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PREFACE.

———

Tae enquiry contained in the following pages was begun
with the object of settling the question debated in the
first chapter. The experiments there detailed suggested
an extension of the research, which was therefore pursued
in several directions.

This work cannot claim the title of “unpractical”—an
epithet often applied to work of high, if not immediate
and obvious, utility—the closing chapter forbids this
claim. On the other hand, immediate practical utility
was not the only object of the author, for several facts
were elucidated in the course of the enquiry which were
of great interest to him at least, but of which he cannot
for the present indicate the practical utility.

The facts that his papers have been quoted and eriti-
cised on imperfect acquaintance, and that the experi-
ments therein related are periodically repeated on an
imperfect scale, without a knowledge of the points already
settled by his own enquiries, together with the absence
of any English work on the subject, have led him to re-
print them in g collected form.

The experiments do not include every question which
can be raised on the subject of Artificial Respiration
in Stillborn Children, but the author believes them to
include all the questions which are capable of settlement
by experiments on stillborn children. Other questions
are, however, discussed on such evidence as we possess.

60, GREAT CUMBERLAND Prac, Loxpon,
May, 1887,
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EXPERIMENTAL RESEARCHES

IN

ARTIFICIAL RESPIRATION

IN

STILLBORN CHILDREN.

CHAPTER 1.

THE AMOUNT OF VENTILATION SECURED BY DIFFERENT METHODS
OF ARTIFICIAL RESPIRATION.

(From Vol. LXTV. of the ¢ Medico-Chirurgical Transactions. v:)

Introduction.

TaE question whether a new-born child shall live or die
is a matter of so great importance that no apology is
needed for such an investigation as is here detailed ; the
answer to this question not uncommonly depends upon
the success or failure of artificial respiration.,

In spite of the importance of the subject, nothing is
accurately known with regard to it, and even good text-
books on midwifery pass over it superficially.

It is not proposed to deal at once with the whole matter,
which is far too large for summary treatment ; this object
will probably be better attained by dividing the subject
and treating each division in detail.

B
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The present inquiry deals solely with the question,
¢« What relative amount of air is each of the various
methods capable of introducing into the lungs of a new-
born child which has never breathed? ” This question
is as yet unanswered ; for the various committees which
have investigated the main question have hitherto con-
fined their attention to adults, and even the interesting
experiments of Behm, which were performed on six
new-born children, dealt with children -which had not
breathed in three cases only, in one of which the experi-
ments failed—a point which seems to have affected his
results.

The present investigation, being solely experimental,
elucidates many points in the physiology of the respira-
tion of new-born children.

These experiments, dealing as they do with children in
whom (for instance) the circulation is not proceeding, no
doubt require translation into terms of children in whom
the circulation has not yet ceased.

On the other hand, they eliminate the influence of reflex
action, a most important matter where methods are to be
rigidly tested, and practically of great moment where the
children are in the stage of pale (flabby) asphyxia, in
which reflex action is abolished, and which includes all
cases of real difficulty.

This question of the stage of asphyxia, is a point on
which far too little stress has been laid, the facts being
that almost any form of irritation may be sufficient to
excite inspiratory efforts ina case of the first (livid) stage
of asphyxia, whereas in the second (pale) stage, not only
can reflex action not be relied on, but all forms of irrita-
tion are simply useless and waste time.

It is curious to read the correspondence which has
followed the introduction of each new method of artificial
respiration, the writers kindly hastening to contribute
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their mite of evidence in favour of the method, in the
form of cases absolutely without any trustworthy details
of the stage of asphyxia, and therefore absolutely worth-
less.

It may be perfectly true that a child can be recovered
in select cases either by slapping the nates or by Silves-
ter's method, but to put the two methods together is
unphilosophical and likely to obscure rather than to
elucidate the question. On the other hand, it is certain
that in the only important class of cases slapping and all
other forms of irritation are simple waste of time.

Many of the accounts with which the papers have been
repeatedly inundated, relate to cases which would probably
have recovered if simply let alone.

In order to establish a numerical superiority with
regard to any one method according to this system, it
would only be necessary to apply it to all children horn
(an argument which applies to the frequent use of the
forceps).

The desiderata of a method of artificial respiration are
summarised by Behm as (a) ventilation of the lungs, ( b)
excitation of the circulation, (¢) removal of foreign bodies
from the air passages. Of these, only the first is here
considered.

It has been thought best to give a description of each
method from the original source, as even the common
methods are most inaccurately known.

It is not, for instance, an edifying spectacle to see one
surgeon leaning his whole weight on a patient’s abdomen
at the same time as another surgeon elevates the arms,
in the belief that Silvester’s method is being pursued.

No details which secure even a small excess of ventila-
tion of the lungs are unimportant, and a consideration of
such details is included in this inquiry.

The number of bodies experimented on is twenty-six,

B 2



4 ARTIFICIAL RESPIRATION IN

of which twenty have been used for the investigation of
this portion of the subject.

The experiments were begun January 5th, 1878, and
ended July 5th, 1880.

All the bodies used were those of children who had
never breathed, both in order to keep within the law and
also to procure uniform material for investigation.

Tt will be pointed out that the chest of a child which
has breathed differs essentially from one which has never
breathed.

It must be observed that a source of error exists in the
order followed in the experiment, the subsequent experi-
ments usnally succeeding better than the earlier ones,
from increasing ventilation of the lungs.

This error has been eliminated as much as possible by
varying the order, and by repeating experiments after the
lungs have been shown to have become expanded.

Another error exists in the stretching of the pectoral
muscles which is liable to occur in Schultze’s and Silves-
ter’s methods, especially the modifications of the latter.

The following methods have been employed :—

Marshall Hall.
Howard.
Silvester.
Pacini.

Bain.
Schiicking.
Schiiller.
Schroeder
Schultze.

500 SOV Cri OO UEY e

They may be classified according to the principle on
which they depend.
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Classification of methods of manipulation according to their

mode of action with regard to ventilation of the lungs.

The methods aim at procuring inspiration.

I. Indirectly

(A. By trac-
tion
b
B
.5 1 B. By gravi-
S| tation and
= centrifugal
force
By
. flexion

J’ By elastic recoil of

the chest walls

.

2. Upward and out- )
ward traction of the
lower ribs, and con-
sequent depression

. of the diaphragm J
( Elevation of theribs, )
clavicles, and ster-
num,and depression
\ of the diaphragm
( Increasing capacity

Hall.

}1. Marshall
2. Howard.

r1. Upward [ 1. Exerted through
traction of [ the arms; (3) Sil-
the ribs, | wvester; (4) Schuck-
clavicles, < ing.
and  ster- [ 2. Exerted through
num the shoulders; (5)
] | Pacini; (6) Bain.

- 7. Schiiller.

. 8. Schultze.

of eylindrical tho-
rax by curvature of
\ its anterior wall

Description of methods.

J 9. Schroeder.

1. Marshall Hall (Lancet, 1856, March 1, p. 229,
“On a New Mode of Effecting Artificial Respiration,” by
Marshall Hall, M.D., F.R.S., and April 12th, p. 393,
“ Asphyxia, its Rationale and Treatment ). *‘Let the
patient be placed in the prone position, the head and
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neck being preserved in their proper place. The tongue
will fall forwards, and leave the entrance into the wind-
pipefree. . . Let the body be now turned gently on the
side (through rather more than a quarter of a circle), and
the pressure on the thorax and abdomen will be removed,
and inspiration . . . will take place! The expiration
and inspiration are augmented by timeously applying
and removing alternately pressure on the spine and ribs.”

(P. 394.) “ Replace the patient on his face, his arms
under his head, that the tongue may fall forward and
leave the entrance into the windpipe free, and that any
fluids may flow out of his mouth ; then 1. Turn the body
gradually but completely on the side, and a little more,
and then again on the face, alternately (to induce respira-
tion and expiration). 2. When replaced, apply pressure
along the back and ribs, and then remove it (to induce
further inspiration and expiration), and proceed as before.”

9. Howard (Lancet, 1877, August 11, p. 194). P.196:
¢ Seize the patient’s wrists, and having secured the
utmost possible extension with them crossed behind his
head, pin them to the ground with your left hand so as
to maintain it. . . . The rest consists in throwing
the weight of the body on the lower ribs, and then
suddenly relieving the pressure (this of course requires
modification in a foetus). It can be practised before
division of the funis or after.”

3. Silvester (“The True Physiological Method of Re-
storing Persons apparently Drowned or Dead, and of Resus-
citating Stillborn Children,” by Henry R. Silvester, B.A.,
M.D. Lond., 1858). “1. To adjust the patient’s position
place the patient on his back with the shoulders raised
and supported on a folded article of dress. 2. To main-
tain a free entrance of air into the windpipe (by drawing
the tongue forwards). 3. To imitate the movements of
deep respiration raise the patient’s arms upwards by the
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sides of his head, and then extend them gently and
steadily upwards and forwards for a few moments. Next
turn down the patient’s arms and press them gently and
firmly for a few moments against the sides of the chest.”

In Fig. 4, p. 17, the operator grasps the arms above the
elbows. The arms are not everted.

Also “The Discovery of the Physiological Method of
inducing Respiration in Cases of Apparent Death from
Drowning, Chloroform, Still-birth, Noxious Gases, &e.,”
3rd ed., 1853.

The directions are the same as above, except that
(p. 20) the feet are to be secured; the arms are to be
kept ““ stretched steadily ” (nupwards) for ““ two seconds ”
instead of “a few moments.” The operator grasps the
arms above the elbows, but in the figure he has seized
them distally to the clbows (figs. 24 and 25).

4. Pacini (* Di un nuovo metodo di praticare la Respi-
razione artificiale,” Firenze, 1867). The feet of the
patient being fixed, the operator stands with the head
against his own abdomen, and then with his hands takes
a firm hold of the upper part of the arms, applying the
forefingers behind and close to the armpit, while the
thumb is in front of the head of the humerus. Holding
the shoulders thus, he pulls them towards him, and then
lifts them in a perpendicular direction.

9. Bain (Med. Times and Gazette, 1868, December
19th, p. 708). 1st method. The fingers are placed over
the front of the axille, the thumbs over the ends of the
clavicles ; the operator then draws the shoulders upwards,
and then relaxes his traction.

2nd method. The shoulders are raised by taking hold
of the hands and raising the body about a foot off the
table, the position of the arms being at about an angle of
45° beyond the head.

6. Schiicking (Berl. Klin. Wochenschr., 1877, No. 2,
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p. 19). The same as Silvester, except that the arms are
drawn npwards and outwards,

7. Schuller (Berl. Klin. Wochenschr., 1879, June 2nd,
p- 319). The operator, standing either at the left side
or at the head of the patient, raises the edges of the
ribs with his fingers placed beneath them, and then
depresses them. The knees should be kept bent to relax
the abdominal walls. The manipulation flattens and
depresses the diaphragm.

8. Schroeder (*‘ Lehrbuch der Geburtshulfe,” Bonn,
1874, p. 673) suggests supporting the child by the back
only, letting the arms and legs fall backwards (which
will produce opisthotonos), and then bending them in
the contrary direction (producing emprosthotonos). The
latter to produce expiration, the former inspiration.

9. Schultze (“Der Scheintod Neugeborener,” Jena,
1871, p. 162). The navel string being tied, the child 1s
seized with both hands by the shoulders in such a way
that both thumbs lie on the anterior wall of the thorax,
both index fingers extend from behind the shoulders into
the axille, and the other three fingers of both hands lie
obliquely along the posterior wall of the thorax. The
head is prevented from falling by the support of the
ulnar sides of the two hands.

The operator stands with somewhat separated legs,
and bends slightly forwards, holding the child as above
described at arms’ length, hanging perpendicularly (1st
position, inspiratory).

Without pausing, he swings the child upwards from
this hanging position, at arms’ length. Wh_en the
operator’s arms have gone slightly heynnd‘the hnr}zontal,
they hold the child so delicately that it 1s not_ﬂolently
hurled over, but sinks slowly forwards and forcibly com-
presses the abdomen by the weight of its pelvic end (lst

movement, expiratory).
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At this moment the whole weight of the child rests on
the operator’s thumbs lying on the thorax (2ud position,
expiratory).

Any compression of the thorax by the hands of the
operator must be carefully avoided. The body of the
child rests during the first position with the floor of the
axilla on the index fingers of the operator exclusively,
and no compression should be exercised on the thorax
in spite of the support offered by the hands to the
head, nor should the thumbs compress the thorax in
front.

When the child is swung upwards, the spinal column
should not bend in the thoracic but only in the lumbar
region, and the thumbs should not at this time strongly
press the thorax, but should only support the body as it
sinks slowly forward.

The raising of the body as far as the horizontal should
be effected by a powerful swing of the arms (of the
operator) from the shoulders; but from that point the
arms should be raised more and more slowly, and, by
means of a delicately-adjusted movement of the elbow-
joints and scapule on the thorax, the pelvic end of the
child should fall gradually over. By this gradual falling
over of the child’s pelvis over the belly, considerable
pressure of the thoracic viscera is exercised both against
the diaphragm and the whole thoracic wall. At this
point the inspired fluids often pour copiously from the
respiratory openings.

After the child has slowly but completely sunk over,
the operator again lowers his arms between his separated
legs. The child’s body is thereby extended with some
impetus; the thorax, released from all pressure (the
operator’s thumbs lying now quite loosely on the anterior
wall of the chest), expands by means of its elasticity ;
but the weight of the body hanging, as it does, on the
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index fingers of the operator by the upper limbs, and
thus fixing the sternal ends of the ribs, is brought into
use for the elevation of the ribs with considerable
impetus ; moreover, the diaphragm descends by virtue of
the impulse which is communicated to the abdominal con.-
tents. By this means a deep inspiration is quite passively
produced (2nd movement, inspiratory).

After a pause of a few seconds in 1st inspiratory
position, the child is again swung upwards into the
previous position (1st movement, 2nd position, ewpiratory),
and while it sinks slowly forwards it brings its whole
weight to bear on the thumbs, which rest on the anterior
thoracic wall, and mechanical expiration again ensues.
At this point any inspired fluids always pour copiously
from the mouth and nose, and generally meconium from
the anus.

The proceeding is repeated eight or ten times a minute,
but more slowly when the inspired fluids flow from the
mouth and nose.

Description of apparatus.

Tracheotomy was performed, and a cannula tied into
the trachea, this cannula being in connection with an
india-rubber tube, interrupted by a T-piece closed by a
clamp, for the purpose of admitting air when desired.
(When this clamp was opened the manometer is said to
have been readjusted.) The other end of this tube was
connected with a \/-tube filled with water to a marked
point, about half-way up. Inspiration, therefore, pro-
duced a rise of the water in the limb of the tube to
which theindia-rubber tube was attached, and expiration a
corresponding fall. The readings in inches refer to the
height of the fluid 1n this limb above the zero or line of
original level (the actual height of the column of fluid
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being double this), and not to the cubic amount of air
inspired.

The \/-tube was not long enough to register more
than six or seven inches above the line of zero; when
the effect exceeded this, the manometer was readjusted
half-way, the subject being held in statu quo.

These facts do not vitiate the comparison of the rela-
tive inspiratory value of each different method, but they
would have to be remembered in calculating the absolute
inspiratory value.

Each inch in length of the manometer tube held about
2c. c.

The results in the same body only are compared.

Exp. 1.—Male child, at eighth month. Craniotomy,
January S5th, 1878, 9 p.m.; experiment, January 9th,
10 am. (83 hours). Trachea divided, cannula tied in,
tube connected with water manometer.

1. Lungs not inflated.

a. Marshall Hall

b. Silvester } =

¢. Schroeder

d. Schultze = rise } in.

2. Upper and lower parts of trachea connected by a
cannula which was tied in, so as to restore the continuity
of the trachea. Head bent back, lungs inflated by mouth
to mouth method. (N.B.—Considerable force was re-
quired.) Hxperiments failed, the lungs had been burst
by mouth to mouth inflation.

Eixp. 2.—Male child, prematurely born at seventh
month. Partial placenta preevia ; heart beating at birth,
but no respiratory efforts. Birth at 1 a.m, March 29th
1878 ; experiment March 30th, 1 pm. (36 hD‘[Il‘B)T
Tracheotomy, cannula in trachea, connected with mano-
meter, lungs inflated through tube.
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1. Marshall Hall.—Simple change of posifion in this
method produced only the slightest oscillation. Thoracic
pressure produced i inch fall. Thoracic and abdominal
pressure produced § inch fall.

On putting the child into the expiratory position,
applying thoracic and abdominal pressure, and connecting
the manometer afresh, relaxation of the pressure produced
a rise of a quarter of an inch, very slightly increased on
turning the child into the inspiratory posture.

2. Silvester.—(a.) Without previous pressure on thorax
or abdomen. Inspiratory movement produced 15 inch
rise. Abdominal and thoracic pressure produced % inch
fall.

(b.) After applying thoracic and abdominal pressure,
manometer was readjusted. Inspiratory movement = 2
inches rise.

3. Schroeder—No change except % inch fall with
extreme opisthotonos, 1 inch fall with extreme empros-
thotonos.

4. Schultze.—(a.) Expiratory movement expelled g inch,
inspiratory movement inhaled 4 inch; on hanging the
body by the forearms 1} inch was inspired.

(b.) Inspiratory movement inhaled 1inch. On hanging
the body by the forearms stretched outwards and back-
wards, as in Silvester’s method, the total inspiration = 43
inches.

(c.) After reinflation of the lungs. Expiration ex-
pelled 2 inches. Inspiration by the combined (Schultze-
Silvester) method as above (b) inhaled 1 inch.

(d.) After reinflation of the lungs. Expiration = 2
inches. Inspiration (Schultze-Silvester) = 33 inches.

After many experiments it was evident that though the
maximum and minimum changes varied, the Schultze-
Silvester method (as above) produced much more change
than other methods,
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Maximum inspired.

Order 1. Schultze-Silvester 44 inches.

2, Silvester 2 ’i
3. Schultze 1 3
4. Marshall Hall £ 55
9. Schroeder fall in all cases.

Exp. 3.—Female child, full time; accidental hemor-
rhage. Born April 6th, 1878, at 10 p.m.; experiment
April 8th, 1878, 2 p.m. (40 hours). Tracheotomy, cannula
in trachea, lungs inflated through tube of manometer.

1. Marshall Hall.—Simple change of posture produced
only a slight oscillation. Expiratory posture with thoracic
pressure produced § inch fall. Expiratory posture with
thoracic and abdominal pressure produced 1 inch fall.
Relaxation of this pressure produced a rise of 1 inch,
sometimes very slightly increased, but oftener slightly
diminished, by turning child on its back.

2. Silvester.—(a.) Without thoracic or abdominal pres-
sure. Inspiratory movement = 1} inch rise. Abdominal
and thoracic pressure produced 4 inch fall (below ZEr0).

(b.) Abdominal and thoracic pressure applied, mano-
meter readjusted. Inspiratory movement = 2 inches.

3. Schroeder.—Extreme opisthotonos produced % inch
fall. Extreme emprosthotonos produced £ inch fall,

4. Schultze—(a.) Expiration = 3 inches fall. Mano.
meter readjusted. Inspiration = 1 inch rise. On repeat-
ing the experiment several times without readjusting
manometer, the column fell 3 inches on expiration, and
rose 1 inch on inspiration.

(b.) Combined Schultze-Silvester produced 1% inch
rise.

(c.) Inspiration (as described by Schultze) produced 1
inch rise, On hanging body by forearms (Schultze-
Silvester) the total inspiration reached 1§ inch,
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(d.) Extreme opisthotonos in the position of inspiration
produced a fall of } inch, apparently from overstretching
of the anterior abdominal walls, by which they were
approximated to the spine.

5. Howard.—On relaxing pressure the column rose very
slowly 3 inch, the thoracic walls very slowly altering their
shape, their expansion lasting for one minute.

Maximum inspired.

Order 1. Silvester 2 inches.
9. Schultze-Silvester 1§ ,,
3. Schultze | R
4, Marshall Hall 3 +
5. Howard e
6. Schroeder fall in all cases.

Exp. 4—Female child, full time. Born April 14th,
1878, 7 p.m. ; experiment April 15th, 3 p.m. (20 hours).
Tracheotomy, &e., lungs inflated.

1. Marshall Hall.—(a.) Simple change of posture pro-
duced only slight oscillation.

(b.) Expiration with thoracic pressure = 3% inches fall.

(¢.) Expiration (subsequently) with thoracic and ab-
dominal pressure = 2 inches fall.

(d.) Thoracic and abdominal pressure applied, and
manometer readjusted. Relaxation of pressure produced
a rise of 1 inch, which was not increased on turning child
into inspiratory posture.

9. Silvester.—(a.) Without previous thoracic and ab-
dominal pressure only slight oscillation produced.

(b.) Thoracic and abdominal pressure applied, and
manometer readjusted; result of Silvester’s method = only
slight oscillation.

3 Sohroeder.—Extreme opisthotonos produced a slight
fall which emprosthotonos increased to 1 inch, and which
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diminished to a fall of } inch on repeating the opistho-
tonos

4, Schultze—(a.) Expiratory movement caused 3 inch
fall. Manometer readjusted. Inspiratory movement
caused } inch rise. On repeating this experiment several
times the amount of rise and fall increased until inspira-
tory movement caused 1 inch rise, and expiratory move-
ment 2 inches fall.

(Note—The cause of this was probably clearing the
air-passages of mucus, and increasing expansibility of the
lungs.)

(b.) On repeating the above without readjusting the
manometer, the column, after many trials, fell 3 inches on
expiration, rising only to level on inspiration.

(Note—Thus the total change agrees with that of the
first experiment (@), amounting to 3 inches in both
cases.)

(c.) Inspiratory movement combined with hanging
child by forearms (Schultze-Silvester) produced a rise
of 1} inch.

(d.) Inspiratory movement (ordinary) produced a rise
of § inch; on hanging child by forearms this was in-
creased to nearly 1 inch ; on bending the body backwards
(opisthotonos) the amount was reduced to 1 inch,
apparently from over-stretching of abdominal walls,

Note 1.—The column rose violently with Schultze’s
method, overshooting the level permanently maintained.
This violence was seen in no other method.

Note 2.—During the employment of Schultze’s method
great care was taken to avoid stretching of the tube ;
stretching of the tube produced rise of the fluid, from
rarification of the air.

9. Howard.—Inspiration = 1 inch or a little more, the
thorax took § minute to expand, which it did very
slightly.
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Maximum inspired.

Order 1. Schultze-Silvester 14 inch.

2. Schultze I

3. Howard + 4 -+

4. Marshall Hall x

5. Silvester 0

6. Schroeder fall in every case.

Exp. 5.—Male child, full time. Placenta previa ; still-
born, without inspiratory efforts or artificial attempts,
Born May 17th, 1878, 1 p.m.; experiment May 18th,

4.30 p.m. (273 hours). Manometer connected. No infla-
tion of lungs.

1. Marshall Hall = 0.
2. Silvester.—Inspiration (1) = 1} inch, (2) = 15 inch,
(3) = 2% inches. Expiration restored level of manometer.
3. Schroeder.—Inspiration = 0. Expiration = % inch
fall.
4, Schultze—(a.) Inspiration varied from 1 to 23
inches. Expiration restored level of manometer.
(b.) On letting body hang by forearms (Schultze-
Silvester), inspiration reached 4 inches.
(c.) Abdominal and thoracic pressure produced not
more than 4 inch fall.
Maximum inspired.
Order 1. Schultze-Silvester 4 inches.
2. Schultze } 23 . »
3. Silvester 21
4. Schroeder 0
5. Marshall Hall } 0

Exp. 6.—Male child, full time. Breech presentation.
Born June 24th, 1878, 1 a.m.; experiment June 26th,
1 p.m. (60 hours). Manometer adjusted, lungs inflated.

1. Marshall Hall—Expiration = # inch fall. Inspi-
ration = 0.
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2. Silvester—(Note.—Very forcibly performed, the
force exceeding that which could be safely used to a living
child.) TInspiration (1) = % inch, (2) = 1% inch, (3) = 21
inches, (4) = 3% inches, (5) = 4 inches, (6) = 4% inches.
Expiration in each case restored the level of the mano-
meter.

3. Schroeder.—Opisthotonos produced slight oscillation.
Emprosthotonos = + inch fall.

4. Schultze.—(a.) Manometer readjusted during inspi-
ratory position. Hxpiration =1 inch fall. Inspiration
= 1 inch rise.

(Note.—The fluid rose to 1 inch, but this was not main-
tained, the action was rapid and violent in all cases.)

(6.) Manometer readjusted while child was held in
expiratory position. Inspiration rose gradually from
inch to 4 inches, but not more than 12 inch was main-
tained. Expiration restored level of fluid.

(c.) Manometer readjusted between expiratory and
inspiratory movements, so as to equalize pressures. Hx-
piration = { inch fall. Inspiration = 1 inch rise,

(d.) Inspiratory movement completed by hanging body
from forearms (Schultze-Silvester). Inspiration = 21
inches (permanent). Expiration restored level of fluid.

o. Howard.—Produced the merest oscillation.

Maximum inspired.

Order 1. Silvester (forcible) 41 inches.

2. Schultze 4 T (level never main-
3. Schultze-Silvester 24 [tained).
4. Schroeder

5. Marshall Hall } 0

6. Howard

Exp. 7.—Male child, full time (7). Cewmsarian section

June 24th, 1878, 5.30 p.m.: experiment June 26th,
2.30 p.m. (45 hours).

