placed here a tabular view of the coexistence of the morbid
sounds of the respiratory system with this or that period of respiration.

I have divided this table into six columns.  The first includes all the
sounds that coexist exclusively or almost exclusively with inspiration.
In the second are those that coexist at the same time with the two
periods of respiration. I have placed in the third those sounds which are
first heard in inspiration and afterwards extend to expiration. In the
fourth those that commenee in expiration and spread afterwards to inspi-
ration. The fifth includes those that coexist with both periods, but are
more marked in expiration. Lastly, I have united in the sixth those that
coincide with both, but are more marked in inspiration. No morbid
character coexists exclusively with expiration.

With this table, and thosge formerly given, in addition to the general
principles already laid down, it is easy to establish useful diagnostic rela-
tions between the different sonorous morbid phenomena of the respiratory
system, considered under the point of view of their coexistence with one
or other period of respiration.

I may mention here some of the results of differential diagnosis that

may be thus obtained.
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148 LAWS OF COEXISTENCE OF THE SONOROUS PHENOMENA

Ist. When the metallic guality of the vespiratory murmurs appears in
both periods, and at a very low degree, this is sufficient to warrant the
opinion that it is the clear metallic quality peculiar to supplementary
respiration, and not that which respiration presents in the first stage of
phthisis ; this is, in general, sufficient to warrant us in aseribing the
modifications of intensity and duration presented by the respiratory mur-
murs to the first, and not to the second of these canses.

2nd. If the bronchial character, after having existed exclusively in
expiration, makes its appearance, after a longer or shorter period, in
inspiration, we can have no doubt that the disease to which it corres-
ponds has increased, and we can measure with tolerable exactness
the progress it makes by the degree of intensity successively acquired by
the bronchial character.

3rd. If we have satisfied ourselves that the bronehial character exists
only in expiration, we may be sure it does not belong to supplementary
respiration.

4th. If this bronchial character be heard in the region corresponding
to the root of the lungs, and if at the same time it presents that degree of
intensity I have elsewhere deseribed as the third degree, we may be very
certain it is not the natural bronchial character.

Sth. If, while the inspiratory murmur is audible to a certain extent,
we can perceive no trace of the expiratory, we will have reason to think
that this separate cessation of the expiratory murmur is merely the
momentary effect of the manner in which the patient respires, and is not
connected with any morbid state of the chest. If the patient be led to
breathe more naturally, the murmur of expiration will at once appear. In
fact the separate cessation of the expiratory murmur does not correspond
to any morbid state.

fith. We may come to the same conclusion, if, while the expiratory
murmur maintains perfectly its duration, its intensity, and its normal
quality, the inspiratory is inaudible.

Tth. Among the bubbling ronchi, there are some that might be con-
founded with each other, and that may be distinguished by their coexis-
tence with inspiration or expiration. Thus, the primary crepitant
ronchus of pneumonia is distinguished from the crepitant ronchus redux,
by the fact that in the latter some bubbles are heard during expiration,
while the bubbles of the former are only heard in inspiration. In the
same way we may distingnish the primary erepitant ronchus and the
humid ronchus with continuous bubbles from the suberepitant of cedema,
the suberepitant of acute capillary bronchitis, &e. which, though coexist-
ing chiefly with inspiration, produce usually a few bubbles in expiration.
We may with still more certainty distinguish them, by this means, from
the humid crackling ronchus, and especially from the bronchial mucous
ronchus with small bubbles, the essential character of which is their
coexistence at once with both periods of respiration.
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8th. If, in the course of a pneumonia, a mucous ronchus appear, con-
stantly and exclusively coexisting with inspiration ; if, morcover, the
general symptoms are increasing, or at least stationary, we will have
some reason to think that the hepatization has passed to the state
of purulent infiltration.

9th. If a sound more or less like the dry crackling ronchus, or the
pulmonary erumpling, appeared in the summits of the lungs, and if,
instead of coexisting exclusively, or almost exclusively, with inspiration,
it coexisted with nearly as much constancy and uniformity with both,
this would be a strong reason for thinking that it was not the real crack-
ling or erumpling sound.

10th. The facts of coexistence I have detailed are, in my opinion, so
constant, for all the more important morbid respiratory characters, that
I do not hesitate to lay down as a principle: that their diagnostic and
prognostic value are directly proportional, 1° to the degree of exactness
with which they conform to the preceding laws; 2° to the constancy
with which they do so. (28)
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150 ASSEMBLAGE OF SOUNDS OBSERVED IN EACH

CHAPTER VI.

CHARACTERS PRESENTED BY THE INSPIRATORY AND EXPIRATORY
MURMURS IN EACH OF THE DISEASES OF THE RESPIRATORY
SYSTEM CONSIDERED SEPARATELY.

The method I have adopted in the study of auscultation, anthorizes
numerous changes in the symptomatology of the diseases of the respira-
tory organs laid down by Laennee. This obliges me to present a brief
outline of this symptomatology, as it is supplied by the method of anseul-
tation that has guided me in my researches. I do not intend to notice
all the diseases of the respiratory system ; this would earry me much too
far. I will only examine those that are most common, and are of consi-
derable importance in practice. After the descriptive details into which
I have already entered, and the general prineiples I have laid down, it
will be easy for any one to extend this symptomatic exposition to the
diseases I leave unnoticed.* Sometimes I will join with the auscultatory
signs, some other signs that result from my researches on percussion, pal-
pation, and inspection.

This rapid survey of the symptomatology of the affections of the respi-
ratory system, will afford me an opportunity of stating some diagnostic
and pathological facts, which have not found a place in the preceding
chapters.

ARTICLE I.
DISEASES OF THE BRONCHL
§ I. ACUTE BRONCHITIS OF THE LARGE BRONCHIAL TUBES.

1st stage—1°. Increase of the intensity and duration of the inspiratory
and expiratory murmurs, easily recognized wherever the sonorous and
cibilant ronchi are not heard. The increase is greater in the expiratory
than in the inspiratory murmur, reminding one of the characters of sup-
plementary respiration.

92, A little dryness and hardness of both murmurs, wherever the sono-
rous and sibilant ronchi are not heard.

+ T mean to describe merely the general morbid characters presented by the inspira-
tory and expiratory murmurs, in the diseases of the respiratory system; and not by any
means to enter into a detail of all the varieties these murmurs may exhibit in the differ-

ent diagnostic eircumstances that may avise.
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3°. Dry bronchial ronchi, both acute and grave, but especially the
latter, and heard chiefly in expiration. These ronchi present a very high
degree of intensity-

2nd stage—1°. Exaggeration of the respiratory murmurs not earried
quite so far.

9°. The humid and viseid character taking the place of the dry one.

95 Humid bronehial ronchi, the bubbles growing larger and larger,
more and more humid.

§ I1. ACUTE CAPILLARY BRONCHITIS.

1st stage.—1° Slight diminution of the duration and intensity of the
two respiratory murmurs, but especially of the inspiratory, at the postero-
inferior part of both sides of the chest. In proportion as we recede from
this point posteriorly, the diminution of the inspiratory murmur becomes
less and less sensible, and the expiratory becomes a little exaggerated.
In front, wherever the respiratory murmurs are not masked by the ronchi,
they present a considerable increase of their intensity and duration, affect-
ing the expiratory in particular.

9o, A little of the dry character in the murmurs where they are not
masked by the ronchi.

3°, Posteriorly and inferiorly at both sides, the sub-crepitant ronchus
with fine bubbles, resembling the primary erepitant ronchus of pneu-
monia, existing almost exclusively in inspiration.

4°. In the postero-superior parts, and in some points of the anterior
regions, dry bronchial ronchi both acute and grave, but especially acute,
of moderate intensity and coexisting more particularly with inspiration.

9nd stage—1° The inspiratory and expiratory murmurs presenting
every where the exaggerated character, even in the most depending parts
posteriorly ; but this exaggerated character of the normal sounds appear-
ing more uniformly in different points of the chest; remaining always
more marked in front than behind.

9*. The humid character replacing more or less the dry, and sometimes
passing even to the viseid.

2. Humid bronchial ronchi with bubbles more numerous, but finex and
more regular at the postero-inferior part of the chest.

§ III. CHRONIC BRONCHITIS.

It is sufficient, for all practical purposes, to distinguish two varieties ;
one in which the mucous secretion is increased, the other in which it is
diminished or entirely suspended. The numerous species admitted by
Laennee, are but forms or different degrees of these two types.
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152 ASSEMBLAGE OF SOUNDS OBSERVED IN EACH

I. Chronic bronehitis with increased mucous secretion.

17 Slight decrease of the duration, and still more of the intensity of the
inspivatory murmur ; increase of both the intensity and duration of the
expiratory. These characters are most marked posteriorly. In front the
decrease in inspiration is usually less sensible.

2. Character of difficulty of production in the inspiratory and expira-
tory murmurs, especially in the former.

3°. Humid character of these murmurs, proportioned to the abundance
and fluidity of the secreted mucous matter.

4°. Humid or mucous bronchial ronchi with large bubbles, mixed here
and there with dry bronchial ronchi, which are chiefly grave, and which
coincide especially with expiration.

IL Chronie bronchitis with decrease or complote suspension of the
mucons secretion.

I°% Sometimes great decrease of the inspiratory and expiratory mur-
murs, which may fall as low as 1. This remarkable decrease is percep-
tible over the entire chest. More frequently, considerable decrease of the
intensity and duration of the inspiratory; the expiratory being very little
increased in intensity, but very much in duration.

Frequent variations in these characters.

2°. Character of remarkable difficulty of production in both murmurs
character of dryness and hardness.

3°. Dry bronchial ronchi, especially the acute toned, almost equally
audible during both periods of respiration; these ronchi are more or less
intense, more or less acute in their tone, according to the degree of tume-
faction and of morbid change in the bronchial mucous membrane.

§ IV. DILATATION OF THE BRONCHI.

1°. Decrease of the intensity and duration of the inspiratory murmur,
which may fall to 6 and 5. Increase of the intensity and duration of the
expiratory, which may rise to 12 and 15.

2>, All the alterations of guality, from the simple degree of clearness
up to the cavernous character, appear in succession, and extend from
expiration to inspiration, in proportion as the disease passes from its
earliest to its most perfect forms. These alterations of quality express
tolerably well by their degree, 1° the degree of induration of the pul-
monary tizsue round the dilated bronehi; 2° the degree of this dilatation.

3. All the humid bubbling ronchi comprised between the simple
muecous ronchus and the cavernous ronchus, may be observed in dila-
tation of the bronehi; their degree represents the degree of dilatation.
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Well marked cavernous ronchus always indicates, in such cases, very
considerable partial dilatation.

4. Voice bronchophonous or pectoriloquous, according to the degree
of bronehial dilatation and of induration of the surrounding parts.

5°. Bronchial or cavernous cough according to the degree of develope-
ment of these two conditions.

§ V. CoNTRACTION OF THE BRONCHI

This diminution of ecaliber, which may arise from a variety of causes,
is sometimes general and nearly uniform, sometimes partial and confined
to a single bronchus ; in the latter case it may occur in a principal or in
a secondary ramification. In both cases it may exist in different degrees.
The auscultatory symptoms vary a little according to those two cir-
cumstances.

I. Contraction of the bronchi m&r{y general and nearly wniform.

1°. Very marked diminution of the inspiratory and expiratory mur-
murs, but especially of the former; the degree of diminution expresses
exactly the degree of contraction. These characters are met in all parts
of the chest: sometimes we find that the diminution of the expiratory
murmur affects its intensity only, and that its duration appears aug-
mented. Frequent variations in these characters, when the bronchial
contraction depends on tumefaction of the mucous membrane without
chronie induration.
2°. Character of great difficulty of production in the inspiratory and
expiratory murmurs.
3' Character of dryness and of hardness in these sounds.
°. Transmission, in a slight degree, of the buceal, nasal, and phm _',rn—
gea.l respiratory sounds through the pulmonary tissue.
. Dry bronchial ronchi, acute and grave, but chiefly the former,
oceurring alike in both periods of respiration ; their intensity being pro-
portional to the degree of contraction.

II. Partial contraction confined to a single bronchus.

. Complete cessation of both respiratory murmurs in the lobules, the
lobes, or the lung to which the obliterated bronchus is distributed® ; or
if the obliteration be not complete, diminution merely of these sounds, pro-
portioned to the contraction. It is important to recollect that, in this

* We know, in fact, that each branch furnished by the principal bronchial tube is
distributed to a distinct lobule, and dees not communicate with the neighbouring ones,
whose place, therefore, it cannot supply.
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case, the cessation or diminution of the respiratory murmurs is limited to
the part to which the obliterated or contracted bronchus is distributed.

2°, Exaggeration of the respiratory murmurs in the opposite healthy
lung, or in the parts of the diseased one to which the sound bronchi are
distributed.

3" If there be merely contraction, the ear feels the sensation of great
difficulty in the passage of the air through the bronchial tubes, in the
points where the preceding characters are heard.

4°. Character of dryness and of hardness in the respiratory sounds.

5°. Transmission of the bucecal, nasal, and pharyngeal respiratory
sounds through the portion of lung in which considerable diminution or
complete cessation of the normal respiratory sounds exists.

6°. Very strong sibilant ronchus, existing almost equally in expiration
and inspiration, and heard precisely in those points of the lung where the
respiratory murmurs arve very much weakened or completely extinet.
Well marked diminution of this ronchus in proportion as we recede from
that part of the lung. :

7°. If it is the main bronchus of one lung that is contracted by the
pressure of a tumour, we hear at the root of the lungs, when the patient
speaks, “a peculiar sound, analogous to egophony or bronchophony *.”
¢ This sign,” adds M. Reynaud, “when it exists independently of those
of pneumonia or pleurisy, is of great value in the determination of this
state of compression of one of the bronchi” ¢ With this sign is joined
a marked diminution in the force of the voice, which appears as if
smothered 1.”

ARTICLE IL

DISEASES OF THE PULMONARY TISSUE.
§ I. PULMONARY EMPHYSEMA.

The most accurate auscultation detects no symtomatic difference
between vesicular and interlobular emphysema. I have elsewhere shown
that Laennec was mistaken in considering the friction sound of ascent
and descent, and the dry crepitant ronchus with large bubbles, pathogno-
monic of interlobular emphysema.

1°. Gradual diminution of the inspiratory murmur from 10 to 2 or
even 1, according to the degree of the emphysema and the length of time
it has existed ; this diminution affects both its intensity and duration ;
considerable increase of the intensity and still more of the duration
of the expiratory murmur, from 2 to 10, 15, 18, 20. These characters

* Reynaud, Dict. de Med. 2 edit. tome 6, p. 25.
T Lhid. tome G, p. 26.
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exist in the whole extent of the chest, or in one side of it only ; their
sreatest intensity is found in front.

9>, Character of roughness, hardness, difficulty and dryness in both
respiratory murmurs.

3°. Dry bronchial ronchi both grave and acute ; more grave in pro-
portion as the period of an attack of the intercurrent bronehitis that
complicates emphysema is more remote ; more acute in proportion as this
bronehitis itself is more acute. These ronchi are almost equally audible
during inspiration and expiration, and manifest themselves wherever the
preceding characters exist.

4°. Mediate or immediate auscultation of the voice, of the cough, and of
the sounds of the heart, shows that the transmission of these gounds through
the emphysematous pulmonary tissue is much more imperfect than in the
normal state, and is inversely as the degree of emphysema.

5%, Inerease of the normal resonance on percussion, with a somewhat
tympanitic character in the sound ; percussion communicates to the finger
a sensation of very great elasticity. These characters are found even in
the precordial region.

g°. Diminution of the normal thoracic vibration which is perceived by
the hand applied to the chest while a person speaks. This decrease of
the vocal vibration is proportional to the degree of emphysema, and is
especially manifest in the anterior regions.

7o, Rounded form of the chest, which tends more and more to assume
a spherical shape; protrusion of the intercostal spaces, and of the infra
and supra-clavicular regions. All these characters are proportional in
their developement to the degree of emphysema and to the time it has
existed.

g°. The exterior movements of the chestin the emphysematous having
been but little attended to, I will dwell more on them than on the other
morbid characters presented by this class of diseases. These motions are
quite characteristic of pulmonary emphysema.

Inspiration is abrupt and short, produced by a kind of convulsive
movement in which the entire thorax, as a single piece, is forcibly
elevated, the infero-lateral parts of the chest almost alone affecting the
movement of dilatation; more or less depression of the supra-sternal
fossa and supra-clavicular regions; the mean duration of this movement
may be represented by 3.

Expiration seems to be nothing more than relaxation of the muscles
previously violently contracted ; it is produced by the gradual sinking in
of the thorax ; its mean duration may be represented by 9-

Almost complete abolition of the partial movements of the chest
(movements by which the ribs are separated and approximated), which no
longer moves, either in inspiration or expiration, except by a motion of

the whole.
The characters I have just described represent a Very advanced state
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of emphysema : their degree of developement is directly proportional to
that of the disease. (29)

§ II. PULMONARY ®DEMA.

It may exist under two very distinet forms: 1° the acute, 2°, the
chronic form. The second, consecutive to other diseases; the first,
originating independent of every other affection.

L. Chronic or passive wdema.

1°. At the posterior part of the chest, diminution of both the
inspiratory and expiratory murmurs, which augments as we descend to
the most depending parts of the lungs, where the cedema is always
greatest. ‘The diminution of the inspiratory murmur is proportionably
much more considerable than that of the expiratory, which is scarcely
perceptible except where the cedema has reached its maximum. Where
their diminution is greatest, the two murmurs may be represented by the
number 1 or 1 common to both,

2°. Humid character of the respiratory murmurs, particularly well
marked where neither has as yet suffered any great diminution, This
humid character has nothing of viscidity combined with it.

3°. Humid, vesicular, bubbling ronchus; the bubbles fine, distinct,
rounded, succeeding each other with tolerable regularity and without pre-
cipitation, not always uniform, not numerous, free in their developement,
leaving an impression of humidity unmixed with viscidity, appearing in
the depending parts of the lungs posteriorly, and coexisting with inspira-
tion alone.

4°. A little bronchophony in the most highly marked cases.

5° A little diminution of the resonance on percussion.

6° A little diminution of the voecal vibration.

These morbid characters usually occupy the posterior depending parts
of both lungs, or of one only, and may be transferred alternately from one
to the other, or even to the anterior inferior parts, according to the mode
in which the patient lies.

When passive sanguineous congestion is added to the serous congestion,
as occurs in most cases where there is an obstacle to the circulation in the
heart or lungs, the characters are the same, with this difference alone,
that the humid character of respiration tends to become viscid, and that
in the ronchus above described the bubbles are more humid and more
voluminous.

I1. Acute or active wdema.

A man, in the vigour of life, was admitted into hospital in 1836, under
the care of M. Andral, for an attack of acute painful edema of the lower
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limbs ; the wdema disappeared, and at once all the cerebral symptoma
that result from sudden and abundant effusion into the pia mater made
their appearance. These again passed away, and were succeeded by
extreme difficulty of breathing, which oceurred suddenly, and inereased
with very great rapidity ; the serous determination which had fallen on
the lungs, extended to the trachea, the larynx, and at last the mouth ;
inspiration and expiration became whistling, the tongue acquired an
enormous volume, the soft parts of the neck were tumified and very tense ;
this tumefaction was white and very painful. However, these symptoms
also disappeared, and we began to anticipate the recovery of the patient,
when suddenly all the symptoms of intense peritonitis set in. He sank
rapidly, and we found on examination, the justice of our diagnosis. We
had, in faet, congidered the disease an acute cedema attacking in succes-
sion the cellular tissue of the inferior extremities, of the pia mater, of the
lungs, of the trachea, of the larynx, of the mouth, of the tongue, and of
the sub-peritoneal regions, During the invasion of the lungs we investi-
gated the auscultatory signs, and found the following :

1°. Diminution of inspiration and expiration, to such an extent, that
the former had sunk to 2 and the latter to 1, in the postero-inferior parts
of the chest; in proportion as we receded from these parts, inspiration
and expiration assumed their normal standard, and even presented, espe-
cially in front, the supplementary character.

2°, The humid echaracter somewhat viseid, as compared with passive
cedema.

3°. Not more than one or two bubbles of the ronchus of passive wdema,
even in the deepest inspirations, and their developement more difficult
and more imperfect.

4°. Marked dullness on percussion.

5°. Bronchophony.

6°. Diminution of the vocal vibration.

These characters existed in the posterior depending parts of the lungs
only. They diminished and disappeared in proportion as we receded
from these points.

The organie alteration of the lung, as found at the antopsy, that is, at a
period when it must have greatly diminished, consisted in condensation
of the pulmonary tissue, produced by a kind of intimate union of this
tissue with a somewhat viscid serosity ; it was a sort of white engorge-
ment.

§ III. ACTIVE SANGUINEOUS CONGESTION OF THE LUNGS.

Occupied for a long time in clinical investigations on auscultation, I
carefully noted the results furnished by it in each new case that came
into the wards; and afterwards observed attentively the changes that
occurred in the respiratory sounds. I have thus remarked a certain group
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of symptoms, which attracted my attention from the constancy and regu-
B larity with which the morbid characters that compose it were found com-
i bined ; these characters were different from any deseribed by Laennec ;
they varied in their degree of developement only. I sought to discover
* to what lesion they corresponded. I had first seen them appear as
: the first symptoms in some cases of pnenmonia developed under my own
eyes, They preceded those given by Laennec, as characterizing the first
I stage of that disease ; they were as if the heralds of its approach. I met
il them afterwards, precisely the same, in some persons admitted into hos-

) pital labouring under general sanguineous plethora, and sanguineous con-
gestion of the brain or some other organ. They disappeared readily, in

R e
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i this last elass of cases, under the influence of general depletion. They
3§ seemed, in some cases, to alternate with the signs of cerebral congestion 5
i they disappeared along with the symptoms of sanguineous plethora. In
" persons that presented this group of symptoms during life, we found after
i death that there was a difference between the anatomical characters cor-
o responding to it, and those that correspond to the signs of the first stage
{‘ of pneumonia.  Thus, pathological anatomy, the progress of the affection,
[/ its general symptoms, the regularity and constancy of the morbid charac-
Lj ters that constitute the local signs, the frequent consecutive developement
of pneumonia, all proved that they belonged to a peculiar affection, and
i that this was a sanguineous congestion of the lung, analogous to that
i which takes place in the brain and in all the systems of the economy ; a
b congestion by no means like that which occurs in the depending parts of
‘*q! the lungs when any obstruction to the pulmonary circulation arises, but
- a congestion essentially active, resulting from a superabundance of blood,
,ﬂ from an increased energy in the forces that circulate it, and from a vicious
& direction given to those forces.

ql Some practical facts are connected with the knowledge of this morbid

state : 1° in some cases it enables us to recognize pneumonia before the
manifestation of the symptoms which characterize the period regarded by
authors as the first stage of this disease ; hence it leads to a preventative
treatment of pneumonia ; 27, it reveals the cause of that state (sometimes
very distressing) of dyspnea, of vague oppression, of uneasy feeling in
the chest, of stuffing, of excitation and general disturbance in the circu-
lating system which some patients experience, without our knowing in
the actual state of seience, what opinion to adopt as to the nature of their
malady ; 3° this study is a fragment of the general study of active san-
guineous congestions of the different viscera of the economy, a subject still
much neglected.

I have taken an accurate account of the cases of 23 patients affected
with the disease T have deseribed ; it is those 23 cases, analyzed in all
their parts, that have guided me in tracing the history of active san-
guineous congestion of the lungs. I shall confine myself here to an ex-
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position of the general facts that constitute this history, with the intention
of publishing elsewhere a complete memoir on this subject.

Etiology.

1°. Age—The period of life comprised between 17 and 25, is that
which appears to predispose most to active sanguineous congestion of the
lungs; that at least which has furnished most of my cases. If we com-
pare this result with that obtained by authors in their statistics of pul-
monary hemorrhage and of diseases of the lungs, we will find that there
exists an intimate connexion in this respect, between these three morbid
movements, congestion, hemorrhage, structural change. There is the
most complete harmony between the periods of life which each selects for
its developement ; the epoch of congestion 13 the first, then follows that of
hemorrhage, and later still that of organie formations. This is, in fact,
the pathogenic order most generally observed and recognized. It is
obvious from this, of what practical importance the diagnosis of active
sanguineous congestion of the lungs may be.