C
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A. Manometer adjusted ; lungs not inflated.

1. Marshall Hall.—Results = 0,

9. Silvester.—Inspiration gradually reached % inch.
Expiration restored level of fluid.

3. Schroeder.—Produced slight oscillation.

4. Schulize.—The same.

. Lungs were inflated. No method produced results.

No conclusions can be derived from this series of
experiments.

Exp, 8.—Male child at eighth month. Breech presen-
tation. Born October 11th, 1878, 7 p.m.; experiment
October 13th, 11 a.m. (40 hours). Body, which was cold
and stiff, thawed in warm water. Manometer adjusted;
lungs not inflated. '

1. Marshall Hall.—Results = 0.

9. Silvester.—(e.) On raising arms above head, as soon
as abdominal and thoracic walls became tight the fluid
was depressed. This was repeated several times.

(6.) On fixing feet and applying considerable force to
the upper limbs, the fluid rose with one bound to 4
inches, falling on expiration to 1 inch (above Zero).

(c.) On repeating this experiment, the manometer
being readjusted, the fluid rose to 5 inches; expiration
restoring its level.

(d.) &c., &c. In many subsequent repetitions the fluid
rose to 5 inches on inspiration, falling either to 1 inch
above zero, to zero, or to 1 inch below zero on expiration.

(e.) Strong abdominal pressure produced a further fall
of 1 inch.

(Note.—Towards the end of this experiment loud
whistling was heard at the root of the neck, due to medias-
tinal emphysema and pneumothorax. This vitiates the
experiment.)

3. Sehroeder.—Opisthotonos and emprosthotonos both
produced slight fall of the flnid.
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4. Schultze—Inspiration by degrees reached 3 inches.

(Note.—This is remarkable considering the presence of
pneumothorax.)

No results can be deduced from this series of experi-
ments.

Exe. 9.—Male child, full time. Breech presentation,
large size. Born November 26th, 1878, 9.30 a.m.; ex-
periment November 27th, 1878, 9.30 a.m. (24 hours).
Double talipes varus; spina bifida. Body very cold and
stiff, thawed in hot bath. Manometer adjusted, lungs
not inflated.

1. Marshall Hall—(a.) Body turned on face with
block under thorax; thoracic and abdominal pressure
produced % inch fall; on readjusting manometer and
relaxing pressure ;) inch rise; on then turning body
into inspiratory position + inch rise.

(0.) Simple change of posture without pressure produced
only slight oscillation.

2. Silvester.—a. No pressure on thorax or abdomen.
Inspiration (arms rotated inwards) = 1 inch. Inspiration
(arms rotated outwards) =1 inch. Pressure on thorax
and abdomen produced } inch fall,

B. Manometer readjusted during pressure on thorax
and abdomen. On relaxing this pressure, fluid rose 2
inch.  On raising arms rotated inwards, slight additional
rise was produced. On raising arms rotated outwards,
the rise reached £ inch.

¢. Legs were held and arms forcibly raised rotated in-
wards, rise = 6 inches. Rotated outwards, rise = 8 inches.

(Note 1.—The manometer would not register more than
6 inches; the rise of 8 inches was estimated by readjust-
ing manometer midway. ;

Note 2.—The outward rotation of arms of course
rendered the pectoral muscle tenser.)

D. Marshall Hall.—Repeated under the more favour-
c 2
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able conditions of lungs already expanded, produced no
better results than before.

5. Schultze—a. The child being held in inspiratory
position. (@.) Expiration produced 1 inch fall.

(b.) Pressure applied to thorax and abdomen produced
a fall of 1 inch; this was not increased by throwing
child into expiratory posture.

(Note.—i.e. Schultze’s expiratory posture produced
results equal to pressure on thorax and abdomen.)

5. Child being held in expiratory posture manometer
was readjusted. Inspiration rose in subsequent experi-
ments gradually from % to 53 inches. Expiration restored
level of fluid.

¢. Child suspended by arms at the end of inspiratory
movement (Schultze-Silvester). Inspiration = 7 inches.

(Note.—Manometer was readjusted at the end of
Schultze’s inspiratory movement, and before the child
was suspended by the arms.)

4. Howard.—Inspiration = § inch rise.

Maximum inspired.
Order 1. Silvester (forcible) 8 inches.
9. Schultze-Silvester 7 ,,
3. Schultze 54 ,, (level never main-

tained.)
4, Marshall Hall

5. Howard

<] (e

11

Exp. 10.—Female child, said to have died in utero after
a blow on the mother’s abdomen two weeks before term.
The child was small and seemed more than two weeks
before term. Born December 16th, 1878, 5 a.m. ; experi-
ment 2.30 p.m. (6% hours). Manometer adjusted ; lungs
not inflated.

1. Marshall Hall.—(a.) Pressure along the back in
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the prone position with a block under the thorax pro-
duced & inch fall,

(b.) Manometer readjusted and pressure relaxed ; oscil-
lation.

(c.) On then turning body into inspiratory posture = %
inch rise.

(d.) Inspiration without previous pressure = 1 inch rise.

2. Silvester—aA. No previous pressure on thorax and
abdomen,

(a.) Inspiration (arms rotated inwards) = 1 inch rise.

(b.) Inspiration (arms rotated oufwards) produced at
first § inch rise, which increased gradually in repeated
experiments to 2% inches.

B. Thoracic and abdominal pressure, manometer re-
adjusted.

(@.) Pressure simply relaxed = % inch rise.

(b.) Inspiration (arms rotated snwards) = total rise of
1+ inch.

| (c.) Inspiration (arms rotated outwards) = 21 inches
rise.

(Note.—This rise of 2% inches occurred suddenly, and
with a sort of rhonchus as if the air had forced its way
past a plug of mucus.)

C. Legs held and arms forcibly elevated.

(a.) Arms rotated ¢nwards = 5 inches rise.

(b.) Arms rotated outwards = 5 inches rise.

D. Abdominal and thoracic pressure ; manometer re-
adjusted before each experiment.

(a.) Arms rotated ¢nwards = 8 inches rise,

(b.) Arms rotated outwards = 8 inches rise.

(Vote 1.—Manometer readjusted midway.

Note 2.—This proves that the external or internal
rotation of the arms is not of importance when enough

force is applied to raise the shoulders, d&re., to their highest
possible position.)
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3. Marshall Hall—Repeated under the more favour-
able conditions of inflated lungs. Inspiration = } inch
rise.

4. Schultze.—a. Body held in inspiratory position.

(a.) Expiration = oscillation.

(b.) Pressure on thorax and abdomen = oscillation.

B. Body held in expiratory position, manometer re-
adjusted. Inspiration gradually increased up to 8inches.
Expiration restored level of fluid.

(Note—At this point a leak occurred, necessitating the
cessation of the experiment.)
Maximum inspired.
Order 1. Schultze 8 inches (level never main-
2. Silvester (forcible) } tained with Schultze’s

method).
3. Marshall Hall. 1 inch.

Exp. 11.—Large male child, full time. Born January
1st, 1879, 10.30 a.m.; experiment Janunary 3rd, 12 noon
(49% hours). Body very cold and stiff, thawed in hot
bath. Manometer adjusted ; lungs not inflated.

1. Marshall Hall.—(a.) Thoracic and abdominal pres-
sure in prone position with a block under thorax produced
2 inch fall.

(b.) Manometer readjusted, and pressure relaxed, fluid
rose § inch.

(¢.) Child turned into inspiratory posture, total rise
=2 inch rise.

(d.) Simple change of posture without previous pres-
sure produced % inch rise.

9. Silvester.—aA. No previous pressure—inspiration.

(a.) Arms rotated inwards = total § inch rise.

(b.) Arms rotated outwards = 1 inch rise.

5. Pressure on thorax and abdomen, manometer re-
adjusted.

(@.) Pressure simply relaxed = § inch rise.
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(b.) Arms raised, rotated inwards = total § inch rise.

(e.) 'Arms raised, rotated outwards = total § inch rise.

c. Legs held and arms very forcibly elevated, after
thoracic and abdominal pressure.

(z.) Arms rotated inwards = 10 inches rise.

(b.) Arms rotated outwards = 11 inches rise.

p. Legs held and arms very forcibly elevated without
previous thoracic and abdominal pressure.

(a.) Arms rotated tnwards = 9 inches rise.

(b.) Arms rotated outwards = 10 inches rise.

(Note.—Manometer readjusted midway.)

3. Marshall Hall—Was tried again under the more
favourable circumstances of the lungs having become
expanded. Pressure on thorax and abdomen, manometer
readjusted.

(a.) On relaxing pressure, rise = 1 inch.

(b.) On turning child into inspiratory posture, total
rise = ¥ inch.

4. Schultze.—a. Child being held in inspiratory posi-
tion and manometer readjusted between the experi-
ments,

(@.) Expiration gradunally increased to 33 inches fall.

(b.) Thoracic and abdominal pressure in supine posture
produced 23 inches fall.

B. Child held in expiratory posture, manometer re-
adjusted; child then thrown into inspiratory posture.
Inspiration = 7 inches. Expiration restored level of fluid,

¢. The same experiment, the child being finally sus-
pended by its arms (Schultze-Silvester). The total
inspired was not increased = 7 inches.

Maximum inspired,
Order 1. Silvester (forcible) 11 inches.
2. Sc]ln_'itze-SiJvester} .
3. Schultze £
4. Marshall Hall

il
5 1



24 ARTIFICIAL RESPIRATION IN

Exp. 12.—Full-grown female child. Delivered by for-
ceps, January 17th, 1879; experiment January 24th
(7 days). Body, which was cold and stiff, was thawed
in hot bath. Manometer adjusted ; lungs not inflated.

1. Marshall Hall.—(a.) Thoracic and abdominal pres-
sure applied in the prone position with a block under the
thorax produced a very slight fall.

(b.) Manometer readjusted and pressure relaxed, rise
of 1 inch.

(¢.) Child turned into inspiratory posture; total rise
= a little more than } inch.

(d.) Simple change of posture without previous pres-
sure produced only slight oscillation.

2. Silvester—A. No previous pressure on thorax or
abdomen.

(«.) Inspiration (arms rotated inwards) = § inch rise.

(b.) Inspiration (arms rotated outwards) = } inch rise.

(Note.—Something seemed to be obstructing the air
passages.)

g. Forcible elevation of the arms, legs being fixed.

(z.) Arms rotated inwards; the fluid rose on repeated
attempts to 7 inches.

(b.) Arms rotated outwards; onrepeated attempts fluid
reached 8 inches.

(Note.—Manometer readjusted.)

¢. Legs not fixed; pressure on thorax and abdomen
preceding manipulations.

(a.) Pressure simply relaxed = slight oscillation.

(b.) Arms rotated inwards = } inch rise.

(¢.) Arms rotated outwards = 1§ inch rise.

3. Murshall Hall.—Repeated after presumable expan-
sion of lungs.

(a.) Pressure relaxed = oscillation.

(b.) Child turned into inspiratory posture = 3 inch
rise.
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4. Schultze—a, Child held in inspiratory position.
Expiratory movement caused fall, gradunally increasing to
11 inch.

B. Child held in expiratory posture and then thrown
into inspiratory position. Inspiration after several
attempts reached 7 inches, but not more than 2 inches
was maintained ; expiration restored level of fluid.

¢. The same, the child finally suspended by its arms
(Schultze-Silvester). No increase of air permanently
retained, z.e. 2 inches.

Maximum inspired.

Order 1, Silvester (forcible) 8 inches.

2. Schultze 7/, (level never main-
tained).

3. Schultze-Silvester 2 ,,

4. Marshall Hall

1
g8

Exp. 13.—Large male child. Born February 26th,
1879, 6 a.m. ; experiment February 28th, 12.30 p.m. (543
hours). Body very cold and stiff, thawed in hot bath.
Mercury manometer, no inflation of lungs,

1. Marshall Hall.—Thoracic and abdominal pressure
applied in the prone position with a block under the
thorax,

(@.) Pressure relaxed = slight oscillation.

(b.) Child turned into inspiratory posture = no increase
of effect.

2. Silvester—a. No previous pressure.
Inspiration.,

(@) Arms rotated inwards = slight oscillation.
(b.) Arms rotated outwards = slight oscillation.

B. With previous pressure. Nothing but slight oscilla-
tion produced.

C. Legs fixed, arms forcibly raised.
(@.) Arms rotated inwwards = % inch rise.
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(b.) Arms rotated outwards = § inch rise.

3. Schultze.—A. Inspiration repeated several times
eventually produced a rise of more than 1 inch. Expira-
tion restored level of fluid.

5. The same, the child finally suspended by arms. In-
spiration = 1 inch (as before).

4. Silvester.—Repeated after some presumable expan-
sion of lungs (legs fixed, arms forcibly raised), produced
the same results as above (2 ©).

N.B.—Mercury manometer.

Maximum inspired.

Order 1. Schultze 2
2. Schultze-Silvester } -
3. Silvester (forcible) §
4. Marshall Hall 0

Exp. 14 (G).—Male child, full time, breech presenta-
tion. Born November 30th, 1879, 8 a.m.; experiment
December lst, 1.30 p.m. (29% hours). Body very cold
and stiff, thawed before fire.

A. Manometer adjusted, no inflation of lungs. Liong
wooden pointer stuck into liver, to mark descent of
diaphragm.

1. Silvester (legs mnot held). — Inspiration = 1 inch.
Pointer moves slightly upwards, apparently from traction
of skin in elevating arms.

9. Marshall Hall.—Inspiration =% inch. No move-
ment of pointer.

3. Silvester (forcible, legs held). — Inspiration = 6
inches. No movement of pointer.

4. Schultze.—Inspiration = 2 inches. Pointer moves
decidedly upwards = descent of diaphragm.

5. To eliminate the action of the expansion of the
thorax, a broad band of strapping was applied, completely
encircling the chest.
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1. Silvester (forcible).—Not more than 1 inch could be
inspired.

2. Schultze—Results = 0.

¢. Strapping removed, lungs inflated ; pointer moving
strongly nupwards.

1. Silvester (legs not held).—Inspiration = 3 inches.

2. Silvester (forcible, legs held).—Inspiration = o
inches.

3. Schultze.—Inspiration = 2 inches; distinet upward
movement of pointer.

p. Strapping reapplied.

1. Silvester (forcible).— Inspiration =1 inch; pointer
not moving.

2. Schultze.—Inspiration = 1 inch; pointer ascending.

Maximum inspired.
Order 1. Silvester (forcible) 6 inches.
2. Schultze AT

These results show that the maximum inspired under
Silvester’s system was far more affected by the presence
or absence of the strapping than under Schultze’s system ;
in other words, that some of the expansion of the lungsin
Schultze’s system is due to descent of the diaphragm.

Exe. 15 (H).—Male child, placenta praevia. Born
February 27th, 1880, 1.30 p.m.; experiment March 2nd,
2.30 pm. (73 hours). Body very cold and stiff, thawed
before fire and accidentally much scorched. Manometer
adjusted. Lungs not inflated, but ineffectual attempts at
artificial respiration had been made. A pointer was stuck
into the liver.

1. Pacini.—A. (a.) Inspiration = 3 inches.

(b.) Cn raising the shoulders in a perpendicular direc-
tion the column sank, showing that the weight of the
body of a child does not fix the trunk sufficiently.
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(¢.) On relaxing traction the fluid did not regain the
level by % inch.

B. Manometer readjnsted.

(@.) Inspiration = 3 inches.

(b.) On relaxing traction the fluid sank % inch below
the level, showing an extra  inch to have been expired
from the lungs.

¢, d, e, f, precisely the same.

2. Bain.—Repeated experiments produced precisely
the same results as the last experiments by Pacini’s
method.

3. Schultze—Twelve experiments were tried; the
amount inspired varied from 1 to 4 inches, the highest
level being never maintained, the action being violent.
The amount inspired was usually 1% inch, and expiration
usnally carried flnid ¢ inch below zero. The actual
amount of change of level being thus 2} inches. It was
observed that when the weight of the body rested solely
on the index fingers placed under the arms, § inch more
was registered than when the other fingers supported the
scapule. The pointer in the liver showed the diaphragm
to descend by Schultze’s method only.

4. Silvester (feet fixed).—(a.) Inspiration = 3 inches.
Expiration = § inch below zero.

(b.) Inspiration = 3 inches. Expiration = 3 inch
above zero.

Ten more experiments were tried, the amount inspired
gradually diminishing, the pectoral muscles, which had
been severely scorched, gradually giving way.

Maximum inspired.

Order 1. Schultze 4 inches (level never
maintained).
Bain
2. {Pauini } 3 inches.
Silvester (forcible)
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Exp. 16 (I).—Male child, stillborn at full time, acci-
dental heemorrhage. Born May lst, 1880; experiment
May 4th (about 72 hours). Manometer adjusted. Lungs
not inflated.

1. Pacini (feet fixed).—a. (a.) Inspiration = 6 inches.

(b.) On raising the arms perpendicularly from the
table the column sank (the weight of the body pro-
ducing little effect).

(c.) Onrelaxing traction the column remained 2} inches
above zero.

B. Manometer readjusted.

(a.) Inmspiration = 5 inches, 2} inches having remained
in lungs from last experiment.

(b.) On relaxing traction the column remained 11 inch
above zero.

. Manometer readjusted. Three experiments produced
identical results with those just described (B).

(c.) Inspiration = 5 inches.

(d.) On relaxing traction the column remained % inch
above zero.

Three experiments produced identical results with
those just deseribed (e, d).

(e.) Inspiration = 5 inches.

(f) Traction relaxed, level of fluid fell 1 inch below
zero.

Three experiments produced an inspiration of &
inches, the column falling on relaxing traction to ZEro,
or nearly.

2. Bain.—lst method produced precisely the same
results as the later Pacini experiments (see above),
repeated twelve times. 2nd method gave no results
whatever.

3. Schultze.—Child held in expiratory posture, and
manometer readjusted before each experiment.
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(a.) Insp. = 2 inches. Exp. =1 inch below zero.

(b} 9 = 3 T %’ ™ o
{ﬂ') 29 = 1% 13 3y — Zero.

({'?) 2 =4 3] T —— ]—_:- inch below zero.
(E') 1 = 4—'% 13 5y = ZETO0.

(f*) 13 — 3'% 1 -k | —_ 33

{g') 13 — : ¥ = L1 ]

(F"’-.:' Fars = = £ @ I — 9

(‘E") n = ﬁ: bEﬂ -E} B T »n

(j'} aw = B ﬁ E M —

(?ﬂ‘) - —- ’gn % L L] = 23

{E*) 13— 3y Ty y

The highest level on inspiration was never maintained.

4. Silvester (feet fixed).—Manometer readjusted after
each experiment. (a.) Inspiration = 4 inches. Expira-
tion = § inch above zero.

(b.) Inmspiration = 4 inches. Expiration = zero.

(c.) Inspiration = 6 inches. Expiration = 13 inch
above zero.

(d.) Three experiments gave, inspiration = 6 inches.
Expiration gradually sank from 1% inch above zero to
ZEero.

(e.) Five experiments produced, inspiration = 6 inches.
Expiration = zero.

(N.B.—The later experiments would give no suspicion
of pneumothorax, which was nevertheless present.)

Maximum inspired.

Order 1. Silvester (forcible) 6 inches.

o {Pacini =
* ( Bain } 2
3. Schultze 4r . (level not main-

tained).

Exr. 17 (J).—Male child, full time, accidental hseemor-
rhage. Born May l4th, 11 a.m.; experiment May 1o5th,
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1 p.m. (26 hours). Manometer adjusted. Lungs not in-
flated.

1. Pacini.—(a.) Inspiration = 6 inches.  Expiration
= ¥ inch above zero.

(b.) Inspiration = 11 inches (manometer readjusted in
middle of experiment).

(¢.) Inspiration =9 inches. Hxpiration =4 inches
above zero.

(d.) Inspiration = 5 inches. Expiration = 1 inch below
Zero.

(e.) Inspiration = 6 inches. Hxpiration = zero.

(f.) On pressing abdomen column fell 4 inches below
zero (i.e. total change = 10 inches).

(g.) Inspiration = 55 inches. Expiration = zero.

(h.) On pressing abdomen column fell 3 inches below
zero (z.e. total change = 81 inches).

(¢.) Inspiration = 5 inches. Expiration =2 inches
above zero.

(J.) Abdominal pressure depresses column to 5 inches
below zero (i.e. total change = 10 inches).

(Note—This method was repeated with the following
alteration ; the operator stood facing the subject and
forced up the shoulders from below. The results were
equally good.)

2. Bawn.—(a.) Inspiration = 10 inches. Expiration =
ZEeTo.

(b.) Inspiration = 6 inches. Expiration = 1 inch above
ZeTo.

(c.) Abdominal pressure.depresses column 7 inches
(4.e. total change 12 inches).

(d.) Inspiration =0 (cannula having become tempo-
rarily occluded by pressing against posterior wall of
trachea).

(e.) Inspiration = 8 inches. Expiration = 2 inches
below zero.

e
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(f.) Abdominal pressure depresses column 4 inches (7.c.
total change 14 inches).

(7.) Inspiration = 9% inches. Expiration = 15 inch
below zero.

(h.) Abdominal pressure depresses column 5 inches (i.e.
total change 16 inches),

(1) Inspiration = 8inches. Expiration =1 inch below
ZEeTo.

(j.) Abdominal pressure depresses column & inches (z.e.
total change = 14 inches).

(k.) Inspiration =8 inches. Expiration = 11 inch
below zero.

(1.) Abdominal pressure depresses column 3 inches (z.e.
total change = 12} inches).

3. Silvester (feet fixed).—(a.) Inspiration = 5 inches.
Expiration = 3% inches above zero. Abdominal pres-
sure depresses column 8 inches (i.e. total change = 165
inches).

(b.) Imspiration = 9 inches. Expiration = 1 inch below
zero. Abdominal pressure depresses column 6 inches
(i.e. total change = 16 inches).

(¢.) Inspiration = 9 inches. Expiration = 1 inch below
zero. Abdominal pressure depresses column o inches
(i.e. total change =15 inches).

(d.) Inspiration = 9 inches. Expiration = 1 inch
below zero. Abdominal pressure depresses column 5
inches (i.e. total change = 15 inches).

4. Schultze.

(a.) Inspiration = 1 inch. Expiration = zero.

(b.) ” =2 5, » L
(‘3') F =3 7 = F
(d.) T = » =
(e.) > = D ;3 =
(f) i =13 i =

I

(g*) 1 — 3 2 11 13
(Highest level never maintained.)
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Maximum inspired.

Order 1. Pacini 11 inches.
2. Bain 10! a5
3. Silvester (forcible) 9 ,,
4. Schultze 4 ,, (level never
maintained).

Exe. 18 (K).—Male child, full time; presentation of
hand, foot, and cord in a contracted pelvis; turning, dis-
location of vertebra at root of meck. Born May 27th,
1880, 6 p.m.; experiment May 29th, 10.30 a.m. (40}
hours). Manometer adjusted. Lungs not inflated.

L. Bain-Pacini.—(The methods being practically iden-
tical both in manipulation and results, were classed
together ; the point being that, the feet being fixed, the
shoulders were raised directly instead of—as in Silvester’s
method—indirectly. Manometer was readjusted after
each experiment.)

(@.) Insp. = 5 inches. Exp. = £ inch above zero.

(b*) 1 — 5 22 13 — % 11

{e)ine s 3 g =% below

() o =2 o= above

(E'} i s ’ = % 1

(f) w =1 ” it = _é 1

(9.) Abdominal pressure depresses column 11 inch,

(h.) Insp. = 2 inches. Exp. = 1 inch above zero.

Abdominal pressure depresses column 1 inch (7.e. total
change 21 inches).

The experiments seemed to fail from giving way of the
pectoral muscles.

2. Schiiller—~Elevating the ribs caused depression of
the column, the ribs could not be elevated without the
liver. |

3. Sechultze.

(a.) Insp. = 1 inch. Exp. = zero.

('5) w = 1% 1 IR
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(c.) Insp. = 1} inch. Exp. = zero.

() RN — 2 ,, = % inch above zero.

(B') n =13 5, 2 é‘ ”

(f) = 27]; 19 1 = 3

(Note.—Highest level never maintained.)

Repeated experiments produced inspiration gradually
reaching 3} inches, after which the attempts began to
fail. Pneumothorax being found at the antopsy.

1

Maximum inspired.
Order 1. Bain-Pacini 5 inches.

9, Schultze 21 ,, (not maintained).
3. Schiiller  fall in every case.

Exp. 19 (L).—Female child. Born June 16th, 1880,
6 p.m.; experiment June 17th, 3.30 p.m. (213 hours).
Manometer adjusted. Lungs not inflated.

1. Bain-Pacini.—(a.) Inspiration = 3 inches. Expira-
tion = zero.

(b.) Inspiration = 4 inches. Expiration = § inch below
zero. Abdominal pressure depressed level % inch (i.e.
total change 54 inches).

(c.) Inspiration = 4 inches. Hxpiration = zero. Ab-
dominal pressure depressed level 1 inch (z.e. total change
= 5 inches). Manometer readjusted.

(d.) Inspiration = 4 inches. Expiration = § inchabove
zero. Abdominal pressure depressed level 1 inch (z.e.
total change = 4} inches). Manometer readjusted.