9¢, Sex—The influence of sex, if it have really any influence in the
developement of sanguineous congestion of the lungs, appears to arise
from the uterine functions. In three of my cases, the pulmonary con-
eestion followed sudden suppression or diminution of the menses.

3°. Constitution—The muscular constitution, the sanguineous temper-
ament, are the most favourable to the developement of active pulmonary
congestion. That peculiar form of the lymphatic temperament, that
feeble constitution, which usually coincides with the developement of
phthisis pulmonalis, appears to hold the second place.

The professions do not seem to have any influence on the developement
of this affection.

4°. Hereditary influence—The same general sanguineous plethora, the
same tendency to visceral, and especially cerebral congestion, existed in
the families of most of my patients.

5% Influence of former discases—A third of my patients had had
catarrhs ; a less number had been long subject to symptoms of cerebral
congestion (1st form of M. Andral). This tendency to cerebral conges-
tion had generally diminished and disappeared, in proportion as the ten-
dency to pulmonary congestion was developed.

6° Influence of season—In many of my cases atmospheric heat ap-
peared to have some influence upon the developement of the affection ;
for a greater number of cases occurred in July than in any other month.

7°. Long continued efforts, asphyxia by carbonic acid gas, long
exposure to a burning sun, appeared to have produced it in four cases.

In conclusion, we have no etiologic circumstance, whose direct influ-
ence, whose universality, and predominance over others is distinetly
marked—no dominant cause.

Symptomatology. 1° Local symptoms.—Auscultation furnishes : a, the

S

i e & e
o el e e Ry e e

i

=

T



B R

R
S

"
.

160 ASSEMBLAGE OF SOUNDS OBSERVED IX EACH

character I have elsewhere deseribed under the name of the humid viseid
character. It existed in all the cases.

b. A marked diminution of both the respiratory murmurs ; a diminu-
tion nearly proportional in each, inspiration having fallen to 4 or 5, expi-
ration to 1. :

¢. The ronchus I have deseribed (see 1st part, Ch. I1. Art. XI.) as the
humid ronchus with continuous bubbles.

d. Shght dry congh, not accompanied in any part of the chest by the
usual signs of bronchitis,

e. Feeble bronchophonic resonance, but only in cases where the con-
gestion has attained a high degree.

Slight dullness on pereussion, when the congestion is rather consi-
derable.

Slight diminution of the vecal wibration is perceptible in some rare
cases, (those only where the congestion has reached its highest degree.)

In all the eases the breathing was strikingly acecelerated, and the face
presented the expression of difficulty of breathing well marked.

Whenever the pulmonary congestion was not actually complicated with
pneumonia, the characters of the expectoration were constantly the fol-
lowing : sputa scanty, white, almost as much mingled with air as in the
natural state, remarkable for a slight degree of viscidity. In 18 cases out
of 23 cases they presented these characters.

Stiteh in the side, or pleuritie pain, is not one of the symptoms of active
pulmonary congestion ; in the cases where it occurred, it depended on
pleurisy or pleuropneumonia complicating this affection.

On the other hand there is a sign that seems essentially connected
with the presence of congestion ; it is a feeling of tightness and stufling
in the chest. This sensation is very troublesome ; it keeps the patient in
a state of restlessness and anxiety, that increases the oppression and state
of general agitation. Sometimes this sensation has been felt in the parts
oceupied by the congestion, sometimes elsewhere. It differs altogether
from the pleuritic pain known by the name of stitch in the side.

By means of these signs, we can easily circumseribe the space in which
the congestion exists. At the same time, the boundary between the
healthy and diseased parts is never abrupt. It is only by degrees, and as
we recede from the centre of the congestion, that the respiration resumes
its normal characters ; farther on, and throughout the remainder of the
lung, it is puerile.

2°, General symptoms—Countenance animated, skin every where vi-
vidly eoloured, expression of general plethora, well marked heat of body,
but not febrile heat ; such was the general aspect of most of the patients.
In all cases where sanguineous congestion of the lungs alone existed, we
remarked, instead of fever, a state of strongly marked general excitation.

From my observations, the chosen seat of congestion is the middle third
of the posterior parts of the Jungs; it may, however, fix upon any other
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part of those organs; I have seen it occupy the upper third, the middle
and the lower third of the anterior region. The seat of the congestion
may vary in the course of its different stages; it may extend, decrease,
pass from one point to another, return to its primary seat, &c. But I
have not seen these changes, any more than the primary seat of the
affection, influenced by the decubitus of the patient ; I have never seen
it appear, such as I have described it, in patients long bed-ridden, who
have fallen into that anemie state that disposes to passive or hypostatic
congestions. There is nothing determinate as to the extent it may
aceupy.

Peculiar diagnosis.—1°. Whenever the humid wviscid character, the
humid ronchus with continuoug bubbles, diminution of the murmurs,
especially the inspiratory, feeling of oppression, expectoration white,
mucous, mrated and a little viscid, distinct sensation of stuffing in the
chest, state of general sanguineous plethora, with almost complete
absence of febrile excitement are found united, we may rest assured that
there exists active sanguineous congestion in the part of the lungs where
the above physical signs are recognized.

2. This diagnosis will still be warranted, though there exist a state of
febrile excitement, whether this state be or be not explained by some
existing complication.

3. If only the viscid humid character, the fall of the respiratory mur-
murs, especially of the inspiratory, and the humid ronchus with con-
tinuous bubbles, be distinetly recognized, there will still be enough to
assure us of the presence of this affection. But without this combination
of signs, we cannot, I think, attain physical certainty in our diagnosis.

Differential diagnosis—1". From the first stage of pneumonia.—Active
sanguineous congestion of the lung being sometimes only a preparatory
step to the first stage of pneumonia, being indeed but the first degree of
that disease, it is plain that at the point of contact of these two morbid
states, it will be no longer possible to find any difference between them,
either in their symptoms, or their morbid anatomy. But in the perfect
form of either, they are distinguished by the difference between the
humid ronchus with continuous bubbles and the primary crepitant
ronchus, by the absence of the febrile state and the humid viscid cha-
racter observed in congestion, lastly by the difference of the sputa.

9. From acute capillary bronchitis in its first stage—The diminution
of the respiratory murmurs is less in bronchitis than in congestion. [Ifs
ronchus is different from the humid ronchus with continuous bubbles
(see chap. IL art. XIL); the viscid humid character of congestion 18
replaced in it by the character of dryness and hardness; some sibilant
ronchi are audible here and there; there is no expectoration and the
febrile state is well marked.  Active sanguineous congestion is rarely
double ; it may exist in any part of the chest; capillary bronchitis is
always double ; its signs seldom exist except in the infero-posterior
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regions. This differential diagnosis becomes in some cases very difficult:
in fact, intense capillary bronehitis is often accompanied by considerable
sanguineous congestion of the posterior depending parts of the lungs*;
in this case, the signs of the two affections are combined, and we renerally
come to suspect the existence of both. In the second stage of bronchitis,
the differential signs between the two affections are numerous: there is
the absence of diminution of the respiratory murmurs, the difference of
the ronchi, the localization of the signs of congestion and the universality
of those of bronechitis, the different course of the two diseases.

3°. Passive wdema of the lungs—The exclusive seat of passive
pulmonary cedema at the hase of the lungs, its existence in both sides at
once, the influence of the decubitus of the patient on its position, the
characters of the ronchus that accompanies it, the absence of the viscid
character, the circumstances in which it is observed, are quite sufficient
to distinguish it from congestion.

4°, With respect to acute cdena of the lungs, the differential diagnosis
of it from congestion must be very difficult : the absence of the humid
continuous ronchus, the peculiar course of the affection, the manifestation
of serous congestion in other parts besides the lungs, are the only differ-
ential signs upon which we can reckon. But we must not forget that
acute pulmonary cedema is a very rare disease, and that it is in general
accompanied with fever, whilst sanguineous congestion is tolerably fre-
quent, and when simple is unattended by fever.

5% Active and passive sanguineous congestions of the lungs—Parallel
Detween them.— The one is obedient to physical influences and is modified
by the mode in which the patient lies and the depending position of the
parts ; the other is only influenced by the laws of the temporary organic
disturbance that has invaded the cireulating system and directed its force ‘
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upon the lung in particular.

The one is developed in the most asthenic states of the economy and j
only appears in the depending parts of the lungs; the other is developed
essentially in sthenic states, and may occur in any part of these organs.

The one is produced slowly, remains long stationary, and is not
resolved but with the greatest difficulty. The other is usually sudden in
its invasion, rapid in its course, and rapidly removed when suitably
treated. :

Active sanguineous congestions of other viscera, especially of the brain,
often accompany active congestion of the lungs, but scarcely ever the &
passive congestion of these organs. -

The one is the result of those circumstances that produce excitement
of the cireulatory movements; the other of those that enfeeble them.

Active pulmonary congestion is to the passive form, what ordinary cere-
bral congestion is to the cerebral congestion produced by some obstruction

"
——

* Autopsies made in the acate period of capillary bronehitis complicated with pneu-
uonia of one of the lungs.
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to the return of the blood by the jugulars. The active congestion seems
to be essentially arterial, the passive essentially venous, as well in the
lungs as in the brain.

They differ in their local symptoms as in their general aspect. In
passive congestion the ronchus is large and very humid ; it resembles the
ordinary mucous ronchus; it exists both in inspiration and expiration ;
the humid character of the respiratory murmurs is somewhat coarser; it
seems as if respiration took place in a muddy liquid ; the sound on per-
cussion is usually very obscure; the vocal vibration is lost in these
points; we sometimes hear slight bronchial character, which depends on
a commencement of splenization ; if the ear be applied to the patient’s
mouth we hear the fine bubbling ronchus, deseribed elsewhere as the
bucco-pharyngeal ronchus; there is none of that peculiar feel of stuffing
in the chest mentioned in the description of active congestion; the
expectoration is catarrhal or sometimes indeed of a brick-red colour,
which is quite peculiar.

Invasion—In six of my cases of active pulmonary congestion, the
attack was abrupt and rapid, as in cerebral congestion; it was the
apoplectic stroke of the lung: sudden and considerable oppression, a
sense of stuffing and difficulty of breathing, feeling of general fullness,
unsual local symptoms, and then a state of general uneasiness, of agitation,
of lassitude. But the dizease did not begin in this way exeept when it
was free from all complication. In the majority of cases, the symptoms
of econgestion appeared after some days of previous indisposition. In
some instances, sanguineous congestion of several viscera existed
together ; for some time one or other alternately had the asegndant; but,
after several alternations of this kind, the signs of pulmonary congestion
appeared and attained, at the expense of the rest, marked pre-eminence
and permanence.

Forms, course, duration—Active sanguineous congestion of the lungs
appears under two principal forms, and its course is different in each ;
1% in one, the determination to the lung is the result of some organic
change going on there. In this ease the determination, like its cause, is
steady, slow, gradual. 2°. In the other form, on the contrary, where
nothing in the lung keeps up the determination, where it is influenced by

no law but the kind of momentary irregularity into which the cireulation’

happens to be thrown, it is abrupt, rapid, changeable, passing by starts
from one point to another; in a word, it exhibits the character of the
disorder upon which it depends.

The duration of this affection is in general dependant on the form in
which it appears. It is usually between 10 and 15 days, when the con-
gestion is of the second form and quite free from complication ; its dura-
tion is much more considerable and extremely variable when any compli-
cation, especially organie disease of the lung, exists.

Terminations.—~We have recognised three modes of termination ;
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1°. heemorrhage; 2°. pneumonia ; 3% resolution. Reasoning from analogy
we may admit a fourth, consecutive organic formations; but, in the
actual state of science, we cannot say any thing of the forms or the
nature of these organic alterations, which indeed we only admit as
possible.

1°. Hemorrhagic congestion may occur in two different forms : some-
times it bursts forth in the midst of the pulmonary tissue, which it breaks
up as it would the brain,—this is pulmonary apoplexy; sometimes it
tends to resolution by a sanguineous exhalation on the surface of the
bronchi,—this is bronchial hemorrhage. Sometimes also both effects are
combined; this almost always occurs in pulmonary apoplexy.

2°, Aective sanguineous congestion of the lung, if left to itself, does not
necessarily terminate in pneumonia, as one might be disposed to think :
pneumonia ig only one of its natural modes of termination ; it seems,
indeed, to be the most common, for it took place in 11 of my 23
cases. It is probable that pneumonia is always preceded by the signs of
active sanguineous congestion, and that if these have not been as yet
described, this arises, as well from our seldom having an opportunity of
seeing the disease in its earliest phases, as from the delicacy of these
signs, and the auscultatory experience requisite to detect them.

On two occasions, while entrusted for a time by M. Andral with the
care of the wards St. Leon and St. Michael at la Pitie, I made the fol-
lowing experiment, as harmless for the patients as conclusive of the
question at issue. Two patients, of nearly the same strength, the same
habit of body, and almost the same age, were admitted to hospital ; I
recognized in both the signs of pulmonary congestion ; they were like-
wise recognized by the students; I directed one to be bled, and the other
to have merely some demuleent; stating at the same time that the signs
of congestion would probably have disappeared in the first on the follow-
ing day, and in the second be changed into those of pneumonia. The
next day, in fact, the one that had been bled had scarcely a trace of the
signs remarked the day before ; while every one could recognize, in the
case left to itself, the signs of pneumonia (crepitant ronchus, bronchial
respiration, rusty-coloured sputa, &e.) A second opportunity occurred
for repeating the same experiment in nearly similar conditions: the
‘result was precisely the same. Amongst the students, those who were
practised in auscultation recognized themselves a marked difference
between the symptoms of congestion and those of the pneumonia that
followed it. There was no difficulty in arresting the pneumonia thus
developed under our eyes. It is easy to see what advantage we may
gain in practice from a knowledge of the signs and course of active san-
guineous congestion of the lungs. In those cases of mine where the
congestion was transformed into pneumonia, it was in general about the
7th day of the congestion that this transformation took place.

3%, Active sangnineous congestion of the lung is a distinet disease, in-
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dependent of every other, having its peculiar course, duration, symptoms
and modes of termination. The termination by resolution was the most
frequent in my cases ; it takes place by a successive degradation and
gradual disappearance of the symptoms. This degradation and disap-
pearance occur in the following manner: the bubbles of the ronchus be-
come more humid, more voluminous, less frequent; then they ecease.
The humid character of the respiration becomes less and less marked, and
so disappears. The respiratory murmurs increase continually, pass soon
the normal standard, and assume the exaggerated character in the very
place in which they were diminished. The phenomena furnished by the
sense of touch and by percussion disappear first; those derived from aus-
cultation last.

Prognosis—No very unfavourable prognosis is connected with this
affection, when it is simple. If it circumseribe a pneumonia, and if it
spread in the same direction in which the pneumonia has successively
advanced, the prognosis becomes very serious, because this indicates the
tendency of the pneumonia to continue to extend. In phthisis pulmo-
nalis, if it appear very often, and especially if it persist very long in the
same place, we must fear heemoptysis, and besides we will have reason to
think that the organie change of the lung is become both more severe and
more rapid. If it is frequently renewed in the supero-anterior regions of
the chest, and if a suspicion of phthisis is created by other circumstances,
it may lead us to presume that there is a tendency to tuberculization in
those parts, or that it has already commenced.

Pathological anatomy.—The exact anatomical characters of active san-
guineous congestion of the lung are as yet undetermined. An accidental
death from some other cause, during the existence of a pulmonary con-
gestion, can alone furnish them ; and such a case must necessarily be
long wanting. One of my patients sank rapidly of a pneumonia, which
had been preceded, in every point it successively attacked, by active san-
guineous congestion : we had noted carefully, during life, the parts of the
chest where the signs of congestion and the signs of the 1st or 2nd stage
of pneumonia existed ; at the autopsy we compared the anatomical cha-
racters of these different points, and the following was the result :

Congested part. Inflamed part.
1°. Floated in water, half above, 1° Sank rapidly to the bottom of
half below the surface. the water.

2°, Compressible and not friable. 2°. Incompressible and friable.
Presenting no friability, that is,
no readiness to tear, except what
dependedon its increased density ;
for after the removal of much
blood by washing and moderate
pressure, itsfriability disappeared.
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3°. By washing and compression,

its flaccidity, its resistance, its
elasticity, and its normal volume
could be nearly quite restored.

4°, On compression, blood some-

what thick, unmixed with puru-
lent matter, escaped in tolerably
large quantity ; it was distinetly
red, and divided into two parts,
one molecular, composed of the

ASSEMBLAGE OF SOUNDS OBSERVED IN EACH

". It was impossible to obtain the

same result in this case.

°. A kind of sanio-purulent liquid

exuded in very small quantity by
compression : a marked change, a
kind of organization or solidifi-
cation of the blood effused or
exhaled.

coloured particles suspended in
the other part, which remained
liguid.

5°. A kind of semi-softness, of semi- 5° Firm, resistant, solid.
flaccidity.

6°. Vivid redness; air bubbles in 6° Dusky redness, approximating a
considerable quantity. little to tan colour; complete ab-
gence of air.

7°. Reddish, fleshlike granulations,
very distinet.

7°. No granulations.

There was not any absolute line of demarcation between the two parts;
an insensible degradation of the preceding characters condneted from the
one to the other.

The pathological appearances given in the first column, cannot be con-
sidered as exactly the type of active sanguineous congestion of the lungs,
because they must necessarily be affected by the proximity of the pneu-
monia, and the gradual fusion of their mutual anatomieal characters. 1
make this remark in order to anticipate the objections that may be made
to those characters.

Intimate nature of the dissase—Nothing is better calculated to enable
us to comprehend the intimate nature of pulmonary congestion, in its
simple state, than the complete absence of every inflammatory element.
Henee the facility with which it appears and disappears, its duration so
brief in some circumstances, its course so rapid, so capricious ; for ex-
ample, when it alternates with congestions of other viscera. In the simple
state I am supposing, the disease is rather a modification of motion than
of matter ; that is, of the forces that communicate to the blood its natural
impulse and direction, than of the organ that receives the blood, or of the
blood itself. Let the vicious impulse cease, or let it be directed upon
another organ, and the lung at once resumes its natural state. It is only
when this determination of blood to the same tissue is very often re-
peated, that it ean produce in its functions or in its texture, organic
changes more or less profound. In support of what I have said as to the
absence of any inflammatory element in active sanguineous congestion, we
may remark the difference between the blood drawn in cases of simple
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sanguineous congestion, and in cases complicated with pneumonia ; in
the latter it always presents a tolerably thick inflammatory crust; in the
former there never is a trace of this, but merely the large, golid, resisting
clot, with little serosity, which is usually met in patients of very sanguine
temperament, who have had recourse to bleeding to obviate the effects of
general plethora and cerebral congestion.

Tyreatment—Studied with a view to its treatment, active sanguineous
congestion of the lungs presents very different indications, according as
it is simple or compound. It presents also remarkable differences in this
respect, according to the nature of its complications.

1°. General bleeding is the best therapeutic means we ean employ in

this disease, when it exists in the simple state ; it is that which has suc-
coeded best with me. One blood-letting has sometimes been sufficient to
dissipate it ; at other times two were required. The congestion may re-
appear several times in succession, notwithstanding the employment of
the lancet. In the majority of cases, when the disease is quite simple,
rest, some trifling diluent internally, and mustard foot baths are sufficient
to remove it in a very short time, generally, in my cases, in from 6 to 7
days.
The signs of general plethora and excitement that existed in the pa-
tients treated in this way, disappeared along with the gigns of pulmonary
congestion ; all returned gradually and quickly to the normal state ; and
yet this simple treatment did not diminish the mass of blood ; its influence
appeared to be exercised on the movement by which this fluid was agi-
tated. This is another reason for thinking that pulmonary, like other
visceral congestions, consists essentially in a peculiar disturbance of the
cireulation of the blood, without any alteration either in this fluid, or in
the tissues to which it is determined. An augmentation of the general
mass of the blood iz apparently very favourable to the developement of
partial congestions ; but by itself and without the aid of the preceding
cause, it can only produce general uniform congestion, that is, a state of
sanguineous plethora ; and indeed in all my cases of congestion, in which
this temperament was well marked, this state of general plethora existed.
But partial congestions may easily ocenr without any augmentation of the
mass of the blood; the disturbance of the circulation, and its direction
upon a single point are sufficient to produce them. It will be remem-
bered, that in speaking of the etiology of congestion, I said it manifested
itself chiefly in persons of very sanguine temperament, but that it might
also be developed in individuals of an entirely different constitution.

9°, When congestion is complicated with pneumonia or any other affec-
tion, the treatment belongs to the latter, and hence it becomes useless to
speak of it.

The limits of this work do not permit me to give more than two cases
of active pulmonary congestion: they will be scen at the end of this
chapter. (30)
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§IV. PAssIVE SANGUINEOUS CONGESTION OF THE LUNGS.

See the exposition of the symptoms given at page 162, in speaking of
active sanguineous congestion.

§ V. PuLMoNARY APOPLEXY.

It seldom happens that pulmonary apoplexy is not accompanied by
active sanguineous congestion. In this case, the signs of congestion are
found all round the apoplectic clot ; and we then recognize the following
signs.

1°. Considerable diminution of both respiratory murmurs in a very
limited space. In some cases there is almost complete cessation of them.

2°. All round this circumseribed spot, signs of active pulmonary con-
gestion; a little farther on and in the remainder of the chest, supple-
mentary respiration, more distinetly marked the nearer we approach the
affected part.

3°. Considerable obscurity or even complete dullness on percussion
where the diminution or cessation of the respiratory murmurs exists.

4°. Bronchophonic resonance of the voice in the same place. Diminu-
tion of the vocal vibration is also sometimes sensible.

5°. Expectoration tinged with blood.

6°. Sensation of stuffing and of great difficulty in respiration.

T°. With respect to the crepitant ronchus, which Laennee has deseribed
as existing at the seat of the apoplectic nucleus, and the mucous ronchus
which he has said is audible at the root of the lungs, I confess that, in several
cases, which on autopsy presented one ormoreapoplectic nuclei, [only found
the erepitant and mucous ronchi for a short time after the appearance of the
haemoptysis, and observed them disappear along with it; which makes
me think they belong rather to hemoptysis than to pulmonary apoplexy.
If, at the same period, the ear be applied to the patient’s mouth, we have the
bueco-pharyngeal ronchus which I have elsewhere described.

§ VI. PNEUMONIA.

We can recognize two principal forms of prneumonia: acute and
chronie.

I. Acute pmewmonic—Sometimes it is lobular ; this is the form in
which it usually appears in children. Sometimes it occupies uniformly
a greater or less extent of the pulmonary tissue.

In the latter case we have the following signs on auscultation.

1° In the first stage, diminution of the inspiratory and expiratory
murmurs, which are reduced to 4 or 2 and 1; in the second and third
stages, complete cessation of the respiratory murmurs, which are replaced
by alterations of guality.

FNLIE

i




DISEASE OF THE RESPIRATORY APPARATUS. 169

2°, Alterations of guality commencing with the clear character, which
appears first in expiration only, extends afterwards to inspiration, and
eradually increases till it becomes well marked bronchial character.
During the period of resolution, the preceding alterations of quality
repass successively, in their gradual decrease, through all the degrees
they have passed over in their period of increase, and do not disappear
from expiration till after they have ceased in inspiration. Complete
correspondence between the degree of disease and the degree of alteration
of quality.

3°. Primary crepitant ronchus appearing in the first stage ; usually
coexisting with the lower forms of alteration of guality ; disappearing in
the second stage when the higher forms of these alterations appear;
coexisting with inspiration only; appearing to change during the third
staze, at least in some cases, into a muecous ronchus with humid, rather
voluminous bubbles, the special character of which is that they coexist
with inspiration alone; lastly, at the period of resolution, the crepitant
ronchus appears in the form of somewhat larger, more humid and less
regular bubbles, which coexist also a little with expiration.

The other symptoms are well known. I may mention among them the
decrease, sometimes almost complete cessation, of the vocal vibration at
the part occupied by the disease.

In central pneumonia it often happens, notwithstanding what Laennec
has said, that all the loecal signs are wanting, and that we have nothing to
guide us in our diagnosis but the characters of the sputa, and the general
symptoms. I have myself seen 5 or 6 cases of this kind. MM. Andral*,
Lonist, Chomelf, &c. have often observed this absence of local phe-
nomena in central pneumonia.

In lobular pneumonia we find on auscultation: 1° Exaggeration of
both murmurs (supplementary respiration) affecting expiration much
more than inspiration. Sometimes we even find, in the same patient, and
in the same parts, diminution of the inspiratory and augmentation of the
expiratory murmur. These characters diminish and disappear in pro-
portion as we recede from the point where the pneumonia exists.

2°. Expiration usually presents the clear, blowing quality, sometimes a
very slight degree of the bronchial, but in general the alteration of
quality goes no farther.

3. Occasionally we meet here and there, towards the end of inspira-
tion only, some scattered, inconstant bubbles of the primary crepitant
ronchus. '

4°. No change is perceptible in the sound on percussion, nor in the
vocal vibration.

II. Chronic preumonia—Many persons have questioned the existence

* Auscultation mediate, edit. de 1837, notes des pages 350, 353.
¥ Clinique medicale de la Pitie, annde 1836.
1 Dict. de Medecine, en 21 vol. t. 17, p. 227,
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of chronic pneumonia ; some have admitted it, but as an exceedingly rare
affection. M. Andral® eonsiders it mueh less rare than is generally sup-
posed. My observations at the bed-side, and my researches in patho-
logical anatomy, are quite favourable to the latter opinion.

1. As anatomical characters, I would refer to the chronie indurations
of the pulmonary tissue with considerable increase of its density and
resistance, fawn-coloured, greyish, or of a dirty white, which we find in
one or more lobules, or perhaps in a considerable part of a lobe, especially
in the summits ; I would refer also to that chronic induration, of @ deep
red colour, with increased resistance of the tissue of the lung, a kind of
carnification of it ; I would lastly refer, with M. Andral, to those blackish
indurations, called melanosis, and which, like the preceding, are chiefly
met in persons who have been subject to chest affections.

As symptoms 1 would mention the following: 1° Diminution of
inspiration, more marked in proportion as the induration is more com-
plete, more extensive, and as it occupies more uniformly the mass of the
pulmonary tissue where it is situated: this diminution of inspiration
sometimes descends as low as 1 or 2. Augmentation of expiration, more
marked in proportion as this densification is more complete, more
extensive and less uniform ; that is, the inspiratory murmur is less dimi-
nished, the expiratory more increased, in proportion as there are more
lobules of healthy tissue in the midst of the diseased ones; and wvice versa.
The expiratory murmur even suffers a marked diminution both in dura-
tion and intensity when the induration occupies uniformly the entire
thickness of a lobe of the lung.

2°. Alterations of gquality, more marked in expiration than in inspira-
tion, proportional in degree to the degree and uniformity of the pulmonary
induration ; slight, sometimes even inappreciable, when many sound
lobules are enclosed among the affected ones ; these alterations of quality
are always proportionally less considerable than in acute pnenmonia.

3°. Character of hardness, of dryness, of great difficulty of production
in the respiratory murmurs, a character which is very distinet, espeecially
when no alteration of guality has yet taken place.

4°. Distinet bronchophony.

5°. Bronchial cough.

6° Sounds of the heart more distinetly heard at the place where the
preceding signs are observed.

7°. More or less diminution of the sound on percussion.

8°. Diminution of the vibration of the voice.

9°, When chronic pneumonia exists at the top of the lung, and occupies
so much of it as to have produced sensible atrophy of that part of the
organ, there may be a diminution of the volume of the corresponding top
of the chest, a diminution of the partial movements of this side, and sink-

ing in of the spaces above and below the clavicle.
& Auscult. Med. ed. 1837, vol. 1, p. 586.
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Sometimes chronic bronehitis and a habitual cough, a feeling of uneasi-
ness, of stuffing, of obstruction within the chest, coexist with the pre-
ceding signs. As far as I have observed, there rarely exists any obvious
deterioration of the patient’s health ; more rarely still do we see
symptoms of hectic fever, if the chronic pneumonia, such as I have above
deseribed it, in its three principal anatomic forms, be perfectly free from
complication with tubercles or any other affection. (31)

§ VII. CaroNIC INDURATIONS OF THE LUNG.

All that I have just said on the symptomatology of chronic pneumonia is
perfectly applicable to every pulmonary induration, whatever be 1ts nature,
which presents prefty nearly the same anatomical conditions, The signs I
have pointed out being physical signs, it is ebvious that they must be
nearly similar; such is in fact the result of clinical observation. Itis only
certain forms of these organic alterations, such as tubercular infiltration,
and certain modifications of the primary physical conditions resulting
from the progress of the malady, that can produce variations of the
symptoms : such are, in phthisis, the pulmonary crumpling sound, the
dry and humid crackling ronchi, the cavernulous and gurgling ronchi,
the cavernous and amphoric respiration.

So too the decline of the patient, the existence or non-existence of the
symptoms of hectic fever, the degree and progress of these symptoms do
not depend upon the form, upon the extent of the foreign body deposited
in the lung, upon the physical fact, but upon the nature of the alteration
which constitutes this physical fact, and the organic dispositions in which
it finds the patient.

§ VIII. PaTHIsSIS PULMONALIS.

The signs of the 2nd and 3rd stages of phthisis are so well known that
I will not stop to notice them. Hereafter I will enter into a detailed
account of every thing that may serve to determine the first stage (see
2nd part and especially chap. vi.). For the present I will only give a
succinet summary of the signs furnished by auscultation, percussion,
touch, inspection, and the morbid sensations of the patient, in establishing
the connexion between this first stage and the succeeding ones.

1°. Diminution of the duration and intensity, but especially of the
duration of the inspiratory murmur, which may fall to 4 and even 2.

2°. Augmentation of the intensity and duration of the expiratory mur-
mur, which may rise even to 20.

3°. Rough, hard, dry, difficult character in the murmurs, but especially
in the inspiratory.

4°. Alterations of quality, appearing first in expiration, spreading
afterwards to inspiration, preserving greater intensity in the former, and
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passing successively through all the alterations of quality, from the clear
to the amphoric character.

5°. Pulmonary crumpling murmur or ronchus, coexisting almost ex-
clusively with inspiration.

6° Dry crackling ronchus, coexisting almost exclusively with inspira-
tion, and [‘}FI.SSillg SHGUE}EE.[‘-’L‘I_‘F into the humid ﬂrﬂckling, the cavernulous,
and cavernous ronchi, which occupy more and more equally both inspi-
ration and expiration.

7°. Bronchophony more or less intense.

8° Bronchial cough more or less marked.

9°. Transmission of the sounds of the heart through the tuberculated
part of the lung.

10°. Sound on percussion over this part more obscure. Feeling of
greater resistance to the finger; sometimes even complete dullness on
PEI‘CUES]H]’I.

11°. Diminution of the voeal vibration.

12°. Diminution of the partial movements of the upper parts of the
chest ; diminution of their volume ; sinking in of the spaces above and
below the clavicle.

In general these different symptoms express by their degree, the
different and successive degrees through which the tubercular infiltration
and the process of softening pass. They are usually more marked on one
side than the other, have their special seat in the superior parts of the
chest, and more peculiarly in the subelavicular regions.

13°. Feeling within the chest of restraint, of difficulty in respiring, of
annoyance from speaking or coughing, sometimes even of pricking or
ghooting pains. These morbid sensations are usnally more marked on
one side of the chest, where the tuberculization is more advanced.

For the other symptoms, their different combinations, &e. see hereafter
my special researches on the diagnosis of the first stage of phthisis
(2nd part).

§ IX. GANGRENE OF THE LUNG.

Amongst the cases of gangrene of the lung that I have observed, I find
only one that includes a sufficiently detailed account of the auscultatory
signs, from the appearance of the gangrene to its resolution, and during its

entire duration. The following are the symptoms observed in this case®.

1°. Some days previous to the manifestation of the gangrenous odour
in the sputa and of the general symptoms of gangrene, we recognized all
the symptoms of active sanguineous congestion in its most intense form.
These symptoms existed in the middle third of the posterior part of the
right lung. Some traces of sonorous and sibilant ronchi were combined

with them.
* No. 5, St. Michael's Ward, care of M. Andral, hospital de la Pitie, 1836.
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2°, Afterwards, when the general symptoms of gangrene and the gan-
arenous odour of the expectoration appeared, the signs of congestion
extended far beyond their former limits, and at the same fime we
observed that in the place where they had appeared, and where they
always maintained their maximum intensity, the viseid humid character
greatly increased, the bubbles of the congestive ronchus became larger,
more humid and more numerous, bronchophony was here more distinet,
while sonorous and sibilant, mixed with mucous ronchi, were audible in
the same side of the chest, in front, and scarcely at all in the opposite
side. As long as the gangrenous odour of the sputa, which was intense,
continued, as long as the brownish red colour of the expectoration and
the general state of the patient favoured the opinion of the continuance
of the gangrene, the symptoms remained nearly the same; they were
only a little more or a little less distinet ; at length the signs of gangrene
disappeared, and with them, slowly, gradually, all the local phenomena.
These followed in their disappearance the same course as in the termina-
tion by resolution of active sanguineous congestion of the lungs.

ARTICLE III

NERVOUS DISORDERS OF THE RESPIRATORY ORGANS.

Under this title I include that rather numerous class of cases in which
we observe more or less disturbanee of the respiratory murmurs and move-
ments, without any structural lesion whatever of the respiratory organs that
we can connect with this funetional disorder. I will not here enter at all
into the consideration of the causes that produce these disorders, or of the
intimate nature of these maladies. Whether theydepend on a greater want
of heematosis at certain times; on a peculiar excitation of the nervous sys-
tem of the lung ; on the irritation of this organ by blood more or less rich
than ordinary, or modified in some of its elements ; on spasm of the mus-
cular fibres of the bronchial system ; on a peculiar expansive and con-
tractile power in the air cells ; on a convulsive state of the muscles of the
glottis, or of those of the chest; on a sort of influence of irritation, &e.*
whether they depend on one or other of the preceding causes, is of little
importance in the question I am considering, and perhaps also in practice,
which derives but little advantage from all these purely theoretical con-
siderations. With a view to the subject of auscultation, all these affec-
tions are divisable into two classes: 1°. The effect of one class is to di-
minish the respiratory murmurs; 2° that of the other is to increase them.
These two classes correspond, the second to the asthma with pucrile
respiration, and the first to the spasmodic asthma of Laennee.  The first

* The reader will find all these opinions scattered through different works, and
nearly all brought together in the edition of Lacnnee by M, Andral, 2nd vol.
P 365 to 400,
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174 ASSEMBLAGE OF SOUNDS OBSERVED IN FACH

gives rise to by far the most alarming train of symptoms, and sometimes
places the patient in imminent danger of asphyxia ; whilst the second only
produces respiratory movements much deeper, more frequent, irregular,
and rendered painful by the continual effort with which they are
accompanied.

I. In the first case, the respiratory motions have the character which
has been designated convulsive. The murmurs and the movements are
in an inverse ratio to each other. The latter are produced by a very
powerful effort, and the former are scarcely audible; they are even
in general less pereeptible, in proportion as the thoracic movements are
more convulsive and more energetic. There is also an alteration of the
rhythm of the murmurs as of the movements: the murmur is some-
times suddenly arrested in its course. But the most common auscultatory
character of this kind of affection is the great diminution or even com-
plete cessation of both respiratory murmurs; sometimes we see them
separate from each other, and the inspiratory alone or the expiratory
alone cease to exist, while the other continues unchanged, or is even
exaggerated. In the latter case it is generally the inspiratory murmur
that is diminished, while the expiratory is natural or increased. The
Jirking character of the respiratory murmurs belongs also peculiarly to
this first class of nervous disorders of the respiratory organs.

IL. In the second class there is merely exaggeration of the respiratory
murmurs. Inspiration and expiration still more are greatly augmented
in duration and intensity. But this exaggeration is not regular and
uniform, as in supplementary respiration ; on the contrary, it is charac-
terized by irregularity, differing from itself each moment, and sometimes
alternating with diminution. Thus these two classes of disease are not
separated by any difference in their nature that must always keep them
isolated from each other. Their effects alone differ, their nature is the
same : it is the same cause that acts in each case; but this cause, which
consists in a disturbance of the nervous system, acts sometimes in one
direction and sometimes in another; sometimes through its agency, the
air penetrates the respiratory system with more foree and frequency ;
sometimes, on the other hand, it is only admitted with difficulty, very
imperfectly or is even completely excluded ; but in either case it stamps
its peculiar character of disorder and irregularity both on the respiratory
movements and murmurs.

ARTICLE IV.

DISEASES OF THE PLEURA.

All the affections of the pleura that are capable of producing auscul-
tatory phenomena, may be included in the history of pleurisy and pneu-
mothorax.
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§ I. PreurIsy.

Considered with a view to the phenomena furnished by auscultation,
pleurisy may be divided into 4 principal forms: 1°% dry pleurisy; 2%
pleurisy with recent pseudo-membranous secretion; 3° pleurisy with
liquid effusion; 4° pleurisy with old false membranes surrounding the
lung.

I. Dry pleurisy—We sometimes find, in persons who have sunk
rapidly under acute diseases, the pleura, the pericardium, the arachnoid,
or even the peritoneum, quite dry in parts, sometimes over a large extent
of surface, sometimes here and there in seattered spots. It is the same
dry and somewhat withered aspect which these membranes present when
they have been exposed for a short time to hot air. Instead of the
smooth, polished surface, soft and somewhat moist to the touch, that
characterizes them in their normal state, they are dull and lustreless, dry
and rather hard. A slight pseudo-membranous deposit of an opaline hue,
which we sometimes find on other parts of the same serous surfaces, and
the symptoms of pleurisy, of peritonitis, &e. that existed during life,
usually prove the nature of this alteration. This slight dryness of the
serous surfaces may, however, exist alone and independently of the
pseudo-membranous deposite that sometimes accompanies it. I have had
opportunities of examining persons who died during the height of an
attack of acute articular rheumatism, and of observing the same anatomi-
eal fact with respect to the serous membranes of some of their joints.
Experiments made on animals give the same result. In short every
thing authorizes the opinion : that this peculiar alteration of the articular
and visceral serous surfaces is one of the forms of inflammation. The
conditions under which the autopsies, that I rely on, were made, and
many other circumstances which I think it useless to mention, are incon-
sistent with the opinion, that this alteration is a mere cadaveric effect :
the symptoms observed during life would in themselves be sufficient to
make us reject it.

In cases of pleurigy of this kind, I have recognized, by auscultation, at
the parts of the chest where the pleura was subsequently found as I have
described it, 1°. a very slight, superficial sound, like that produced by
passing the finger more or less forcibly over a dry and smooth surface, or
rather by making two thin leaves of paper glide upon each other. M.
Reynaud was the first to point out this form of pleurisy, and he has
described this slight sound by the name of grazing (frolement). 2. The
respiratory murmurs suffer, in dry pleurisy, no diminution from their
normal standard®, no change of the characters that constitute their

* We must except cases where there is pain of the side. In these cases there is
diminution of the inspiratory murmur, but this diminution depends on nervous influence,
and not on a physical obstacle to the dilatation of the lung.
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nature. They are the same as usnal; the only morbid character they
present, is the friction sound, which in general coexists with inspiration

only.

I1. Pleurisy with pseudo-membranous deposites—If inflammation of the
pleura has produeed a pseudo-membranous layer of no great thickness on

its surface, we find at the part oceupied by this, slight diminution of the

intensity and duration of the inspiratory murmur, which sinks to 6 or 8
and on the contrary, slight augmentation of the expiratory, which may be
represented by 5 or 6.

But if the layer becomes thicker, we find the inspiration continue to
decrease, the expiration return to its normal limits, then decrease in its
turn, but only follow at a distance the diminution of the inspiration.

Some slight pleuritic friction sound is frequently combined with the
preceding signs.  In this form and in its simple state, pleurisy is not
usually accompanied by any trace of alteration of guality.

I have aseertained by autopsy that even a recent false membrane, a line

in thickness, is often sufficient to produce distinct dullness on percussion.

In the same anatomical circumstances, we sometimes find also a little
less voeal vibration of the thoracic walls at the parts where the false
membranes exist.

In the cases I have heen supposing, the normal volume of the lung is

unchanged ; it touches the walls of the thorax with its entire surface ; for
it is only after effusion into the pleura that we find the lung bound down

into a smaller compass than natural by the false membranes deposited on
its surface.

III. Pleurisy with effusion.—In this case the signs vary with the quan-
tity of the effusion.
17 If the effusion be extremely small, it generally oceupies the space

between the base of the lung and the diaphragm, and then it seldom hap- |

pens that any local sign reveals its existence. Auscultation and per-
cussion have given me the same negative result in cases where the effu-
sion was considerable, but confined between the lung and the diaphragm
in a kind of pouch, formed by adhesions that arose from the circumference
of the base of the lung. It is on the right side especially, on account of
the vicinity of the liver, that we are liable to err in such a case.

2°, When the effusion is extended in a sheet over the lung, and is at
the same time not considerable, the only signs usually observed are, more
or less diminution of the murmurs, and especially of the inspiratory ;
more or less obseurity of the sound on percunssion, some diminution of the

voeal vibration, a change in the resonance of the voice almost inappreci-

able, and without any well determined character. These signs decrease
gradually, in proportion as we ascend from the inferior parts ; it is only

when the effusion is considerable, that they cease abruptly at a certain

point, and that the effused fluid has a level.

$




DISEASE OF THE RESPIRATORY APPARATUS. 1l

3. When the pleuritic effusion is more abundant, we find along with
the preceding characters, which ave then also more marked, alterations of
quality successively more elevated, and whose degree represents in ge-
neral very accurately that of the effusion; this, however, only within
certain limits, for the bronchial character disappears if the gffusion be-
come very copious. These alterations of guality become sensible, from
the moment the layer of liquid is sufficiently thick to produce sensible
compression of the surface of the lung. They appear first in expiration,
afterwards extend to inspiration, and tend more and more to affect each
equally, in proportion as the effusion augments: at the same time they
seldom rise above the second degree of bronchial character. When the
effusion has increased beyond the limit at which it can produce the bron-
chial character, we see the latter, during its decrease, follow in the oppo-
site direction the same track it traversed in its increase; buf, in this
particular case, its deerease is usually very rapid. Egophony may be
heard at the same time as the bronchial character; but this sign is infi-
nitely more rare, more inconstant, more deceptive than the alterations of
guality. When egophony does not exist, it is usually replaced by a kind
of bronchophony. (See at page 84 what I have said of egophony.)

4°. As the effusion increases then, we find the sound on percussion, the
vocal vibration recognized by the hand, the partial movements of the
thoracic walls, and the two respiratory murmurs gradually decrease ; if it
becomes very abundant, the dulluess on percussion is complete, the vocal
vibration entirely destroyed, the thoracic movements almost extinet, the
thoracic cavity enlarged, the bronchial character disappears, the reverbe-
ration of the voice presents the characters described at page 86, and the
respiratory murmurs ave totally inaudible. Thus all is negative in the
symptomatology. It should be remarked that the diminution of inspira-
tion and expiration is governed by this law ; that this diminution is
always more considerable and more rapid in inspiration than expiration;
that the inspiratory murmur has disappeared entirely, while that of expi-
ration still exists. It results from this, that the complete and constant
disappearance of the expiratory murmur ought always be considered as a
certain sign of a very abundant effusion. I have already said that in
inconsiderable effusions, when inspiration had sunk so as to be reduced to
6 or 8, expiration was a little augmented. These are, usually, the signs
of an effusion which is just commencing; but we must take care not to
confound with simple augmentation of the expiratory murmur, the pro-
longation of its duration oceasioned by the coexistence of the bronchial
character; the mistake is easily made by those who are not practised in
the appreciation of the normal expiratory murmur, and it leads one to
suppose the presence of a much greater effusion than really exists 5 it may
be avoided by paying attention to the quality of the sound.

I will mention a fact in support of the different propositions I have just
stated. 'We had in March 1838, at No. 29, St. Louis's Ward, (hospital
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of La Charite, under M. Andral) a man in the vigour of life, in whom
there existed a pleuritic effusion in the right side of the chest, so consi-
derable, that this side was dilated nearly two inches. In front there was
diminution of the intensity and duration of inspiration, which at the base
of the chest amounted to complete cessation. The expiratory murmur
was increased at the top of the lung, without exhibiting any alteration of
quality ; a little lower down this sound resumed its normal degree, then
it fell below this, and thus it successively diminished from above down-
wards, and disappeared entirely towards the base, but below the point at
which the inspiratory murmur cecased to be audible. The same cha-
racters existed behind, appearing in the same order, but more rapid in
their suceession. No alteration of quality existed either before or behind.
5° M. Hirtz*® has truly observed that a change in the relation of the
lung with the effused fluid may determine such a change in the
symptoms, that we might be induced to think the effusion had diminished
while in reality it had inereased : I cannot, however, view this change of
relation in any other light than as an accidental occurrence, and not
exactly a general rule, not a constant result of the natural progress of
the affection; such at least is the inference I draw from my own
researches, undertaken with nearly the same object and the same results.
M. Hirtz has however put the matter very well: suppose the effusion
moderate, 1% the lung floats in the effused liquid; this liquid forms a layer,
more or less thick, round the organ; dullness on percussion extends to a
great height; the respiratory murmurs arve diminished to the same
extent; the bronehial character and egophony may be also recognized in
the same parts; 2°. the effusion is partly absorbed ; the preceding signs
have disappeared at a certain height, but we still find them at the inferior
parts; 3° the effusion augments, and at the same time it happens that the
lung, instead of being surrounded by the effused liquid, rises above it, and
comes into contact with the walls of the chest ; the chest has resumed its
clearness, and the respiratory murmurs their intensity, in places where
they were greatly diminished ; the bronehial character and egophony are
no longer aundible in any part, not even below, because the effusion is in
fact too abundant to allow of the production of those signs; one might
be tempted to attribute this ehange in the symptoms to a diminution of
the effusion, though this has in reality increased. The continuance of
the bronehial character and of egophony at the inferior part is evidence
of a real diminution of the effusion ; their disappearance, on the contrary,
indicates that this diminution is only apparent, that the change I have
just deseribed has occurred in the relation of the lung with the effused
fluid ; but to enable us to come to this conclusion, the resonance of the
chest and the respiratory murmurs must have reappeared in the superior
parts, and the bronchial eharacter have at the same time disappeared.

* Recherches sur quelques points du diagnostic de la pleurésie, par AL Mathien
Hirtz, archives médicales, Feyrier 1837, p. 172,
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6°. In ordinary pleuritic effusion, the local symptoms vary with the
position of the patient ; in simple pseudo-membranous pleurisy they
remain fixed, however the position may be changed.

7°. During the resolution of a pleuritie effusion, the alterations of the
respiratory murmurs in intensity, in duration, and in quality, follow in
their disappearance the same course in the opposite direction, that they
followed in their appearance and increase.

IV. Plourisy of long standing with thick and hard false membranes

round the lung.

1. Diminution of the respiratory murmurs proceeding sometimes fo
absolute cessation.

9°. Alterations of guality, in cases only where the lung is bound down
in a much smaller space than natural by the membrane that envelopes
it, or where a partial false membrane has acquired considerable thickness
and great density.

3°. Dullness on percussion sometimes very considerable.

4°. Almost complete extinction of the vibration of the voice and of the
partial movements of the walls of the chest.

In a patient that died in 1836 at La Pitie (ward Saint Leon, No. 19),
we found on one lung a partial false membrane nearly an inch thick in
some points, and yet there was no trace of the bronchial character during
life. There may be therefore exceptions to the proposition [ have

lnid down.