(e.) Inspiration = 3 inches. Expiration = zero. Ab-
dominal pressure depressed level 2 inches (i.e. total change
— 5 inches). Manometer readjusted.

(f.) Inspiration = 4 inches. Expiration = zero. Ab-
dominal pressure depressed level } inch (i.e. total change
= 41 inches.

2. Silvester (forcible).—Manometer readjusted each
time.
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(a.) Inspiration = 47 inches. Expiration = zero, Ab-
dominal pressure depressed level 1 inch more (i.e. total
change = 5 inches).

(b.) Inspiration = 5 inches. Expiration = zero. Ab-
dominal pressure depressed level § inch more (i.e. total
change = 5 inches).

(c.) Inspiration = 5 inches. Expiration = zero. Ab-
dominal pressure depressed level 3 inch more (i.e. total
change = 5% inches).

(d.) Inspiration = 5 inches. Expiration = zero. Ab-
dominal pressure depressed level } inch (i.e. total change
= o5 inches).

(e.) Inspiration = 5 inches. Hxpiration = zero. Ab-
dominal pressure depressed level 1 inch (i.e. total change
= 5% inches).

(f.) Inspiration =5 inches. Expiration = zero. Ab-
dominal pressure depressed level 1 inch (.e. total change
= 5%} inches).

3. Schiicking—Repeated experiments in which Silves-
ter’s and Schiicking’s methods were tried alternately, and
also in which the arms were first raised, and then slightly
abducted ; and thirdly first abducted and then raised
simply, showed abduction to be of no additional value.

Thus Schiicking’s modifications possess no advantage
over Silvester’s original directions.

With regard to flewion of the legs, rather more air was
inspired when the legs were straight than when they
were flexed,

It is probable that this is due to the fact that where
there is no opisthotonos there is no excessive tension on
the anterior body walls.

4. Schultze,

(2.) Insp. = 3 inches. Exp.

(b} n =4 1 1

(B) =18 ” ”

Zero.

|

I

n

|

3
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(d.) Insp. = 4 inches. Exp. = zero.
(G-) T = 43 1 1) 1

(f) 3 =9 =

1 e 17

(Highest level never maintained).

Maximum inspired.

Schultze®
Order 1. Jl Silvestert (forcible) } o inches.
Schicking
2. Bain-Pacini B!

k]

Exr. 20 (M).—Male child, apparently full time; flood-
ing. Born July 5th, 1880, 1 a.m. ; experiment J uly 5th,
2 pm. (37 hours). Manometer adjusted. Lungs care-
fully inflated.

1. Bain-Pacini.—Manometer readjusted each time.
No abdominal pressure used.

(a.) Insp. = 6 inches. Exp. =} inch below zero.

(b*) 1 = 6 12 1 — 73? 1
("3-) T = 6 T S 3 3
(d} — 7 1 13 = '.}E T
(E') T o s 5 =1 3
(f) »n = 5 17 »n _— % 1

(7.) Abdominal pressure depressed level two inches
more (i.e. total change 7% inches).

9 Qilpester—No abdominal pressure used, feet held.

(a.) Insp. = 6 inches. Kxp. = zero.

(b) , =6 yw =

() » = 6 TN e =S

(d'} T = 7 ) T —

() » = B ,, =1 inch below zero.
(f) 19 =06 39 L= '%’ 3

(g.) Abdominal pressure depressed level 1 inch (z-e.
total change = 7% inches).
* Highest level never maintained.

++ The highest level of 5 inches was reached once by Schultze's method,
five times by Silvester’s.
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3. Schiicking.—Six experiments tried ; in all inspiration
= dinches. Expiration = zero.

Maximum inspired,

Bain-Pacini .
- ll ? h -
Order { Silyester (forcible) } inches

2. Schuﬂkmg ! b F]
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Swmmary of results.
Maximum in

inches.
ExpErRIMENT 1.
1. Schultze-Silvester...... 4}
9 Bilveatar wiliiiieissre 2
SERSRL | ke e e 1
4. Marshall Hall ......... i
5. Schroeder .....icvvesenes 0
EXPERIMENT 3.
1. Bilvester f..ci.ieiia. 2
2. Schultze-Silvester ...... 1§
8. Hohmltze........icoicianen 1
4. Marshall Hall ......... 3 (+4)
birHoward ... oo ey i
6. Schroeder ........ceovees 0
ExPERIMENT 4.
1. Schultze-Silvester...... 11
9. Behultze....ccoooverneaees 1
o I owaTd e 3 (4+)
4. Marshall Hall ......... 3
B BilveBter ....cces.secaen 0
6. Schroeder .......ceuvun.e 0
ExeErIMENT b.
1. Schultze-Silvester...... 4
2. Schultze } {2%
3. Silveater j “"UTUUYYT 2%
4, Bchroeder } {l}
5. Marshall Hall § " 0
ExpErRIMENT 6.
1. Silvester (forcible) 4%
o Bohmltwe. L i 4%
3. Schultze-Silvester...... 21
4, Hohroeder ........c.ize-:
5. Marshall Hall ......... 0
8. Howard.....cveenonescs o
ExrERIMENT 9.
1. Silvester (forcible) 8
9. Schultze-Silvester...... i
3. Schultze............... es; D%
4, Marshall Hall ......... %
5. Howard .......cveeve s g
ExperiMeNT 10,
1. Schultze............ } § 8
9, Silvester (forcible) § " ¢ 8
g. Marshall Hall .........

HQTEi o

I T X

Lttt

= CobD . 0o bD

L

e e oo

e o

14
2.
3.

Maximum in
inches,

ExperiMENT 11,

Silvester (forcible) ... 11
Sehultze-Silvester ... 7
Behultze cosvescenanesss 7
Marshall Hall ......... B
ExpERIMERT 12.
Silvester (forcible)... 8
SHchultae: s ot 7
Schultze-Silvester ... 2
Marshall Hall ......... L

ExperiMeNT 13 (Mercury).

Mebhnltze .ooooaiiiinns. 1
Schultze-Silvester ...
Silvester (forcible) ... %
Marshall Hall......... 0
ExPERIMENT 14.
. Silvester (forcible) ... 6
. Marshall Hall ......... i
Sehultze - ..-ieciianee- 2
ExpErRIMERT 15.
Nehultze .....ccveeecaen 4
15 F T | e S }
1Ty h ot e T 3
Silvester (forcible) ...
ExpErmMENT 106.
Silvester (forcible) ... 6
PROINT e oo 5
BaIN e e
Schultza .....c.oceeanen 41
ExperIMENT 17.
| e e 11
PRI e et s 10
Silvester (forcible) ... 9
Sehultze .......cecvee- 4
ExpPERIMENT 18.
Bain-Pasini ............ D
Sohnlkze iz e, 21
Fehiller ... ccceocians 0
ExpErIMENRT 19.
SehnltZe cooeevveenvesas 1
Silvester (forcible) ... » &
Schiicking ........... j
Bain-Pacini.....ccc... 4
EXPERIMENT 2
Bain-Pacini .. } "
Silvester {furm.h]e}
Schiicking ....coeee-en

¢¢ Silvester (forcible) * implies the fixation of the feet,
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Remarks.

The results of seventeen experiments are recorded, the
remaining three experiments having failed.

The summary of results in each case has been deter-
mined, not on the principle of average results, but of
maximum effect produced.

To either method objections may be urged :

(a.) To the system of registering maximum effect, the
objection seems to be that such maximum effect may have
been produced in one solitary instance. A perusal of the
experiments will set this right.

(b.) To the system of registering averages, the objection
seems to be that the average amount of effect produced
does not really represent the series of experiments unless
these are more or less uniform, while a casual failure may
bring down the average unfairly.

The determination of the value of the various methods
of artificial respiration is a task which is eminently un-
suited for rigid numerical statistics, even with regard to
the small portion of the subject now under consideration.

It is plain from the foregoing experiments that some of
the subjects afforded far better results than others; the
difference being in some cases due to the development
and rigidity of the thoracic walls (which vary greatly even
in mature children) ; in others to the presence or absence
of mucus in the air-passages, and also no doubt in some
cases to the state of preservation. In determining the
relative value of the different methods, such subjects as
gave high results are plainly much better guides than
those which gave low results.

On looking at the table of results, it will be seen that
the earlier experiments eliminated three methods as

practically useless, viz. those of Schroeder, Howard, and
Marshall Hall.
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1. Sehroeder.—This method seems to be based on the a
priori reasoning that the capacity of a flexible eylinder
increases when it is curved, provided that the concave
side is not collapsed.

For instance, the capacity of sach an instrument as a
concertina, to the projecting rings of which a piece of
whalebone had been fastened on one side, wounld be
increased by curving it so as to malke its ontline convex
on the side opposite to the whalebone.

In the body of a child, the spinal column would repre-
sent the whalebone, and the ribs the rings.

The reasons why the method fails are :

1st. That the anterior body walls become tense and
approximated to the spine when the body is bent into a
position of opisthotonos, the capacity of the thorax and
abdomen becoming diminished.

9nd. That the ribs are not rigid even in children which
have breathed.

3rd. But the principal reason lies in the fact that in -
children which have never breathed, the position of the
thorax is one of ewpiration, and not of inspiration; the
thoracic walls are completely collapsed, and there is no
thoracic cavity or cylinder to deal with. There is nothing
to procure descent of the diaphragm, and the thoracic
cavity cannot be expamnded in any direction by such
means.

9. Howard.—The above fact of the collapsed state of a
child’s chest which has never breathed, sufficiently ex-
plains the failure of this method. Indeed, for such
children certainly, and for all new-born children pro-
bably, ¢ Howard’s method ” (sc. of artificial inspiration)
does not exist. For adults the matter is different; in
them the position of thoracic equilibrium is one of
moderate inspiration, the chest walls are moreover
capable of elastic recoil, and the manceuvre repeats the
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mechanism of respiration in birds, in which expiration
requires the expenditure of vital force, inspiration
being accomplished by the elastic recoil of the chest
walls.

The method ought never to have been made to include
stillborn children.

3. Marshall Hall—The above remarks apply to this
method also, which may be said to have been proved
incapable of producing inspiration.

4. Schiiller.—This method is incapable of producing
inspiration ; the ribs are hard to separate from the liver,
and their want of firmness prejudices any effect which
might otherwise be produced; moreover, groping with
the finger-tips between the ribs and surface of the liver
1s a proceeding not altogether without risk. The bent
position of the legs was shown (Exp. 19) to be of no
additional value, it being probable that in the absence of
opisthotonos there is no excessive tension of the anterior
abdominal walls which needs avoiding.

We are left, therefore, with Silvester’s method (and
1ts modifications by Pacini, Bain, and Schicking) and
Schultze’s method.

The earlier experiments plainly showed that the weight
of a child’s body is not sufficient counterpoise to the
necessary traction in Silvester’s method. In all but the
first few cases the feet were fixed, and only in these cases
are the results compared with those of other methods.
We shall first deal purely with the amount of air in-
spired by these different methods ; reserving our remarks
on their mode of action and the small details to be
observed in their employment.

It will be seen that in the great majority of cases in
which Schultze’s method came into competition with
Silvester’s or its modifications, it produced less effect
(Experiments. 6, 9, 11, 12, 14, 16, 17, 18) ; in two cases
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Schultze’s method produced the greatest result (Experi-
ments 13, 15); in two cases the results of Schultze’s
method equalled those of Silvester’s or its modifications
(Experiments 10, 19).

It remains then to compare with each other Silvester’s
method and its modifications. This was done in five ex-
periments (15, 16, 17, 19, 20). '

Pacini’'s and Bain’s methods proved practically iden-
tical and will be considered together.

Schiicking’s method proved practically identical with
Silvester’s and will be considered together with it.

Silvester’s (and Schiicking’s) methods produced more
results than Pacini’s and Bain’s in two cases (Experi-
ments 16, 19).

Pacini’s and Bain’s produced more results in one case
(Experiment 17).

The results were identical in two cases (Experiments
15, 20).

The practical result is that, provided the feet are fixed
and the body properly laid, the mode of seizure (by arms
or shoulders) is a matter of no moment.

We now come to the consideration of the mode of
action of these methods and of some of the details of
their execution.

5. Schiicking.—This method was tested in Experiment
19, and found to possess no advantage over Silvester’s.

6. Silvester—The principle underlying this method
and its modifications is the elevation of the ribs, clavicles,
and sternum, and consequent enlargement of the cavity
of the chest.

It is to be remarked that this group of manipulations,
which produces the greatest amount of ventilation, in no
way resembles the normal respiration of a child which is
almost purely diaphragmatic.

It was shown (by Experiments 9, 10, 11, 12, 13), that,
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in the absence of very violent traction, the position of
the arms is of much importance; the effect produced
when the arm is everted being more than twice as great
as when the arm is 7nverted. This is no doubt due to
the mode of insertion of the pectoralis major muscle into
the outer lip of the bicipital groove; eversion naturally
‘renders this more tense. Silvester gives no directions
with regard to this point. The arms should certainly be
seized above the elbow.

The block beneath the shoulders should only be just so
high as to prevent the chin from falling or being bent
forwards on the breast ; opisthotonos impedes ventilation
by tension of the anterior body walls and their con-
sequent approximation to the spine.

7. Pacini-Bain, — These methods being essentially
identical are considered together. The mode of seizure
of the shoulders was shown to be unimportant.

The amount of ventilation produced proved to be, to
all practical intent, identical with that produced by
Silvester’s method.

One small disadvantage seems to be that the operator
does not face the subject’s face, but views it upside
down. This is a matter not directly germane to the
present inquiry, but it was thought well to test the
question whether an equal amount of ventilation could
be procured by reversing the action and elevating
the shoulders from below, the operator facing the sub-
ject. This was answered affirmatively by Experiment 17,
note.

The latter half of Pacini's method and Bain’s second
method, consisting in raising the arms from the ground
and using the weight of the body as a counterpoise, are
mapplicable to new-born children, the weight of the body
being insufficient to fix it against the traction of the
operator (Experiments 15, 16).
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In one case the pectoral muscles seemed to give way
under the Pacini-Bain manipulations, as if exposed to
greater tension than by the Silvester method (Experi-
ment 18).

8. Schultze. — In this most ingenious method the
shoulder is grasped as in Pacini’s method, the ribs,
clavicles, and sternum are elevated as in Silvester’s
method and its modifications (especially Pacini’s method),
but the counterpoise, or rather the force, 1s furnished by
the action of gravity and so-called centrifugal force,
which not only procure elevation of the anterior and
upper thoracic walls, but also descent of the diaphragm.

This method, being hard to describe, somewhat com-
plicated, and almost never practised in England, requires
special notice.

In the first place the seizure of the shoulders is a most
important point, the object being to throw the weight at
the end of the inspiratory movement entirely upon the
index fingers placed in the axille. Attention is directed
to this point in Experiment 15, where it is shown that on
it depends the entrance of a considerable amount of air.
No weight should be supported by the other fingers lying
on the back of the thorax.

Again, the violence of its action was noteworthy ; the
fluid rose violently in the manometer, and never main-
tained the highest level reached. The following will show
the difference between the levels reached and the levels
maintained :

Experiment 6 («), 1 inch to 3 inch; (1), 4 inches to
12 inch; Experiment 12 (), 7 inches to 2 inches.

This remarkable fact requires consideration. The rapid
jerk with which the fluid fell implies some elastic recoil,
either of the chest walls or lung tissue. No recoil of the
chest walls was observed, and there are other reasons for
thinking that the cause was over-distension of the lung
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tissue. One reason for thinking thisis that it was usually
during the Schultze manipulations that the sucking noise
was heard at the root of the meck, which was found to
have been due to entrance of air beneath the deep
cervical fascia into the anterior mediastinum, and some-
times into the pleura. This subject will receive attention
hereafter, the only point here insisted on being that this
can only be explained by a greater expansion of the chest
walls than the lungs were capable of following, and con-
sequent entrance of air into the thoracic cavity by the
route of least resistance.

It must be remembered that a small plag of mucus is
sufficient to occlude a comparatively important bronchus
in a child, and it is suggested that in the presence of a
very rapid and powerful blast into the lungs, a neigh-
bouring lobule or bronchus (with its now very delicate
walls) may rapidly dilate and press upon the original
seat of obstruction, thus completing the occlusion. Under
such circumstances the conditions would correspond with
those of collapse of part of the lungs with violent inspira-
tory efforts, which always procure over-distension of other
parts of the lungs. Some such explanation seems needed
when we remember the incomplete expansion of the lungs
proved by dissection. This is a circumstance which, it
must be owned, 18 not in favour of the method.

It must be observed that this may produce the retrac-
tion of the abdomen observed by Behm, just as much as
occlusion of the glottis by the tongue may produce it.

Schultze’s claim to have detected small atelectasies, and
to have proved their removal by percussion several days
after birth, should be considered in the presence of the
actual lungs of a stillborn child (‘ Der Scheintod Neuge-
borener,” p. 172).

In the course of the experiments it suggested itself to
try suspending the child by its arms instead of by its
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armpits. Such experiments are designated * Schultze-
Silvester ” in the descriptions. It was found that more
air was introduced in this way than by Schultze’s method,
no doubt from greater tension of the pectoral muscles and
greater elevation of the shoulders.

The manceuvre is hardly one which could be safely
applied to a slippery living child. It 1s, however, of
interest in itself.

The question of the actnal descent of the diaphragm
was tested by passing a pointer through the abdominal
wallg into the liver. Descent of the diaphragm naturally
implies descent of the liver and ascent of the pointer.

Schultze’s method certainly procures descent of the
diaphragm, as will be seen from Experiments 14 and 1o.
No other method does this.

How much ventilation is due to descent of the dia-
phragm ?

Experiment 14 was designed with a view to answering
this question. A broad band of strapping was tightly
applied to the thorax so as to completely encircle it, with
a view to preventing its expansion ; it was afterwards re-
moved, then reapplied, and the results compared. It is
almost needless to say that the strapping seriously hindered
the action of Silvester’s method, reducing the column of
fluid from 6 inches to 1 inch, although much force was
applied. S

Sohultze’s method raised a column of 2 inches before
the strapping was applied; after the application of the
strapping the results became nal. The strapping was then
removed, and a column of 2 inches raised again. On
reapplying the strapping a column of 1 inch was raised,
the pointer indicating some descent of the diaphragm.

On blowing directly into the lungs the pointer moved
far more than it ever did with Schultze’s method. The
diaphragm then does descend in Schultze’s method, but
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ventilation depends probably far more on elevation of the
ribs, &e., as in other methods.

It is very remarkable how much ventilation is effeicte'd
by Silvester’s method and its modifications, when it is
remembered that it is procured by a mode utterly unlike
the natural respiration of a new-born infant.

While these experiments were still proceeding, a valu-
able paper appeared from the pen of Carl Behm (*Die
verschiedenen Methoden der kunstlichen Athmung hei
Asphyctischen Neugeborenen,” ¢ Zeitschrift fiir Geburts-
~ hiilfe und Gynilkologie,” Band v., Heft i., 1880, p. 36).
His conclusions are founded on experiments performed on
six subjects, only three of whom had never breathed, and
in one of the latter the experiments failed. They there-
fore depend on six cases, only two of which fulfil the
necessary conditions.

In some cases his conclusions agree with mine ; in some
they differ essentially ; a difference which T believe to be
due to the facts above mentioned. The essential difference
between the conditions of equilibrium of a child’s chest
before it has breathed and after cannot be too strongly
insisted upon. This difference is probably established in
a very short time after birth, and entirely alters the con-
ditions, especially with regard to the first group of
methods, depending on elastic recoil of the chest walls
(Marshall Hall, and Howard).

It will be seen that both these methods in my cases
amounted to absolute failures, while in Behm’s cases they
several times surpassed other methods (as those of
Schultze, Silvester, and its modifications), If we look,
however, at the only two of his cases which concern still-
born children who had never breathed (Cases 2 and 6),
we find that in Case 2 Marshall Hall’s method gave no
results (Howard’s not being tried) ; and that in the other
case (Case 6) Marshall Hall’s and Howard’s methods



48 ARTIFICIAL RESPIRATION IN

produced hardly any result, standing at the bottom of
the list, with the exception of Schuller’s method, which is
valueless.

Of his other cases the following were the ages at
death :—Case 1, one month; Case 3, one day; Case 4,
nine days. In two of these cases (1 and 3) the elasticity
of the ribs is described as “good,” in the other (Case 4)
as ‘““weak.”

Attention should be especially called to the fact that
o child’s thorax can be fairly resilient a day after birth.
But the question is not what results would be obtained
even so short a time as a day after birth, bnt what amount
of ventilation each method will produce in a child which
has never breathed. No doubt all methods are far less
officacions in ill-developed and premature, than in well-
developed and mature children.

We therefore venture to think that if Behm'’s cases
are properly considered, they tell in favour of the view
above enunciated, that all methods depending on the
elastic recoil of the chest walls are useless when applied
to really stillborn children as means of ventilation of the
lungs.

Tt must always be remembered that a great source of
difficulty in the living child (the patency of the air-
passages) is secured in these experiments by tracheotomy ;
and this point has to be considered in choosing a method
or methods for the recovery of a stillborn child, a question
which is far from being settled by the present purely
experimental inguiry.

Behm recommends (p. 44) the legs to be bent and the
feet not fixed (as recommended by Schiiller). The
bending of the legs I have shown to be of no moment
(Experiment 19), the fixation of the legs I have proved
to be quite necessary to produce considerable effect.

Behm found, as I did, the Silvester group of manipu-
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lations capable of producing greater ventilation than that

of Schultze.
It is easily intelligible that the fact of real stillbirth

in the subjects experimented on would affect these far
less than the methods of Marshall Hall and Howard,
and, indeed, be perhaps in their favour.

The methods of faradisation of the phrenic nerves (Hufe-
land, * Dissertatio vir. electr. in Asphyxia.” Gdéttingen,
1793), and that of Woillez (“Du Spirophore, appareil
de sanvetage pour le traitement de 1’Asphyxie.” Paris,
1876 ; * Bulletin de ’Acad. de Méd.,” Nos. 25, 31, 32, 36,
37, 38 ; “ Comptes Rend.,” Ixxxii. p. 1447), the principle
of which is alternate rarefaction and condensation of the
air in the receiver of an air-pump in which the patient is
immersed up to the neck, have not been included, the
first because it cannot be tried on dead bodies, the second
because it requires a large and elaborate apparatus which
renders it practically useless.

Conclusions.

The following conclusions are offered :—

1. Since the position of equilibrium of a stillborn child’s
chest 1s one of absolute expiration, airlessness, or col-
lapse, no method which depends on elastic recoil of the
chest walls will introduce air into its lungs. The methods
of Marshall Hall and Howard are useless as means of
directly ventilating the lungs of stillborn children.

2. Silvester’s method and its modifications by Pacini
and Bain introduce more air into the lungs than any
other method.

3. In using Silvester’s method the arms should be held
above the elbows and everted.

4. In using Pacini’s or Bain's method the legs should
be fixed, the second half of Pacini’s method and Bain’s

E
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second method should not be employed, as the weight of
a new-born child’s body is insufficient counterpoise to the
necessary traction. :

5. In using these two latter methods, the operator may
face the subject, and lift the shoulders from below ; by
this means he is able to watch the child’s countenance,
and is able to introduce an equal quantity of air.

6. Schiicking’s method is no improvement on Silvester’s.

7. Schiiller’s method is useless and not free from risk.

8. Schroeder’s method is useless.

9. Schultze’s plan, although its power of ventilation is
less than that of Silvester and its modifications, yet acts
efficiently.

10. In Schultze's method the diaphragm does descend,
though but slightly ; its principal action, however, is on
the thoracic walls as in the Silvester group.

11. Tn Schultze’s method it is important that the
whole weight should rest (at the end of the inspiratory
movement) on the index fingers in the axille, and should
not be distributed to the other fingers.

12. The violence of the action of the method of
Schultze is not in its favour.

13. Opisthotonos always produces expiration by tension
of the anterior body walls, and should be avoided.

Tt has been thought unnecessary to include statistics
with regard to the expiratory force of each method ; con-
sidering that direct pressure amounting to any desired
force can be applied in all cases where the posture is
horizontal. The method of Schultze possesses consider-
able expiratory force.
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CHAPTER II.

THE EXPANSIBILITY OF VARIOUS PARTS OF THE LUNGS.

(From Vol. LXTV. of the ‘¢ Medico-Chirurgical Transactions.”)

Introduction.

THE present communication, being one of a series on the
subject of Artificial Respiration in Stillborn Children,
proposes to deal with the question, “ Which part of the
lungs of a child which has been subjected to various
methods of manipulation with this object is most fre-
quently expanded and which most frequently unex-
panded ? ”

It would have been interesting to answer this question
for each separate method, but material is not plentiful
enough. Nothing short of a series of observations on the
appearances in a considerable number of cases manipulated
by each method would suffice for a satisfactory answer to
this subdivision of the question.

Moreover, it is probable that all the methods which
are effectnal in producing inspiration would be found to
produce aération of very much the same parts of the
lungs, since they all act principally in the same way,
namely, by raising the ribs, clavicles, and sternum.

Even the method of Schultze, which does produce some
descent of the diaphragm, still acts principally in the same
way as the Silvester group, as I have elsewhere shown.