§ II. PNEUMOTHORAX,

Remarkable diminution or complete absence of the respiratory mur-
murs, aceording to the degree of pneumothorax. Sound tympanitic ;
considerable diminution of the vibration of the voice ; diminution of the
normal resonance of the voice, and very considerable diminution of the
partial movements of the chest.

§III. SIMPLE HYDROPNEUMOTHORAX.

Signs of pleuritic effusion in the depending parts of the chest. Signs
of pneumothorax in the superior parts.

§ IV. HYDROPNEUMOTHORAX COMPLICATED WITH PERFORATION
OF THE LUNG.

In the upper parts of the chest: 1° very considerable diminution or
absence of the normal respiratory murmurs; 2° amphoric character,
coexisting with both periods of respiration, but especially with the
second ; 3° metallic resonance coexisting chiefly with expiration ;
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4°, metallic tinkling produced chiefly in expiration; 5% sound on per-
cussion tympanitic; 6° comsiderable diminution of the vocal resonance §
7°. considerable diminution of the partial movements of the chest;
8°. considerable diminution of the voeal vibration.

In the inferior parts : Signs of pleuritic effusion. (32)

ARTICLE V.
DISEASES OF THE PARIETES OF THE CHEST.

Pleurodynia—I have noticed (p. 51) the auscultatory phenomena
observed in cases of pleurodynia, and the differences between these and
the phenomena of commencing pleurisy that can be of use in the differ-
ential diagnosis of these two affections. It will be seen from the exposi-
tion I have given of the morbid characters of the respiratory murmurs in
pleurisy and pleurodynia, that M. Andral® is right in saying that there
is diminution of the inspiratory murmur in dry pleurisy with pain in the
side; but that Laennect was also right in objecting that this cannot be
regarded as a differential sign between pleurisy and pleurodynia: not
only is this character insufficient for this differential diagnosis, but it
cannot be of any wse, inasmuch as it is common to the two affections.

ARTICLE VI.

DISEASES OF THE LARYNX.

Auscultation at a distance of the inspiratory and expiratory sounds
furnishes waluable signs in the diagnosis of diseases of the larynx.
Attempts have been made to apply the direct or mediate auscultation of
this organ to the same object. I shall notice only the latter here.

In 1836, M. Lombard of Geneva, to whom science is indebted for
some valuable works, when visiting M. Andral’s wards where I was an
intern, told me that he could, by mediate auscultation of the larynx,
determine the maximum seat and frequently the anatomical forms of
most of the alterations of this organ. This astonished me, for my own
researches on the subject, which were tolerably extensive, had only given
me negative results. M. Lombard had the politeness to make an appli-
cation of his prineiples in the case of one of our patients in the last stage
of phthisis. I avow I was unable to detect the differences that he indi-
cated between the two sides of the larynx; and several persons, practised
in auscultation, were likewise unable to perceive any difference between
the sounds heard on the right and left sides of the organ. Since that

* Auscultation médiate, edit. de 1837, t. 2, page 411 ; note de M. Andral.
t Ibid. note de Laennce. TForbes's translation, page 432,
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time I have repeated my researches on this subjeet, and I have come to
the conclusion that mediate auscultation of the larynx cannot furnish any
sign capable of enabling us to recognize with precision, in the generality
of diseases of the larynx, either the exact part of the interior of the
organ, at which the disease is situate, nor at which side it has attained
its maximum of developement, still less the peculiar nature of the
affection. Other observers well skilled in clinical investigations have not
been more successful. The mere consideration of the different anatomical
conditions of the diseases of the larynx, leads indeed to this conclusion :
that these diseases cannot produce such constant and marked modifica-
tions of the respiratory sounds, as would render these sounds faithful
interpreters of these alterations. (33)

The results contained in the six preceding chapters have been derived
from the analysis of a very great number of cases. The limits of this
volume not permitting me to introduce in their support even a part of
those cases, I appeal for these results to their natural judge, clinical
observation. At the same time, the disease I have described by the name
of active sanguineous congestion of the lungs being as yet very little known
and apparently not very common, I thought it right to give the two
following examples of it.

Finst CAsE......... A hair-dresser, 17 years of age, of a tolerable constitution, and a
mixed lymphatico-sanguine temperament, was admitted into la Pitie, 27th April, 1836,
under M. Andral. For three weeks he had been every day attacked with languor, las-
situde, and rigors followed by heat and sweating, To this febrile state were alter-
nately superadded, sometimes all the signs of cerebral congestion (1st form of M.
Andral), great sensibility to light, tingling in the ears, dizziness, vertizgo; sometimes
mucli oppression, feeling of stuffing in chest, and a whitish, somewhat viscid expectora-
tion; sometimes pricking pains in the throat, impaired digestion, and constipation.

The day after he was admitted, April 25th, the brain and digestive system appeared
unaffected, but it was otherwise with vespect to the chest; at the vight side posteriorly,
the inspiratory murmur was much diminished in duration and intensity ; the expiratory
presenting nearly its mormal duration and intensity ; and both exhibiting the hunid
character in a marked degree. Coexisting with inspivation only, a ronchus, the bubbles
of which were small, humid, tolerably regular, not attaining their complete develope-
ment, and exhibiting in their suceession a sort of continuity which formed a contrast to
the usual roundness and isolation of the bubbles of the other ronchi. Notrace of alter-
ation of quality in the respiratory murmurs. Resonanee of the voice normal ; sound on
percussion normal also. In every other part of the chest the respiratory sounds were
pure. Expectoration rather eopious, white, a little viscid at bottom of vessel, frothy at
top. No cough, no stitch in the side; but a feeling of difficulty of breathing and of
stuffing through the entire chest (Demuleents and mustard foot baths).

The signs of cerebral congestion began to reappear in the course of this day, the
.28th; the following morning they were strongly marked. On exaumining the chest, we
were astonished not to find in any part of it the slightest trace of the local signs we
had observed there the day before; the respiration was every where pure and expan-
sive. The feeling of oppression and stuffing had also disappeared.  (Same treatment.)

lst. May. The symptoms of affection of the head had dimivished, and we again
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.
': found in the right side of the chest posteriorly the same sigus as before, but much less
': marked. Respirations 206, pulse 68. ( Blood-letting—low diet.) i
J May 2nd. The only ll'l.ﬂl-l"hli.l phenomenon found in the chest, was a trace of the
B4 humid character in the respiratory murmurs. But the symptoms of cerebral conges- g
;-: : tion were much more marked, and the patient’s face was much more flushed. (Bleeding F
again. ) |
q The fullowing days there was a marked improvement as regarded the head. t |

I'he 5th of May, all the cerebral symptoms bad disappeared; while we found again ! |
i the same signs in the same part of the chest, but in a less degree. The feeling of
i appression, of stuffing, had returned with them.
et The 6th of May, in the morning, all was changed; the latter phenomena had disap-
. peared, the respiration was pure and easy, and the patient complained of heaviness of
A the head, great sensibility to light, and constant giddiness. He was bled a third time.
A3 This was the first time we remarked the characters of the blood ; the clot occupied the
f whole diameter of the vessel, was red on the surface, resistant, without a trace of erust,
hid and surrounded by a little serosity. The 7th of May, and the following days, the
': symptoms of cerebral congestion disappeaved, anid the respiration continued pure and
] easy.
X! On the morning of the 11th, the patient who was naturally civil, gentle, and lively,
k| was on the contrary extremely petulant, impatient, and melancholy, without the
: slightest obvious cause. The countenance was animated, the gums injected, and the
L state of cerebral excitation was manifested in his look, in the general expression of his
1 countenance, and in his movements, The skin was warm, the pulse full and developed.
The chest was not examined this day, but it was the next, and the alisence of all morbid
_ phenomena there ascertained. Blood drawn again this day, presented no trace of
‘ erust. The 13th of May, pulse 104 ; skin moist ; vespiration 20, natural; no motion |

& from bowels for six days; considerable decrease of the affection of the head.
} The 22nd a new bleeding was required; the blood presented the same characters as
8} before. This bleeding was rendered necessary by the return of the symptoms of cere-
e bral congestion. The morbid phenomena of respiration had not reappeared.

gt The 24th the patient was dismizsed from the hospital for misconduct.

' Secoxp Case.—A man, aged 34, of a remarkably strong constitution, large chested,
and of a well marked sanguine temperament, lay at No. 23 ward of St. Leon, hospital
of la Pitie, under the care of M. Andral, 18th January, 1836, He had, he said, two

il attacks on the chest already, one at the right, the other at the left side; one 2 years,
the other 28 vears before. Almost every winter he caught cold, and had a cough for
a congiderable time after. In other respects he got good health. Eleven days before

! he came into hospital he had been seized with feverish symptoms, pains in the back, and

i difficulty of breathing, which had soon obliged him to give up working.

The day after he came in, January 19th, we recognized the following symptoms :
strongly marked general sanguineous plethora; skin hot; pulse frequent; very severe
headache ; dry, havassing cough; expectoration tolerably copious, mucous, rather
thick, containing some streaks of pure blood ; respiration frequent ; sense of stuffing in
the chest; no pain in the side. Anteriorly and posteriorly in the base of cach lung,
e but especially of the left, we found on auscultation : 1% the inspiratory murmur dimi-

: nished in duration and intensity (5 instead of 10); 2% marked humid character in both

| respivatory murmurs; 3% during each inspiration a peculiar ronchus, not resembling

; ; any of those described by Laennec, its bubbles fine and humid, slowly developed in suc-

[ cession, mot perfectly rounded, succeeding each other before their perfect develope-

ment, and thus appearing to be continuous. A little dullness on percussion at the base
| of hoth lungs. Vocal resonance normal; vocal vibration also normal.  (Blood-letting ;
pectoral mixture.) While the blood was flowing, the patient said he felt hiz chest re-
lieved, his breathing become free, and the feeling of stuffing disappear. An hour and
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T T

CHAPTER VII,

OF THE PRIMARY SEAT OR FLACE OF ORIGIN OF THE PIYSIO- )
LOGICAL AND MORBID SONOROUS PHENOMENA OF THE RESPI- '
RATORY APPARATUS,

Laennec admits without hesitation, without even stopping to enquire =
whether there could be a second opinion on the subjeet, that the vesicu-
lar respiratory murmur is produced in the air cells, that it results from
the passage of the air into the small bronchial divisions, and is indepen- !
2 dent of the sounds that oceur in the pharynx. He in like manner refers
the bronehial, tracheal, pharyngeal, buceal, nasal, eavernous sounds to the
4 natural or artificial cavities from which they derive their names.

b This theory was so simple, so natural, so much in accordance with
facts, that it was adopted by all.  No one even thought of questioning its
: NCCUracy.

:" In 1827, M. Chomel® first suggested that the bronchial breathing of
|

|

pleurisy might be nothing more than the reverberation in the pulmonary
3 tissue of a sound generated in the larynx and back of the mouth. '
il In 1834, M. Beaut extended to all the respiratory sounds, physiolo- |
I gical and morbid, the idea that M. Chomel had applied to one only. He !
T concluded from some experiments he made: “that the different respi- ,|
ratory sounds are not the mechanieal result of the passage and friction |
! of the air against the walls of the bronchial ramifications where they are

: heard, but are produced by the reverberation, through the whole column

| of inspired or expired air, of the sound resulting from the impulse of this

\ column against the veil of the palate or the adjacent parts.”

' This theory of M. Beau found no supporters, or if it were at first
adopted by some, seduced by the ingenious manner in which the author
presented it, they soon renounced it again, and returned altogether to the
notions of Laennee. The great majority of persons devoted to elinical
studies now admit, with the illustrious discoverer of auscultation, that the

air, in passing and repassing through the different sections of the respi-
ratory apparatus, produces in each of them a peculiar sound, which
derives its special character from the texture of each of those parts,
which results from the action of the column of inspired and expired air
upon the walls of these cavities, and which is entirely independent of the
sound produced in the neighbouring sections. This is the opinion we
adopt, as we have already stated in chapters L and IL '

* Dict. de Med, en 21 vol, t. 17, p. 133,
+ Recherches sur la cause des bruits respiratoires pergus au moyen de Fauscultation,
Paris, 10 Juin, 1834 ; p. 15.
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Although the theory of M. Beau scarcely belongs to seience except
historically, it is necessary however that we stop for a moment to refute
it, on account of some erroncous facts to which it has given currency.

Let us in the first place establish this : that the bronchial and vesicular
sound may very well be produced by the action of the column of air in
inspiration and expiration upon the walls of the bronchi and air cells,
This mechanism of production is quite in accordance with the laws of
physics. We can produce at pleasure the bronchial sound by blowing
into any ordinary tube, or into the bronchial tubes separated from the
pulmonary tissue, or indeed by blowing into those tubes after having con-
verted the lung into a solid mass by injecting it with suet.  Neither can
there be any doubt as to the seat of the vesicular murmurs: my experi-
ments with sponge clearly prove this (see introduction, p. 16); there is in
this case no possible source of sound except the penetration of air into
the cells of the sponge and the action of this air upon their walls.
Whether the sound depends on friction or merely on the alternate expan-
sion and contraction of the sides of the cells, is of little importance: I
.only maintain that the sound is produced in the cells themselves.

The possibility of the origin of the respiratory sounds in the bronchi
and air cells being placed beyond all doubt, we will now proceed to prove
it direetly.

Two adults on whom I performed the operation of tracheotomy, one at
the Hotel Dieu, in 1835, the other at la Pitie in 1836, afforded me an
opportunity of making some observations, and some conclusive experi-
ments on this point. Both were affected with considerable contraction of
the larynx, depending on a different cause in each. Before the operation,
the laryngeal inspiratory and expiratory sounds were alone heard through-
out the whole extent of the chest. There was no trace of the natural
respiratory murmurs. The patients were in a state of impending
asphyxia. After the operation, a canula being introduced into the
trachea through the wound in the neck, the laryngeal sound ceased
entirely and was replaced by the sound of the canula, a sound of a clear
metallic quality, almost bronchial, coexisting chiefly with expiration.
Like the laryngeal sound it was heard at a distance, and by mediate
or direct auscultation ; but besides the sound of the canula, the ear applied
to the chest was very sensible of another sound, which it distinctly
recognized as the inspiratory and expiratory vesicular murmur that had

begun to reappear. Itwas easy to distinguish these two kinds of sounds: we
felt distinetly, in listening to the sounds called vesicular, that they origi-
nated in a part of the pulmonary organ immediately beneath the ear;
that the air which produced them played in cavities of very small
diameter; whilst the sounds of the larynx or of the canula came from a
distant part, and were produced by the passage of air through a large
tube. The sound of the canula remaining always the same, we found
the inspiratory and expiratory murmurs become developed in proportion
as the patient improved ; and yet respiration no longer took place through
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186 SEAT OF THE SONOROUS PHENOMENA

the superior respiratory passages, for we took care in these experiments
to make the patients respire through the canula exclusively. When,
by closing the canula, we compelled the patient to respire by the superior
passages, the sound of the canula was replaced by that of laryngeal
respiration ; but this sound, much less strong than before the oper-
ation, no longer prevented us from hearing the vesicular murmurs.  Still
later the state of the larynx being ameliorated, the laryngeal sound
diminished, and we heard at times by immediate auscultation a different
sound, more clear, more metallic, which was produced particularly in
certain states of the opening of the mouth, and which was readily dis-
tinguished as coming from a distance and from above; it was the
pharyngeal sound. We were able in the same way to make the patient
produce the sounds of nasal and buccal respiration ; and all these acces-
sory, variable, inconstant sounds did not prevent our hearing and distin-
guishing accurately the vesicular murmurs of inspiration and expiration,
which were constant, whatever might be the changes produced in the
preceding sounds. When the canula was removed, and respiration was
effected through the fistulous opening exclusively, a new variety of
metallic sound was heard on auscultation, along with the vesicular mur-
murs; but the latter preserved always the same characters.

When we made one of these patients breathe in our manometric appa-
ratus, we found the vesicular murmurs diminish and disappear in propor-
tion as, from the diminution of air in the apparatus, a smaller quantity
passed into the cells of the lungs.

A pleuritic effusion occurred in the patient operated on at la Pitie, at
the time she was still breathing through the canula: the vesicular mur-
murs gradually disappeared in the side occupied by the effusion, and were
replaced by bronchial respiration quite pure; on the opposite side they
assumed the puerile character.  This was the case in whatever way we
made the patient respire. By degrees the effusion was absorbed, the
bronchial character disappeared, and the vesicular murmurs gradually
reappeared : the result was the same in whatever way we varied the
respiration of the patient. Still later the laryngeal affection, which had
existed more than 4 years, was completely cured, and she returned, as
regards the results furnished by the auscultation of the vesicular and
pharyngeal sounds, into the condition common to all healthy persons.
These conditions are, in short: that two classes of sounds may be heard
by the ear applied to the chest ; one constant, apparently produced imme-
diately beneath the ear, and varying in duration and intensity according
to the force and duration with which the air penetrates into the divisions
of the bronchi; these are the vesicular murmurs of inspiration and expi-
ration ; the others inconstant, depending on the mode in which the
individual makes the air pass through the superior respiratory passages,
varying in their intonation according as the respiration is more or less
buceal, nasal, pharyngeal or laryngeal, replacing each other every
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moment, having all a metallic quality, and leaving on the ear the im-
pression of an origin more remote in proportion as their quality is more
clear ; these are the sounds called buceal, pharyngeal, &. We distin-
guish these two classes of sounds from each other as easily in any healthy
person, as in the tracheotomised patient whose case I have just detailed :
they are altogether independent of each other. There exists between
them no connection of cause and effect. We have a plain proof of this
in -what occurs when the bronchus of a lobe or of an entire lung is
obliterated ; the vesicular murmurs arve no longer heard in the portion of
the organ to which this bronchus is distributed, and yet the guttural
vespiration, whose conditions of production have not changed, is distinetly
audible, even in the part where no trace of the vesicular murmurs exists.
It is the same in those cases where a thick false membrane enveloping
the lung prevents its vesicular expansion: there is no bronchial respira-
tion, and the only sound heard is that of pharyngeal respiration.

The patient on whom I operated at Ja Pitie had no soft palate; it was
completely destroyed. In her, however, as I have said, the vesicular
murmurs were heard distinetly ; a new proof that they are not produced
by the reverberation of the impulse of the eolumn of air against the soft
palate. Moreover in this case the guttural sound was heard distinetly, a
proof that this sound does not depend merely on the impulse of the
column of air against the anterior and posterior walls of the soft palate e
but chiefly on the action of these columns against the walls of the pharynx.
The nasal and buceal sounds of respiration have the greatest analogy with
the pharyngeal or guttural, and yet nothing similar to the soft palate
exists in those cavities.

M. Beau states in proof of his theory, that if we suspend the guttural
sound during one of the respiratory periods, or during both, the corres-
ponding vesicular murmur, or both vesicular murmurs disappear. The
reason is, that in these cases there is complete cessation of the penetra-
tion of air into the respiratory passages, and disappearance of the two
classes of sounds by this common cause; we will be convinced of this by
reading the account of the mode in which the patients managed to respire
without noise. M. Beau foresaw this objection, for he justifies the con-
clusion, that the air has passed into the bronchial system, from the conti-
nuance of the thoracic movements ; but we have elsewhere proved (chap.
IL., art. 6) by our manometric experiments, that the penetration or expul-
sion of air might be suspended, notwithstanding the continuance of the
thoracic movements.

Because bronchophony and pectoriloquy are the result of the reverbe-
ration of the voice through the lung, M. Beau concludes that bronehial
and ecavernous respiration are merely the result of the reverberation of
the guttural sound through the pulmonary tissue. But the sole logical
conclusion that can be drawn from the above facts is, that the guttural

* Beau, loco cilato, p. 4.
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188 SEAT OF THE SONOROUS PHENOMENA

sound may be propagated to a certain distance from the place it origi-
nates. Now this proves nothing for the theory of M. Beau. Besides, the
sounds of respiration eannot be transmitted to so great a distance as those
of the voice; for we have proved, in our manometric experiments, that
the latter require a much greater amount of motion than the former.

Having repeated the experiments of M. Beau, we cannot agree with
him, that the normal tracheal and vesicular sounds can be produced by
blowing with a tube against the soft palate. Besides, even if this were
so0, still we could not arrive at any conclusion from it. Neither can we
draw any conclusion from some other facts brought forward by M. Beau®,
inasmuch as they are equally favourable to either theory.

It is indisputable that, in certain asthmas, we have diminution or even
complete cessation of the inspiratory murmur, notwithstanding the con-
vulsive motions of the chest4. In the panting produced by running, the
inspiratory murmur is not entirely destroyed, it is only diminished in
intensity and augmented in rapidity, but this may make us doubt its
existence if we examine inattentively 1.

We cannot admit that the cessation of the respiratory murmurs is a
favourable condition for hearing the pleuritic friction sound and eertain
ronchi, because this cessation supposes that the conditions of production
of these sounds no longer exist.§

The guttural sound may be produced, notwithstanding considerable
dilatation of the superior respiratory passages.||

Each of these propoesitions, proved by experiment and observation, is
opposed to those on which M. Beau builds his theory.

In conclusion, we may admit as facts incontestably established by the
experiments I have related :

lst. That in the normal state there is produced in each section of the
respiratory apparatus, from the bueceal and nasal openings to the air cells,
a peculiar sound, entirely independent of the sounds of the neighbouring
sections.

2nd. That the sounds called vesicular and bronchial, considered in the
normal and morbid states, originate in the air eells and the bronehi, and
are the results of the passage of air through those cavities ; that this is
also true of the sounds of cavernous and amphorie respiration.

3rd. That the sounds of the superior respiratory passages, depending
upon the mode in which the patient respires, may, according to their
degree of developement and predominance, according to the conditions of
conductibility of the lung, be propagated to the inferior respiratory pas-
sages, g0 as to be heard conjointly with the vesicular murmurs, from
which they may be distinguished by their changeability, their metallic
quality, and the character of remoteness,

4th. That there exists no direct relation between the guttural sounds
and the vesicular murmurs, since the latter may disappear while the

* Loco citato, p. 8 et 9. tp 14. Ip 13 Sp. M. |lp13etld
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CHAPTER VIII,

MECHANISM OF PRODUCTION OF THE PHYSIOLOGICAL AND MORRBID
BOUNDS OF THE RESPIRATORY ATPARATUS; REASON OF THEIR
COEXISTENCE WITH INSPIRATION OR EXPIRATION. E

When in any phenomenon itz proper and distinetive characters are well
analysed, and its relations with morbid anatomy, in the different periods =
of itz existence, clearly established ; its value, diagnostic and prognostie,
is already determined, though we may be altogether ignorant of the me-
chanism by which it is produced. But this value is enhanced, if, knowing
the laws that regulate its production, we can apply them to the particular
circumstances in which the patient is placed. With the fact, we then
have the principle that governs it, and we proceed with more security.

The sanction given by reason to the conclusions of sense, is a new gua-
rantee for the result. This is the difference between principle and
routine ; in the one case we govern the phenomenon, we precede it inits §
course, or at least we follow it with intelligence: in the other we are go-
verned by it, we observe it passively, we see it chiefly in the present, and
if we can sometimes anticipate the fugure, it is by the aid of memory and
not of reason. Hence the explanation coming along with the phenomenon
is always useful, if it be accurate ; it not alone gratifies curiosity, it gnides
observation, and exercises an useful influence on practice; but itis very §
difficult on account of the complexity of the phenomena; and in propor- "
tion as it is useful when true, is it mischievous when false, because an error
of judgment easily induces an error of sense. ~We cannot therefore, I
think, be too cautious in the explanation of phenomena, nor too exact in

our mode of investigating the mechanism by which they are produced.