It would also be very interesting to determine the order

E 2
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in which various parts of the lungs become expanded by
inspiring any desired quantity of air.

Unfortunately this is beyond our power; the bodies of
stillborn children possess (so to say) individual peculiari-
ties, and some lend themselves much more favourably to
experiments than others.

It would have been easy to remove the respiratory
organs or open the thorax, and force a measured quantity
of air into the chest, observing the order of expansion of
the several parts, but the conditions would be so essen-
tially changed, both as regards the method of aération
and the surroundings of the lungs, that the similarity
between artifice and nature would cease, and the inves-
tigation possess little probable and absolutely no demon-
strable value.

This question, however, is more or less elucidated by
the following experiments, in which the amount of air
changed can be compared with the condition of the lungs
as shown by dissection.

In the first table the first column shows the reference
to the experiment, the second the methods of manipula-
tion employed, the third the amount of air changed, and
the fourth the conditions of the thorax as shown by
dissection.

With regard to the amount of air changed, it may be
necessary to say that where abdominal and thoracic
pressure was employed for the purpose of expelling as
much air as possible, the amount of aération is calculated
from the air they expelled as well as from the height of
the column of fluid drawn up by inspiration.

This air is of course not under equal pressure, as would
hawe been the case with a spirometer, but the figures are
sufficiently near to give an idea of the amount of air
received by the lungs in each case.

It may be added that the experiments were instituted
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with a view to ascertaining the inspiratory value of the
different methods, and have been utilised for the present
lnquiry.

The use of a spirometer would have prevented several
important observations, such as the force with which the
air is inspired under Schultze’s method.

Although twenty-six subjects were experimented on,
only such experiments as refer to our subject are here
recorded ; and no case has been quoted in which direct
inflation of the lungs was practised.

The observations quoted are twelve in number.

The second table, referring to the same experiments,
needs no additional explanation.
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Tasie 1.
g
e E Maxin;l}lm
o'E | Methods employed. Imli,l;r"]" Autopsy.
A % Effect.
=
o | Marshall Hall......... 0 Left lung.— All parts contain air;
; 2% in, most expanded part, anterior
Silvester i, ..t { 5 cc. portion of upper lobe ; next to
Schroeder ............ 0 this, posterior part of base of
2% in. lower lobe ; least expanded
Schultze ............ 5 ce. part is the < lingula.”
; : 4 in, | Right lung more uniformly dis-
Rl SEgss L ostan 8 ec. tended ; middle lobe most ex-
panded.

Every lobe floats in water. Of
the right lung the most buoy-
ant lobe is the middle, then
the lower, then the upper ; of
the left lung the more buoyant
lobe is the upper.

Several small portions of both
lungs do not float alone, among
them the left apex.

The most expanded portion of the
whole lungs is the anterior part
of the left upper lobe.

8 | Marshall Hall......... 0 Mediastinal emphysema and dou-
- ; 6 in. ble pnenmothorax.
Silvester {fnrclhle]{ 12 eco. Ll‘ifl’s Iﬁpﬂﬂ' airless.
Schroeder ........ie.. 0 Right lung.—All the middle lobe
3 in. and upper and inner edge of
Schultze ............ { 6 cc. lower lobe fully inflated, the
rest airless,
2 in, | Left lung completely inflated, ex-
9 | Marshall Hall....... 16 ce. cept a patch along anterior
) 7 6 in. inferior edge, which was par-
Silvester (forcible) 12 ce. tially inﬂafed.
5% in, | Right lung completely inflated,
Schultze ... ... .. 11 cec. but lower lobe less than the
. in. t.
Schultze-Silvester 11 ::; Res
' Howard ......cov0ee ﬁ.gf'n;'.
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- g Maximum
sE | Methods employed. hﬂ-ﬂg"—"' Autopsy.
& E Effect.
=]
in, | Left lung floats as a whole, but
10 | Marshall Hall...... %cc, upper lobe sinks; lower lobe
; . 8 in. floats, apex sinks; lingula
Silvester (forcible)y | 16 oo |  floats with difficulty; lower
8 in, lobe more buoyant than lingula.
Schultze ............ { 16 ce. | Right lung floats asa whole ; both
lobes (there is no middle lobe)
float at first, but upper lobe
soon sinks ; left lower lobe is
less buoyant than right lower |
lobe. No lobe of either lung
is thoroughly inflated.
Z in, | Mediastinal emphysema, right
11 | Marshall Hall...... -[ i b der i
. ; 11 in, | Left lung floats as a whole ; each
Silvester {furrnb]e]{ 22 cc. lobe floats, the lower lobe the
7 in. better ; apex is airless; of
Schultze ........... e } 14 ce. lower lobe, lingula floats best,
posterior part of base worst.
Right lung floats as a whole; up-
per lobe sinks apex downwards,
the other lobes float ; apex air-
less ; middle lobe floats best ;
posterior part of base is airless.
1 in. | Mediastinal emphysema, left pneu-
12 | Marshall Hall...... { P ’
: : 8 in. | Left lung sinks as a whole ; upper
=L L) { 16 ce. lobe airless ; lower lobe floats,
7 in. but when divided the lingula
el bl bt { 14 ce. floats, the rest sinks,
s 7 in. | Right lung floats as a whole, an-
e R PRL { 14 cc. terior surface upparmnstj; all
the anterior surface fairly in-
flated, the rest airless; lower
and middle lobes float ; upper |
lobe sinks, and is nearly air-
less.
13 | Marshall Hall......... 0 Left lung quite airless,
Mer- | o. : 4 in. | Right lung.—A few inflated lob-
B2 ) EEYSeESi ot} { 1 cc. ules along lower front edge of
meter.| Schultze { 1 in. upper lobe and extreme inner
2 ae. part of this border, and at
. 1 in, correspondin int of middle
hilbzs: ponding po .
Schultze-Silvester { 2 ce. lobe ; lower lobe contains most
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o g Maximum
G‘g Methods employed. Intﬂ.}:_}m' Autopsy.
< -y Effect.
5]
air, then upper lobe; lower
lobe partly inflated along ante-
rior surface and along upper
and lower edges.
E | (Child laid on its face Both lungs mostly inflated, right
after death)™ more than left,
Silvester (forcible)... Left lung all inflated, except a

vertical strip lying alongside
vertebral column from apex to
base, and a small patch of up-
per lobe just anterior to root.

Right lung all inflated, except a
patch of lower lobe just ante-
rior to root.

Each lung floats as a whole, but
the above-named airless parts
gink when separated.

6 in. | Mediastinal emphysema, no pneu-
12 ce. mothorax.

1 in, | Both lungs expanded ; least in-

025 ce. flated part being two strips

G | Silvester [fﬂrcible]{
(14)
Marshall Hall.. ... {

2 in. running vertically along the
Eﬁhultﬂﬁ ......... e { 4 CcC. bank] 'DPI—H:'EIW the aI[EIEE! of
the ribs.

7 | Pacini 16 in. | Left lung floats ; both lobes sepa-
1? BCINL . .cvicannnnnnaa { 3.2 ce. mtﬂlf ﬂﬂat ; au Paﬂ-s WE].]. eX-
(17) o 16 in. panded except lower and pos-
MLy asermnaibonies 32 ce. terior edge of upper lobe and a
: ; 16 in. line along the costal angles of
Silvester (forcible) { 39 cc. the lower lobe, which is quite

4 in, alvless, and sinks.

8 ce. | Right lung florid and expanded ;
one or two airless patches, the
largest along the costal angles
of the lower lobe.

* The object was to see whether posture had anything to do with the
matter, allowing the blood to gravitate to the front instead of to the back
of the lungs.
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o
- g Maximum
SE | Methods employed. I“t‘:ﬁ';,“’ Autopsy.
“ & Effect.
&
s 5 in, | Mediastinal emphysema, right
IKS LG IRRE D { 10 ce. pneumothorax,
AL8) | Bohller «.vovens osonns 0 Left lung.—Anterior inferior part
Sohultz 2} in, of upper lobe and lingula fairly
e ) “*\| 45 ce. expanded ; front of lower lobe
fairly expanded ; lowest part
of base posteriorly fairly ex-
panded.
Right lung airless,
L | Pacini-Bain 54 in, | Mediastinal emphysema, no pnen-
A 11 ee. mothorax.
. . 6% in. | Left lung quite airless,
Silvester (forcible) { 11°5 ce. | Right lung airless, except middle
sSchiicking ............| Do. lobe and anterior internal part
b in, of lower lobe. At anterior in-
SCHaltz0 . viersirec { 10 ce. ternal part of middle lobe is
a pateh of subpleural emphy-
gema.,
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Remarks.

Mediastinal emphysema occurred in six cases ; in four
cases with pneumothorax.

Prewmothoraz : of the four cases one affected both
pleural cavities, two the right, one the left.

In all cases the lung on the side of the pneumothorax
was less expanded than the other.

The pnenmothorax was probably partly the caunse and
partly the effect of the complete or incomplete collapse of
the lung. Pneumothorax of course impedes the expansion
of the lung. On the other hand, the rupture will probably
occur into that side on which the lung expands the less,
the pressure being greater on that side.

This subject will hereafter be treated more particularly.

In seven cases one lung could be said to be generally
better expanded than the other.

In six cases the right was the better expanded, in one
the left.

The apices were frequently the least expanded parts of
the lungs, e. 9. No 5 both apices; No. 8 right; No. 10
both; No. 11 both; No. 12 left ; L (19) right.

The anterior surfaces were frequently better expanded
than the posterior surfaces, e. g. No. 5 left upper lobe;
No. 12 whole of right lung ; No. 13 whole of right lung ;
K (18) left lung; L (19) middle and lower lobes.

In several of these cases the expanded patch was not
bounded by lobes, but extended over the fissures to
adjacent lobes, e. g. No. 12 whole of right lang ; No. 13
right lung ; K (18) left lung; L (19) middle and lower
lobes.

In several cases an unexpanded strip lay vertically along
the costal angles on each side of the vertebral column,

¢.g. B left lung ; G (14) both lungs; J. (17) lower lobes
both lungs.
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In two cases these strips were not limited by lobes but
crossed the fissures, e. g. E; G(14).

In one case, J (17), the strip was seen on both lower
lobes.

In some cases the lingnla was better expanded than the
rest of the left lung, e.g. 11; 12; K (18).

In two cases it was airless or little expanded, e.g. 5 ; 10.

In no case was the posterior aspect of the lung generally
better expanded than the anterior aspect; indeed, in one
case (in which, with a view to testing whether the more
frequent expansion of the anterior aspect of the lungs
was due to supine decubitus after death, and consequent
hypostatic gravitation of blood to the posterior aspect),
the unexpanded vertical strip along the angles of the
ribs was particularly well marked (Exp. E).

On the whole it may be said that the parts of the
lungs most frequently and thoroughly expanded were the
anterior surfaces, not including the apices or anterior
inferior edges.

The parts less frequently and thoroughly expanded
were the apices, lower edges, and the vertical strips along
the angles of the ribs posteriorly.

The more frequent and thorough expansion of the
right lung may be due to the greater directness and size
of the right bronchus.

These conclusions are very interesting, and can be
accounted for.

First, the fact of the frequent non-expansion of the
apices shows that the distance from the trachea does not
explain the phenomena. Again, no doubt plugs of mucus
will account for some of the unexpanded patches, but
they will not explain the greater frequency of their
ocourrence in certain regions. Moreover, the very dis-
tribution of many of these expanded and unexpanded
patches disproves such cause, inasmuch as patches due to
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the patency or closure of a tube would be Limited fto a
lobule or lobe. |

Now we have seen that these patches are distributed
irrespective of fissures and lobes; therefore some other
cause must be found. |

This cause is, we think, to be found in the mobility of
various parts of the chest walls.

The contents of the thorax are not under the conditions
of flnid in a vessel, and the laws of equal pressure do not
apply. If the chest walls are elevated in one part the
external pressure opposite that spot is diminished, and
the air will tend to expand the subjacent lung by prefer-
ence.

On the other hand, the least mobile parts of the chest
walls should overlay the least expanded parts of the lungs.

To apply these principles to the matter in hand. The
most efficient methods of artificial respiration (viz. the
Silvester group and the method of Schultze) act princi-
pally by elevating the ribs, clavicles, and sternum.

In a new-born child the upper ribs are hardly at all
mobile, and the lower ribs are by far the most mobile.
It is beneath the lower ribs, then, that the lungs should
be most expanded, and this is the case ; the action will
be less at the diaphragm than a little remote from it, as
the diaphragm acts little in Schultze’s methods, and not
at all in the Silvester group ; and this is also the case.
In one instructive case, L (19), the sitnation selected for
a solitary patch of subpleural emphysema was the anterior
internal part of the middle lobe of the right lung.

Again the “ indifference-point,” or centre of motion for
each rib is near its angle, and these very points form a
vertical line along the spine which we have shown to very
usually overlay two unexpanded vertical strips of lung.

How far these observations agree with the appearances
in children which have breathed naturally we shall here-
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after try to show ; meanwhile, it may be remarked that
these vertical strips occupy the very same situation as
collapsed lung so often does in children, and that the
lower edge of the anterior surface of the lungs, oceupying
as it does the sulcus between the ribs anteriorly and the
diaphragm inferiorly, is dependent for its expansion on
a consentaneous action of the diaphragm and muscles
moving the chest walls, and is often unexpanded. It has
been elsewhere remarked that the mode of respiration by
any of the efficient methods (Schultze’s and the Silvester
group), acting as it does by elevating the anterior thoracic
walls, differs essentially from the natural mode of respi-
ration in a new-born child, which is all but purely
diaphragmatic.

The only considerable collections of the post-mortem
appearances of the lungs of new-born children which I
have been able to find are those of Joerg and Schmitt.

Out of Schmitt’s 101 cases, 36 have been selected as
bearing on the question and analysed ; out of Joerg’s 19
cases, 16 have been selected and similarly treated.

The results are stated in the annexed tables, which
have been compiled from positive statements only. The
descriptions do not admit of more exact tabulation, being
for the most part very brief.

The statements of Paris and Fonblanque, Bednar,
Legendre, Gerhardt, Kostlin, Olshausen, Schwartz, and
Bohr are either too inexact or are founded on too few
cases to carry much weight.

Analysis of Schmitt's cases.
Best expanded. Least expanded.

Right lung . : ; 11 1
Left lung . : : 3 4
Anterior surface 1 0
Posterior surface : - 0 2

9 3

Right upper lobe

F -
B W, — -




STILLBORN CHILDREN. 63

Best expanded.  Least expanded.

Left upper lobe ; . 7 4
Right middle lobe : : 9 3
Right base . . : 2 12
Left base : ; 3 9

Total cases=36 out of 101, no cases in which inflation was practised
being included.

Analysis of Joerg’s cases.

Best expanded.  Least expanded.

Right lung ; : ; 4 0
Left lung 3
Anterior surface 1 0
Posterior surface 0 1
Right upper lobe 3 1 . 3
Left upper lobe. : : 2 0
Right middle lobe 1 3
Right base 1 4
Left base ; ; ; 1 4
16 cases selected out of 19,

Analysis of cases of Schmitt and Joerg.

Best expanded.  Least expanded.

Right lung - ! y 15 1
Left lung : . . 4 7
Anterior surfaces : : 2 0
Posterior surfaces ; . 0 3
Right upper lobe : : 10 6
Left upper lobe , ; : 9 4
Right middle lobe . : 10 6
Right base : : : 3 16
Left base : : . ! 13

52 cases selected out of 120,

The results are that in children which have died 8009
after birth :
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1. The right lung is usually better expanded than the
left. _

9. The anterior surfaces are usually better expanded
than the posterior.

3. The lower lobes are the parts most often unex-
panded.

4. The right middle lobe is nsually well expanded.

5. The part of the left lung corresponding to the right
middle lobe is often better expanded than the rest of the
left lung ; when the right middle lobe, on the other hand,
is ill expanded, the corresponding part of the left long is
often unexpanded also (Joerg, No. 1, Case 5 ; No. 2,
Case 6).

It is remarkable that in children who have breathed
naturally the bases are so often unexpanded; but this
seems to correspond with the fact that the characteristic
of feeble breathing in infants is feeble descent of the
abdominal viscera, betokening feeble descent of the

diaphragm.

Conclustons.

The following conclusions are offered :

TIn stillborn children which have been manipulated by the
various efficient methods of artificial respiration :

1. The right lung is more nsually and more completely
expanded than the left.

2. The anterior surfaces are more usually and more
completely expanded than the posterior.

3, The apices of the upper lobes are often unexpanded.

4. The anterior inferior borders the same.

5 One of the places of selection for atelectasis is a
strip running vertically along the angles of the ribs on

each side of the spine.
6. The patches of expansion or atelectasis, when con-
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siderable, are not confined to lobes mor bounded by

fissures.
7. The last circumstance is not due to obstruction of

the bronchi.
8. The spots of predilection for expansion or atelectasis
underlie the regions of greatest and least movement of the

chest walls.
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CHAPTER IIL

MEDIASTINAL EMPHYSEMA AND PNEUMOTHORAX IN CONNECTION
WITH TRACHEOTOMY.

(From Vol. LXV, of the * Medico-Chirurgical Transactions.”)

TrE occurrence of emphysema in the anterior medi-
astinum, and pneumothorax, in the course of a series of
experiments on artificial respiration in stillborn children,
has seemed a matter of sufficient interest to justify a short
communication on the subject.

The series of experiments concerned twenty-six subjects
who had never breathed, and extended over a period of
two and a half years, from January, 1878, to July, 1880,
in the laboratory of Dr. Lauder Brunton. They are
related in detail in ‘ Med.-Char. Trans.,” for 1881, pp. 41
~101 (Chapters I. and II. of the present treatise).

Five of the experiments do not concern the present
branch of the inquiry, but in the others the following was
the course pursued:—Tracheotomy was performed, a
cannula was tied into the trachea and connected to an
india-rubber tube, which in its turn was attached to a
water manometer in twenty cases, and to a mercury
manometer in one case. W hen this was done, the effects
of varions methods of respiration by manipulation were
tried, and the height of the column of water noted by the
manometer.

In each case the height noted is the height above zero
or the line of original level, so that the actual height of
the column of water is represented by double the height

indicated.
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As the object was that of comparing the relative
inspiratory forces of the various methods, this was quite
correct as a means of compavison, though the above fact
would have to be remembered in calculating the actual
inspiratory force.

In the latter case the fact that the manometer would
not register more than 6 or 7 inches, and had to be
readjusted in the middle of the experiment when the
effect exceeded this, would have to be remembered.

The accompanying table shows in the first column the
number of the experiment for reference, in the second
column the methods of artificial respiration employed, in
the third column the maximum inspiratory effect of each
method ; the fourth column contains the account of the
dissection and remarks.

< 1
2% | Method employed. .E %E Autopsy and Remarks.
“ 2 =3 =
- o
8 | Marshall Hall ...... 0 Loud whistling heard at the root
Silvester (forcible).. | 5 in. of the neck during the Schultze
schroeder ............ 0 manipulations. Air in both
Bohul bl oo B, pleural sacs ; thymus embedded
in large air-bubbles, which
No inflation, filled the anterior mediasti-
num, and on pressure escaped
from the tracheotomy wound.
Left lung airless. Right lung:
middle lobe, and upper and
inner edge of the lower lobe
inflated. No wound in any of
the air-passages discoverable,
11 | Marshall Hall ...... § in, | Gurgling and whistling heard dur-
Silvester (forcible).. | 11 in. ing Schultze and Schultze-Sil-
Schultze ..........., 7 in, vester manipulations. Air in
Schultze-Silvester... | 7 in, right pleural sae, none in left.
. , Large bubbles of air in anterior
No inflation. mediastinum, embedding thy-
mus,and extending along course
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o 15,

:E Method employed. E ,E_-.é Autopsy and Remarks,

28 HEs

& A

of left phrenic nerve as far as
diaphragm, and along right
phrenic vein about half-way to
the diaphragm ; on pressure
air escapes at tracheotomy
wound, Both lungs float, and
are generally fairly expanded.
No wound in any of the air-
passages discoverable,

12 | Marshall Hall ......| %in. | Whistling heard at root of neck
Silvester (forcible).. | 8 in. during Schultze manipulations.
Hohultzey sl An: Air in left pleural sac, none in
Schultze-Silvester... | 7 in. right. Anterior mediastinum

full of air-bubbles, some of

No inflation. which escape on pressure at
the tracheotomy wound. Left
lung slightly inflated. Right
lung better inflated, but only
partially.

14 | Silvester (forcible).. | 6 in. | Whistling heard during Schultze

(¢) | Marshall Hall ...... 3 in. manipulations. No air in
Schultze’ .. - ven || 2 Ans pleural sacs ; mediastinum full

of air-bubbles, embedding thy-
Inflation. mus. Both lungs fully inflated.
| e R e 6 in. | Whistling heard during manipu-

(m) ] Baint ey saaines s 6 in. lations (during which is not
Schultze ............ b in. noted). Air in right pleural
Silvester (forcible).. | 6 in. sac. Anterior mediastinum full

of air-bubbles, which partly

Unsueccessful attempt escape on pressure into right

at inflation. pleura. Both lungs partly in-
flated,

18 [ Bain-Pacini ......... | 5in. |BSucking noise heard during

()il iSohn e ootie ottt 0 Schultze manipulations, the
Schultze 31 in. amount of inspiratory eflect

diminishing as this increased.

No inflation, Air in right pleural sac, none
in left, Anterior mediastinum
full of air-bubbles. Right
lung airless, Left lung partly
inflated.
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E qE
ey = [P
% E Method employed. 2 E_E Antopsy and Remarks,
%2 S g
4 s ‘
19 | Bain-Pacini ......... | 41in. |Sucking noise heard at root of
(L) | Silvester (forcible).. | 5 in. neck during Schultze manipu-
Schiicking .ev.evvesees | Bin, lations. No air in either pleu-
Bohnltze™ oo . ivees 5 in, ral sac. Anterior mediastinum

full of air-bubbles, covering
No inflation. right auricle of heart. Left
lung airless, Right lung air-
less, except middle lobe and
anterior internal part of lower
lobe. At this pointis a pateh
of sub-pleural emphysema,

Remarks.—It will be seen that mediastinal emphysema
was observed in seven out of twenty-one experiments, ¢.e.,
in one out of three, or 33:33 per cent.

The first time the phenomena were observed, it occurred
for a moment that the emhpysema might be due to post-
mortem changes, but the freshness of the subject contra-
dicted this.

The next impression was that the air had escaped from
one of the bronchi or the trachea, but careful examina-
tion and inflation through the trachea with the extre-
mities of the bronchi clamped failed to discover any leak.

It was not long before the appearances could be satis-
factorily traced to their cause.

Pneumothorax was often associated with mediastinal
emphysema, but never occurred without emphysema ; on
the contrary, the emphysema occurred without pneumo-
thorax. Therefore the pneumothorax was probably a
later sequel of the emphysema.

Air was observed to escape from the mediastinum into
the pleural sac.
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Air could be pressed from the anterior mediastinum
and emerged at the tracheotomy wound.

A whistling or sucking noise was observed during the
experiments at the root of the neck.

It appeared, then, that the air travelled from the
tracheotomy wound into the mediastinum, which in some
cases it ruptured, producing pneumothorax.

Pneumothorax occurred in five out of seven cases of
mediastinal emphysema, in one case into both pleural sacs,
in three into the right, in one into the left sac.

In every case but one (16 (1), in which both lungs
were about equally inflated), the pnenmothorax oceurred
on the side on which the lung was less expanded.

FEazperiment—By way of confirmation a feetus was
taken, and the tissues down to the trachea were divided,
the trachea being left intact ; the skin was raised so as
to form a funnel or pouch, and into this coloured injection
was poured. Silvester’s method was then employed;
the coloured injection was found in the anterior medias-
tinum.

The following is the explanation offered :

When by the manipulations for respiration the thoracic
cavity is expanded, the intra-thoracic air is rarefied
(which is relatively the same thing as the extra-thoracic
pressure being increased).

When all the air apertures of the thorax are closed the
only way in which the intra- and extra-thoracic pressures
can be equalised is by suction through the blood-vessels ;
the lungs become hypersemic, and transudation of serum
into the air-passages may occur, causing cedema.

If all the air-passages are not closed the pressure will
be equalised through the route of least resistance—the
trachea.

This is what occurs in ordinary breathing.

When a manometer is tied into the trachea, the air
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enters by the trachea until the column of fluid equalises the
pressure, when equilibrium is established.

But the weight of a column of fluid is equivalent to an
obstruction of the air-passages; and in this case the
same phenomena may be observed in the subject as are
observed in a living child which is making violent inspi-
ratory efforts, its air-passages being obstructed, viz.
the pressure of the external air depresses the weakest
points.

In a living child these include the supra-clavicular
fossee and supra-sternal noteh, the abdomen, and hypo-
chondria.

In a dead child the effect of the diaphragm (which is
practically not much affected by any artificial mode of
respiration) is eliminated, and the hypochondria are not
retracted, but the abdomen and parts above the sternum
and clavicles are depressed.

But if a potential passage to the thoracic cavity exists,
this becomes a locus minoris resistentie, and the pressure
will act through it.

The tracheotomy wound establishes this potential pas-
sage by piercing the deep cervical fascia. This fascia,
as 1s well known, runs behind the sternum and becomes
continuous with the sheaths of the great vessels and the
pericardinm.

It is through this passage that air penetrates into the
mediastinum.

Whether it goes further than this is determined by the
question whether a sufficient quantity can be contained
there to equalise the pressure ; if not it will go farther.

In one case it followed the course of the phrenic nerves,
on one side to the diaphragm.

In the majority of cases it burst the mediastinum and
distended the plenral sac.

It was observed that in most cases one lung was better
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expanded than the other, and it was on the less expanded
side that the pnenmothorax occurred.

This is what we should have expected from the above-
named physical conditions.

No case oceurred in which it burst into the better
expanded side, though in one case, the lungs being (as
far as could be seen) about equally expanded, pnenmo-
thorax occurred on one side only. (A thickened pleura,
however, might determine rupture into the opposite or
better expanded side.)

In one case (19 L) it was noted that with mediastinal
emphysema there was one patch of subpleural emphysema
on the solitary expanded portion of either lung.

With emphysema in connection with partial collapse,
solidification, &c., we are familiar ; it is butan illustration
of the same physical laws as preside over mediastinal
emphysema.

Tt was observed that the noise at the root of the neck
in six cases out of the seven was found to occur during
the Schultze manipulations; in the seventh case it was
heard, but its exact time of occurrence is not noted.

This coincides with what we know of the suddenness
and violence of the action of this method noted else-
where ; it was the sudden jerk caused by this method
which produced the sudden blast at the tracheotomy
wound which burrowed into the anterior mediastinum.

Tt is to be remarked that the presence of a large medias-
tinal emphysema, even with pneumothorax, does not
necessarily prevent considerable inspiratory effect.

I have looked through the post-mortem records of St.
Bartholomew’s Hospital from 1868, and find records of
twenty-seven cases of autopsies after tracheotomy for
yarious causes.

Mediastinal emphysema is recorded in three cases, or
11-1 per cent.
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In two out of these three cases pneumothorax is noted,
and in one it was the cause of death. In one case in
which pneumothorax was probably bilateral, both lungs
were collapsed ; in another, the right-sided pnenmothorax
corresponded with right-sided collapse. |

In one case there was emphysema of the tissues.about
the neck. In one case the air channel was traced down
from the wound into the anterior mediastinum.

I have also examined the post-mortem records of the
Hospital for Sick Children since 1860, and find records of
eighty-two cases of auntopsies after tracheotomy for various
causes.
~ Mediastinal emphysema is recorded in five cases, or
6:09 per cent.

In no case is pneumothorax noted.

The state of the lungs was as follows :

Case 1. Both lungs collapsed.

2. No collapse.

3. Both lungs partially hepatised.

4. Anterior parts of lungs emphysematous, posterior
parts less expanded than anterior.

9. Upper lobe and posterior part of lower lobe of right
lung solid and airless.

Emphysema of the neck is noted in three out of the
five cases.

I do not imagine that these numbers represent the
actual facts; indeed, in the cases in which mediastinal
emphysema is recorded, it is almost invariably mentioned
by the way as if an unimportant fact; and one recent
case was only recovered from oblivion by personal
Inquiries.

This is not to be wondered at, considering that, as far
as I have been able to discover, the matter is not even
hinted at in any of the books dealing with tracheotomy ;
indeed, the following passage is the only mention of the
subject which I have been able to find :
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Wilksand Moxon, * Lectures on Pathological Anatomy,”
second edition, 1875, p. 308 :

“We believe we have seen two cases of pnenmothorax
arise from tracheotomy, and we mention the circumstance
‘because we are not aware that 1t has ever been alluded to.
In one case where, after tracheotomy, death occurred
without sufficient reason, both lungs were found con-
tracted in the chest, and the cellular tissue in the
posterior mediastinum was filled with air, producing
large bubbles, which we think had burst through the
pleura into the chest. ;

“In another case, where most extensive superficial
emphysema followed the operation, the breathing became
laborious before death, and the lungs were found con-
tracted in the same manner; the emphysema had
penetrated the mediastinum.”

The latter of these two cases, together with my experi-
ments, may illustrate the production of emphysema of the
tissues of the neck, &ec., during labour.

With regard to pneumothorax, any small amount of
air in the pleura is liable to escape observation unless the
thorax is opened under water.

Still, thus much is proved :

1. That mediastinal emphysema does occur after
tracheotomy.

2. That it is sometimes accompanied by pnenmothorax.

3. That it sometimes exists apart from emphysema of
the neck.

The route which the air takes was proved by experi-
ments to be behind the deep cervical fascia.

Tt remains to discuss the relation of mediastinal
emphysema to emphysema of the neck.

Tt would appear, & priori, probable that these would be
due to a common cause.

The experiment in which coloured injection penetrated
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beneath the deep cervical fascia to the anterior medias-
tinum, without tracheotomy; and all the experiments
in the table (in which no escape of air from the trachea
was possible) prove that the air does not penetrate from
the tracheal wound.

But if the above views are correct, the two sorts of
emphysema are obviously due, not only to different, but
to opposite causes, mediastinal emphysema being due to
the diminished pressure in the thorax during inspiration,
emphysema of the neck, on the contrary, being produced
during expiration.

Emphysema of the neck may, indeed, run beneath the
skin and fascia upwards to any extent, and downwards
over the thorax, but the air cannot be forced by the
expiratory force into the thorax, for the simple reason
that the vis @ fergo of the air issning from the tracheal
wound is at once met by the equally powerful vis a fronte
of the intra-thoracic pressure.

The production of anterior mediastinal emphysema and
the route taken by the air need not be again explained.

It 1s not to be denied that air blown from the tracheal
wound beneath the cervical fascia may be subsequently
sucked into the anterior mediastinum (though air in the
subeutaneous cellular tissue could hardly do so), but what
1s insisted on is that, whether the air travels directly
from the wound or indirectly, as explained above, the
mechanism of the production of the two sorts of emphy-
sema is entirely different, and, indeed, opposite.

The following case shows that blood or, indeed, any
other fluid, effused beneath the deep cervical fascia, may
subsequently be drawn into the thorax, a fact which,
perhaps, deserves attention with regard to the after
treatment of operations near the root of the neck and of
deep cervical abscesses. In view of the above observa-
tions, strong or sudden inspiratory efforts (e.g. in vomit-
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ing) must greatly increase the risk of thoracic complica-
tions from the inspiration of pus or other fluids into the
thoracic cavity.

The case is briefly as follows :—Induction of premature
labour for flat pelvis; turning; delay of after-coming
head at brim ; child stillborn, with heart beating ; artificial
respiration by direct inflation and the methods of Silvester
and Schultze for three hours, after which child breathed
naturally ; death six hours after birth.

Autopsy showed separation of fifth and sixth cervical
vertebree without fracture, blood extravasated in all
directions, among others into the tissmes of the meck,
including deep cervical fascia, from whence it extended
downwards to the apices of the lungs and along the sheath
of the vessels on the left side to the level of the third
dorsal vertebra. Bloody fluid in both pleurse.

It is of some consequence to consider the exact moment
at which the danger of mediastinal emphysema occurs.

The conditions favouring its production are two—a
wound of the deep cervical fascia, and obstruction to the
air-passages; the moment of its production is mspiration.

To apply this: the danger begins as soon as the operator
has divided the deep cervical fascia. The lower this is
divided the more easily emphysema of the anterior medi-
astinum is produced.

Supposing obstruction to exist in the larynx, the period
of greatest danger is the interval between the division of
the deep cervical fascia and the establishment of efficient
patency of the trachea.

Elevation of this fascia away from the trachea renders
the entry of air beneath 1t more easy.

Bungling in inserting the tube increases the danger by
prolonging the dangerous period.

Insertion of the tube beneath the deep cervical fascia
instead of into the trachea (of which instances are on
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record) renders the entrance of air easy above all other
conditions.

The following practical conclusions are offered : —

1. Emphysema of the anterior mediastinum occurs in a,
certain number of tracheotomies.

2. It is often associated with pneumothorax, to which
it stands in causal relation, and which may be the cause
of death after tracheotomy.

3. The air is most likely to burst into that pleura of
which the lung is the less expanded. On the other hand,
pneumothorax, of course, helps to collapse the lung.

4. The route selected by the air is the space beneath
the deep cervical fascia.

5. Emphysema of the anterior mediastinum may or
may not be associated with emphysema of the neck; but
their causes are different, and the conditions of their’
production are opposite.

G. The conditions favouring the production of medias-
tinal emphysema are division of the deep cervieal fascia,
obstruction to the air-passages, and inspiratory efforts.

7. The dangerous period during tracheotomy is the
interval between the division of the deep cervical fascia
and the efficient introduction of the tube.

8. The incision in the deep cervical fascia should not
be longer than necessary in the direction of the sternum.
It should on no account be raised from the trachea, and
this should be particularly remembered during inspiratory
efforts.

9. It will probably be found that the frequency of
occurrence of emphysema of the anterior mediastinum
depends much on the gkill of the operator, especially in
inserting the tube.,

10. If artificial respiration should prove necessary, the
tissues should be kept in apposition with the trachea,
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and any manipulations performed steadily and without
jerks.

11. Schultze’s method (which is not otherwise suitable
for the above purpose) is especially prone to produce
emphysema of the anterior mediastinum.

12. These observations illustrate the fact that, apart
from the question of tracheotomy, the inspiratory force of
the thorax should be remembered in all operations near
the root of the neck, whether dealing with vessels or not,
and in the case of all collections of pus beneath the deep
cervical fascia. In these cases quiet respiration 1s essen-
tial for the safety of the patient, and vomiting, which
begins with a sudden inspiration, is dangerous.

13. These observations may serve to illustrate the pro-
duction of emphysema of the neck, &e., during labour.
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CHAPTER TV.

MEDIASTINAL EMPHYSEMA AND PNEUMOTHORAX IN CONNECTION
WITH TRACHEOTOMY (continued).

(From Vol LXVII. of the ‘° Medico-Chirurgical Transactions.”)

IN vol. Ixv. of the “ Medico-Chirurgical Transactions,”
1882, p. 81 (p. 75 of the present treatise), I wrote as
follows :

“I have examined the post-mortem records of the
Hospital for Sick Children since 1860, and find records
of eighty-two cases of autopsies after tracheotomy for
various causes.

“ Mediastinal emphysema is recorded in five cases, or

6'09 per cent. In mno case is pneumothorax noted, . :
I do not imagine that these numbers represent the actunal
facts; indeed, in the cases in which mediastinal emphy-
sema is recorded, it is almost mmvariably mentioned by
the way as if an unimportant fact ; and one recent cage
was only recovered from oblivion by personal inquiries.

“This is not to be wondered at, considering that, as
far as I have been able to discover, the matter is not even
hinted at in any of the books dealing with tracheotomy ;
indeed, the following passage is the only mention of the
subject which I have been able to find.” (Then follows
a quotation from Wilks and Moxon, “ Lectures on Patho-
logical Anatomy,” second edition, 1875, p. 308.)

On November 15th, 1883, I received the fﬂ]lﬂwing

G
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statement from Dr. Angel Money, Registrar of the Hos-
pital for Sick Children :

“ Since the publication of the above paper there have
been 28 cases in which an autopsy was made after
tracheotomy ; of these 14 were males, 14 females.

“In all cases the examination was made under water.

“Tn 16 cases out of the 28 (8 males and 8 females),
emphysema of the mediastinum was found.

“Tn 2 of these cases pneumothorax was also found.
It was found in mo case without emphysema of the
mediastinum. The amount of emphysema of the medias-
tinum was greatest when pneumothorax existed also.

“ Tn many, if not all, cases artificial respiration had
been performed.”

Tt will be seen that the occurrence of emphysema was
noted in 5 cases out of 82, or 6 per cent. of those cases
which ended fatally after tracheotomy in twenty-one
years before the publication of the paper above referred
to; and in 16 cases out of 28, or 57 per cent. in the two
years following its publication.

Pneumothorax was not noted in a single one of the 82
cases occurring in the twenty-one years previous to the
paper, but has been noted twice in 28 cases occurring in
the two years following its publication.

These facts speak for themselves.

Tt seems to be evident that emphysema of the anterior
mediastinum is a frequent occurrence in fatal cases of
tracheotomy.

What its frequency is in cases which do not end fatally
cannot be deduced from the above facts; but the occur-
rence of mediastinal emphysema can hardly be a matter
of indifference, and pnenmothorax must be a very serious
complication.

It is possible that the bubbles of air in the medias-
{inum may produce pneumothorax by being ruptured
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into the plenra by pressure on the sternum and thorax.
Such pressure usually (and quite rightly) forms part of
the means of recovery where artificial respiration is
performed.

It is strange that the occurrence of both complications
should have beeu (but for the casual allusion referred to)
completely overlooked until the experiments which I have
had the honour of communicating to the Society.

In the discussion on the present communication (see
“ Proceedings of Medico-Chirurgical Society,” new series,
Vol. I, No. 4, p. 182) Dr. Douglas Powell said that in
seven cases of diphtheria dying after tracheotomy, which
he had observed in the last two years, two cases of
emphysema had occurred. In one of the cases the tube
had not been put into the trachea, but along its side. In
the other case, dying some houars after the operation,
emphysema with collapse of the lung was found. In this
case the trachea was opened one inch below the cricoid
cartilage, general emphysema ensued, and on auscultation
over the mediastinum, the air could be heard penetrating
with a dry crepitating sound. In these cases the con-
ditions of Dr, Champneys were very accurately observed,
there being (1) strong inspiratory efforts, (2) a difficulty
in the entry of air to the lungs, (3) tracheotomy with
opening of the deep fascia at the root of the neck. In
living children, moreover (and in healthy adults),
there was a constant aspiration towards the chest cavity
by virtue of the residual elastic tension of the lungs ;
which aspiration did not exist in the stillborn subjects of
Dr. Champneys’ experiments. An incision into the deep
tissues near the episternal notch during life (and perhaps
even after death), must be attended with entry of air
into the mediastinum, and its further accumulation must
continue even after opening the trachea, for whilst the
indraught to the mediastinum was unopposed, that to the

G2
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lungs was opposed by their elasticity, which was set free
by the entry of air into the thoracic cavity. These con-
siderations had two important bearings on surgical prac-
tice—first, it suggested the superiority of the high opera-
tion because the cervical fascia was less cut into; and,
secondly, the danger, in foreibly throwing back the head
in order to make the trachea more prominent, of placing
the fascia on the stretch, and of cutting into it within
the sphere of lung traction.
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CHAPTER V.

CERTAIN MINOR POINTS.

(From Vol LXVIL of the ** Medico-Chirurgical Transactions.”)

Tae following communication concerns certain minor
details in the mode of performing artificial respiration in
stillborn children, which it has been thought well to test
by experiment.

i. It was decided to test the effect produced by the
presence of air in the abdominal viscera on the amount of
air capable of being drawn into the lungs by the manipu-
lative methods.

Bapervment 1.—In a female child (““ Med.-Chir. Trans.,”
vol. Ixiv. 1881, p. 71 ; and in the present treatise, p. 34,
Exp. 19 (L)), in which the manipulative methods (Sil-
vester, Pacini, Bain, Schultze) succeeded in effecting
considerable inspiration, a cannula was passed through the
abdominal walls at the nawvel, and tied in; attached to
the cannula was an india-rubber tube with a clip, so that
the abdominal cavity could be inflated and the air let
out.

The quantity of air inspired by these methods was
noted.

It was found that moderate inflation of the abdominal
cavity produced no effect on the amount of air changed
by Silvester’s method, and its modifications by Pacini
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and Baim. When the abdomen was very tensely in-
flated, the amount of air inspired was very slightly
diminished.

Eaperiment 2.—In a male child (see experiments above
quoted, No. 20 (M), p. 73; and in the present treatise
p. 36), the same method of experiment was adopted.

(a) The Pacini-Bain modification of Silvester’s method
was repeated six times.

In each case 6 inches (i.e. 6 inches on the water mano-
meter) was indicated as the inspiratory value.

The abdomen was then inflated as tightly as possible,
and the same method repeated six times.

In each case 6 inches was indicated as the inspiratory
value.

(b) Schultze’'s method gave 7 inches as the inspiratory
value on six repetitions.

The abdomen was then inflated as tightly as possible,
and the same method repeated six times.

Tn each case 7 inches was indicated as the inspiratory
value.

Remarks—The question here was not whether air in
the stomach and abdominal viscera impedes respiration
when naturally conducted, but whether it impedes arf:-
ficial respiration. These experiments answer the question
decidedly in the negative.

The very slight difference noticed in Experiment 1 was
probably due to the impeded movements of the thoracic
walls, produced by great distemsion of the abdominal
walls.

It must of course be remembered (loc. cit., vol. Ixiv.
p. 79; and in the present treatise p. 42), that : « This
group of manipulations (Silvester’s and its modifications),
which produces the greatest amount of ventilation, in no
way resembles the normal respiration of a child, which
is almost purely diaphragmatic ;” and that the presence
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of air in the abdominal viscera would certainly impede
the descentof the diaphragm in a child breathing normally.
This, however, is not the question, which really concerns
the resuscitation of a stillborn child by artificial respi-
ration.

It must also be remembered that nothing is easier
than to empty such a child’s stomach of air by gentle
pressure.

Conclusion.—The presence of air in the abdomen 1n no
way impedes the ventilation of the lungs by artificial
respiration.

ii, It was next determined to test simple methods
usually recommended to prevent the entrance of air into
the stomach in mounth-to-mouth inflation.

A. It has been recommended to press the larynx, and
especially the cricoid cartilage, against the vertebree, with
the idea that the complete cartilaginous ring of the cricoid
cartilage will be sfrong enough to compress the cesopha-
gus without itself collapsing.

This method has been recommended by Paul Scheel in
1800, Herholdt in 1803, Olshausen in 1864, and also by
the Committee of the Royal Medical and Chirurgical
Society in 1862, who declared that it was competent to
effect its object ; this, however, applied to adults.

B. It has also been recommended to bend the head
strongly backwards, apparently with the idea that the soft
eesophagus, lying posteriorly, might become bent in such
a way as to be impervious, while the trachea provided
with its rings wounld remain patent.

These points were tested in two experiments.

Eazperiment 3.—A tube was connected with the pylorus
and placed under water, so that bubbles might announce
the repletion of the stomach with air. The trachea was
connected with a manometer.
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A. Mouth-to-mouth inflation was then tried, pressure
being put on the cricoid. This was repeated many times.

It was found only occasionally possible to put pressure
on the cricoid so as to occlude the cesophagus, without
also occluding the trachea.

B. Bending the head back was found to produce mo
effect in preventing the entrance of air into the cesoph-
agus.

Bwperiment 4.—A similar method was adopted.

A. Pressure on the cricoid cavtilage occluded either
cesophagus and trachea or neither. No graduation of the
pressure on the cricoid was able to effect a closure of the
cesophagus alone.

B. Bending the head back produced no effect.

Conclusions.—Pressure on the cricoid and bending the
head back are powerless to prevent air from passing into
the stomach if the lungs are inflated.

1i. The next experiment concernedsthe patency of the
upper part of the air-passages.

Howard had already shown that the common measure of
pulling the tongue forward with forceps is useless, as it
does not affect the structures at the base of the tongue,
and does not raise the epiglottis.

His manceuvre of tilting up the chin with the mouth
closed, however useful in adults, permitting respiration
solely through the nose as it does, cannot be of the same
use in stillborn children, whose pharynx and air-passages
are filled with mucus, and in whom the removal of this
mucus is one of the great desiderata.

It had also frequently been recommended to lay the
head over a table, to allow the head to fall back, away
from the lower jaw and the structures connected with it,
in order to render the mouth and upper air-passages
patent.
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It was decided to test this by the frozen section of a
feetus in this position.

Baperiment 5—A stillborn full-time feetus which had
never breathed was consequently frozem in the above
position, its head being thrown as far back as it would go.
It was then cut in a sagittal plane.

I have to thank Dr. Garson, of the Royal College of
Surgeons, for this operation. His saw passed almost
mathematically through the middle line of both the front
and back of the body.

The result showed that the soft palate lay against the
back of the tongue over a large extent, and did not fall
away from it.

Conclusion.—Hanging the head backwards over the
edge of a table does not provide for the patency of the
upper air-passages.

This accords with my own clinical experience. The
greatest difficulty occurs in children in the pale stage of
asphyxia, and probably depends on inaction of the divari-
cators of the glottis, which are flabby and useless, like all
the other muscles during this stage.

This question of the patency of the upper air-passages
1s often the great difficulty to overcome. It frequently
happens (especially in premature children, but by no
means exclusively in them) that Silvester’s method and
its modifications entirely fail from this cause to introduce
any air into the lungs. The difficulty is chiefly met with
in children in the stage of pale (flabby) asphyxia, and
probably for the reason mentioned above.

The method of Schultze certainly succeeds in intro-
ducing air under these circumstances in many cases in
which Silvester’s method and its modifications have
failed. The reason of this is not at present clear to me,
but I have observed the fact too often to he mistaken.

I have adopted the plan (which I have not seen advo-
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cated) of introducing a catheter into the trachea and
leaving it there during the respiratory manipulations, and
with satisfactory results.

While in the trachea it serves for various purposes, the
principal one of which is the removal of mucus, but not
in the manner usually recommended. It is advantageons
to secure the catheter at the proper length within the
trachea, so that it may not slip too far in, or slip out, if
the Schultze method is adopted.

I have measured the length along a catheter from the
lips to the glottis, and find it 2} inches in a feetus.

A catheter which measures 3% inches from the lips of
the feetus is within the glottis, but above the bifurcation
of the trachea.

This then is the proper length, and it is easy to secure
the catheter by a soft bandage or by a piece of elastic
passed round the head, with which there is no fear of the
catheter slipping out or too far in.

The removal of the mucus is best effected in the follow-
ing manner, and if used should precede all attempts at
respiration, in order that the mucus, meconium, and
other matters found in the child’s mounth may not be
inhaled.

1. Lay the child on its back, with the head hanging
over the edge of the table, and a little lower than the rest
of its body.

2. Wipe out the mouth with a soft handkerchief.

3. Press the thorax gently with one hand, stroking the
trachea upwards with the other, and retain the finger ab
the top of the trachea until the next manceuvre is com-
plete. (The mucus will gravitate towards the posterior
nares. )

4. Put a handkerchief over the child’s mouth, blow
gently, and the mucus will be blown out of the nostrils
(but not into the operator’s face).
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5. If necessary, introduce a catheter 3% inches from the

lips and secure 1t.
6. Press the thorax gently with one hand (to prevent
the entrance of air) and blow through the catheter. The

opening being low down in the trachea, the air and mucus
with it, being unable to pass into the lungs on account of
its compression by the hand, will rush up through the
glottis, and the mucus will be blown into the pharynx.
This can be repeated as often as necessary, the general
tendency of fluids in the air-tubes being to ascend during
respiration, whether natural or artificial, towards the
mouth.

This manceuvre is more efficient and far pleasanter than
the suction usually recommended ; it has answered well
in practice.

It must also be remembered that suction through the
catheter necessitates a down-dranght in the trachea, which
will carry downwards any mucus, &c., within its reach.

During artificial respiration fluid will often pour from
the catheter, especially if it is held over the edge of the
table like a syphon.

N.B.—The plan of holding the nostrils during inflation
of the lungs is altogether to be condemned ; it retains
mucus which might be expelled, and the nostrils are a
valuable safety-valve guarding the lungs from over-dis-
tension.

iv. I have thought it worth while to describe some of
the progressive signs of returning life in a case in which
I had good opportunities of observing them.

A very large male child was delivered on April 14, 1878,
n a state of pale (flabby) asphyxia after turning, indi-
cated by a hand presentation. There was exomphalos,
and mouth-to-mouth inflation showed the air to pass
freely into the intestines, which protruded considerably.
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The child was born at 3.20 p.m., the only sign of life
being a very feeble and slow beating of the heart.

Artificial respiration was begun by mouth-to-mouth
inflation, and continued by the methods of Silvester and
Schultze, assisted by alternate hot and cold baths. Under
this treatment the heart’s action became stronger and
more rapid.

The first breath was drawn at 3.50 p.m., but breathing
was not spontaneous till 4.30 p.m. and was then very
feeble. When it was at length established, expiration
was assisted by pressure on the thorax and abdomen.

The breaths were not equally drawn, but about every
third breath was deeper, the intermediate breaths being
light and shallow.

Breathing was fairly established at 5.15 p.m.

The first sign of muscular action was seen about 4.45
p.m., and consisted in a quivering of the tongue; then
the ale of the nose dilated, then the mouth quivered.
About this time the expirations began to be tremulous as
in crying. About 5 p.m. there was “sobbing,” .. the
diaphragm produced irregular inspirations without con-
sentaneous opening of the glottis.

General Conclusions,

1. The presence of air in the abdominal viscera in no
way impedes the ventilation of the lungs by artificial res-
piration.

2. Pressure on the cricoid cartilage, and bending the
head back are powerless to prevent the passage of air into
the stomach, during mouth-to-mouth inflation.

3. Hanging the head backwards over the edge of a
table does not provide for the patency of the upper air-
passages.
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A plan of providing for the patency of the air-passages
and the removal of mucus is here related in detail.