As the explanation is independent of the fact, I determined, in order to
leave the mind free, the senses independent, and each result of its proper §
value, to keep the results of clinical observation distinet from those of
study or of theory ; the clinical facts already established will remain the §
same, whatever may be the fate of the explanations that form the subject
of this chapter. 1

Some, of whose ability I have a high opinion, think that instead of §
ascending from the fact observed to the explanation, we ought to proceed §

in the opposite direction ; that from the knowledge of the laws that
regulate the production of the phenomenon, and from the actual exist-
ence of the conditions these laws suppose, we should infer the existence
of the phenomenon; that we should inquire from physics what symptom;

e
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ought to exist, instead of seeking there for an explanation of the symptom
already observed and determined. This process may be happily enough
applied to certain particular cases, but we cannot adopt it as a general
rule; it would infallibly lead to a very great number of errors. In
physics such a course is possible, in medicine it is not. In the former the
effects result almost always from wnecessary causes; in the latter they
usually depend on erentuwal cavses. Now this manner of proceeding
would suppose, that we always knew perfectly the physical and dyna-
mical conditions in which the organs may be placed ; it would suppose
the exact knowledge of all the elements of the problem that each variety
of morbid state represents, the knowledge of the relations and combina-
tions of those elements, and the invariability of the symptomatic effects
under the action of dynamic causes nearly the same in our modes of
analysis. But we are very far from this. It is, therefore, absolutely
necessary to proceed in quite another way : first, the labour of the senses,
then that of the mind ; first, to determine by attentive observation the
existence and the particular characters of a phenomenon, the circumstances
in which it is produced ; and then to ascend from this, if it be possible,
to the mechanism of its production ; not to hazard explanations, unless
they are founded on the laws of physies, the evidence of analogy, and not
on individual opinion. Such is the course I thought myself bound to
follow. '

But whatever care we bhestow on this inguiry, it eannot be expected
that the explanations we offer should exhibit the degree of exactness
proper to physical facts, because the purely physical elements that coneur
to form the problem are not so easily analysed here, and the dynamic
elements combined with them complicate it still more. Hence I look
upon them as but of very secondary importance.

Among these explanations, there are some I have merely verified ;
others are so simple and natural, that every one admits them, althnugh

' they are no where formally laid down ; lastly, others are peculiarly my

oW1,

I have suggested or stated several of them in speaking of the particular
and general clinical facts; to avoid repetition I will touch upon these
again as little as possible.

ARTICLE I.

The mechanism of production and the conditions of production of a phe-
nomenon should not be confounded. These conditions, which we have in
general analyzed in speaking of the relation between each symptomatic
fact and the pathological alteration that corresponds to it, exhibit the pos-
sibility of the phenomenon; the mechanism exhibits the phenomenon in
action, and analyzes the mode in which certain circumstances concur to
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this action. The mechanism of production of the sonorous phenomeng
supposes, as a preliminary study, an accurate knowledge of their condi-
tions of production.

The key to the mechanism of production of these phenomens, is found
in the analysis of the different combinations which the three following
facts may form : 1°. the dynamie state ; 2°. the physical state of the organ
in which the sound originates; 3°. the conditions of conductibility of the

neighbouring organs. These are invariably the three primary e¢lements

of the problem. It will be necessary to examine them each separately,
then in their assemblage and in their relations. Certain general laws, a
knowledge of which may greatly facilitate the analysis of the particular
facts, or even sometimes lead us to foresee and discover them, are con-
neeted with each of these three principles, and control all their particular
applications.

1st. The word dynamic expresses, in reference to the subjeet of this
treatise, the force and velocity with which the air is drawn into and
thrown out of the bronehial system.

Ceteris paribus, the sonorous phenomena of the respiratory apparatus
are more marked, in proportion as the extent and velocity of the respira-
tory movements are greater, because there exists in general a dirvect
relation between the pulmonary sounds and the thoracic movements.

But there is sometimes a great disproportion between the foree
expended and the intensity of the sounds produced. This fact is observed,
when the lung, restrained by a false membrane, by a pleuritic effusion, &e.
can no longer obey so well the lateral impulse of the column of air
in inspiration. If asphyxia be impending, an inverse ratio is soon estab-
lished between the effort made and the sounds produced. The patient
vainly exhauste himself in convulsive efforts of respiration, and the air
searcely penetrates the air cells at all, whether there be organic narrow-
ing of a part of the laryngo-bronchial system, or merely spasmodie con-

traction, as has been admitted in some species of asthma. In the first

ease, the resistance to the dynamic effort is at the periphery of the lung ;
in the present, it iz at its centre. Percussion is sufficient to distinguish
these two ecircumstances : in the first the sound is obscure or dull; in
the other it is more developed than in the normal state.

All the sounds of the respiratory apparatus do not require for their
production the same quantity of movement. For some a very moderate
effort of inspiration and expiration is sufficient : such are in particular
the sounds produced in the superior respiratory passages; such are the
ronchi in which the bubbles are abundant and very humid. Others
require a much greater effort : as the sounds that originate in the minute
divisions of the bronchi, in the air cells, at the surface of the pleura; as
the sounds that present the character of dryness and hardness, compared
with those that are distingnished by an opposite character. Hence it is
that we see this last class of sounds diminished very much and even

el il b i
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cease altogether, notwithstanding the continuanece of their physical con-
ditions of pr:}ductiﬂn, when the patient sinks into a state of great debility ;
whilst those of the first class are audible even to the last moment of life;
for example, the ronchus of the dying compared with the dry erackling
ronchus and the crepitant ronchus of pneumonia, as well as with the
1,]curiti{:._fﬁctiun sounds. It is easy to see the reason of this.

We know that the way to render the morbid sounds of the respiratory
apparatus more distinet, is to make the patient respire with more force.
We know that some vesicular ronchi are heard when the ear is first
applied to the chest (see chap. II. art. 13), and that they afterwards
become inaudible : the reason is that the first inspirations are stronger
than the succeeding ones, The physical conditions of the lungs and the
conditions of conductibility of the neighbouring organs remaining
unchanged, we often see the physiological or morbid sounds exaggerated
for a time, under the influence of mere nervous excitement. Puerile or
supplementary respiration is nothing but an exageeration of the respira-
tory forces, which concentrate their influence on the whole or a part of
the lung. As long as the patient’s strength continues good, there is thus,
in general, an antagonism between the physical and dynamie state of the
lung ; should the physical conditions have a tendency to reduce the organ
to a state of repose, by the obstruction they offer to the entrance of air,
the dynamic effort increases, and tends to multiply the movement.
Should the permeability of the organ be re-established, the dynamic
effort is proportionally diminished.

The quantity of movement remaining unchanged, as well as the
physical conditions, the form and nature of the sounds sometimes depend
on the veloeity and direction of this movement. Hence it is that we can
at will produce or not the buceal, nasal, pharyngeal sounds ; diminish or
sngpend one of the two respiratory murmurs. I have stated elzewhere
(see chap. L art. L § 2, and art. IL) the general principles that govern the
different forms of the respiratory sounds in the superior sections.

The mechanism of production of the respiratory sounds depends chiefly
on the physical conditions in which the different parts of the respiratory
apparatus are placed. The physical conditions and their influence in
the mechanism of production of the sounds, may be reduced to three
types: 1° the greatest degree of densification, represented by hepatiza-
tion, &ec.; 2° the greatest degree of rarefaction, represented by pneumo-
thorax and emphysema; 3% the liquid state, represented by pleuritic
effusion. The laws of physics on the vibrations of solid, liquid, and
aeriform bodies, may be applied to the analysis of the sounds produced in
these three principal morbid conditions of the respiratory organs. Now,
as all possible intermediate degrees between these types may be repre-
sented by the various morbid conditions of the respiratory organs, the
mechanism of formation of the sounds produced in those intermediate

0
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states will be deducible from the laws that govern the vibrations in the
typical states.

But we have two remarks to make in this place: 1°. The respiratory
organs scarcely ever present in their alterations the precise physical
states that the laws of physics suppose ; hence these laws cannot be
applied in an absolute manner in the investigation of the mode of pro-
duction of the sonorous phenomena that result from them. Thus instead
of an uniform, extended solidification of the pulmonary tissue, there most
frequently exists an irregular or perhaps partial solidification, intermixed

. with a physical state directly the opposite, as in the hepatization of
E lobular pneumenia, or in tubercular infiltration of the pulmonary tissue.
i In such cases, effects, like their causes, may be combined, and neutralize
each other in different ways; and it becomes then very difficult, often
even impossible, to appreciate with exactness the different combinations
: of movements that in the end produced the sound we analyze. The same
o sonorous vibration may have to traverse in succession a solid, a liguid,
and an aeriform medium; this is what takes place in hepatization of a
part of a lung complicated with pleuritic effusion. 2°. The second
remark I have to make, is that the different physical states which the
alterations of the respiratory organs suppose, instead of being fixed, and
capable of being caleulated according to fixed laws in the mode of pro-
duction of their effects, are sometimes very variable. Such are the
situation and the quantity of liquids secreted in the interior of the
bronehial system (different kinds of ronehi); we are then obliged, in the
explanation of the phenomena, to speak conditionally and approxima-
tively. The result of all this is, that the application of the laws of phy-
sies to the analysis of the mode of production of the respiratory sounds,
diminishes in exactness and preeision, in proportion as the alterations
represented by these sounds depart more from one of the three types,
solid, liguid, aeriform, and assume some of the intermediate degrees, or
different combinations of these states; in proportion as the physical con-
ditions represented by these alterations are less constant in their form
and their degree. It results also from the preceding considerations, that
in the investigation of the mechanism of production of the respiratory
sounds, the nature of the elements that compose the problem is such, that
the solution of it can only be approximative, and never, as in physics,
j : absolute and rigorous.
!- The physical facts most capable of giving us an insight into the mode
of production of the sounds of the respiratory apparatus are the following:
Every sound is the result of vibrations excited in the sounding body-
Every vibration supposes a certain degree of elasticity®*. The sounds
produced in an organ correspond to its degree of elasticity ; it is this
makes the difference between the normal sounds of the superior and
inferior sections of the respiratory apparatus ; the wesicular sounds are

* Magendie, Lecons sur les phenomenes physiques de la vie, t. 1, p. 166.
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very feeble, very dull, compared with the pharyngeal, buccal, nasal
sounds ; because the walls of the cavities, in which the latter originate,
are much more elastic. If the pulmonary tissue be converted into a dense
structure, or hollowed into cavities with hard, vibratory walls (pulmonary
cavities, hepatization), we find as strongly marked sounds generated there
as in the superior sections; for example, the bronchial and cavernous
characters of respiration.

If the vibrations excited in a body ave irregular, few in number, pro-
duced by an instantaneous shock, the impression felt by the ear has in it
something abrupt and confused, and deserves only the name of noise
(bruit). If the vibrations are isochronous and sufficiently numerous to
allow the ear to distinguish, if we may say so, a succession of slight
strokes, each of which produces on it the same sensation, this sensation is
called sound (son).* In the sound, the agitation of the body is more pro-
longed and more regular. The crepitant ronchus of pneumonia, bronchial,
cavernous, amphorie respiration, metallic tinkling, the pleuritic friction
sound in its third degree, the sonorous and sibilant ronchi, &ec. may be
ranked in the class of sounds; the resonance of the cough, of the mono-
syllabie voice, the pulmonary crumpling, belong to the class of noises.
But with regard to auscultatory facts, this distinetion between sound and
noise is not of any importance; accordingly, we will continue to employ
each indifferently. It may perhapsbe of someuse in practice, to bear in mind
that in general the sound that leaves on the ear a rapid and confused
impression, supposes an abrupt, rapid, and irregular concussion of the part
that produces it ; whilst the sounds whose impression is distinet and pro-
longed, suppose a movement more slow, more regular, and more durable.

In an elastic body, the sound is stronger in proportion as the vibrations
are more rapidf. On this principle depends the increase of the intensity
of the normal or morhid respiratory murmurs, in the direct ratio of the
increase in velocity of the respiratory movements.

The intensity of the sound corresponds to the extent of the sonorous
body, the amplitude of its vibrations, and the number of bodies that
vibrate in unison with it; lastly, to the degree of silence that exists
around f.

Thus it is that the bronchial character of pneumonia and the sibilant
ronchus of the bronchitis with which it is sometimes complicated, are more
intense in proportion as the hepatized portion of lung is more extensive,
as the foree with which the air is projected into the bronchial eanals is
greater, as the surrounding parts are more dense, and as the vesicular
respiration is more comppletely extinet. This prineiple is applicable to a
great number of cases; it is one of those that explains best the varieties
of sonorous phenomena which accompany the different physical states of
the lung.

" Physique de Beudant, page 185. Physique de Lamé, v. 2, p. 2.

t Physique de Beudant, p. 183, 1 Ibid. p. 185 et, 186.
o2
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The intensity of a sound is in the inverse ratio of the square of the
distance it has passed over® We know that the normal and morbid
sounds arve less distinet in proportion as we hear them at a point more
remote from the place they originate. The distance to which they are
propagated, all things being the same in other respects, is directly pro-
portional to their intensity. Most of them do not extend beyond the
lung in which they are produced. In many cases the primary crepitant
ronchus of eentral pneumonia cannot even be heard at the periphery of
the organ. The sonorous and sibilant ronchi are those that are trans-
mitted to the greatest distance; their intensity too is in general very
areat.

All the different kinds of vibrations of which a sonorous body is
susceptible, may exist in it at the same time without interfering with each
other; so that the same body may at the same time propagate all the
sounds, whether acute or gravet; their sonorous waves pass one over the
other without breaking.} It is for this reason that we hear different
kinds of sounds in the same point at the same moment ; that each of these
sounds, produced by a certain combination of the physical and dynamic
states of the organ or of the surrounding organs, may be perfectly
analysed by the ear, and, after an accurate examination and comparisons
guided by experience, may be referred to its real cause. Hence it is that
auscultation alone, skilfully practised and seconded by a mind enlightened
as to the results it furnishes, is in itself often sufficient to reveal the
different physical states of the lungs, with a degree of precision that
we could searcely suppose possible.

The reflexion of a sound by the surface of an obstacle which the
vibration encounters, produces an echo when the sound is repeated diz-
tinetly, and a resonance when the result is only a confused noise §.
The resonance, however, does not always depend on the reflexion
of sound ; it often results from the vibration of the walls against which
the sonorous wave impinges||. Pectoriloquy, bronchophony, egophony,
bronchial cough, cavernous cough, may be considered a sort of echo of
the cough and voice produced in the larynx.  This echo, this reverbe-
ration varies according to the nature of the obstacle against which the
sonorous waves happen to strike. The secondary vibrations, produced by
the impulse of the primary vibrations on opposing bodies, differ from
those and from each other, according to the density, the particular
form, &e. of the bodies at the surface of which the echo is produced.
The amphoric respiration, the cavernous respiration, which are pro-
duced in o vast tubercnlous cavity ; the metallic resonance, which I have
snid (chap. I1.) is produced in certain cases of hydropneumothorax compli-
cated with perforation ; the metallic tinkling described by Laenneec, may
be considered as the resonance of a primary sound, a resonance produced

* Physique de Beudant, p. 365. T 1bid, p. 203. 1 Ihid, p. 368,
& Thid, p. 370. || Thid, p. 371.
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at onee by the reflexion of the bronchial murmur against the walls of the
pulmonary or pleuritic cavity, and by the secondary vibration of those
walls.

The differences of quality (timbre) exhibited by sounds produced in
tubes of different texture, depend primarily on this texture, and their
manifestation appears to be the result of the friction of the column of air
against the walls and perhaps also of a feeble resonance of those walls
themselves®. Thus these three principles are established: 1° that the
normal and morbid respiratory sounds may be produced, at least in part,
by the friction of the column of air in inspiration and expiration against
the walls of the bronchial tubes, as well as by the vibration of those walls
themselves ; 2° that there exists a direct ratio between the difference in
quality of the respiratory sounds, successively inereasing as we ascend
from the inferior to the superior sections of the apparatus, and the
different texture of the tubes at different heights; 3° that, from the
knowledge of those laws and those relations, we may, as I have elsewhere
observed (chap. L), even a priori foresee what symptoms must present
themselves, if conditions somewhat similar to those that the superior respi-
ratory passages present in the normal state should be developed accidentally
in the tissue of the lung itself. This, in fact, is what occurs in the progress
of phthisis: the cavities which the disease has excavated in the tissue of
the lung represent tolerably well, in some cases, the physical conditions
of the pharynx, of the mouth, or of the nasal fosse. Like those natural
cavities, the excavations are placed at the extremity of a tube by which
the air enfers and escapes, and are like them circumscribed by vibratory
walls; accordingly there is a great analogy between pharyngeal, buccal,
or nasal respiration, and cavernous respiration.

The sound obtained by blowing into a tube is inversely as its length,
all things being the same in other respectst. We know indeed that the
respiratory sounds become more and more developed in proportion as
they are heard nearer the larynx, the pharynx, the mouth, and the nasal
passages. If we view each of these parts, and those of the bronchial
system that lie below them, as distinet tubes, it is plain that their length
diminishes almost regularly from the inferior to the superior sections of
the respiratory canals.

When the mass of air, by which sound is propagated, is confined
laterally, as in a eylindrical tube, the sound may be transmitted to a great
distance without losing any thing of its intensity {. Let me add, that it
may be propagated equally both upward and downwards, whatever be
the direction of the column of air forming the sound; and even that it
may reach the ear of the observer by traversing this column in a direction
opposite to its own. Thus it is that the humid bubbling ronchi which
are formed in the depths of the respiratory passages, are heard distinctly
by the ear placed near the mouth of the patient, and are pereceived during,

* Physique de Beudant, p. 361. + Ibid, p. 361. T Ibid, p. 8G5.
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the inspiratory movement, which is the precise period of their formation,
It is that the sonorous wave, once formed, radiates in every direction, and
can traverse even a very rapid column of air, without being broken ; it is
that sound passes through space with infinitely greater velocity than the
most rapid current of air. This is the case of all movements of vibration
compared with movements of translation. Henee it is that the pharyn-
geal, buccal, nasal, laryngeal sounds are propagated from ahove down-
wards, even to the inferior respiratory passages, and that they may be
heard by mediate or immediate auscultation, at the very instant, we may
say, of their formation.

When several sonorous vibrations originate at once in the same point
or in contiguous parts, and are propagated beyond their place of origin,
they can pass, as I have s=aid, without interfering with each other; but
the weaker sounds are obscured or even completely masked by the
stronger, duobus sonoribus, vehementior obscurat alterum. Hence it is
that we do not always hear all the sounds that are produced, or that we
do not hear them as distinctly as at the place where they originate ; in
pneumonia complicated with bronchitis of the large branches, the
sonorous and sibilant ronchi prevent us from hearing the crepitant
ronchus ; in central pneumonia, the vesicular murmurs of the periphery
of the lung, now more intense than in the normal state, interfere with
the transmission of the crepitant ronchus and of the bronchial character
to the ear of the observer. It is also the vesicular murmurs that prevent
our hearing, in the normal state, the sounds of respiration in the
bronehi ; but should vesicular respiration cease from any cause, the sound
of bronechial respiration appears, even though the conditions of the
organ as to conductibility have undergone no alteration; for example,
where several lobular bronehi happen to be obliterated, in such a way
that respiration can still go on in their superior part.

When two bodies rub against each other, the moving body makes
small suecessive jerks to pass the asperities over one another® In this
principle, and in what we have already said on the dynamic conditions of
the respiratory apparatus, is included the whole theory of the sounds that
are characterized and produced by friction. Such are the pleuritic
friction sounds (see chap. IL art. 12): on the degree of force with which
the two surfaces are impelled against each other, on the degree of proxi-
mity that exists between them, and on the degree of developement and
hardness of the asperities, depend all the possible forms of pleuritic
friction sound.

There arve different types of sounds, all of which appear to be produced
by a different mechanism. 1% We have just seen that, for the friction
sounds, there were forcible contact and motion between two uneven sur-
faces.  2° The mechanism of formation of the sounds that I have called
bubbling (bubbling ronchi) consists in the successive developement of a

* Physique de Beudant, p. 178,
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bubble of air in the midst of a humid atmosphere which forms its
envelope, imprisons it for an instant, opposes more or less resistance to
its enlargement, and at length bursts, allowing it to escape. 3. The sound
I have deseribed by the name of pulmonary erumpling appears to be pro-
duced, as its name indicates, by the mechanism exhibited in erumpling,
in squeezing a dry tissue. This sound is produced in the first period of
pulmonary phthisis, and in cases where the lung is compressed by a
tumour developed in its vicinity. The power that produces the erumpling
i« the column of air in inspiration, the tissue crumpled is the lung, and
the resisting points, against which the inspiratory forces push the pul-
monary tissue, are the small solid bodies developed in its substance. It
will be recollected that in fact this sound coexists exelusively with
inspiration, and that it increases a little in intensity when this movement
is exaggerated. The slightly dry state of the tissue of the lung in the
first period of phthisis, favours the developement of this kind of sound.
4°. What I have called the erackling ronchus seems to be produced by a
different mechanism: the sensation is that of dragging and tearing the
tissue; but no direct fact can absolutely authenticate this explanation.
5°. 1 have said at page 197 upon what the differences of quality depend
and how they are produced. 67 Those of tone depend on the number of
vibrations in a given time. The production of the acute tone requires
the greatest number of them, requires therefore the greatest dynamic
power, and supposes the greatest physical obstacle to this effort. Accord-
ingly, the acute tone, when it is conjoined in any form with the sounds
of respiration or circulation, suggests a more unfavourable prognosis than
the grave tone. 77 The intensify of the respiratory sounds is determined
by the amplitude of the vibrations that produce them. 8% Their dura-
tion by the reproduction of the sonorous vibrations for a longer or shorter
period, and hence by the more or less permanent action of the immediate
canses that have determined the vibration of the sonorous body. These
two latter circumstances of the respiratory sounds are principally influ-
enced by the dynamic conditions of respiration. 9 The soft, smooth,
mellowy character, is produced by the contact and the action of the
columns of air of inspiration and expiration wpon a soft and flexible
tissue, which freely expands under its influence. 10% The hard, difficult
character arises from a contrary mechanism; it is something that resists
the movement produced by the column of air. 11% If this air passes
through a tissue more or less saturated with liquids, the Awmid character
is produced; it takes the name of wviseid if these liquids be a little glu-
tinous. 127 If the column of air penetrates a tissue somewhat dry and
rather unyielding, the dry character is heard.

From what I have said at page 197, the normal respiratory sounds
appear to be produced by the shock, by the friction of the columns of air
of inspiration and expiration, against the walls of the different sections of
the respiratory passages ; probably also by a little vibration of the walls of
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these passages, perhaps even, in the vesicular section, by the alternate
folding and unfolding of the walls of the vesicles. It appears to be the
same with respect to many of the morbid sounds.

Whenever a body produces sound, its particles possess a vibratory mo-
tion more or less rapid, which is sensible to touch.* These vibrations
are propagated to a greater distance from the place they originate, and
are more easily appreciated by touch, in proportion as their amplitude is
greater, and their number in a given time less ; that is, in proportion as
the sound they produce is at the same time more intense and more grave,
(See, for the applications of this principle to practice, 2nd part, Chap.-
VIL Art. I) The effects perceived by touch are much less sensible than
those perceived by the ear; the sound produced by the vibration of a
body is very easily perceived at some distance from the place it origi-
nates ; whilst the hand, placed at the same distance as the ear, for
instance, on the walls of the chest, feels no trace of vibration.

Of the sounds that originate in a solid body, some are transmissible to
the observer by the intervention of the air; these are aerial sounds ;
others cannot be propagated beyond the body in which they originate,
except through the intervention of a solid substance ; these are the mate-
rial sounds, which are heard by mediate or immediate auscultation. It
sometimes happens that these two classes of sounds are transformed into
each other, that the material sounds are transmitted by the air, and the
aerial ones by the stethoscope.t The sounds that originate in the respi-
ratory apparatus.are very seldom heard where they are generated. In
general, to reach the ear of the observer, the sonorous wave is obliged to
pass through a greater or less extent of the tissues. The tissues which
lie in its course are usually of different densities, and according to their
density, afford it a more or less easy passage, and vibrate more or less in
unison with it. It results from this, that the sonorous vibration, when it
reaches the ear, no longer bears its primary characters, but a mixture of
characters more or less complex, resulting from the changes it has suf--
fered in its route. The ear and the mind become habituated to distin-
guish, in this complex result, the prineipal elements of its formation, and
to recognize the primary sound and the modifications which have been
impressed on it by the conditions of conductibility it has had to pass
through. We see from this how important must be the analysis of these
conditions. The number of the vibrations of a vibrating body is always
remarkably influenced by the bodies with which it happens to be in con-
tact . These principles apply at once to the signs furnished by auscul-
tation, by percussion, and by touch.