Notes of the signs of returning life in a deeply asphyx-
iated child are given from a careful obseryation.
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CHAPTER VI

EXPIRATORY CERVICAL EMPHYSEMA, THAT IS, EMPHYSEMA OF
THE NECK OCCURRING DURING LABOUR AND DURING
VIOLENT EXPIKATORY EFFORTS.

(From Vol, LXVIIL. of the ** Medico-Chirurgical Transactions.”’)

In spite of the fact that emphysema of the neck, face,
and other adjacent parts is an accident of labour which
is not extremely rare, its pathology has hitherto been the
subject of various hypotheses, amounting to little more
than guesses, and even at the present time has mever,
hitherto, been the subject of accurate investigation.

The present paper is an effort to place the pathology
of this affection on a firmer basis, and the investigations
here detailed suggested themselves by way of corollary to
experiments concerning the subject of artificial respira-
tion in newborn children and kindred subjects related in
the  Med.-Chir. Transactions,” vol. lxiv. 1881, pp. 41—
101 (chapters i. and ii. of the present treatise), and vol. Ixv.
1882, pp. 75-86 (chapter iii. of the present treatise). But
the latter investigation, concerning mediastinal emphy-
sema and pneumothorax after tracheotomy (in which the
route followed by the air was proved to be from the
tracheotomy wound, beneath the deep cervical fascia and
<o into the tissue of the anterior mediastinum beneath
the pleura), suggested that emphysema of the neck
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during labour might follow the same route in an opposite
direction. This it was determined to test by experiment
on the feetus, for the reasons that although it is true that
the affection does not concern feetuses but adult women,
yet (1) fresh feetuses have usually fairly healthy lungs;
(2) their nearly identical age makes them a nearly
nniform material ; (3) the experiments could in any case
only be illustrative, and therefore could only possess
value in proportion to the amount of correspondence
which they showed to the known phenomena. In this
way adult subjects could only serve in the same manner
as footuses. With these considerations it was determined
to choose feetuses as the subjects of experiment. Two
children only who had breathed for a very short time
(Experiments 9 and 10) were also used.

Frequency of occurrence of emphysema.—Johnston and
Stnelair (p. 517) had seven cases in the course of seven
years (13,748 labours) in the Dublin Hospital, or less
than 1 1n 2,000 cases.

Aitvology.—It is generally agreed that emphysema of
the neck occurring during labour is due to bearing down.
This will be seen on reference to almost any case on
record (see table. of references). Thus in the Dublin
Hospital all the patients affected were primipars, and in
all the cases severe bearing-down efforts are noted ; it is
obvious that any cause of obstruction to labour must so
far favour it.

The time of its occurrence tells the same story. It
never occurs before the second stage of labour, though it
may not show itself till the third stage or altogether
after labour (see Dumn’s first case). In any case, how-
ever, it is no doubt produced during the second stage,
even if it does not appear till later,

It need not occur, however, in connection with parturi-
tion at all, but may follow violent coughing (as in Roché’s
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case, in which there was a foreign body in the trachea),
or perhaps straining at stool (see remarks by Dr. Otis on
McLane’s case). Indeed the bearing down in labour
has nothing special about it except that straining is main-
tained for a longer time than under other conditions.

Clwnical course.—It will perhaps be well to quote one
or two recent cases. Those of Dumn and McLane are
selected as among the latest recorded.

Dunn records four cases of emphysema during labour;
with two of which no details are, however, given. These
are obviously cases of emphysema beginning below, and
probably in connection with rupture of the uterus. Both
ended fatally. This subject is alien to the present
inquiry. The other two cases are more to our purpose.

(1) The first of these occurred in a primipara, who had
an ‘“ordinary labour” (whatever that may mean).
During a violent effort to expel the placenta the right
side of the face became swollen and crepitant. (N.B.—
Tt came out in the discussion that the swelling was first
noticed by the patient, and not till half an hour after the
expulsion of the placenta, which throws considerable
doubt on the time of the occurrence.) The swelling
seemed to begin on the lower part of the right sub-
maxillary region, and extended npwards on the nose and
cheek as far as the zygoma ; it gradually extended to the
neck; no other symptoms were noticed. After some
hours, the swelling, which was puffy and moveable,
extended to the upper side of the chest and right arm.
There was no cough, pain, or dyspneea, and no change mn
the respiration. In the next two days the emphysema
extended lower on the chest. The air remained four
days and then gradually disappeared.

(2) The emphysema in the second case began (?) on
the upper part of the right side of the chest under the
clavicle, and extended upwards as far as the zygoma and
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down to the middle third of the chest; also to the
shoulder and upper part of the arm.

The details are so meagre that the order of the appear-
ance of the emphysema is open to considerable doubt, but
the localities affected may be accepted as correct.

McLane’s case was that of a primipara, eet. 21. The
first stage was very painful, the pains being long and
very severe, lasting two hours, and necessitating the use
of chloroform.

During the second stage there was violent straining ;
during one of these efforts the face became congested and
purple, a swelling appeared on the right side near the
trachea, and became much larger during the next three
or four pains, which followed each other rapidly. The
swelling extended to the right cheek. As soon as the
patient recovered from the chloroform she complained of
a constriction in the throat, and had some difficulty in
swallowing. ‘“Her neck, previously slender, was now
thick and cedematous; her face so puffed that on the
right side the eyelids were closed, as if by dropsical
effusion, and the features effaced.” The swelling crackled
on touch. There was no emphysema below the clavicle.
The whole swelling had disappeared in a week.

We learn from this and other cases that the swelling
appears during the second stage of labour, generally
during some violent straining effort, that it first appears
in or about the suprasternal notch, extends rapidly up-
wards along the neck, and may reach the face; it may
also extend down over the chest and down the arms. Tts
course reminds us of that of extravasation of urine affect-
ing the opposite sex in a different part of the body,
except that in the latter case the urine is unable to travel
down the limbs. To trace the possible course of the air
or the urine would be waste of time, since air easily
travels all over the surface of the body in the subuc-

H
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taneous cellular tissne—a fact practically useful in the
gkinning of animals—and urine for its part may do the
same. All varieties of its extension may be found in the
appended references. The other points of interest are
that the air is all absorbed in a week or so, withont any
ill-consequences, and never ends fatally (a fact partly
explaining the doubt as to its pathology).

The last, but perhaps most important, fact is that
there is no disorder of respiration, and never pnewmo-
thoraaz. |

Pathology.—We now come to the chief subject of our
investigation.

The theories to account for the phenomena are various.

Ologuet (p. 33) gives a good account of a case which
of course recovered. He says, “It would be impossible
for me to define here precisely in what spot the bronchi
or their branches were ruptured.”

Méniere quotes Cloquet.

Blundell (p. 473) attributes it to “rupture of the
tracheaw and bronchi.” He. saw it twice in the same
patient, a vociferous Hibernian, and in no other case.

Depaul (p. 689) gives two post-mortem accounts in
which there was interlobular emphysema of the lung,
but not of the neck.

Watson (vol. ii. p. 176) says, “Air passes into the
mediastinum, and so into the neck.”

Johnston and Sinclair do not explain it.

Roché (p. 252) in a case in which a foreign body had
got into the trachea found air in the mediastinum, and
double interlobular emphysema, especially on the left
side.

Soyre refers to Cloquet’s case, and says, “ The rupture
of the trachea was sitnated a little above the bifurcation
of the bronchi.”

Oppolzer (p. 582) says that the commonest site of inter-
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lobular emphysema is the anterior edges of the upper
lobes. * Serious consequences may ensue, if the air ad-
vances towards the hilum of the lung and the medias-
tinum, and from thence ascends into the subcutaneous
cellular tissne of the neck and face. This is, however,
on the whole a rare event.”

Traube (p. 89) quotes Roché.

Mackenzie (p. 205) quotes Watson.

Whitney (p. 350) relates a case, but does not speculate
on the pathology.

Haulteeeur (p. 420) refers to Depaul.

Schroeder (p. 455) simply says it is due to “rupture of
the air-vesicles.”

Prince relates a case only.

Worthington does the same.

Atthall refers to Depaul.

Alexeef refers to Depaul and Haultcceur.

Nelson relates a case.

Spiegelberg (p. 419) mentions it only as an evidence of
the force of bearing down.

Dunn (p. 397) remarks that in his second ecase inter-
lobular emphysema due to laceration of the air-vessels or
of the bronchial tissue was possible. This rupture gene-
rally causes emphysema of the plenra, which may extend
to the subcutaneous tissue of the thorax and body gene-
rally. He remarks that Jones and Sieveking say that
the same condition may arise from laceration of the
trachea. T have repeatedly searched for this reference
but failed to find it.

McLane (p. 582) believed the lesion in his case to
have been rupture of the trachea. He had seen but one
other case, and in that there was rupture of the pul-
monary vesicles.

We have thus a variety of theories :

(1) Rupture of the bronchi.
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(2) Rupture of the trachea.

(3) Rupture of the lung.

The post-mortem records bearing at all on the subject
are meagre in the extreme ; they comprise two autopsies,
showing interlobular emphysema of the lung, but not of
the neck (Depaul), one case of interlobular emphysema,
and air in the mediastinum (Roché); the other theories
are not supported by any actual observations that I have
been able to find.

It became necessary then to put these theories to the
test.

Mode of ewpertment.—It was obviously impossible to
exactly imitate bearing down, but on considering the
conditions it appeared that they would be best imitated
by putting pressure on the lungs filled with air and
within the thorax. If any encouraging results followed
it would then be advisable to study the behaviour of the
lungs removed from the chest, so as to estimate the in-
fluence of the thoracic box. ;

The desideratum was to produce emphysema of the neck
without pnewmothoraz. If pneunmothorax should occur
in some cases and not in others it would remain to
eliminate its influence by a consideration of the cases.

Apparatus.—The apparatus consisted of a simple
mercury manometer marked in millimetres, attached to
a tube ending in a tracheal cannula. A T-piece an-
swered the purpose of a mouthpiece for the operator,
connected on one side with the manometer, and on the
other with the trachea of the feetus through the tracheal
cannula.

Some experiments were performed with the lungs i
sitd, others with the thorax open, others with the lungs
removed from the chest. In one experiment an attempt
was made to trace the course of the air in former experi-
ments by means of a coloured gelatine mass.
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ExperiMENT 1.—March 24th, 1882. Male child, born
March 23rd.

Experiment March 24th, 3 pam. (about thirty-six
hours). Tracheotomy was performed, a cannula tied
into the trachea and connected with a V tube filled with
mercury, to the india-rubber tube of which was con-
nected a T-piece, through which inflation was practised.

On blowing through the T-piece the chest expanded,
then two small projections appeared below the third rib
on each side in the nipple line; shortly afterwards the
skin along the right sterno-mastoid became swollen ; the
swelling was tympanitic; on pressure air escaped from
the tracheotomy wound.

The extreme height of the manometer = 50 mm., t.e.
height of mercurial column = 100 mm.

Auwutopsy.—Thorax opened under water. Double pneu-
mothorax. Air-bubbles beneath pulmonary pleura at the
reflection of the pleura from the root of the right lung
over the anterior mediastinum. Some diffuse subpleural
emphysema.

On inflating the lungs again after opening the thorax,
air distends the reflection of the pleura over the root of
the right lung still more, and on the left side in the
same manner, raising the pleura from the pericardium,
and following the whole course of both phrenic nerves,
dissecting up the pleura.

On plunging the feetus again under water and blow-
ing, air escapes from two small holes in the anterior in-
ferior part of each lung, but in larger bubbles from the
reflection of the pleura over the root of the right lung
(P were the small holes in the lungs punctures or rup-
tures).

The region of the cervical emphysema was next dis-
sected ; the air was found along the course of the right
mternal jugular vein :
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(@) A bubble could be pressed into this collection from
that in the anterior mediastinum,

(b) A bubble could be pressed the reverse way.

The air seemed to have passed from the anterior
surface of the right lung—near and in front of its
root—into the anterior mediastinum, behind the vena
cava superior, and so along the right internal jugular
veln.

Remarks.—The object of the experiment was to see in
what direction air would escape from the lungs if over-
blown. This succeeded, the air passing from the lung
substance near the root, behind the pleura, and along the
great vessels of the neck.

Pneumothorax was, however, produced on both sides.

ExpermMENT 2.—March 3lst, 1882. Fceetus born March
29th, after placenta preevia (? full time).

Experiment March 31st, 3 p.m. Tracheotomy was per-
formed and a cannula tied into the trachea as before.

Inflation was then practised intermittently, so as to
imitate, as far as possible, bearing down during labour.

The maximum height of the mercury column = 60 mm.,
7.e. whole column = 120 mm.

Awutopsy.—On opening the thorax, air escaped from
both pleurse. Universal subpleural emphysema. Air
occupies the anterior mediastinum and spreads in front
of the root of each lung into the anterior mediastinum.
No emphysema in right side of neck. Air extends along
the conrse of the left internal jugular vein and can be
pressed into the collection in front of the root of the right
lung, to and fro; it passes under the left innominate
vein.

On reinflating the lungs, air is distinctly seen to pass
from beneath the pleurs near the root of the right lung,
in front of the right lung into the anterior mediastinum.
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Similarly on the left side, where the air chose the same
path upwards along the left phrenic nerve. Air escaped
from several ruptures in the pulmonary pleure.

Remarks.—The object and results practically the same
as in Exp. 1.

ExpermexT 3.—April 4th, 1882, Full-time male child,
born after turning, April 2nd, 2 a.m.

Experiment April 4th, 3 pom. An incision was made
from the ensiform cartilage to the pubes. Part of the
right fourth rib was excised, the pleura exposed, and a
cannula tied into the pleural sac, and then connected with
the manometer as before.

Inflation was then practised, and the mercurial column
raised to 50 mm., 7.e. the column = 100 mm. in height ;
at this height air escaped through a hole made in dissec-
tion at the junction of the diaphragm and right lower
ribs, wounding the diaphragm but not the pleura, but
leaving the pleura unsupported, and therefore weak, at
this point; from this spot the air travelled behind the
peritoneum, stripping it up. The cannula was quite
secure. On the left side the same condition was found.

Remarks.—The object was to compare the strength of
the lung and pleura, or rather of the lung and pulmonary
pleura, with that of the parietal pleura. The experiment
failed, but it showed the extreme ease with which air
travels beneath the plenra and peritoneum.

ExpERIMENT 4.—April 5th, 1882. Full-time male child,
born April 2nd, 1882.

Experiment April 5th, at noon. The same apparatus
was used as before, except that the india-rubber tube,
mstead of passing directly to the tracheal cannula, passed
to a Wolff’s bottle filled with a warm solution of coloured
gelatine, which was therefore to be driven into the lungs.
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On blowing at the T-piece the gelatine solution passed
into the lungs.

The maximum height of the mercurial eolumn = 30
mm., ¢.e. the height of the whole column = 60 mm.

Autopsy—Coloured gelatine in both pleure. The
plenrse universally cedematous with the same fluid, but
most has collected in front of the root of each lung, in
the anterior mediastinum, but not along the great vessels
of the neck. On blowing air through the tracheal tube,
air escapes and forms emphysema on the front of the left
lang in one place, and on the front of the root of the right
lung, but in no other part. The most cdematous parts
are perfectly air-tight.

Remarks.—The object was to produce, if possible,
emphysema of the neck with some coagulable injection,
to allow of a leisurely dissection. The gelatine, however,
simply transuded, almost as if through a filter. I had
observed this in the case of water in an experiment not
here recorded. The most remarkable fact is that the
lungs are simple filters to fluid when they are still abso-
lutely air-tight. The bearing of this is wide, but need
not here be enlarged upon.

ExperiMENT 5.—April 5th, 1882. Female child, born
April 13th, weight 41bs., length 174 in.

N.B.—Manometer was broken at the beginning of the
experiment and could not be used.

Tracheotomy, cannula tied into trachea. Lungsinflated
intermittently to imitate intermittent bearing down during
labour.

Awtopsy.—Donble pneumothorax.

General subpleural emphysema, especially in front of
both roots of the lungs ; no emphysema of the neck.

On inflating the lungs again, air slightly escaped from
a few places.
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Remarks.—In the absence of the manometer, an at-
tempt was made to repeat the production of emphysema
of the neck, but without success. The feetus was pro-
bably immature.

ExpermMENT 6.—April 17th, 1882, Male child, born
April 156th, 9 a.m. (hand presented), full time. Length
20% inches, weight 7 1bs.

Experiment April 17th, 11 a.m., 7.e. fifty hours after
death, continued for an hour and a half. Tracheotomy,
cannula tied into trachea, inflation intermittent.

An escape of air from the incision was noted, ? from
trachea. Cannula was tied in again.

Escape of air continued. The skin incision was pro-
longed to the sternum, the trachea was opened as low as
possible, and the cannula tied in again.

Escape of air continued, apparently not from trachea,
but from right side of if, in the region of the large
vessels.

N.B.—The escape of air is only occasional, and does not
prevent the mercurial column from rising to 40 mm. (i.e.
column = 80 mm.).

Autopsy.—Double pneumothorax.

Both lungs show subpleural emphysema, the right
more than the left.

A large collection of air-bubbles existed on either side
in front of the root of each lung, the air having got
beneath the reflection of the visceral pleura over the
mediastinum nearly everywhere on the right side. An-
other collection of bubbles on each side where the phrenic
nerves reach the diaphragm. A large collection in front
of the base of the right lung. The right half of the
anterior mediastinum is one huge bubble; there are no
bubbles on the left half.

The right side of the neck was very carefully dissected.
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Air is present beneath right sterno-mastoid muscle,
corresponding to the place from which it escaped during
the experiment. A continuous chain of air-bubbles ex-
tends from the anterior mediastinum to the collection
along the vessels of the neck on the right side, following
the course of the phrenic nerve. Air can be pressed from
collections on the upper part of the diaphragm, along the
course of each phrenic nerve to the collection in front of
the root of each lung.

On the left side a few small bubbles are found in the
neighbourhood of the incision, and seem to have come
from the incision.

On reinflating the lungs, air can be seen to pass behind
the pleural reflection into the mediastinum as above, and
to escape freely from the surface of both lungs.

Remarks.—The object was still the same, and the ex-
periment succeeded in showing plainly the route taken by

the air from the lung to the neck, but pneumothorax was
also produced.

BExpErIMENT 7.—June 26th, 1882. Small feetus, ob-
viously premature, born June 24th.

Experiment June 26th, 5 p.m. Weight of feetus 25 lbs.,
length 15} inches. Tracheotomy, cannula tied into
trachea. Intermittent inflation. Maximum rise of mer-
curial column = 40 mm. (z.e. height of whole column =
80 mm.). Air escaped eventually from the right side of
the incision.

Autopsy.—On opening the chest one or two doubtful
bubbles escape from the right pleural sac, none jfroim the
left.

Anterior mediastinum airless in most parts. Along the
great vessels on both sides (especially the right) there is a
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continuous chain of air-bubbles, passing behind the in-
nominate vein towards a collection in front of the root
of each lung.

Subpleural emphysema (slight) in one or two patches
in front of each lung, but especially on their inner surface
near the root.

Remarks.—The object was the same as that of the
preceding experiments, and the result very instructive.
On the right side the air had taken the usual route, but
there was a little doubtful pneumothorax. On the left
side, however, the air had passed into the meck without
escaping into the pleural sac.

ExperimEnT 8.—November 3, 1883. Male, full-time
feetus, quite fresh.

Experiment at 3 p.m. Thoracic viscera with the trachea
were removed en masse. The lungs showed a few super-
ficial lobules expanded, mostly at the apices.

The trachea was attached to the manometer, and a
looking-glass arranged so as to show the side of the lungs
away from the experimenter.

The pressure was begun at a rise of 5 mm. (i.e. the
height of the mercury column=10 mm.), and the order

of expansion of the different parts observed. It was as
follows :

(1) Left apex.
(2) Right apex.
(3) Vertical strip along costal angles behind.

(4) Extension downwards over both back and front,
most extensive on the right side, a few isolated patches
refusing to expand.

(9) Slight bubbling below front of root of left lung.

(6) 5 above

(7) 3 below

(8) ,,  to outer side of

22 b )

" right lung,

1 1



103 ARTIFICIAL RESPIRATION IN

One patch of subpleural emphysema the size of a hemp-
seed on the inner surface of the right upper lobe.

(Up to this time the rise of the mercury column did
not exceed 10 mm. [i.e. the height of the whole column
=20 mm]).

Bubbling continued all round the root of the right lung,
especially below, the spot of emphysema increased, and
one or two smaller ones formed near it.

Pressure was now increased to a rise of 15 mm. (z.e.
height of whole column=30 mm.).

A large patch of emphysema formed at once on the
inner side of each upper lobe, as large as half a marble.

(N.B.—These patches spread when the pressure only
caunses a rise of 5 mm,, 7.e.,, under a column of 10 mm.)

One or two very small patches of emphysema were seen
at the sides of the lungs, but none in front.

A large patch formed on the under surface of the right
upper lobe, also in the fissures of the right lung.

The left lower lobe was then treated separately, the
cannula was thrust into the lnng substance and secured,
the lung was then inflated. Immediately, a large bubble
rose on the surface, disappearing as soon as pressure was
relaxed, and reappearing instantly when it was resumed.
It was found impossible to burst this even when 100 mm.
pressure (7.e. a rise of 50 mm.) was steadily and re-
peatedly produced.

The bronchi being tied, it was found impossible to burst
them under the greatest expiratory force available (=a
rise of 50 mm., or a column of a height=100 mm.).

Remarks.—The object was to see the behaviour of the
lungs themselves uninfluenced by the thorax, (1) with
regard to the order of expansion of different parts, (2)
with regard to the comparative tenacity of different
parts of the lungs, (3) of the pulmonary pleura, (4) of
the bronchi.
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(1) The order of expansion is given above. It is
curious that the vertical strip along the costal angles,
which is one of the last places to be expanded when the
lungs are within the thorax, should have been one of the
first to expand here.

(2) The weakest part of the lung was seen to be about
its root, which gave way (subpleural emphysema) under
the pressure of a column=20 mm.

(3) The strength of the pulmonary pleura was seen to
vary immensely ; here it could not be ruptured, in former
experiments the pleura was ruptured by far less pressure.

(4) The bronchi counld not be ruptured by the strongest
expiratory effort.

Emphysema, once formed, was seen to spread at a com-
paratively small pressure (column=10 mm.).

ExpeRIMENT 9.—November 8th, 1882, Fcetus female,
born November 6-7 (midnight) and lived eight hours.
Artificial respiration had been performed.

Experiment November 8th, 10 p.m. Thorax opened,
but langs not remoyved. No pneumothorax; a few small
subpleural ecchymoses, lungs partly expanded.

Tracheotomy, cannula tied in trachea. Inflation (to a
rise=10 mm., or a column=20 mm.) caused no emphy-
sema.

The pressure was increased to a rise of 15 mm. (or a
column = 30 mm.). Slight scattered interlobular sub-
pleural emphysema followed, most marked in the left
lang.

On repeating inflation under the same pressure, emphy-
sema spreads, especially in the fissures.

The pressure was increased to a rise of 20 mm. (or a
column=40 mm.), and a bubble of subpleural emphysema
on the inner side of the right middle lobe gave way.

After several repetitions, a large bubble was seen to
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occupy the posterior mediastinum, extending below and in
front of the root of the left lung, and gradually extending
upwards thence into the anterior mediastinum between
the thymus and pericardium.

Although pressure was repeatedly increased to a rise of
25 mm. (ora column=50 mm.) and although the posterior
mediastinum was full of air as far as the diaphragm, no
air rose into the neck.

Remarks.—The object was to observe the behaviour of
the lungs in sitd, but with the thorax opened.

(1) No emphysema took place till a rise of 15 mm. (or
a column=30 mm.), 7.e. the lung substance gave way at
this pressure.

(2) The first emphysema was between the lobules at
the surface of the lung.

(3) Emphysema appeared very early between the lobes.

(4) The pleura gave way at a rise of 20 mm. (or a
column = 40 mm.).

(5) The air did not rise into the neck.

BxprriMmENxT 10.—November 9th, 1882. Male, seven
months child, born midnight November 6th-7th, died
12.30 p.m. November 8th (thirty-six hours).

Thorax opened. Tracheotomy, cannula in trachea.

On inflating the lungs, a leak is seen in the inner edge
of the left upper lobe (the lung had probably been pricked
in opening the chest). The leak cannot be stopped.

Experiment failed.

ExpErRIMENT 11.—December 29th, 1882. Full-time
stillborn male child, of somewhat doubtful freshness (date
of birth unknown).

Thorax opened, cannula tied into trachea.

Lungs entirely airless, very watery.
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Slight expiration inflates patches of the lungs, especially
on the posterior surface.

Additional inflation produces increased expansion of the
same parts, least behind.

Eventually the lungs became almost entirely expanded.

The pressure was increased to a rise of 10 mm. (or a
column = 20 mm.). No emphysema.

The pressure was increased to a rise of 15 mm. (or a
column = 30 mm.). Considerable emphysema of the front
of the root of the right lung occurred, extending into the
fissure in front between the right npper and middle lobes,
and also (but less) emphysema of the anterior and inner
aspects of the upper and middle lobes. It began most
markedly between the lobules. A bubble burst on the
inner and anterior surface of the right upper and middle
lobes.

Numerous leaks having occurred through the pleura
the root of the right lung was tied.

Pressure producing a rise of 10 to 15 mm. (or a column
= 20 to 30 mm.) produced well-marked emphysema of
the front of the root of the left lung, extending in the
anterior mediastinum and 1 inch along the course of the
left phrenic nerve.

On repeating this, the inner surface of the upper lobe
became emphysematous, and a bubble in that situation
burst. Emphysema extended into the fissure between the
upper and middle lobes.

The pressure was increased to a rise of 20 mm. (or a
column = 40 mm.), and produced much escape of air from
subpleural bubbles and extension of the emphysema from
the root of the lung downwards into the posterior me-
diastinum.

The bronchi were then tied, and the greatest possible
expiratory force exerted, causing a rise of 75 mm. (or a
column = 150 mm.).
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No escape of air took place.

Remarls.—(1) BEmphysema (= rupture of the lung)
took place at a pressure = a column 30 mm. high.

(2) The pleura eventually gave way at this pressure,

(3) The front of the root of each lung was the first
place to give way.

(4) The spaces between the lobules and lobes (i.e. the
interlobular spaces and fissures) were weak places.

(5) The bronchi and trachea could not be ruptured by
the greatest expiratory effort.

ExpERIMENT 12.—December 30th, 1882. Large full-time
female child, stillborn (placenta preevia), about twenty-
four hours.

Thorax opened ; lungs unexpanded and very sodden.

Tracheotomy, cannula tied into trachea. Inflation was
begun at a rise of 10 mm. (or a column = 20 mm.), and
produced scattered inflated patches on the anterior and
internal edges of all the lobes of both lungs, most marked
inferiorly.

Second inflation at the same pressure produced an
increase of the same, plus slight subpleural emphysema
of the left base posteriorly.

The third inflation at the same pressure fully inflated
the lungs and slightly increased the emphysema.

The pressure was increased to a rise of 15 mm. (or a
column = 30 mm.), and produced a leakage of air from
the left base.

The left base, seeming to be unusually frail, was tied
off, and the experiment resumed.

On repeating the inflation at the same pressure a large
patch of emphysema occupied the tip of the lingula. A
large bubble formed in front of the root of the left lung,
and smaller ones on the inner surface of the left upper
lobe, mostly interlobular. The emphysema, still mostly
interlobular, extended over the left lung.
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The left lung was next tied at the root, and the expe-
riment continned with the right lung.

Inflation was continued with a rise of 15 mm. (or a
column = 30 mm.), which produced interlobular emphy-
sema of the right base. Large bubbles occupied the
fissures between the middle and lower lobes.

The pressure was increased to a rise of 20 mm. (or a
column = 40 mm.) ; the emphysema extended over the
front of the middle lobe, and a bubble burst, probably in
one of the fissures.

The root of the right lung was tied and the strongest
expiratory force exerted. No leak was produced at a
rise of 80 mm. (or a column = 160 mm.).

Remarks—The order of inflation was unlike the for-
mer experiments, perhaps in consequence of the sodden
state of the lungs.

(1) The left lung gave way (emphysema) under a
column 20 mm. high, the right under a column 30 mm.
high.

(2) The left pleura gave way under a column 30 mm.
high, the right under a column 40 mm. high.

(3) The spaces between the lobules and lobes (inter-
lobular spaces and fissures) were weak places.

(4) The bronchi and trachea could not be burst by the
greatest expiratory effort.

Experivent 13.—January lst, 1883. Full-time still-
born child (craniotomy), born twenty-four hours pre-
viously.

Thorax not opened. Tracheotomy, cannula tied into
trachea and attached to mercury manometer as before.

The lungs were inflated at a rise not exceeding 10 mm,
(or a column 20 mm. high), then the thorax was com.
pressed (the escape of air being prevented), causing an
increased rise of 30 mm. (or a column 60 mm. high).

I



II4 ARTIFICIAL RESPIRATION IN

This was several times repeated, to imitate as far as
possible the effect of bearing down.

A projection is seen above each clavicle, apparently
from the apices of the lungs.

After several repetitions the left side of the neck was
seen to be full, and on pouring water on the tracheotomy
incision bubbles were seen to escape from the left side of
the wound.

The initial pressure was now increased, so as to pro-
duce a rise of 15 mm. (or a column = 30 mm.), and then
a rise of 20 mm. (or a column = 40 mm.).

Awutopsy.—Considerable emphysema was found round
the root of left lung, extending into the fissures and pos-
terior mediastinum. Interlobular emphysema of whole
of left lung, air escaping from several places. Slight
diffused subpleural and interlobular emphysema of right
lung, especially in front of 1ts root.

No emphysema of neck.

The bronchi being tied, the greatest possible expiratory
efforts, producing a rise of 80 mm. (or a column = 160
mm.), produced no escape of air.

Remarks.—(1) The dissection threw doubt on the
escape of air from the neck, at least no air was found
along the great vessels on dissection.

(2) The emphysema was seen to occupy the inter-
lobular spaces, fissures, and the front of the root of the
right lung.

(3) The bronchi and trachea could not be burst by
the greatest expiratory effort.

Expprivent 14.—February 22nd, 1883.  Full-time still-
born male child (face presentation), born February 19th.

Experiment February 22nd, noon. Thorax not opened.
Tracheotomy, cannula tied into trachea.

The lungs were then inflated by intermittent inflations,



STILLBORN CHILDREN., 115

the pressure causing a rise not exceeding 15 mm. (or a
column = 30 mm. high), and these inflations were con-
tinued half an hour.

Autopsy.—Lungs completely inflated, no emphysema.
Inflation was then continued at same pressure ; no further
result.

Pressure was then increased so as to produce a rise of
20 mm. (or a column = 40 mm.), producing a small spot
of subplewral emphysema on the anterior surface of the
infernal inferior angle of the right middle lobe, and in
several interlobular spaces on the inner surface of the
right npper and middle lobes.

On repeating the inflation, the emphysema spread and
extended in front of the root of the right lung, from
which air then escaped.

The emphysema extended to the left long and in front
of its root, Iﬁarkedly between the lobules and in the
fissures.

The emphysema then extended slightly into the right
side of the anterior mediastinum, above and in front
(from the front of the root of the right lung), and into the
left side of the posterior mediastinum behind and below.

The emphysema then occupied all the fissures of both
lungs.

The right side of the posterior mediastinum then
became emphysematouns.

Both lungs eventually showed great emphysema behind
all pleural reflections.

Remarks.—The lungs were unusually air-tight ; it was
not till a rise of 20 mm. (or a column of 40 mm.) was
produced that any emphysema appeared.

(1) The lung tissue gave way at a rise of 20 mm. (or
a column of 40 mm.).

(2) The pleura gave way at the same pressure when
prolonged.

T
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(3) The pleural reflections and the interlobular spaces
were the weakest. (These include the fissures and the
reflection of the pleura over the root of the lung to the
anterior mediastinum. )

ExreriMeNT 15.—February 27th, 1883. Male stillborn
child (premature labour at end of eighth month), born
February 26th, 2 p.m,

Experiment February 27th, noon.

Tracheotomy, cannula tied into trachea. ILmungs were
inflated at a pressure causing a rise not exceeding 15 mm.
(or a column = 30 mm.). This was repeated intermit-
tently for fifteen minutes, when the pressure was increased
to a rise of 20 mm. (or a column = 40 mm.).

No signs of emphysema of the neck.

Autopsy.—No emphysema except a small spot on the
inferior edge of the front of the right middle lobe
(? produced in opening thorax), from which air escapes.
On holding this, the emphysema spreads widely over all
surfaces of the right lung. The right lung was then tied
at its root. The left lung sustained a pressure causing a
rise of 20 mm. (or a column = 40 mm.). On increasing
the pressure to a rise of 40 mm. (or & column = 80 mm.),
diffuse subpleural emphysema formed over posterior and
inferior surface of back of left base.

Remarks.—The lung tissue only yielded to a pressure
equal to a column of mercury 80 mm. high,

FxperMeENT 16.—March 17th, 1883. Stillborn male
child, born evening of March 15th.

Experiment at 11 a.m., March 17th. Thorax not opened.
Tracheotomy, cannula tied into trachea.

The lungs were inflated intermittently, the pressure
being gradually increased from a rise of 15 mm. (or &
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column = 30 mm.) to a rise of 40 mm. (or a column =
80 mm.), at which pressure the column sank as if from a
leak,

Autopsy.—Air in both pleurz, a good deal of fluid ;
lungs very cedematous. Ome or two very small patches
of subpleural emphysema on both lungs. In front of the
root of the right lung is a large patch extending into the
anterior mediastinum in front, into the posterior medias-
tinum (which is greatly distended) behind, and mto the
fissure between the right middle and lower lobes.

On the left side the root of the lung is simply surrounded
with emphysema, raising the reflection of the visceral and
parietal pleura along the inner edge of the lung in its
whole length, thus filling the posterior and left half of
the anterior mediastinum. From the front of the root of
the right lung bubbles extend to the phrenic nerve and
along its course to the diaphragm, where there 1s a large
collection of bubbles. No collection of bubbles is seen on
dissection on either side of the meck, but they can be
pressed from the anterior mediastinum upwards and
escape alongside of the great vessels on the left side,
passing behind the left innominate vein.

Summary.—Rupture of both lungs about their root at
a pressure of 80 mm. of mercury ; escape of air into both
mediastina, on the left side following the phrenic nerve
to the diaphragm. Pneumothorax (double), probably
from escape of air from a rupture of the mediastinnm.

Remarks.—The weak parts were the reflections of the
pleura as before, especially the large ones in front of the
root of the lungs and in the fissures.

Although air was not actually found in the neck, a
free communication between the neck and the anterior
mediastinum was demonstrated. The passage of air along
the phrenic nerve to the diaphragm has already been
noted in other cases and also in the experiments on
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artificial respiration (“ Med.-Chir. Trans.,” vol. Ixv. 1882,
pp. 77 and 80; pp. 70 and 73 of the present treatise).

ExperimeNT 17.—March 20th, 1883. Full-time still-
born male child (second of twins) born March 19th, 3 a.m.

Experiment March 20th, noon. Thorax not opened.
Tracheotomy, cannula tied into trachea.

Lungs were inflated at a pressure producing a rise not
exceeding 15 mm. (or column = 30 mm.).

Pressure was gradually increased to a rise not exceeding
20 mm. (or column = 40 mm.), giving twenty inflations
at each rise of 5 mm. (or increase of column = 10 mm.).

On reaching this pressure, the left side of the neck
became distended, and avr escaped from the left side of the
LNCISLON.,

Autopsy.—No pneumothorax. The lungs on being
inflated after opening the thorax are found perfectly air-
tight.

Left side—Air extends along the large vessels of the
neck on the left side,and can be traced behind the left
innominate vein to the anterior mediastinum, where a large
collection is continuous with one in front of the root of the
left lung and extending into the fissures of the lung. Air
distends the posterior mediastinum and runs beneath the
whole reflection of the visceral into the parietal pleura,
along the inner edge of the left lung, and from thence
along the diaphragm to the termination of the phrenic
nerve; a few scattered spots of subpleural emphysema,
especially on the “ lingula.”

Right side.—No emphysema of neck. Emphysema in
front of root of lung and upwards a little way along
phrenic nerve towards neck (N.B.—The middle lobe was
not separated from the npper) and along the inner side of
the middle lobe following an intralobar fissure; also (as
on left side) in posterior mediastinum, extending forwards
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to the ending of the phrenic nerve in the diaphragm,
along the reflection of the pleura over the adjacent sides
of the anterior mediastinum, diaphragm, and pericardium;
also upwards along the phrenic nerves.

No other emphysema.
Remarks—Emphysema of the left side of the neck was

produced without pneumothorax. The air as usual had
escaped from the front of the left lung near ifs root,
into the mediastinum and along the great vessels to the
neck. The fissures were also occupied by emphysema.
The pleura (though not the lung) withstood a pressure
producing a rise = 20 mm. (or a column = 40 mm.).

Consideration of the experiments.—The production of
emphysema of the neck was effected in the very first
experiment, but it was not till Exp. 7 that it was produced
without pneumothorax (left side). This result was also
achieved in the last experiment, No. 17 (left side).

The difficulty was to find the necessary pressure.

The question of the significance of the cases in which
pneumothorax was produced will be discussed hereafter.

The route selected by the air was exactly the same as in
emphysema of the mediastinum after tracheotomy (after
entering the mediastinum), but in a contrary direction.

The source of the air was rupture of the lung tissue
producing interlobular emphysema near the anterior
aspect of the root of the lung.

The question why this spot is especially prone to rupture
was capable of two answers: (1) it might be due to
inherent weakness in this part of the lung; (2) it might
be due to the relation hetween the lung and the thoracic
box.

This question was investigated by experiments on the
langs with the chest open, or after their removal from
the chest. The results obtained showed that in lungs
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removed from the pressure of the chest wall, the weakest
parts are the spaces between the lobules and lobes.

This is easily intelligible when it is remembered that
the pleura invests the lung with hardly any adhesion to
its surface, and that it can be stripped up with almost
inappreciable force by air beneath it. The strength of the
pleura is simply that of an independent investing elastic
bag. If the air escapes from a lobule it finds no resist-
ance from the pleura except on the surface of the lung,
and may easily lie between the lobules without any
pressure from the pleura.

With regard to the fissures of the lung, the same is
true; the pleura is here, so to speak, slack and offers little
or no resistance to air once escaped from the air-cells.

But experiments showed that the root of the lung was
a specially weak spot with the thorax closed, though not
with the thorax open. In other words, when the thorax
was open it merely shared the weakness common to all
the pleural reflections.

This point requires some discussion. What is the
physical condition of the lung during inflation within
the closed thoracic walls ? The thorax is distended, the
diaphragm depressed, the sternum, clavicles, and ribs
elevated.

Is the thorax or the lung the more distensible? To
this it must be answered that the lungs can easily be
ruptured within the thorax.

But it nevertheless cannot be doubted that, up to this
point, the thorax supports its contents.

Does it do so equally in all directions? Below, we
“have the unbroken plane of the diaphragm; behind, in
front, and at the outer side we have the ribs and muscles.
But at the inner side we have the compressible medias-
tinum, whose easy penetrability was Pl"DTEd in the ex-
periments already alluded to dealing with the subject of
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mediastinal emphysema after tracheotomy. This side
then seems to be the direction of least resistance.

When once in the mediastinum, the air is already
within the track of easy penetrability or of slight resist-
ance, leading into the neck, and which probably owes
this quality partly to the fact that the upper aperture of
the thorax is the weakest spot in the thoracic box, not
being directly defended by muscles, which pass obliquely
from the neck to the upper ribs, clavicles and sternum.
It must also be remembered that this upper aperture of
the thorax is enlarged on inspiration.

The above reasons show that the mediastinum may be
considered to be within the area of diminished resistance.

What happens in a bearing-down effort ? First a deep
ingpiration, which (among other things) raises the upper
ribs and clavicles, and increases the size of the upper
aperture of the thorax. Next the glottis is closed.
Lastly the whole of the expiratory muscles, essential and
accessory, put forth their strength.

The least resistance is offered to pressure at the upper
aperture of the thorax.

Thus then, on the anterior surface of the root of the lung
18 the plewral reflection least supported externally.

We have now to consider the question of the signifi-
cance of the occurrence of pneumothorax in some of the
experiments.

Is the pneumothorax in these cases a link in the chain
ending in emphysema of the neck ?

A very little consideration will suffice to put such an
idea aside.

Let us consider the course of the air on this hypothesis.
It escapes from the air-vesicles beneath the pleura ;
bursts through the pulmonary pleura ; must then distend
the pleural cavity; then bursts through the parietal
pleura, and so gets beneath the deep cervical fascia.
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First of all, the autopsies entirely contradict such an
assertion ; they show the course of the air to be different.

Secondly, the air beneath the pulmonary pleura finds
practically no resistance in travelling beneath the pleura,
but the pulmonary pleura is rather tougher than the lung.
The experiments show the tenacity of both lung and
pleura to vary very greatly in the fecetus (whatever they
do in the adult), as the following table shows :—

Lowest force required to burst the lung :—

Experiment No. 8 : ; 20 mm.
3% Syl : : 20 ,,
Lowest force required to burst the plewra :—
Experiment No. 11 a ; 30 mm.
5 o 12 . : B

Highest force required to burst the luny :—

Experiment No. 15 : . 80 mm.

Highest force required to burst the plewra :—

Experiment No. 8 (N.B., locally) 100 mm.
) s 9 . . 40 ,,
2 y 14 : . 40 ,,

An attempt was made (Exp. 3) to test the tenacity of
the parictal pleura, but it was unsuccessful. It must,
however, be remembered that the tenacity of a membrane
like the pleura must be very different when raised from
the subjacent structures (pulmonary pleura), and when
subjected to force, which only presses it the more firmly
on its supports. It can easily be imagined that a film of
collodion might add great strength to a membrane if
force was applied in such a direction as to press the film
against the membrane, while its strength would probably
be very small if it had to resist a force from below, that
is, raising it from its supporting membrane.
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We therefore conclude that pneumothorax, when it
c;ccurred, had nothing to do with the production of em-
physema of the neck.

We have avoided speaking of the clinical phenomena
which form the actual subject of our consideration, but it
must not be forgotten that pneumothorax never occurs
either with emphysema of the neck during labour, or as
the result of expiratory efforts.

We have not hitherto spoken of the theories that re-
gard emphysema of the neck as due to rupture of the
trachea or of the bronchi.

This may be dismissed in a word : The strongest expi-
ratory effort failed to burst the trachea or bronehi of @ foetus.

The experiment was repeatedly tried, and amounts to a
“reductio ad absurdum ” of the hypothesis.

It cannot be alleged that in the cases in which this
accident occurs during labour the patients have had
disease or fistula of their bronchi or trachea, for the
patients may in all cases be, and are nearly always ex-
pressly described as, perfectly healthy, and moreover they
suffer no ill-effects.

To the question whether a lung can be ruptured with
impunity we must answer in the afirmative ; if the air
1s all absorbed within a week from the subcutaneous
cellular tissue, why not from beneath the pleura ?

Again, the collection beneath the pleura must be small
or it would give physical signs, or at least marked symp-
toms, which, however, are always absent.

What actually happens ig probably as follows : During
a violent expiratory effort an air-cell near the front of the
root of the lung gives way, and the air lies beneath the
pulmonary pleura. With the next effort this becomes
larger, and part of it moves in the direction of least
resistance, namely, towards the mediastinum, next time
towards the neck, and so on, until a bubble emerges be-
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neath the deep cervical fascia. A channel will thus be
formed along which bubbles will pass as quickly almost
as they escape from the lung. They may form a large
collection in the meck, beneath the deep cervical fascia
where the pressure is small; eventually they may find their
way into the superficial fascia, and so all over the body.

The gelatine injection (Exp. No. 4) gave us the inter-
esting fact that a lung which is quite air-tight is quite
permeable for fluids. I had previously proved this as
regards water, and it is seen to be true also of a colloid
mass. This fact has various and important bearings,
which this is not the place to enlarge upon. It may,
however, be remarked that the air-cells are lined with an
epithelium not much removed from an endothelium, such
as that which lines serous cavities which are lymph-sacs
and highly permeable to fluids.

The experiments are thus seen to illustrate the clinical
facts of emphysema of the neck during labour, and during
violent expiratory efforts.

The emphysema is essentially expiratory in its nature,
and due to a cause entirely opposite to that which is
answerable for emphysema of the mediastinum atter
tracheotomy. In saying this it is conceivably possible
that expiratory emphysema might occur after tracheo-
tomy, though the conditions under which the operation
is performed are well known to obstruct inspiration
rather than expiration. In this case the operation would
have nothing to do with the emphysema. Emphysema
of the lung may occur from over-distension of a part
due to obstruction in other parts. This is a well-known
clinical fact, and was also illustrated in the experiments
quoted above (*Med.-Chir. Trans,” vol. Ixv. 1882,
p. 78, Exp. 19 (L); and p. 71 of the present treatise).
In such a case the air which had escaped beneath the
pulmonary pleura might conceivably be forced into the
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mediastinum. But the burden of proof in any case of
tracheotomy rests with the observer who asserts that the

emphysema which he finds, is due to expiratory rather
than inspiratory canses. The mediastinal emphysema of
tracheotomy is inspiratory ; the mediastinal emphysema
of violent expiratory efforts is ewpirafory. Mediastinal
emphysema without subpleural emphysema cannot be
expiratory. Subpleural emphysema without mediastinal
emphysema may be inspiratory as well as expiratory.
Subplenral, together with mediastinal, emphysema is pro-
bably altogether expiratory, but the former may be due
to inspiratory over-distension of part of the lung
with obstruction elsewhere ; the latter may conceivably
be due to the expiratory forcing of the air thus esecaped
into the mediastinum. We are now only speaking of
cases of tracheotomy in which the derivation of the air
from a cervical wound is a possibility, and the source of
the air is therefore so far debateable.

But while allowing the above possibilities, we wish to
repeat that the emphysema of tracheotomy occurs under
conditions which obstruect inspiration, and is therefore
essentially wnspiratory, the air being derived from the
cervical wound.

The following conclusions are offered :

L. The cause of emphysema of the neck during labour
18 rupture of the lung tissue, the air escaping near the
root of the lung, passing beneath the pulmonary pleura
into the anterior mediastinum, and so beneath the deep
cervical fascia into the neck. The route thus marked is
the same by which air sometimes passes into the anterior
mediastinnm after tracheotomy (see “ Med.-Chir. Trans.,”
vol. Ixv. 1882, p. 75 et seq., and p- 85 ; and chapter iii. of
the present treatise, p. 79).

2. The weakest parts of the lung are opposite the
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‘pleural reflections (that is the fissures) and the interlo-
bular spaces. The anterior surface of the root of the
lung 1s the weakest spot while the lungs are within the
thorax, being that pleural reflection lying within the
comparatively unsupported area near the upper aperture
of the thorax.

3. Pneumothorax, when it occurred during experiment,
had nothing to do with the production of emphysema of
the neck, and in two experiments was notassociated with
this emphysema, which thus exactly imitated that occur-
ring during labour.

4. The healthy bronchi and trachea are able to resist
the greatest possible expiratory efforts.

9. The lungs and pleuree when quite air-tight are
freely permeable to fluids.

6. The usnal rules of practice to restrain bearing down

and accelerate labour after the production of emphysema
of the neck are sound.

7. The accident would seem to be mnoted in about 1
case in 2,000, but it is not improbable that slight cases
are overlooked.

8. The air emerges from the thorax along the great
vessels, but may not become superficial till 1t has travelled
higher up.

9. The emphysema of the lower part of the trunk,
usually connected with rupture of the uterus, belongs to
quite a different category and is generally associated
with a fatal result.
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A ppENDUM.—Since the above was written, it has been
confirmed by a valuable observation of Dr. Robert
Boxall, now Physician to the General Lying-in Hospital,
recorded in the Lancet, Jan. 15, 1887, p. 121, which is as
follows :—

Mrs. S , aged nineteen, a well-developed but some-
what delicate-looking primipara, was admitted towards
the end of the first stage of labour on Aungust 26th, 1886.
Full dilatation of the cervix was reached at 10.20 a.m.,
and the head passed slowly through the pelvis in the first
cranial position. It remained two hours on the perineum,
and was eventually expelled without artificial aid at 1.50
pm. The labour pains were very strong, and towards the
end became almost continuous. The patient meanwhile
screamed violently. The child, when born, weighed
61 Ibs. The placenta was expressed a quarter of an hour
after the birth of the child. The uterus subsequently
contracted well.

About three hours after delivery the patient herself
was aware of a soreness in the neck and upper part of the
chest. It began about the left sterno-clavicular articula-
tion, and thence spread upwards and to the opposite side
of the neck. Next morning (27th) a puffy swelling was
observed at the root of the neck over the manubrium
sterni; it was a little tender on pressure. The skin
retained its natural colour. At the apex of both lungs, and
especially the left, the percussion note was hyper-resonant,
and the breath sounds feeble. The patient had a slight
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cough, but no disturbance of breathing. The heart sounds
were normal, but at the base were marked by crackling.
On August 29th, during the physician’s visit, the fol-
lowing notes were made :—Slight fulness is apparent
about the lower part of the mneck on either side, but
especially the left. The respiratory movements are rather
less marked at the left than at the right apex. Over the
puffy area emphysematous crackling is easily distinguished
by the finger. It is most marked over the manubrium
sterni, but does not extend below its junction with the
body of the sternum. It can be felt on either side im-
mediately below the clavicle, extending as low as the upper
border of the second rib and outwards as far as the coracoid
process. It is most prominent on the left side, extending
backwards as far as the edge of the trapezius (where it
appears to end abruptly) and upwards to within an inch
of the mastoid process, but is less distinct, and only
brought out by deep palpation. In the anterior triangle
it again becomes distinct, extending upwards quite as far
as the ramus of the jaw and across the middle line to the
opposite side. On the right side of the neck it is as
distinctly felt in the anterior triangle as on the left side,
but cannot be felt in the posterior triangle. No crepita-
tion can be felt under the trapezius, over the mamma, or
down the part of the sternum below the junction of the
manubrium and body. Over both anterior and posterior
triangles on the left side, and over the anterior on the
right, a high-pitched hyper-resonant note is easily pro-
duced. The percussion note below the clavicle on the
left is slightly higher pitched than on the opposite side.
Over the whole area above described superficial crepita-
tion sounds are audible. These are especially numerous
on first applying the stethoscope to the surface, and are
readily brought out by shifting its position, and are pro-
duced, though to a less degree, by the mspiratory move-
K
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ments. In addition, over the pulmonary cartilage they
accompany each systole of the heart. No corresponding
sound is heard over the aortic cartilage, thongh no em-
physematous crackling can be felt; nor can any sounds
be produced by pressure of the stethoscope below the
junction of the manubrium with the body of the sternum ;
crepitation sounds are audible, synchronous both with
each inspiration and with each systole of the heart, and
extending as far down as the xiphi-sternal articulation,
on the right side to the border of the sternum, and on the
left a finger’s breadth beyond it. In the neck, over the
whole area affected, slicht pectoriloguy is audible, and the
voice assumes somewhat an @gophonic character. The
skin still preserves its natural colour. The soreness is
diminishing.