Elastic bodies of the first species, that is, those whose change of form is
instantaneous, are alone susceptible of producing sound by their vibra-
tions. Elastic bodies of the second species (all ductile bodies) are not

* Physique de Beudant, p. 183 et 184,
1 MM. Caguniard Latour et Magendie. T Physique de Beudant, p. 200. -
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capable of producing sounds, because the return of the displaced parts to
their natural position takes place too slowly. If we cover an elastic body
of the first species with one of the second, and attempt to make the former
vibrate, the sound produced will be very much modified, very much dimi-
nished, or even sometimes completely extinguished, according to the
nature and thickness of the latter.®* This prineiple is applicable both to
the normal and morbid state of the respiratory organs: in the normal
state the bronehi represent elastic bodies of the first kind, and the pulmo-
nary tissue represents more or less those of the second kind ; accordingly,
in the healthy state, the sound of respiration in the bronchi is but very
imperfectly or rather not at all transmitted to the surface of the lungs.
But let the tissue of the lung, instead of being pervious to air, be con-
verted by hepatization into a solid substance, the best conductor of vibra-
tion, and the sound of bronchial respiration will become distinetly audible ;
besides, the perfect silence which exists around the bronchi, from the
cessation of vesicular respiration, favours the propagation of the central
sound to the periphery of the organ. If; on the contrary, the pulmonary
tissue is converted into a body more pervious still than in the natural
state, as in emphysema of the lung, the conducting power being dimi-
nished, the sounds that traverse this tissue will arrive at the ear withless
than their original intensity.

Sound is heard much more quickly, and with much more force, through
a solid body than through airf. Liquids are much better conductors
than airi; solids are better conductors than liquids. We have a proof
of the first of these propositions in the examples I have just cited ; and
of the second in the comparative result of the reverberation of the voice
in pulmonary emphysema and pleuritic effusion ; every one knows that
this reverberation is almost nothing in the former, and is very conside-
rable in the latter. Lastly, we know that the voice, in traversing indu--
rations of the pulmonary tissue, such as considerable hepatization, con-
fluent tubercular infiltration, seirrhous or melanotic degeneration, fre-
quently assumes a very elevated form, which rises sometimes even to
pectoriloquy, while egophony, which results from the passage of the voice
through a stratum of liquid, is always less intense.

Liquids in contact with a vibrating body may themselves vibrate™.
But the mode of vibration of liquids is not exactly the same as that of
golids, and this difference in the vibration must produce a difference in
the sound that results from it such is, apparently, the mechanism of
production of egophony. The sonorous vibration generated in a lung
condensed into a body more or less solid, is modified in traversing the
stratum of effused fluid, and this modification produces the difference
between bronchophony and egophony. At the same time, other circum-
stances independent of the presence of a liquid, and which seem rather to

* Physique de Beudant, p. 181, 1 Ibid. p. 201.
t Ibid. p. 296. § Ibid. p. 296.
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be connected with certain peculiar but inappreciable conditions of the
larynx, may produce the egophonie voice (see Chap. IL, Art. VII).

The intensity and velocity with which sounds are propagated by solid
bodies, depend on the nature and interior structure of those bodies.
Thus, solid bodies that are most homogenous and most elastie, conduect
sound best*. "We know, in fact, that when pneumonia occupies a consi-
derable part of a lung at the same degree, bronchophony and bronchial
breathing are incomparably more intense than when it exists here and
there at different degrees. It is the same in uniform pneumonia of the
entire mass of a lung, compared with lobular pneumonia ; the same in
regular confluent tubercular infiltration of the lungs, contrasted with
irregular scattered infiltration. These facts are easily explained : when
the induration of the pulmonary tissue is uniform, all the parts vibrate in
unison with the point first struck, and its sound is angmented ; when the
density of the tissue is unequal, the different lines of vibration that have
originated in the densest points are broken here and there on those that
are less dense.

Instead of being uniform, regular, homogeneous, as in pneumothorax,
in hepatization en asse, in abundant liquid effusion, the mediums tra-
versed by the sonorous vibrations may present different degrees of density
in different points of their extent. Then the sounds that result are more
complex, and the analysis of their mode of production more difficult. In
passing through the denser mediums the vibrations are strengthened ;
they are weakened in traversing those that are less dense and less elastic.
These facts may be embodied in the following principles : if the sono-
roug wave encounter bodies that are susceptible of vibrating in unison,
the intensity of the sound is augmented in proportion to the surface of
the new body put into vibration; if, on the other hand, it meet in its
course non-elastic bodies, or obstacles against which it breaks, the inten-
sity of the sound is considerably diminishedt. In these principles we
have the explanation, apparently very difficult, of some of the signs of the
earliest period of phthisis pulmonalis; we find, by auscultation, as we
have said (Chap. VI. Art. IL § 8), augmentation of the intensity and of
the duration of expiration, augmentation of the intensity and diminution
of the duration of inspiration ; the alterations of the intensity and dura-
tion depend here on two classes of causes altogether different ; one which
comes under the preceding principle, another that is foreign to it; the
increased intensity of the two murmurs depends on this, that the primary
vibrations, generated in the air cells, are strengthened in traversing the
dense and elastic corpusecles that constitute the tubercles ; the diminution
of the duration of inspiration results from the smaller expansion of the
cells, in consequence of the obstacle that surrounds them, as well as from
the air penetrating fewer of them ; the increase in the duration of expi-
ration depends, apparently, on the change that has taken place in the

* Physique de Bendant, p. 202. 1 Ibid. p. 367.
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elastic force with which the cells react, contract upon themselves, and
expel the air that had expanded them. The principles I have just laid
down are very fruitful in applications ; but these applications to be accu-
rate, demand in general a very delicate analysis of the physical conditions
in which the affected organ and the neighbouring organs are placed ;
they require, therefore, an exact knowledee of the different anatomico-
pathological states that belong to each affection. In some cases of tuber-
cular infiltration confined to the centre of the summit of the lung, and of
emphysematous distension of the outer layers, the signs furnished by the
first alteration assume quite a peculiar character, and are invested with
forms and an intensity different from their original forms and intensity
in traversing the second. In general the signs are then very obscure,
and consist simply of exaggerated respiration, with the character of
roughness, of dryness, and of difficulty. It is well known that all the
thoracic sounds which are heard on the sternal region, have somewhat
greater intensity than in the adjacent regions, on account of the greater
elasticity and vibratility of the sternum.

From those general principles on the mechanism of preduction, and
the transmission of sonorous vibrations, it is easy to pass to particular
applications to which I have not alluded in explaining the principles. It
is easy, in the great majority of cases, to explain in a satisfactory manner,
the different forms, the varieties that the sonorous phenomena present,
and to connect these explanations with considerations useful in diagnosis
and prognosis. We will proceed with more steadiness in our plan of
treatment, when we are fully aware of the nature, the degree, and the
course of the disease.

I said at page 197 that the sonorous vibrations are transmitted unaltered
to a great distance, when the mass of air throughwhich they are propagated
is circumsecribed laterally ; that accordingly sounds are transmitted to a
creater distance, and more pure through a tube than in the open air.
On this is founded the employment of the stethoscope. I have elsewhere
said, guided by clinical observation, that as a general method, immediate
auscultation appeared to me preferable to mediate. Theory conducts to
the same conclusion ; it must be obvious, in fact, that an artificial tube so
coarsely constructed as the stethoscope, cannot have more power to col-
lect and transmit sounds than the concha of the ear and the auditery
canal, formed for this purpose by the hand of nature. An attempt has
indeed been made to imitate the concha of the ear, whose office is to col-
lect the sounds by enlarging the inferior extremity of the stethoscope ;
but it is a coarse imitation. Besides, where have we in the stethoscope
such perfect conditions of elasticity and vibratility as exist in the carti-
lages and membranes of the external ear. Placed on the extremity of
the stethoscope instead of on the walls of the chest, it seems to me that
the ear is much less happily disposed for the attainment of its object.

I have said at page 200, that the laws which regulate the formation and
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transmission of the sonorous vibrations collected by mediate or immediate
auscultation, were the same for sonorous vibrations exeited by percussion
and received by auscultation at a distance ; the same for vibrations sen-
sible to the touch. This is in general true, especially as far as regards
percussion. Thus it is that the tactile vibrations which speaking or
coughing produce in the walls of the chest, are diminished in caszes of
emphysema, and of pneumothorax ; but they are diminished also when-
ever the density of the lung is increased, and diminished in the direct
ratio of this density ; a circumstance which is in opposition with the
principle laid down in page 201, a principle which is indisputable, that
vibrations are transmitted with more ease and freedom through solids than
through aeriform bodies. In all eases of pleurisy with effusion, of very
thick old false membranes surrounding the lung, of hepatization or tuber-
cular infiltration of this organ, &e., we find, on the one hand, a striking
augmentation of the intensity of the voeal resonance (auditory vibrations),
and on the other a proportional diminution of the vocal or tactile vibra-
tion. There are other facts apparently contradictory to the principles I
have laid down; but it is sometimes possible, more easily than in the
preceding case, to reduce them to other principles, or to certain combina-
tions of the laws already expounded. Thus, when a cavity is large,
regular, superficially placed, and full of air, we usually find a stronger
vocal tactile vibration than in the healthy state of the part; the reason
is, that in such circumstances the cavity is in reality an organ that aug-
ments the vibration, and that it performs the part of the case of a musical
instrument. When tuberculization occupies the central part only of the
top of the lung, the exterior layers usually are emphysematous, and per-
cussion, instead of the obscure or dull sound which we might expect to
accompany the presence of tubercles, sometimes produces an exaggerated
sound ; but in such a case we may in general avoid mistake, by prae-
tising comparatively profound and superficial percussion (see 2nd part,
Chap. VIL, Art. II.) The best condition for the transmission of the
tactile vibrations determined by speaking or coughing, through the pul-
monary tissue, is the healthy state of this tissue. This fact, taken along
with the fact of the non-transmission of these vibrations in cases of hepa-
tization of the lung and of pneumothorax, would seem to authorize this
opinion: that the physical condition most appropriate for the trans-
mission of tactile vibrations, is a mass of air limited in extent, and
divided by a great number of partitions into innumerable secondary
masses ; or perhaps this opinion: that whenever a body or one of
our organs is altered from its normal texture, it becomes by this alone
less suited to transmit tactile vibrations ; making allowance, however, in
each of these explanations, for certain peculiar cases, such as that men-

tioned above. :
It is in virtue of its elasticity the lung contracts after having been dis-
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tonded®.  This fact is rendered indisputable by the experiments of
MM. Magendie, Dupuis, Piedagniel, and Berard the younger. It is on
this reactive power possessed by the pulmonary cells, and the retrograde
movement it communicates to the column of air that the expiratory
murmur depends. Ceteris paribus, the duration and intensity of this
sound are directly proportional to the force and the slowness with
which this reaction movement is produced. The degree of reaction, that
s the force with which the air cells contract, is usually proportional to
the degree of dilatation of these cells by the column of air in inspiration 3
accordingly after a strong inspiration, the expiratory murmur is always
more developed. We have already proved this fact by our manometric
experiments (see chap. IL. art. 6). The expiratory murmur is much more
feeble than the inspiratory: this is natural, for the moving power repre-
sented by the elasticity of the pulmonary cells cannot be compared to
that of the contraction of the inspiratory museles. The intensity of the
murmur of inspiration is represented by the number of cells that open to
admit the air and by the degree of their expansion. The intensity of the
murmur of expiration corresponds to the number of cells that react on
the air and to the degree of this reaction. The duration of each depends
equally on the degree of expansion and reaction of the cells and on the
slowness or rapidity of these movements. These principles once esta-
blished, we can easily explain the mechanism by which each of the modi-
fications of these sounds is produced, and determine from these modifica-
tions, when they present themselves, the physical and dynamical condi-
tions they suppose. But we must not forget, in this analysis, to take
into account the conditions of conductibility which may, as we have
proved at page 202, have a very considerable share in the production of
the alterations of the intensity of the respiratory sounds. In the first
stage of phthisis, the augmentation of the expiratory murmur arises
chiefly from the conditions of conductibility and of increased vibration that
exist in the lung. In pulmonary emphysema, this augmentation is chiefly
influenced by the modification that has occurred in the elasticity of the
air cells. These cells can act but slowly on the air by which they are
distended ; the rarefied pulmonary tissue has become a worse conductor
of sound ; accordingly the augmentation of the expiratory murmur affects
its duration particularly. We might in thé same manner analyse the
mechanism of production of the different morbid varieties of the expira-
tory murmur ; any one can easily do this for himself.

The bronchial character that appears in the first stage of phthisis, as
well as in all indurations of the lungs, is produced by the same
mechanism as that of pneumonia. With this may be combined the influ-
ence of increased vibration which I pointed out above. The different
degrees of the physical state of the lungs explain the different degrees of
alteration of quality that may precede or follow the bronchial character.

* Magendie, Lecons sur les phenomenes physiques de la vie, t. 1, p. 7 and 169,
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In general, we find the expiratory murmur more marked in pro-
portion as we examine persons of a more advanced age, and the
inspiratory on the contrary diminished in the same proportion. The
cause of this is that the pulmonary tissue tends to become more and more
rarvefied as we advance in life, and thus approaching the anatomical con-
ditions of emphysema, it must produce the same effects: the dynamie
force of respiration having diminished, the pulmonary cells emptying
themselves but slowly and with difficulty on account of the great diminu-
tion of their elastic property, their dilatation by the effort of inspiration
is but moderate; hence the decrease of the inspiratory murmur and the
increase of the expiratory®.

The great intensity of respiration in the child is explained by the
greater dynamic force, by the somewhat greater extent of the air tubes,
by the great flexibility of the pulmonary tissue, which renders the dila-
tation of its cells very easy and very extensive. The somewhat more
strongly marked expiratory murmur in the child than the adult depends on
the greater elasticity of the tissue of the lung in the first period of life.
Accidental puerile respiration is the result of an augmentation of the
dynamic power, and the consequent penetration of air into a greater
number of cells, the greater expansion and contraction of those cells.
The great elasticity of the air cells in the child, the diminution of this
property in the old affected with emphysema, conduct, as we have just
seen, to nearly the same result, the augmentation of the expiratory
murmur. But there exists this difference between the cases, that in the
child, as in all cases of exaggerated rvespiration, there is at once augmen-
tation of both the duration and intensity of the murmur, while in the old,
affected with pulmonary emphysema, the increase affects chiefly the dur-
ation. In the first case, in fact, the cells forcibly dilated by inspiration,
react strongly against the column of air; while in the other case, being
but gently distended by this column, their reaction is at once feeble and
slow. If with some we suppose that the cells and bronchial ramifications
are susceptible of a permanent or alternate contraction which greatly
diminishes their dinmeter, (for example, the spasmodic asthma of Laennec)
we may easily, from what has been just said, explain the modifications
that may take place in the inspiratory and expiratory murmurs, and the
mechanism of production of each of these modifications.

We have supposed above, in explaining the mechanism of production
of exaggerated respiration, that a greater number of pulmonary cells were
then dilated by the air; in fact, M. Cruveilhier has observed, that there
is always a certain number of vesicles in reserve, which expand to supply
the place of those that happen to be more or less obliterated. There is,
says he, between the air cells taken individually, the same mutual de-

* M. Andral has already made this remark and given this explanation, applying it to
the respiratory murmur viewed en masse.—(Auscult. Med. ed. 1837, t. 1, p. 65.)
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pendence as between the two lungs, or the lobes of the same lung. I was,
besides, authorized to admit this fact from my experiments on sponge.

In our inquiries into the mechanism of production of the expiratory
murmur, we have taken into account only the elastic reaction of the air
cells and of the rest of the bronehial tubes, because, in faet, in ordinary
expiration this appears to be the essential cause of the expiratory sound ;
but whenever the respiratory motions are exaggerated or spasmodie, we
must combine with this first and chief cause the action of the thoracie
walls and of the abdominal musecles. All these forces, however united,
are still inferior to the inspiratory forces. At the same time, they strikingly
augment the intensity and duration of the expiratory murmur.

Two primary conditions are necessary to the production of the vonchi:
1° a cavity; 2% a column of air moving in it. All the possible varieties
of ronchi depend on the form or the size of the cavity, on the greater or
less dryness or humidity of its walls, on the volume, the force, and the
velocity of the column of air ; all the varieties of ronchi may be explained
by the different combinations of the preceding elements. It would be
much too long to enter into all the details of this subject. With the
general principles previously explained, and what I have just now said it
will be easy to descend to particular applications. Besides this subject
has been better studied than those I considered previously, which is an
additional reason for not dwelling on it.

I have made some researches with the view of determining the manner
in which certain morbid states of the lung are produced. These
researches have led me to an knowledge of the cause and origin of the
granulations of hepatization in the 2nd and 3rd stage and of pulmonary
apoplexy. By this means, we are enabled to explain the mechanism of
production of the humid ronchus with continuous bubbles of active san-
guineous congestion, of the crepitant ronchus of pneumonia, and to
understand the cause of the differences presented by the latter at different
periods of its duration. T will commence by relating the anatomical fact
on which these explanations depend. ;

The 27th April, 1836, at the hospital la Pitie, I examined the body of
a man who had died at No. 36 ward of St. Michael, of considerable con-
traction of the orifices of the heart. An apoplectic nucleus of consider-
able extent occupied the middle lobe of the right lung. There was no
rupture of the pulmonary tissue apparent; the blood was, as it were,
intimately combined with the tissue, and no where presented the appear-
ance of an isolated clot. An inecision was made through the centre of the
apoplectic nucleus; the surface of this incision was granular. The
maximum of alteration and of granulation was at the centre; both
decreased in proportion as we receded from that point. I proceeded to
examine from the circumference towards the centre. Here where the
granulations were in quite a rudimentary state, it was easy to see with
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the naked eye, as well as with a glass, that they were produced by a
slight projection of the points of intersection of the walls of the cells;
these cellular walls were slightly thickened, firm, and as if in a state of
turgescence. This thickening, this turgescence on which depended the
granular condition of the cut surface, was owing to the deposition of a
thin layer of blood on the inner face of each of these walls. This blood
was apparently intimately combined with the tissue of the walls, which
appeared on the surface of the slice, as innumerable little projections
inclosing between them small aveolar spaces. These projections were
nothing else but the granulations described by Laennee, and the areolar
spaces, presenting little depressions, were what remained of each vesicular
cavity. But as these little depressions exhibited a somewhat greater
capacity than the pulmonary cells in the normal state, we were disposed
to think, either that these cells were greatly dilated before the
hemorrhagic congestion, or that each of these little depressions was
formed of two or three cells united into one by the rupture of their walls.
Whichever it may have been, each of these little cavities was lined
within by a layer of sanguineous matter, which diminished its capacity,
and which could be partially removed by seraping the interior of the
cavity with the point of a fine sealpel.  In proportion as we approached
the centre of the apoplectic nucleus, we saw the granulations on the sur-
face of the slice become more marked, the little vesicular cavities more
and more diminished, and at length completely filled up by the sangui-
neous matter deposited on the inside of their walls; we saw these walls
become thicker and more resistant, and produce still more plainly, by
their mammiform projections, the small granulations so well deseribed by
Laennec®. On washing and compressing the portions of pulmonary
tissue on which we had made these remarks, a considerable quantity of
the blood it contained came away, the granular appearance was propor-
tionally diminished, the surface of the slice became more smooth, and we
could vecognize in it the walls of the little cells reduced almost to their
natural thinness and prominence. ‘Fhe small lamellze that formed these
walls merely retained a little of the blood they had imbibed and a slight
reddish tinge. In the intervals between these lamelle the small vesicular
cavities were seen, now perfectly distinet and having resumed nearly
their natural capacity, but sunk in upon themselves. In the parts most
distant from the centre of the apoplectic nucleus, where the granular con-
dition was altogether rudimentary, the disease scarcely deserved the name
of apoplexy. I made afterwards researches similar to the above on per-
sons who had died of pneumonia in its lst, 2nd, and 3rd stages, and I
ascertained precisely the same facts. The granulations are altogether
rudimentary in the lst stage; in the 3rd where suppuration begins to
take place, it appears first on the granulations themselves, in the form of
a white point, then extends, and gradually produces the softening and

* Auscult. Med. ¢d d'Andral, t. 1, p. 450, Forbes's transl. p. 188.
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pneumonia, when the suppuration is somewhat advanced, the granular -
condition of the cut surface of the hepatized part has almost entively dis-
appeared. The suppuration of the lung therefore begins in the inter-
vesicular cellular tissue and not in the interior of the vesicles. The
absence of granulations in the alteration that has been ealled splenization
of the lung*® depends on this, that the organie action is in it altogether
different from that which takes place in pneumonia and pulmonary
apoplexy. In the latter, a kind of inflammatory, congestional, hemorr-
hagic turgescence of the walls of the cells takes place; but this tur-
gescence is essentially active ; there is an afflux of liquid into their
tissue, and they become more consistent and more firm ; henee the granu-
lations. In splenization on the other hand, the blood transudes passively
and is decomposed ; the vital activity is greatly diminished in both solids
and fluids; the walls of the cells give way, sink in, soften, and the
splenified portion of lung in no long time falls into a pulpy detritus.
We find this species of alteration occcur chiefly in the old, or in persons
worn out by a tedious illness. It has been remarked that the granular
condition is, in general, less marked in hepatization of the lungs in old
persons than in adults; this may also depend, as has been observed by
M. Andralt, on the extreme rarefaction of the lungs in the advanced
periods of life; their cells at this time are not so easily filled up by the
thickening of their walls. The dyspnea also that accompanies the pneu-
monia of the aged is much less urgent than that which accompanies the
pneumonia of the adult. MM, Hourmann and Dechambre, in an excellent
work they have published on the pneumonia of the aged, have admitted two
varieties of it ; one of these has its seat, according to those authors, in the
walls themselves of the vesicles; this one alone exhibits in its anatomical
characters the granular condition. This faet, it iz plain, is in accordance
with the result of my researches on the nature and mode of developement
of these granulations. I am aware that this result is opposed to the
opinion of those whose name alone is a high anthority, who place the seat
of pneumonia and of the granulations that result from it in the vesicles
themselves §.

For this reason I considered myself bound to give a detailed account
of the facts on which I found my opinion. The notion, that the form
and volume of the granulations depend on the vesicles in which thejf'xm'ﬂ
supposed to be developed, is ingenious ; it is the first that presents itself
to the mind, but I believe it to be contrary to observation. According to
this view it would be necessary to admit that each granulation was akind
of small sanguineous clot; now direct examination gives precisely the
opposite result. The opinion I have put forward is quite in harmony

¥ Auscul, Med. t. 1, p. 454 ot 455.
t ldem, t. 1, p. 65O,
1 Lonis, Recherches sur la Phthisie, p. 9.—Laennec, ed. d'Andral, v, 1, p. 491.—
Forbes's transl. p. 201.
[I
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with the ideas generally received as to the seat of inflammations. From
the facts on which my opinion is founded, pneumonia is seated in the
conneeting cellular tissue of the mucous lamelle that form the air cells,
and begins by a hyperemia of this tissue; in consequence of this
hyperemia, a slight sanguineous exudation is produced on the mucous
surface, and not a real hemorrhage as the other view supposes. This
extravasation of blood, in the form of small clots, did not exist even in
the apoplectic nucleus of which 1 have given a description ; and yet this
part presented all the characters described by Lacnnee as belonging to
pulmonary apoplexy. Can persons have formed a false notion of the
mechanism of production of this affection from its minor degrees? The
pathogenic course I have described in pneumonia agrees with that
observed in inflammation of the bronchial and of other mucous mem-
branes.

These anatomical facts being established, let us see how they explain
the characters exhibited by the humid ronchus with continuous bubbles
of active congestion, and the crepitant ronchus of pneumonia. The
active sanguineous congestion precedes, as we have said, the first stage of
pneumonia, and the econtinuous humid ronchus precedes the crepitant
ronchus (Chap. VI. Art. 2, § 3). If the parallel we have made between
those two ronchi (Chap. IT. Art. 11,) be borne in mind, it will be seen that
their differences correspond to the different forms and degrees of the
anatomical state on which they depend. The bubbles of the ronchus of
active congestion are voluminous, and as it were continuous with one
another ; they are accompanied with the vigcid humid charaeter ; in fact
at this period the air cells are less obstructed ; the blood which is begin-
ning to be exhaled at their surface and deposited on their walls, has not
as yet become solidified, as subsequently occurs; and the viscidity of this
fluid is an obstacle to the free, rapid, and complete developement of the
bubbles ; hence the humid, viseid, and continuous characters they pre-
sent. When the blood deposited on the walls of the air cells is in some
degree solidified, when the capacity of the cells is sensibly diminished by
the deposition of successive layers of blood on their walls, the bubbles of
the ronchus formed must be dry and very small compared with the pre-
ceding ; they must be more perfectly spherical, because the viseid quality
no longer exists to oppose their developement. In proportion as, by the
passage of the pneumonia from the Ist to the 2nd degree, the cells become
obstructed more completely and in greater number, the bubbles must
become finer and less numerous; they must cease entirely when the
obstruction of the air cells is complete, and not reappear till the resolu-
tion of the obstruction is so far advanced, that the air begins to obtain
admission into the vesicles ; then a mucous sceretion usually taking place
at the interior of the vesicles in which resolution has commenced, the
bubbles of this ronchus redux must be successively more humid and
lavger. Now this is precisely what happens ; for we see in this deserip-

i i
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tion the three stages (appearance, eessation, reappcnmm:e,] of the erepi-
tant vonchus of pneumonia, and the characters that are peculiar to it at
each of its stages.

I made some experiments on a patient on whom I had operated for
empyema, which appear to me to show conclusively the mechanism
of production of the amphoric character, and of metallic resonance and
tinkling.*

On the 2nd day of the operation, we recognized all the signs of hydro-
pneamothorax with perforation of the lung (see Chap. VI. Art. 4, § 4),
except amphoric respiration which was only heard at times for a moment.
It was the first time these signs had appeared. The chest contained a
considerable quantity of liquid and much air ; astringent injections were
injected every day into the cavity of the pleura, and we could without
causing the slightest inconvenience to the patient, augment at pleasure
the prupm‘tiun&l gquantity of air and liquid contained in the pleura. Fluid
was thrown in till it rose above the level of the external wound ; a female
catheter was introduced through the wound and pushed into the mass of
liquid ; the edges of the wound were kept closely attached against the walls
of the eatheter, so that not a bubble of air or drop of liquid could enter or
escape. We placed in the opening of the catheter the pipe of a syringe,
charged with both air and liquid, and held slanting from above down-
waris, so that the air must pass in last. We directed the patient not to
respirve for some instants that we might be certain the sounds we heard
were really the result of the experiment and not of respiration ; I satis-
fied myself indeed that he did not respire; and while I kept my ear
applied to the side of the chest ready to observe the sounds that might be
produced, an assistant pushed the piston of the syringe. Solong as it was
the eolumn of liguid that passed into the pleura, I heard no sound at all
analogous to the normal or morbid sounds of the respiratory apparatus;
the kind of bubbling produced was indeed barvely perceptible. But the
moment successive, scattered bubbles of air began to escape from the
syringe, and traversing the stratum of liquid burst at its surface, I heard
distinetly as each bubble broke, a clear isolated metallic sound, the same,
in short, in every respect as the isolated metallic tinkling we heard in the
same patient, in the same side of the chest, during respiration. In a
second experiment, the syringe was charged with a greater quantity of
air than on the first occasion ; the piston was pushed more rapidly, and I
heard the metallic tinkling less isolated, and accompanied with a kind of
metallic resonance, such as is heard in some patients, and which I for-
merly described. Lastly, the syringe was charged with air alone, the
piston was foreibly driven down, and the air instead of passing through
the liquid bubble by bubble, traversed it in a dense mass, and came with
a sudden reverberation against the bare sides of the pleuritic cavity. The
sound produced was but a degree higher than the metallic resonance just

* Ward of St. Louis, hospital of 1a Charite, under M, Andral in 1837,
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deseribed ; it strikingly resembled amphorie respiration. But we pro-
duced a much better imitation of the amphorie character, by injecting the
column of air directly into the portion of the pleuritic cavity not oceupied
by liquid. In doing this, care was taken to allow enough of the liquid to
escape through the wound, that its level might be below the opening.
These experiments, which were in no way injurious to the patient, were
often repeated and always with the same results, varying merely in degree
or form. Made on the dead body, their result is negative. In that case
certain circumstances, not easily appreciated, prevent the exact repetition
of the same phenomena. Some days before the patient’s death, we again
ascertained that metallic tinkling and resonance were produced naturally
during respiration. The amphorie character was only audible at times.
On examination after death, we found an effusion of air and fluid in the
pleura, and below the level of the fluid a perforation of the lung, pro-
duced by a very narrow opening, through which the bronchial system
communicated with the cavity of the pleura®. The lung being placed in
water, and air injected into the bronehi, it escaped from the small open-
ing in suecessive small bubbles, which burst in succession at the surface
of the liguid ; these bubbles were more scattered or more crowded toge-
ther, according to the force with which the air was thrown in. I think
we may conclude from the experiments I have just related, and from the
relation that exists between the results they have furnished and the ana-
tomical circumstances revealed by the autopsy: 1° That the metallic
tinkling of hydropneumothorax, complicated with perforation of the lung,
is produced by a bubble of air which escapes from the lung through the
fistulous opening, traverses the mass of liquid effused into the pleura, and
bursts at its surface in the midst of the air more or less rarified, that
occupies the upper part of the cavity of the pleura. The metallic tinkling
produced, is isolated or prolonged according to the number and velocity
of the bubbles of air that escape from the lung. 2°. That the anatomical
condition of production of this sign is a very small pulmonary fistula,
opening below the level of the effused fluid, a fistula of such a kind, that
the air can only escape from it in the form of successive bubbles. It will
be remembered, that metallic tinkling is best heard during coughing or
speaking, that these acts require a greater respiratory effort, and that in
such eircumstances a greater number of bubbles find their way through
the opening, than could have passed during a weaker dynamic effort.
A very deep inspiration produces the same effect. 3°. That metallic
resonance is produced in the same anatomical conditions, provided

* There was no trace of tubercles in any part of the lungs in this case. The perfora-
tion was produced by a deep ulcer of a false membrane, which was thick, firm, and
very old, and which covered the whole surface of the lung. This membrane was
covered with ulcers, one only of which had reached the lung. A purulent fluid occu-
pied the lower part of the cavity. Instead of proceeding, as usual, from within out-
wards, the perforation in this case was produced from without inwards. I believe no
similar fact is on record.
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the air escapes in numerous bubbles rapidly succeeding each other,
instead of in separate scattered bubbles. In fact this variety of the
phenomenon occurs chiefly in consequence of great efforts in cough-
ing, speaking, or respiring. 4° That amphoric respiration is produced,
when a tolerably strong column of air is poured directly or almost directly
into the portion of the pleuritic cavity not occupied by the effused liguid.
This condition is fulfilled by a fistulous opening rather large, and opening
above, or at least near the surface of the effusion. It will be easy to con-
ceive, with the aid of this explanation, all the varieties that may oceur in
the progress, in the form, in the different combinations of these three
phenomena. We know there exists a kind of opposition between metallic
tinkling and amphoric respiration ; when the one is heard, the other in
general does not exist; this must be so, inasmuech as the conditions on
which they depend are nearly opposite. ~ If two fistulous openings exist,
one rather large and situated above the surface of the effusion, the other
small and below this surface, it is plain the two phenomena may exist at
the same time. If the quantity of the effusion be increased or diminished,
so that its surface rises above or falls below the perforation in the lung,
metallic tinkling and amphoric respiration may alternately replace each
other. If the fistulous opening, small at first, becomes enlarged, the me-
tallic tinkling will disappear, and will be replaced by the amphorie cha-
racter. The contrary will take place if the opening, at first tolerably
large, should happen to be diminished by the intervention of a small por-
tion of detached pulmonary tissue, by a pseudo-membranous clot, or in
any other way. Lastly, the two sounds I have analyzed will cease, if the
fistulous opening should be completely obliterated, as I have ascertained
on the autopsy of some patients in whom we had recognized, some time
before death, the disappearance of metallic tinkling and amphoric respir-
ation. The degree of force with which inspiration is effected, may like-
wise, as we have proved, exercise an influence on the degree, and even on
the existence of those sounds. When metallic tinkling and the amphoric
character both oceur nearly at the same instant, and by one and the same
fistulous opening, neither one nor the other assumes its most marked form
or its highest degree of intensity. The predominance of one or other in
that case depends chiefly on the degree of force with which the patient
respires ; the amphoric character prevails when the respiration is strong;
the metallic tinkling when it is feeble. It is generally in the complex
case I am considering that the peculiar sound is produced, which I have
deseribed by the name of metallic resonance. In faet, this is but an in-
termediate sound between metallic tinkling and amphoric respiration, bub
the passage from the first of these sounds to the second ; it is, therefore,
natural that it should present itself chiefly when the fistulous opening, in
its diameter, and in its relations with the surface of the effusion, is as it
were, intermediate between the anatomical conditions of metallic tinkling
and those of amphoric respiration in their most perfect forms,
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I rejoice that the result of my experiments on this subject, agrees with
that obtained by two such observers as Dance and M. Bean, (Dict. de
Medie. 2° edit. t. 4, p. 410; Archives de Medecine, t. 4, 2° serie, p. 436),
I think, with the authors of the Compendium de Medecine Pratique (t. 1,
p. 477), and with M. Raciborski, (Laenneec Francaise, t. 9, No. 83, pe
370,) that the explanation of metallic tinkling given by Laennec is appli-
cable in certain circumstances where the above is not; and, therefore,
that it must still be preserved for some particular cases.

ARTICLE IIL

With respect to the causes that determine the coexistence of the
morbid sonorous phenomena of the respiratory apparatus with inspi-
ration or expiration, I will confine myself to offering the following
considerations.

The coexistence of the acute-toned dry bronchial ronchi with inspira-
tion chiefly, and of the grave bronchial ronchi with expiration *®, seems
to arise from this, that the column of air in inspiration, moving with
more force and velocity than that of expiration, is, for this reason, placed
in more favourable conditions for determining, by its friction against the
bronchial walls, more numerous and rapid vibrations, and consequently
more acute sounds. Moreover we may observe, as sustaining this view,
that the column of air in inspiration traverses tubes successively more
and more narrow (each section of the bronchial system being considered
separately), and that on the other hand, that of expiration passes through
tubes the diameter of which is successively increasing. In the first case,
the velocity and consequently the number of vibrations increase in pro-
portion as the diameters of the tubes diminish; in the second, both
diminish in proportion as these diameters increase. Besides we know
that the sound produced in a funnel-shaped tube is grave if we blow into
it from the small towards the larger opening, and acute in the contrary
case.

Sometimes the sibilant ronchus is heard at the same time during both
periods of respiration; in this case we find it stronger and more noisy
during inspiration, and this from the influence of the causes I have just
pointed out. The sibilant ronchus is, in general, more acute in bronchitis
of the small ramifications, than in that of the larger bronchial tubes; a
circumstance which made M. Delaberget justly remark that the sibilant
ronchus that coexists chiefly with inspiration indicates particularly
bronehitis of the small bronchial tubes, while that which is produced in

" The authors of the Compendium de Medecine Pratique (vol. 1, p. 483), say that
the sibilant ronchus coexists chiefly with expiration. I think this is a mistake, for T
have in general found it the reverse.

T Comp. de Med. Prat. vol. 1, p. 483,
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gxpiration announces bronchitis of the larger. Because in fact, as we
have just remarked, inspiration is more capable than expiration of pro-
ducing vibrations in the small tubes.

If the pulmonary crumpling sound and the dry crackling coexist
altogether, or very nearly altogether, with inspiration, it probably
arises from this, that the column of air on entering the lung, is obliged to
dilate in every direction the cells of which that organ is composed, to
produce a kind of unfolding of its tissue, and in this way to compress it
against the foreign bodies (tubercles, &e.) that obstruct its developement.
Expiration on the other hand acts in the opposite way ; and if the cells,
in sinking in, suffer a certain degree of compression and of crumpling
against these bodies, it is but very slight ; and hence the traces of crump-
ling and dry erackling sounds that are sometimes perceived in expiration
are always very slight.

The exclusive, or nearly exclusive coexistence of all the ﬁne bubbling
ronchi with inspiration may be thus explained: these ronchi derive
the spherical form and small size of their bubbles chiefly from the
cellular form and small diameters of the section of the respiratory appa-
ratus in which they are produced ; the expansion of the pulmonary cells
is absolutely necessary in order that a bubble should be produced and,
as it were, moulded in their interior. Now, this can occur only in
inspiration, for in expiration on the contrary the sides of the cells sink
in and their cavity is effaced.

If the bubbling ronchi coexist less exclusively with inspiration, and
more equally with the two periods of respiration in propoertion as their
bubbles are larger or more humid, the reason is that these two circum-
stances, size and humidity, suppose much larger cavities than in the pre-
ceding case, and much more liquid in these cavities; now, in these two
physieal conditions, the motion of the column of air in expiration is
quite sufficient for the production of a bubbling ronchus, that is, for the
passage of the air through the midst of mucous or purulent fluids.

I have referred to cases of pneumonia in the 3rd stage, in which there
existed a mueous ronchus distingunished from the other ronchi of the same
name by its exclusive coexistence with inspiration. It appears to me
that this exclusive coexistence may be naturally enough explained thus:
in the anatomical conditions in which the lung is then placed, the column
of air in expiration has no force whatever; the only influence it can
exercise is on the mucosities contained in the bronchi, producing
thus the ordinary mucous ronchus; whereas the column of air in inspi-
ration still retains a certain degree of force, a force that enables it to
penetrate and find in the midst of a softened and suppurated tissue, or at
least in the last ramifications of the bronchi which still remain free, the
three conditions necessary for the production of a bubbling ronchus:
1°. a column of air in motion (inspiration); 2% a cavity of small extent
(resulting from the softening of the pulmonary tissue, or represented by
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the last bronchial ramifications that remain permeable); 3° liguids eol-
lected in these little cavities (pus, mucosities).

I have remarked, in another part of this work, that the ronehi which
coexist with inspiration alone, are in general of more serious import than
those that coexist at once with both periods. This depends on the cir-
cumstance to which I have already several times pointed attention, that
is, on the physical state of the lung, which renders altogether powerless
the column of air of expiration, and leaves inspiration alone the power of
producing ronchi.

If the alterations by augmentation of the respiratory sounds belong
more peculiarly to expiration than to inspiration, and if they are more
serious in the first than in the second, this results from the different
mechanism by which these two movements are produced in the pulmo-
nary cells. These cells are passive in inspiration, active in expiration.
Not having any proper action in the production of the inspiratory mur-
mur, they cannot of themselves and directly influence the angmentation
of this sound; no direct relation connects the augmentations of the
inspiratory murmur with the alterations that take place in the cells.
Whereas, these same cells having in themselves their expiratory foree,
that is, their elasticity, have also the power of modifying the expiratory
murmur by the changes that occur in this property. Now, we have
already said that, in whatever way this property may be modified, the
result always is an augmentation of the respiration; an augmentation
which affects chiefly the intensity of the sound when the elasticity is
inereased, and chiefly its duration when this property is diminished.

Jackson®, a young physician of Boston, who had commenced some
admirable investigations respecting the phenomena I am analyzing, and
who died too soon for science, aseribed the coexistence of the bronehial
character with expiration before it is audible in inspiration, to the natural
feehleness of the expiratory murmur. The comparative feebleness of the
expiratory murmur allows us, said he, to hear the sound of bronchial
respiration, whilst it is still masked by the stronger murmur of inspira-
tion. It seems to me that this explanation cannot be abzolutely admitted.
In fact, the expiratory murmur has in general already acquired the dura-
tion and intensity of the inspiratory, when the bronchial character, or
even alterations in quality of a lower degree, begin to appear exclusively
in it; the inspiratory murmur is often at the same time diminished.
Moreover, when the alterations of quality have attained such a degree as
to coexist with both ‘periuﬂs, we find them E.IWE.]"E preserve greater
intensity in expiration; and yet, at this stage of the disease, the inspiratory
and expiratory murmurs, considered independently of their alterations of
quality, are in an inverse ratio to that supposed in the explanation of
Jackson ; the first is diminished, the second increased. But if we cannot
always explain in a very certain manner why alterations of quality

* Memoires de la Societé Med. d’Observation, t. 1, p. 1
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coexist with expiration sooner than with inspiration, we can easily under-
stand why there comes a time when these alterations of quality coexist
with both periods; it is that they have then acquired such an intensity,
that the inspiratory and expiratory murmurs, whatever they be, can no
longer mask them.

The coexistence of the dry and humid characters with inspiration
peculiarly depends on this, that the column of air in inspiration strikes
with more force the pulmonary cells, whether dry or humid. It depends
also on this, that the expiratory murmur being more feeble than that of
inspiration, the ear finds it more difficult to appreciate these characters
during the sound on which its attention cannot be so long fixed.

I have said (Chap. III. Art. 12,) that the intensity of the pleuritic
friction sounds was directly proportional to the extent and force of the
locomotive movement of the lung, to the degree of approximation between
the two pleural surfaces, and to the prominence of their asperities. Now,
it is easy to see that the two first conditions are better fulfilled by inspir-
ation than expiration ; and hence the coexistence of these sounds more

peculiarly with the first of these periods.
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NOTES BY THE TRANSLATOR.

(1.) With the exception of Sir James Clarlke, whose work on consumption is occa-
sionally quoted, M. Fournet searcely refers to a single English writer throughout his
entire work. And yet for many years this country has kept pace with France, at
times even anticipated her in the application and advancement of the *new science;"”
and thus, indeed, some facts apparently new to M. Fournet have long been familiar to
physicians here. We must not therefore, in our just admiration of Andral, Louis, &e.
forget the services rendered to auseultation by those to whom we are indebted for its
early introduction and cultivation amongst ourselves. Dr. Forbes may be considered
the first, as he is still the most zealous labourer in this field of science. The immortal
work of Laennee appeared in 1819, the English translation in 1821. A few years later
Dr. Forbes published his interesting volume of * Original Cases,” and in 1827 a
second edition of the translation; by this time the worl was in the hands of almost
every English student. Two or three editions of it have since appeared, while in the
Cyclopadia of Practical Medicine and the * Review " he has been unceasingly engaged
in promoting the study of this branch of medical knowledge. Next in point of time,
but second to none in the ability and success with which he has prosecuted this subject,
is Dr. William Stokes. The * Introduction to the Stethoseope " was published so early
as 1825: since then he has, in a series of original researches, illustrated various
auscultatory questions of great pathological and practical importance; while the
Treatise on the diagnosis of the diseases of the respiratory organs has been hailed as
a standard work by the unhesitating voice of the profession in this and other countries.
Dr. Williams deserves a place among the foremost in this march of improvement. The
“ Rational exposition of the physical signs, &c.” was published in 1838; his explanations
of these phenomena contributed to render the study of auscultation more easy and
more agreeable; and indeed there is scarcely any branch of it upon which light has
not been thrown by his ingenious investigations.  After this period, the writers on the
subject become 8o numerous that it would not be possible to notice them all here; but
T eannot pass unmentioned two, who, as teachers of clinical medicine, even more than
by their writings, were amongst the earliest and most successful promoters of the study
of auscultation, but whose merit in that respect has been in some degree obscured by
their brilliant labours in other walks of medical science, Dr. Duncan, jun. who was, I
helieve, the first that actually employed the stethoscope in these countries, and Dr.
Graves, to whom the clinical school of medicine of Dublin may be said to owe its
existence and much of its celebrity.

It may be remarked that for some years past the attention of observers amongst us
has been more particularly turned to the auscultation of the heart, the respiratory
organs being comparatively neglected.
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(2.) This proposition will, T have little doubt, startle the reader, who most probably
Las been aecustomed to consider the respiratory murmur as belonging to the period of
inspiration alone, and to look on that of expiration as unattended by sound. In fact,
many even of our most practised auscultators appear to be atill altogether unconscious
of the existence of an expiratory murmur in the healthy condition of the lungs, and
some who admit its existence are evidently very imperfectly acquainted with it. Yet
its progence in the healthy state, as well as its value as a sign in certain morbid condj-
tions of the respiratory organs, have for many years been recognized by Andral, Louis,
and others of the Parisian school, and so far back as 1836, the attention of the pro-
fession in these countries was particularly directed to it by Dr. Cowan of Bath, in an
excellent paper in the London Medical Gazette,

I am anxious thus early to call the student's attention to this most important, and,
probably to him, novel fact—the constant presence of an expiratory murmur in natural
respiration—with the view of inducing him at once to examine and satisfy himself upon
the point. This previous study will enable him to follow M. Fournet in his researches
with more satisfaction and more profit; T may add that he will in practice find a
familiar acquaintance with this sign, a most valuable aid in the attainment of the main
object of this work—the detection of phthisis at an early stage. Let him examine and
judge for himself, With a practised ear and due attention he will rarely fail to find it.
But considerable attention is sometimes required, as well as an ear familiarized with
this particular sound. Nor should this surprise any one accustomed to auscultatory
studies. Who does not know with what difficulty the ear educated fo one class
of sounds comes to appreciate a different class with equal accuracy? The feetal heart,
when audible, produces a very distinet sound, yet I have seen many persons, dexterous
enough in the auscultation of the pulmonary organs, unable to detect it for weeks after
it was perceptible to one more accustomed to obstetric auscultation.

{3.) We have no word in our language answering to timbre. It has been at times
translated by fome, but this word is here employed in its proper acceptation. * Suppose
{wao different instruments—a violin and flute for example—io sound the same note with
the seme infensity and for the same length of time ; there will still be a certain peculi-
arity in each of the notes produced, distinguishing it from the other—that peculiarity
is its timbre” (Review of M. Fournet's book in the British and Foreign Medical
Review, No. 18). After the example of the able writer I have just quoted, I employ
the word guality to express this property of sound, rather than introduce into the text
a word so uncongenial to our tongue as fimbre.

(4.) An account of Dr. Spittal's experiments will be found in his Treatise on Auscul-
tation (the Harveian Prize Essay for the year 1820.) They were instituted witha view
of showing that Dr. Williams was in error, in supposing the primary erepitant ronchus
of pneumonia was produced by the “bubbling passage of air forcing its way through a
viscid liguid contained in an infinity of tubes of equally diminished calibre”—an opinion
which seems to have been very generally adopted by the profession. 'The result from
Dr. Spittal’s experiments was, as stated by M. Fournet, that a sound very similar to
the fine crepitant ronchus is produced by the bursting of minute air bubbles on the sur-
face of fluids of about the same density and tenacity as serum; but that this resemblance
eceases in proportion as the fluid is more dense and tenacious. In viscid fluids, such as
the expectoration peculiar to pneumonia, agitation produces scarcely any erepitus. ;

(5.) Dr. Cowan should not be omitted in this enumeration. TIn the notes to his
translation of Louis on Phthisis, published in 1835, he more than once points out the
importance of the study of the expiratory murmur, as a means of diagnosis in the ear-
liest periods of that disease. The paper already referred to, published the fnlll.:rmﬂﬂ'
vear, is expressly devoted to the consideration of this phenomenon, of which he gives a
very full and accurate account, examining it under nearly the same points of view as
M. Fournet ; its existence in the normal conditions of the lung ; tha alterations it suffers
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in emphysema, and induration of the pulmonary tissuc; its mechanism of production,
and in particular, its value in the diagnosis of the carliest stage of phthisis. This paper,
45 well indeed as the whole series of which it forms one, is well worth an attentive
examination; it will be seen that the French writer has been anticipated in other re-
speets by Dr. Cowan. It is, perhaps, easy to account for M, Fournet's ignorance of
Dr. Cowan's writings, but it is indeed surprising, and may be regarded as a remarkable
instance of the slowness with which valuable truths sometimes make their way in the
profession, that since the publication of Dr. Cowan's papers, many good books and lec-
tures on auscultation and the diseases of the respiratory organs have appeared in our
language, which contain nosallusion to the researches of Dr. Cowan, or of the French
writers on the expiratory murmur, of the diagnostie value and almost existence of which
the authors seem to be quite unaware.

(6.) There is not much new in those precepts for performing auscultation ; similar
fules have been again and again laid down by lecturers and writers on the subject, and
probably most persons would after a time come to find them out for themselves. DBut
the student cannot be too soon impressed with the necessity of attending to them.
Carelessness in the examination, inattention to the mode of breathing of the patient, and
preconceived views as to what is to be heard, render the stethoscope in the hands of
inany not merely useless, but positively mischicvous.

(7.) The preference given by some to mediate over immediate auscultation, is pro-
bably in a great degree owing to their being more accustomed to employ it ; undoubt-
edly the object may, in the great majority of cases, be attained equally well by the latter
mode. The reader will see the case stated for and against the stethoscope with much
ingenuity by M. Andral, in the note referred to in the text, and by Dr. Williams in the
article Stethoscope of the Cyclopedia of Practical Medicine. There is an advantage
attending the employment of immediate auscultation, which M. Andral has not re-
marked—the greater facility with which in an examination the ear can be passed over
every point of an extensive surface. Thus, in pueumonia, in pleurisy with effusion, &e.
every part of the posterior and lateral regions of the chest may be successively exa-
mined in a shorter time, with less annoyance to the patient, and T think more accurately,
with the naked car than with the stethoscope. I may remark, that insome cases where
the respiratory murmurs were naturally very feeble, I have found the expiratory in par-
ticular much more perceptible by immediate than by mediate auscultation; some per-
sons also whose attention T have directed to the expiratory sound, have found it easier
to recognize it with the naked ear than with the stethoscope.

(8.) The expiratory sound, as the author has observed, was first recognized in the
pathological condition—in tuberculization of the lungs—where it is much developed,
and soon assumes the bronchial character, Some persons appear to have only observed
it in those circumstances, and to have hence concluded that it was essentially bronchial
or blowing ; others appear to have fallen into the same error by theorizing on its mode
of production. The able writer in the British and Foreign Review already referred to,
in eoncluding some observations on this point, expresses his concurrence in M. Fournet's
account of the nature of the expiratory murmar, in the following emphatic language :—
“ The question is neither to be decided by authority, nor hy an appeal to a priori notions
on the physical play of an organ, of the intimate strueture of which nothing is in reality
known ; it is a question of pure observation. Let the observer place his ear to the
chest of lealthy subjects, think neither of physics, nor of chemistry, nor of written
dogmas, but apply his mind to perceive his own sensations, and he will invariably find
that (unless when, as is not unfrequently the ease, it is inappreciable by the senses,) the
ex piratory murmur possesses all the softness, gentle breeziness, and freedom from bronclial
charaeter, which belong to its predecessor in the rhythm of respiration.”

(9.) Dr. Williams asserts, on the contrary, that ‘‘ ever the space of two or three inches
on each side of the top of the sternwm, between the seapula and sometimes in the axille,”
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the respiration is naturally bronchial ; and this opinion has been adopted from him hy
Dr. Spittal and other writers. It may be useful to quote here what Laennee himself
savs on this point, which indeed almost coincides with the statement of M. Fournet:
after remarking that this modification of the respiratory sound may be perceived over a
great part of the neck, he sava, “in certain subjects, especially if very lean, the respir-
ation possesses something of this character when examined over the sternum and at the
raots of the lungs, that is, between the scapula, and particularly near the upper and inner
angle ; but here the brouchial sound is not so readily distinguished, because of its inter-
mixture with the common respivatory or vesicular murmur.”—(Forbes's Laennee, Srd
ed. page 34.)

(10.) It is obvious, that in order to avail ourselves of those slight shades of difference
in the respiratory murmurs at corresponding points of the two sides of the chest, by
which we may be most materially aided in the detection of the first inroads of disease,
we must be completely satisfied that such differences do not exist naturally. The ques-
tion therefore congidered in this paragraph, comes to be one of very great import-
ance in practice. Unfortunately, the experience of so accurate an observer as Dr.
Stokes is in this instance divectly the reverse of that of M, Fournet. After stating that
of the different signs of incipient phthisis, none is more important than feehleness of
respiration, he observes, “I have found that in many individuals there is a natural dif-
ference between the intensity of the murmur in either lung, and in such cases, with
scarcely an exception, the murmur of the left is distinctly louder than that of the
right.”* The reader will remark the complete discrepancy between this and the state-
ment in the text.

(11.) A plate showing the division of the trachea, and the distribution of the larger
bronehi, is given in the original; but as the reasoning, whatever it may be worth, is
easily intelligible without this, I have omitted it.

As a proof of the facility with which this kind of evidence can be applied to either
side of the question, and thervefore, of how little value it really is in its determination,
see the conclusion at which Dr. Phillipp (Berlin) arrives in following the same route:
# The singular fact that the respiration was always a little blowing at the upper part of
the vight lung, and not at the left, has been familiar to me for years. I have recently
made a number of dissections of the lungs, to ascertain whether this fact could be ex-
plained by their anatomical structure.” He then proceeds to describe the gize, length,
&c., of the bronchi on each side, in much the same manner as M. Fournet, and con-
cludes that *there are three circumstances which render the respiration more blowing
on the right side: 10. proximity of its bronchial tubes to the trachea; 20, their straight
course ; 3% their greater size.”t

(12.) The assertion of M. Fournet, that the normal resonance of the voice is the same
in the corresponding parts of the two sides of the chest, is also contrary to the expe-
rience of some of the most accurate observers, Thus, the writer in the Review already
quoted refers to the opinions of Sir James Clarke and M. Louis, that this resonance is
greatest opposite the origin of the right bronchus, and remarks, that Dr. Stokes inci-
dently mentions his belief that a similar superiority prevails over the entire of the right
side of the thorax; (see note at page 397 of Dr. Stokes’s work on diseases of the
chest) ; others, however, as for example, Dr. Williams, appear not to have recognized

any difference between the two sides, (see page 33 of the last edition of the Rational

Exposition, &e.) : '
(18.) This sound of pulmonary compression, as it is called, was long since described
by Dr. Williams, who had observed it in the same circumstances as M. Fournet, cases

of compression or of solidification of the pulmonary tissue; * the inspiration,” says he,

* Treatise on the Dingnosis of the Diseases of the Chest, page 204,
%+ Phillipp on the Diagnosis of the Diseases of the Lungs, &c,, page 32, —Berlin, 1836,
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« which is loud enough at first, is abruptly arrested before the act is complete, and is
stopped with a kind of kiteh.” Tt does mot seem to have been much attended to by
others: and yet it is at times of considerable value in practice, I have had an oppor-
tunity of studying this sign in several cases of pleurisy with effusion, the only disease in
which T have ever observed it. In such cases, by indicating sometimes the degree of
effusion already formed, sometimes the commencement of the absorption of the fluid, it
proves an useful auxiliary in reference both to prognosis and treatment.

(14.) There is in Dr. Spittal's book a good account of the metallic signs and
an ingenious explanation of the mode of production of the tinkling sound, in which he
has anticipated the views of Beau, Fournet (see hereafter Chap. VIIL), and other
French writers on the subject. The conditions necessary for the production of these
phenomena are however by no means yet accurately determined. Dr. Williams thinks,
that the metallic tinkling may occur and accompany both the voice and eough in simple
pneumothorax without either liquid effusion or perforation of the pleura. May it not
be, as Dr. Spittal suggests, that differences of opinion as to the physical cause of
metallic tinkling have resulted from some writers confounding different metallic pheno-
mena under this name? Tt is generally in tubercular cavities of great size that
the metallic signs have been observed. Dr. Stokes remarks that in several of his
cases the cavities were muoltilocular, and asks—can this condition have any effect
in producing the metallic sounds? A short time since he himself exhibited at the
Pathological society in Dublin, a ecase of tubercular cavity in the lung, where the
metallic phenomena were said to have been well marked, and yet neither of the preced-
ing conditions existed—it was neither very large nor multilocular ; but there did exist
a very peculiar physical condition of it, and one probably very favourable to the pro-
duction of certain forms of metallic sound—its anterior wall, by which alone it was
separated from the parietes of the chest, was formed of the pleura, which was here
converted into a sheet of bone. There was not, however, any metallic tinkling
in this case.

(15.) Pectoriloquy was one of the stethoscopic signs that soon became well known,
and its importance was for a long time greatly overrated. Dr. Forbes, indeed, very
early formed a just estimate of its value. The opinion of Dr. Stokes may, I think, be
regarded as that of the majority of practitioners in this country on the subject: *as a
sign of phthisis,” says he, * pectoriloquism has little value. Its occurrence in cavities of
all kinds, ulcerous or not, its varieties, its similarity to morbid bronchophonia, often so
great as to make it difficult or impossible to distinguish them ; its existence as a natural
phenomenon in the upper portions of the lungs of many individuals; and its total
absence in cases presenting every apparent physical condition for its existence, have
long made me consider it as the least important and most fallacious of all the physical
signs of phthisis."™

(16.) It will be seen by the following extract from the work of Dr. Stokes, which
here also speaks, I think, the general opinion of the profession, that similar results
have been long since arrived at here. 'With respect to egophony, after remarking that
the egophonic modifications of voice in pleurisy are numerous, he goes on fo say : “in
many instances we never find them, and even when present they are extremely incon-
stant, and, taken alone, have but little value in diagnosis. It must always be recollected
that between the egophonic sounds and those from hepatization, there is often the
closest resemblance ; indeed in a few cases of pneumonia in the stage of resolution, I
have found an almost perfect egophonia: these signs too are frequently absent, and
may even mislead from the circumstance that some persons have a voice naturally
egophonic;” (page 496).

(17.) The auscultation of the comgh is, I believe, at present very seldom prae-
tised here except in the case of cavities—cavernous cough—or for the purpose of

* On Diseases of the Chest, p. 406,
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rendering other phenomena, as metallic tinkling, more distinet. It has, I know, been
studied by some with a view to the diagnosis of selidification of the lung, and rejected
as of little value. The opinion, however, of M. Fournet ought to induce them to
reconsider their decision.

From the extracts given in the two preceding notes, it is obvious that there is little
new in the author's remarks on the morbid phenomena of the voice ; still this short
article deserves an attentive perusal. The intimate connexion between the different
forms of morbid voeal resonance—bronchophony, egophony, and pectorilogquy—the
mauner in which they are frequently blended together, the circumstances that modify
their characters and influence their value, and their general importance as signs
of disease, are shown here with preat precision and aceuracy.

(18.) This is another article that is well worth an attentive examination ; indeed it
is in some respects one of the most useful in the work. Supplementary respiration has
not received from writers the systematic attention it so well deserves. Following
Laennec, they usually only notice it incidentally and in a general way, but every prae-
tised auscultator is accustomed to derive from it most valuable indications in the treat-
ment of disease. Is it not sometimes the first thing that warns us of the extent of a
pneumonia, or the copioushess of a pleuritic effusion? Have we not in it, in many
obscure cases, to use the author’s illustration, the coming event casting its shadow
before? The view taken of it as a morbid phenomena by M. Fournet, is at once com-
prehensive and minute, and so connected with practical considerations that it can
scarcely fail to interest and instruet the student.

(19.) No one, after reading this circumstantial aceount of the pulmonary erumpling
sound, can, I think, suppose that M. Fournet was misled by any of the bronchitic
ronchi that sometimes coexist with the first signs of phthisis, or by a pleuritic friction
sound ; it must, therefore, be admitted to be a hitherto unnoticed morbid sign, for no
such sound appears to have been observed by any other person.  Perhaps if we con-
sider that the strong expiratory murmur, which invariably exists in an early stage of
phthisis, remained so long unchserved, we will feel less surprise that a sign which is
only occasionally present (it was observed in but an eighth of M. Fournet's cases)
should have equally escaped notice.  Its diagnostic importance in the earliest stage of
phthisis, not indeed in itself but in its connexion with other signs, will be seen in the
2nd part of the work.

(20.) It is otherwise with respect to the dry and humid erackling ; these signs have
been observed, there cannot I think be a doubt of it, by all who have given much
attention to the auscultatory phenomena of the first stage of phthisis, though a different
mode of production has usually been assigned to them, and their course has not been
iraced to the same extent or with the same care. The passages referred to in the
author’s note prove this as regards Sir James Clark, M. Andral, and Hirtz; and the
following extract from Dr. Stokes' work shows that he had not only noticed these
signs, but traced their connexion with the other ronchi of phthisis, and followed them
throughout their whole course, though he differs from M. Fournet in aseribing their
production to irritation or inflammation of the parenchyma of the lung. After
enumerating as signs of irritation of the parenchyma in the early stage of phthisis, the
crepitating rales, feebleness of respiration, and dullness of sound, and ohserving that of
these the first alone can be properly said to indicate parenchymatous inflammation,
he makes the following important remark : * unlike the rale of pnewmonia, this hardly
ever disappears, to be replaced by bronchial respiration, but passes imperceptibly from
the fingst crepitus to the gurgling of anfractuositics " (page 393); and again: “in
general nothing can be more gradual than the transition from the crepitating to
{he muco-crepitating rales, from these to a large mucous rattle, which passes into the
rale of anfractuosities, and ultimately the gurgling of a cavity” (page 404). DBut
it detracts not from the merit of M. Fournt, or the usefulness of his rescarches, that
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these sounds had been already observed by others. The cave with which he has deter-
mined their physical characters, traced their progress, and ascertained their seat and
mode of production, as well as the extent and accuracy of his observations, give these
signs a very different diagnostic value from what they could have had, as long as they
were supposed to depend on pceasional bronehitic or pneumonie complications. How-
ever familiar the ear may have been with those sounds, the mind could not heretofore
have taken them as a guide with the same certainty or the same security.

(21.) This analysis of the characters of the ronchus of comgestion will doubtless
appear absurdly minute to many of my readers, and it must be admitted that such
differential descriptions may easily be earried to an unnecessary degree of refinement ;
but is it not a more common and more serious fault to err in the opposite extreme ¥ To
teach that all attempts to assign differential characters to the different ronchi is use-
less, and to encourage that coarse and clumsy auscultation which scarcely perceives a
difference between the primary crepitus of pneumonia and the mucous ronchus
of catarrh.

(22.) This statement with respect to the usual seat of a low degree of the friction
sound, and the important consequence deduced from it with respect to the diagnosis of
tuberculization of the lung, is searcely reconcileable with the experience of our best
observers. I)r. Stokes has never found the physical signs of pleuritis in the earlier
periods of phthisis. Tt is in the advanced stages, when the upper lobe contains
ulcerated tubercle, that the frottement of Laennec is sometimes dizeovered in the mam-
mary, lateral, or postero-inferior portions.” And in another place, speaking of pleurisy,
he states that he never found the friction sound in the acromial or supraspinous
regions, and but once below the clavicle, in a case of aneurism of the innominata with
pleuritis of the upper portion of the chest.  * The rarity of these signs in the upper
portion, he adds, is explicable by the less degree of motion of the pulmonary on
the costal pleura” (diseases of the chest, p. 470).

(28.) Writers still continue to enumerate the fiiction sound of ascent and descent
among the signs of interlobular emphysema, but I believe most observers here have now
come to the same con¢lusion respecting it as that stated in the text.

(24.) * Until very lately, I had believed and taught,” says Dr. Stokes, ‘““that the
friction sounds were always accompanied by clearness on percussion, or with a slightly
diminished resonance, pulmonary expansion pure or mixed with rales being always
audible. But I have lately witnessed a case of empyema, in which, although great and
universal dullness of the side existed, the friction phenomena were audible, and even
perceptible to the patient, in the postero-inferior and lateral parts of the chest. They
may then coexist with extensive liquid effusion.” In asimilar case M. Fournet appears
to have found that a portion of the lung was retained in contact with the side, by bands
of false membrane—(see proposition 28th of this article.)

(25.) The same remark may be made with respect to this ronchus, as to the friction
sound of ascent and descent; we find it occasionally mentioned in books as a sign of
pulmonary emphysema, but no person here, I believe, thinks of it in practice.

(26.)* The extracts previously given from Dr, Stokes's work prove, that he had long
since come to similar conclusions with respect to the different forms of morbid vocal
resonance. An equally accurate observer, Dr, Corrigan, takes the same view of those
phenomena, which indeed I think may be considered that of at least the Dublin school.
“ These observations,” says Corrigan, * prove that there is no difference in kind
between bronchophony and pectoriloquy. The difference is only in degree.”  Again:
“ there is a singular kind of bronchophony heard in some cases of pleuritie effusion, to
which the name of egophony is given, &e.” (Clinical lecture, Medical Gazctte, Marech
12th, 1841.) Dr. Williams, however, T should observe, still continues to maintain a
very different opinion with respect to these signs, especially pectoriloquy. In his article

* The sceond paragraph of note 17 should have formed part of this note.
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on phthisis, in the Library of Medicine now publishing, we find the following : ** Pecio-
riloguy is another very striking sign of w eavily in the lungs. Tts value was, perhaps,
overrated by Laennee; but we think it has been neither appreciated nor understood by
gubsequent writers.” After describing the mode in which it is produced, he proceeds :
“the sound is not a mere vocal resonance, like the bronchophony from consolidation,
which is often as loud or louder, and may seem to pass up the tube quite as much; but
it is an articulate though indistinet speaking......... The cireumseription of pectoriloquy
is another of its peculiar characters, and by this it may generally be distinguished from
the loud bronchophony of condensed lungs, which is diffused over some extent of
surface.”

(27.) I have already, in note 14, alluded to a case in which a different physical con-
dition from any of those stated here, namely, remarkable density of its parietes
appeared to be chiefly instrumental in producing metallic sounds in a tubercular cavity.

(28.) Itis not my intention to prolong, by any remarks here, a chapter which most
persons will doubtless deem unnecessarily prolix; I am only anxious to direct the par-
ticular attention of the student to the new and valuable source of diagnosis it reveals.
He will searcely find a trace of it in any English writer ; indeed it could only originate
in the separate study of the two periods of respiration.

(29.) The following signs of a * very advanced state of emphysema of the lungs
should be added: displacement of the heart; descent of the diaphragm and the liver,
and consequently clearness of sound in the postero-inferior portions of the chest, and in
the region of the liver anteriorly—(see Stokes on emphysema of the lungs).

Dir. Stokes differs from M. Fournet, and indeed from most writers, in his account of
the state of the intercostal spaces in this disease. * When ‘we examine,” says he, *“ the
intercostal spaces in this affection, even after great dilatation of the chest has occwrred,
we see them, so far from being obliterated, deeply marked, and the muscular fibres acting
powerfully, so as to elevate the ribs, and assist in the imperfect inspiration.”

(30.) Dr. Stokes had been long since led, as well from observation as from analogy,
to believe in the existence of a stage of pneumonia, antecedent to that indicated by the
crepitant ronchus (the 1st stage of Laennee); but the anatomical characters, as well as
the stethoscopic signs of this stage, as described by him, are very different from those of
M. Fournet's stage of congestion. The pulmonary tissue, according to Dr. Stokes, 13
at this period * drier than natural, not at all engorged, and of a bright vermillion
colour, from intense arterial injection,” He found this condition in the upper portions
of lungs, in the middle and lower portions of which Lacnnec’s first and second stages
existed—in cases of pneumonia, where death occurred from other causes—and in sub-
jects who died of acute phthisis, with severe inflammatory symptoms. It will be re-
marked, that the anatomical characters assigned by M. Fournet to this stage of the
disease—the moist, congested condition of the pulmonary tissue, are derived from the
examination of a single case. Though Dr. Stokes hesitates to pronounce positively on
the subject, his observationslead him to think, that anintense puerility of respiration in
the affected part will be found to be the chief physical phenomenon at this stage of the
affection. After referring to some of the facts on which this opinion was founded, he
adds : * from these and many other observations I would conclude, that we may diag-
nosticate the first stage of pneumonia, by the sudden oceurrence of a local puerility of
respiration, combined with fever and excitement of the respiratory system.”

(81.) The opinion of Dr. Williams, that the supervention of the 3rd, or suppurative
stage of pneumonia, is to be inferred from the duration of the disease and the general
symptoms, rather than from the physical signs®, seems to be that of the majority of the
profession. Dr. Stokes and M. Fournet however agree in thinking that this diagnosis
is sometimes possible, and that the oceurrence of interstitial suppuration is characterized
by a peculiar form of mucous ronchus. M. Fournet makes is coexistence with tnspi-

* Library of Mcdicine, vol. 3, p. 142,
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ration only the chief differential character of this ronchus.  Dr. Stokes deseribes it as
a sharp and peculiar muco-crepitating rale, combined with bronchial respiration.

Dr. Stokes appears to have first recognized the occurrence of contraction af the
chest as a consequence of pneumonia.  Though it usually corresponds to an indurated
and impervious state of the pulmonary tissue, it may coexist, he remarks, with a gra-
dual and ultimately perfect resolution of the disease.

(32.) M. Fournet has scarcely noticed what Dr. Stokes considers the most valuable
of the physical indications—the signs of eccentric displacement: of those the most
important is the displacement of the heart.

(33.) Dr. Williams seems to think with M. Fournet that auscultation is of little
value in the diseases of the larynx or trachea. The only useful application of it
to which he alludes is in ineipient croup:—The sonorous inspiration of croup is audi-
ble, he says, through the stethoscope applied to the throat or upper part of the chest,
before it can be heard by the unapplied ear.” Dr, Stokes on the other hand states that
he has seen, in cases of laryngeal disease, enough of variation, both in the passive and
active signs, to persuade him of the importance of the subject. With respect to per-
cussion in laryngeal affections, he says he has not made sufficient chservations to
announce the alterations in the sound produced by disease; but he has seen enough to
conclude that disease modifies the sound. The stethoscopic signs are the altered cha-
racter of the laryngeal sounds of inspiration and expiration, and the existence of
a rale in the larynx. This rale is said not to exist in all instances, but to be, when
present, extremely characteristic. [t may exist an one side of the larynz without being
perceptible on the other, as if it there corresponded to a circumseribed ulceration ; (see
Stokes on diseases of the lungs, page 248, &c.) One of the most interesting
applications of the study of laryngeal auscultation, made by Dr. Stokes, is to the diag-
nosis of intro-thoracic tumours ; (see Dublin Med. and Chem. Journal, 1834).

(34.) The theory of M. Beau appears to have met even a less favourable reception
here than in France. This was to be expected. So paradoxical a view, however
ingeniously brought forward, was not likely to find at first supporters in this country,
more especially when contrasted with the simple, obvious, and seemingly satisfactory
explanation adopted by Laennec; and perhaps it has been rejected by most persons
almost without an examination. One ingenious inquirer, indeed, Dr. Spittal, has
investigated the subject, and, with a slight modification of M. Beau's opinion as to
the seat of the guttural sound, has been led by new and well contrived experiments to
nearly the same conclusions ; (see a paper read at the meeting of the British Associ-
ation in 1838, and published in the Edinburgh Med. and Sur. Journal for Jan. 1839).
M. Beau, adopting the view of Dr. Spittal, that the guttural sound is produced not by
the impulse of the air against the soft palate but by its passage across the plottis, has
recently renewed his inquiries on this subject, and in a series of elaborate papers, pub-
lished in the Archives Generales for 1840, has endeavoured to show the applicability of
his theory to explain the various physiological and morbid sounds produced in the.
respiratory apparatus. The reader will see a good analysis of two of those papers in
the Medico-Chirurgical Review, Nos. 67 and 68 for January and April, 1841.

END OF PART L















e
A i

—y







b i i gk e e e e g S

-M:a.. b

L
N ==
§ e
a
i