The crackling sounds accompanying the systole of
the heart had disappeared by September 2nd (7th day),
and all signs of emphysema by September 3rd (8th
day).

No special treatment was adopted. The temperature
remained normal throughout; the pulse varied from 72
to 80, and the respirations from 20 to 24 per minute.

This observation I believe to be the first recorded ;
others will doubtless follow.

Dr. Boxall remarks : “It seems highly probable that
the air escaping at the root of the lung found its way into
the anterior mediastinum ; hence the crepitation sounds,
synchronous with both inspiration and with the heart’s
systole, audible over the front of the sternum, where no air
had escaped into the tissues superficial to the bone.

The air travelling upwards along the pulmonary artery
would give rise to similar sounds, heard over the pul.
monary cartilage with each systole of the heart; thence
travelling onwards and directed upwards by the deep
cervical fascia, the air entered both the anterior triangles
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of the neck, and on the left side (where it commenced,
and which throughout was more affected than the right),
passing beneath the sterno-mastoid, inflated the posterior
triangle, and on either side passed over the clavicle aslow
as the upper border of the second rib and corresponding
part of the sternum. Subsequently a little air appears to
have found its way also beneath the right sterno-mastoid
into the posterior triangle of the same side.

K2
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CHAPTER VIL

SOME POINTS IN THE PRACTICE OF ARTIFICIAL RESPIRATION
IN CASES OF STILLBIRTH AND OF APPARENT DEATH AFTER
TRACHEOTOMY.

(From the ** International Journal of Medical Sciences,” April, 1886.)

TuE subject of artificial respiration is naturally preceded
by a few words on stillbirth. That the popular use of
“ gtillbirth ” as synonymous with *deadbirth” is incor-
rect, is proved by the generally used and quite correct
phrase ‘resuscitation of stillborn children.” If the
children are dead, they obviously cannot be resuscitated.
Again, the phrase cannot mean birth without any of the
signs of life, for, speaking generally, the heart is beating.
The expression, then, practically comes to mean birth
without obvious movements, whether of respiration or of
other kinds. This, after all, is the plain meaning of the
word “still.” All deadborn children are therefore still-
born, but all stillborn children are not deadborn.

A child born alive but  still ”—that is, generally, but
not necessarily, with its heart beating, but without move-
ment—may be in one of two stages or states, for the
description of which we are indebted to Cazeaux (loc.
cit.). In the first, which he calls the “apoplectic state,”
the surface is livid, but the muscular tone is mot
lost, und there is response to reflex irritation. In the
second, “syncope,” the surface is pale, the muscular tone
is lost, and there is no response to reflex irritation. These
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two states are also known as the livid stage and the pale
or flabby stage of asphyxia.

The relation of these two stages to each other is not
finally determined. It is known that the head of the
feetus is subjected to great pressure in its passage through
the genital canal, and that he@morrhages into the brain
and spinal cord are so commonly (Litzmann, loc. cit.)
found in the bodies of children born dead or dying soon
after birth, that it is probable that such hemorrhages are
by no means invariably fatal. No mecessary connection
apparently exists between serious lesions of this sort and
stillbirth, in the sense that in cases of dangerous still-
birth such lesions are necessarily present. Moreover, the
worst cases of both varieties occur where the head is born
last, and has, therefore, suffered less pressure than usual.

The state of asphyxia at birth is an exaggeration of
the state of strong *necessity of breathing,” which is
normally produced during labour. As the intrauterine
pressure rises, and the placenta is pressed upon with in-
creasing force, and as the placental site diminishes with
uterine retraction, the feetal circulation becomes progres-
sively embarrassed, the external sign of which is retarda-
tion of the foetal heart. The complete or virtual abolition
of the placental circulation which generally ensues on the
completion of the birth of the child, and the shock of
the relatively cold air, may either of them be competent
to excite the first inspiration. Sometimes, however,
matters have gone further, and the child is too asphyx-
1ated for the moment to be roused. On the other hand,
pressure on the cord, or separation or great squeezing of
the placenta (such as occurs in head-last cases, when the
head is in the vagina, and the uterus is already in the
third stage of labour before the child is born) may excite
premature inspiratory efforts, convulsive in their nature,
which may draw any matters in the genital passages, such



134 ARTIFICIAL RESPIRATION IN

as liquor amnii, vernix caseosa, and meconium, not only
into the trachea, bronchi, and air cells, but even beneath
the pleura. In such a case the child, resuscitated it may
be, dies of a low form of lobular pneumonia.

The length of survival of apparently dead children is
sometimes remarkable, as the following instances, in
which children have been buried apparently dead, and
afterwards dug up and restored to life, show. At a dis-
cussion on one of the author’s papers, Dr. Roper related
that in the practice of the late Mr. Brown, of St. Mary
Axe, a child was dissected the day after stillbirth by the
late Mr. Solly, and the heart found beating. Also that a
child born at five and a half months and set aside for
dead, having lain on the floor eleven hours through a cold
night, was found breathing and its heart beating
(Lancet, Nov. 27th, 1880, p. 852). Two illegitimate
children of separate mothers were buried, and restored
to life after several hours’ burial. A child was buried
five hours, restored to life, and lived three days (Bohn,
loc. cit.). A child was buried in a field twenty-five centi-
metres below the surface during eight hours; it lived
four days after its disinterment (Bardinet, loc. cit.). A
child was born apparently dead; attempts to revive 1t
proving fruitless, it was laid on a bed for several
hours, and then put in a coffin. Twenty-three hours
after birth it was seen, and, to make matters certain, the
stethoscope was applied to the cardiac region, and heart
sounds were heard. All attempts to revive it, however,
failed, and it died (Maschka, loc. ¢it.). Such a case as
the last suggests the greatest caution, the more so as the
body has been opened under similar conditions, and the
heart found beating.

The prognosis in cases of stillbirth is of the utmost im-
portance as a guide to treatment, but it is not usually
made. To attempt to resuscitate a child which is actually
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dead is useless; though, if the child is fresh, attempts
may even here be made for a short time, for the satisfac-
tion of the parents. The certainty of death in the case
of fresh children depends on the certainty of the cessa-
tion of the heart’s action during a considerable period,
for the heart may cease to beat for a time, apart from
absolute death, In such a case, when the heart has
ceased to beat for a considerable time (say ten to fifteen
minutes), it might be well cautiously to insert a needle
into its apex, before abandoning all efforts at resuscita-
tion.

The question here arises, How long should attempts at
resuscitation be continued on the sole ground of the per-
sistent action of the heart ? A child whose neck is
broken, and who dies eventually with considerable
effusion of blood into its spinal cord and brain, has been
yet revived and lived for several hours (vide supra, p. 78).
The case above quoted, in which the heart was found
beating twenty-three hours after supposed death, should
also be borne in mind. In children who eventually die,
the heart revives for a time under artificial respiration,
and can be kept beating for some (e.g. two) hours, though
the child never draws a breath. Such a case, however,
1s practically hopeless. It may be stated that if no
attempts at spontaneous breathing occur within an hour,
and especially if the heart, in spite of artificial respira-
tion, acts with diminishing strength and frequency, the
prognosis becomes hopeless.

The second point in the prognosis depends on the
diagnosis of the state of asphyxia. In the livid stage
the prognosis is usually favourable. It is in itself the
less serious form, and possesses the great advantage of
retaining the power of reflex excitability. If the heart
18 beating fairly, it is often sufficient to lay the child on
its face, wipe out its mouth, and rub it along the spine, a
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far better way of exciting an inspiration than slapping
the nates. A livid colour in a stillborn child is, therefore,
a good sign. In the pale or flabby stage of asphyxia the
prognosis is far more serions. These are the cases which
require all the skill at our disposal, while the slight cases
will recover under any treatment, and generally better
withont any artificial respiration at all ; it is these latter
cases which form the bulk of those recorded in the jour-
nals as “ successful treatment of suspended animation by
a new method.”

In the cases of pale or flabby asphyxia, the prognosis
depends on our power to raise the child out of its flabby
condition, and render it amenable to reflex irritation.
Until this is done, all rubbing, slapping, bathing, ete.,
are simple waste of time. While the heart beats regu-
larly, we may still hope for recovery up to a reasonable
length of time, as we have cbserved above.

The state of the pupils furnishes an important element
in prognosis. In profound asphyxia they are widely
dilated, as in death. The re-establishment of the circu-
lation produces no effect on them, but on the re-establish-
ment of respiration they at once contract (Boehm, loc.
cit. S. 91).

If the child is breathing, its respiration may be spas-
modic, regular, or mixed, periods of spasmodic and
regular respiration alternating. The spasmodic respira-
tion is imperfect respiration, but is gradually replaced
in most cases by rhythmical respiration, and the prog-
nosis is good. If spasmodic breathing replaces regular
breathing, the reverse is, of course, true (vide supra,
p. 92, and ““ Med. Chir. Proceedings,” new series, Vol. L.
p- 24).

A few words may here be said on the vexed question of
the treatment of the navel-string. It appears that a
child gains some four to six ounces of blood after birth,
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the principal object of which is probably to furnish an
additional supply for the newly-established pulmonary
circulation. This blood is drawn into its body by the
first inspirations and forced into it by the contractions of
the umbilical vessels and their ramifications, which begin
from the placenta. To deprive a child of seven pounds
weight of this amount of blood is the same thing as to
deprive an adult, weighing ten stone, of five to seven and
a half pounds of blood—a very serious bleeding. In
ordinary cases, therefore, it is best to tie the cord late.
In cases of asphyxia the same rule holds good, unless
manipulations are indicated which require the child to be
free from its mother.

It has been recommended, in cases of livid asphyxia,
to allow half an ounce to an ounce of blood to escape
from the cord. This treatment is probably founded on
the full-blooded appearance of the child. The child,
however, has less blood than it should eventually have,
and has no more than a child in the pale stage, the differ-
ence being one in the distribution rather than the amount
of blood. Remembering that these livid children gener-
ally recover, and that the treatment has never been sug-
gested for the pale children, who are the really serious
cases, 1t 1s probably best, in the meanwhile at least, not
to bleed.

The colour of the skin, and especially of the lips, is
important, whether tending to lividity or to pallor, and a
favourable change often precedes the establishment of
respiration.

With regard to artificial respiration, it may be stated
that four objects are aimed at, namely :—

(1) Removal of foreign bodies from the alr-passages ;

(2) Procuring the patency of the air-passages ;

(3) Excitation of the circulation ;

(4) Ventilation of the lungs.
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(1) With regard to the first, the mouth, and, as far as
possible, the air-passages, should be cleared before in-
spiratory movements are excited, in order to prevent the
liquor amnii, meconium, vernix caseosa, and other matters
from being inhaled into the lungs. The best method to
pursue is the following : Lay the child on its back, with
the head banging over the edge of a table, a little lower
than the rest of its body. Wipe out the mouth with a
soft handkerchief. Press the thorax gently with one
hand, stroking the trachea upward with the other, and
retain the finger at the top of the trachea until the next
manceuvre is complete. The mucus will gravitate towards
the posterior nares. Put a handkerchief over the child’s
mouth, blow gently, and the mucus will be blown out of
the nostrils, but not into the operator’s face (vide supra,
p: 90).

If there is great accumulation of mucus in the air-
passages, a No. 9 gum-elastic male catheter should be
introduced into the trachea, so that the point is three
and a half inches from the lips. This length will secure
its passing through the glottis, but not as far as the
bifurcation of the trachea. Press thethorax gently with
one hand to prevent the entrance of air, and blow through
the catheter. The opening being low down in the trachea,
the air and mucus with it, being unable to pass into the
lungs on account of its compression by the hand, will
rush up through the glottis, and the mucus will be blown
into the pharynx. This can be repeated as often as
necessary, the general tendency of fluids in the air-tubes
being to ascend during respiration, whether natural or
artificial, towards the mouth. This manceuvre is more
efficient and far pleasanter than the suction usunally
recommended ; it has answered well in practice (vide
supra, p. 90). \

(2) With regard to securing the patency of the air-
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passages; this is often the greatest difficulty in artificial
respiration, particularly where the child is deeply :f,sphyx-
iated, and the divaricator muscles of the glottis seem
to share the genmeral flaccidity of the muscles of t?m
whole body (videsupra, p. 89). All methods of artificial
respiration by manipulation, except that of Schultze,
often seem to be useless, on account of this condition;
the method of Schultze, however, seems by some means
to render the air-passages patent in many cases where
they have remained closed during other manipulations
(vide supra, p. 89). To pull the tongue forward with
forceps 18 useless, as i1t does not affect the structures at
the base of the tongune, and does not raise the epiglottis
(Howard, loc. ¢it.). The manceuvre of tilting up the chin
with the mouth closed, however useful in adults, per-
mitting respiration solely through the nose, as it does,
cannot be of the same use in stillborn children, whose
pharynx and air-passages are filled with mucus, and in
whom the removal of mucusis one of the great desiderata
(vide supra, p. 88). Hanging the head backwards over
the edge of a table does not provide for the patency of
the upper air-passages (vide supra, p. 89). If the diffi-
culty is persistently experienced, a catheter can be intro-
duced into the trachea, and secured at the proper length
of three and a half inches, so that it may not slip too
far in, or slip out during manipulations. While in the
trachea it serves for various purposes, among which is
the removal of mucus as described above. During
artificial respiration fluid will often pour from the
catheter, especially if it is held over the edge of the
table like a siphon (vide supra, p. 91).

(3) The third object, excitation of the circulation, is
generally dependent on the fourth, namely, ventilation of
the lungs. But pressure over the preecordia has a direct
effect in raising the blood-pressure and exciting the
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action of the heart (Boehm, loc. cit. S. 72 et seqq.).
This is probably the chief reason for any success obtained
by the methods of Howard and Marshall Hall, which are
powerless to introduce air into the lungs of stillborn
children (vide supra, p. 49). Tt has been said that it is
undesirable to excite the circulation in deeply asphyxiated
children, since the blood which is supplied to the body
is necessarily impure. This objection, however, is
theoretical, the truth being that the revival of the cir-
culation gives the best prognosis for the establishment of
respiration,

(4) The ventilation of the lungs is secured by various
methods of manipulation, of which, for stillborn children,
only two are trustworthy, namely, the method of
Schultze, and that of Silvester, with its modifications
by Pacini and Bain (vide supra, p. 49). It may be said
at the outset that the method of Silvester (and its modi-
fications), thongh the best for general purposes, by no
means imitates the natural breathing of an infant, which
is diaphragmatic (vide supra, p. 47). In the method of
Schultze, on the other hand, the diaphragm descends,
though but slightly (vide supra, p. 46). The chief effect
of both methods is to raise the upper part of the thorax.
There remains the method of mouth-to-mouth inflation,
the object of which is to fill the lungs once for all.

These methods will now be described.

A. The method of Schultze (loc. cit. S. 162, and supra,
p- 8). The navel-string being tied, the child is seized
with both hands by the shoulders in such a way that
both thumbs lie on the anterior wall of the thorax, both
index fingers extend from behind the shoulders into the
axillee, and the other three fingers of both hands lie
obliquely along the posterior wall of the thorax. The
head is prevented from falling by the support of the
ulnar sides of the two hands. The operator stands with
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somewhat separated legs, and bends slightly forward,
holding the child, as above described, at arm’s length,
hanging perpendicularly. (First position, inspiratory.)
Without pausing, he swings the child upwards from
this hanging position at arm’s length. When the
operator’s arms have gone slightly beyond the horizontal,
they hold the child so delicately that it is not violently
hurled over, but sinks slowly forwards and foreibly com-
presses the abdomen by the weight of its pelvic end.
( First movement, expiratory.) At this moment the whole
weight of the child rests on the operator’s thumbs lying
on the thorax. (Second position, expiratory.) Any com-
pression of the thorax by the hands of the operator must
be carefully avoided. The body of the child rests during
the first position with the floor of the axille on the index
fingers of the operator exclusively, and no compression
should be exercised on the thorax in spite of the support
of the hands to the head, nor should the thumbs compress
the thorax in front. When the child is swung upwards
the spinal column should not bend in the thoracie, but
only in the lumbar region, and the thumbs should not at
this time strongly press the thorax, but should only
support the body as it sinks slowly forward. The raising
of the body as far as the horizontal should be effected by
a powerful swing of the arms (of the operator) from the
shoulders, but from that point the arms should be raised
more and more slowly, and, by means of a delicately
adjusted movement of the elbow-joints and scapule on
the thorax, the pelvic end of the child should fall gradually
over. By this gradual falling of the child’s pelvis over
the belly, considerable pressure of the thoracic viscera 1s
effected, both against the diaphragm and the whole
thoracic wall. At this point the imspired fluids often
pour copiously from the respiratory openings. After the
child has slowly but completely sunk over, the operator
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again lowers his arms between his separated legs. The
child’s body is thereby extended with some impetus; the
thorax, released from all pressure (the operator’s thumbs
lying now quite loosely on the anterior walls of the chest),
expands by means of its elasticity, but the weight of the
body hanging, as it does, on the index fingers of the
operator by the upper limbs, and thus fixing the sternal
ends of the ribs, is bronght into use for the elevation
of the ribs with considerable impetus; moreover, the
diaphragm descends by virtue of the impulse which is
communicated to the abdominal contents.

(Second movement, inspiratory.) After a pause of a few
seconds, in the first inspiratory position, the child is again
swung upwards into the previous position (first movement,
second position, expiratory), and while it sinks slowly
forwards it brings its whole weight to bear on the thumbs,
which rest on the anterior thoracic wall, and mechanical
expiration again ensues. At this point any inspired fluids
always pour copiously from the mouth and nose, and
generally meconium from the anus. The proceeding 18
repeated eight or ten times a minute, but more slowly
when the inspired fluids flow from the mounth and nose.

It is most important that at the end of the respiratory
movement the weight of the child’s body should be
entirely thrown on the index fingers placed in the axille,
and none of it supported by the rest of the hand (vide
supra, p. 44).

Schultze’s method has the disadvantage of being more
sudden and violent than some of the other methods (vide
supra, p. 44), but this can be largely controlled by the
operator. On the other hand, it possesses two great
advantages: the first is, that in the expiratory position
the child is inverted, and gravity assists in removing
mucus and other bodies from the air-passages; the other
is, that for some reason it does sometimes actually procure
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patency of the air-passages where other methods fail (vide
supra, p. 89).

The method of Schultze has recently been assailed on
the ground that it fails to introdumcé air into the lungs.
It would be very difficult to devise an experiment which
would prove or disprove this.

In the experiments on stillborn children referred to
above, tracheotomy had been performed and a cannula tied
into the trachea, which really removes the chief impedi-
ment to the introduction of air in actual practice, such
impediment concerning almost exclusively the upper air-
passages. As regards the results of antopsies, it must be
remembered that the presence of a certain amount of air
in the lungs of a stillborn child would not prove its intro-
duction by artificial respiration, since the lungs of children
dying intra partum are not necessarily airless (Schwartz,
loc. eit. ; Schultze, loc. eit. S. 132 ; Hecker, loc. cit.), but
complete, or even considerable expansion of the lungs of
a stillborn child after artificial respiration would certain] y
prove that air had been introduced by such artificial
respiration. It is doubtless true that in some cases all
methods will fail, and that all manipulative methods often
fail in the case of premature or undersized infants, unless,
indeed, the patency of the upper air-passages is secured.
It is not enough to prove that in some cases a method
succeeds—what is desired is to know the best methods
and what to expect of them. The result of considerable
experience of all methods of artificial respiration in practice
has been to assign to Schultze’s method one of the highest
places as a means of securing the ventilation of the lungs
(vide supra, p. 38 and p. 50), and the highest place among
manipulative methods as a means of securing patency of
the upper air.passages (vide supra, p. 89).

B. The method of Silvester (loc. cit. and supra, p. 6),
recommended by its author for children and adults :
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(1) To adjust the patient’s position, place the patient on his
back, with the shoulders raised and supported on a folded
article of dress; (2) to maintain a free entrance of air
into the windpipe,*draw the tongume forward; (3) to
imitate the movements of respiration raise the patient’s
arms upward by the sides of his head, and then extend
them gently and steadily upward and forward for a few
moments, next turn down the patient’s arms and press
them gently and firmly for a few moments against the
sides of the chest; (4) the feet are to be secured, and
the arms are to be stretched steadily npward for two
seconds. The arms should, if possible, be everted,
which gives a greater inspiratory power, by rendering
more tense the tendons of the pectoralis major muscles,
and they should be seized above the elbows (vide supra,
p. 43).

The modifications by Pacini and Bain are as follows.
That by Pacini is thus described (loc. cit. and supra, p. 7) :
The feet of the patient being fixed, the operator stands
with the head against his own abdomen, and then with
his hands takes a firm hold of the upper part of the arms,
applying the forefingers behind and close to the armpits,
while the thumb is in front of the head of the humerus.
Holding the shoulders thus, he pulls them towards him,
and then lifts them in a perpendicular direction.

Bain’s modification 1s the following (loc. cif. and supra,
p- 7). First method: The fingers are placed over the
front of the axillee, the thumbs over the ends of the
clavicles; the operator then draws the shoulders upward
and then relaxes his traction. Second method: The
shoulders are raised by taking hold of the hands and
raising the body about a foot off the table, the position
of the arms being at an angle of about forty-five degrees
beyond the head. These modifications present no prac-
tical advantages over the original method of Silvester
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for children ; in adults they seem to increase slightly the
amount of air inspired.

The advantages of Silvester’s method are its simplicity
and the comparatively large amount of air which it 1s
capable of drawing into the lungs. Its disadvantages are
that the supine position of the patient impedes the escape
of mucus and other matters from the mouth, and also the
fact that it frequently happens that the collapsed state of
the upper air-passages prevents the introduction of any
air into the lungs (vide supra, p. 89).

The methods of Marshall Hall and Howard (vide supra,
pp. 40, 41, 49) are incapable of introducing any air into
the lungs of a stillborn child, becanse the chest has no
resiliency, and any effect they may produce in resus-
citating stillborn children must be produced by pressure
on the heart, which has the power of stimulating its action
and raising the blood-pressure (Boehm, loc. cit. p. 91).

We have now to say a few words on direct inflation of
the lnngs. Various curved cannulas have been invented
for this purpose, especially in France, but we cannot
recommend their addition to the already large armamen-
tarium of the accoucheur ; and, if used at all, they must
be constantly carried, for their need arises unexpectedly.
The best method is that by the mouth. The operation may
be rendered clean by the simple method of laying a towe
over the child’s mouth and breathing through it. The dis-
advantages of direct mouth-to-mouth inflation are alleged
to be the following : (1) Danger of rupturing the lungs ;
(2) danger of tubercular infection from the operator ;
(3) danger of inflating the stomach and so preventing
inspiration by impeding the descent of the diaphragm.

The first can be avoided by gentleness in inflating, and
also by leaving the nose free. To close the nostrils, as
18 often recommended, is useless and dangerous—the
nostrils are a valuable safety-valve (vide supra, p. 91).

L
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The second is founded on an observation by Reich (loc.
¢it.), relating to a consumptive midwife who practised
inflation. In thirteen months twelve children delivered
by her were attacked with symptoms of bronchial catarrh
with fever, and died of tubercular meningitis. The
children had no phthisical family history. During the
same period the other midwife of the place had no cases
of tubercular meningitis. In the nine years previous to
the practice of the phthisical midwife there had been only
two cases, and in the year after her death only one. In
view of recent researches on tubercle, the above has at
least to be remembered.

The third is imaginary, so far as artificial respiration is
concerned ; air in the stomach in no way diminishes the
amount of air which can be introduced into the lungs by
the artificial methods, and it is easily pressed up from
the stomach (vide supra, p. 86).

It has been suggested that the entrance of air into the
stomach can be prevented by pressing the cricoid cartilage
against the bodies of the vertebrs, and also by bending
the head well back. Neither of these plans produces the
desired effect in children, though the former succeeds in
adults (vide supra, p. 87).

It remains for us to say a few words on the action of
heat. In this matter it is necessary to keep apart the two
questions of (@) recovery to respiration, and (b) avoiding
chills. It has been proved that, within limits, the lower
the temperature the longer can an animal survive without
breathing, and the higher the temperature the more
quickly it dies (Edwards, loc. cit.). To keep a child in a
hot bath until respiration is established is, therefore, a
wrong practice. The hot bath can, however, be advan-
tageously used in alternation with the cold bath, but
merely as & means of increasing the effect of the cold
bath, and in the pale (flabby) stage of asphyxia this also
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is useless. Under such circumstances it is best to wrap
the child in a warm flannel, and not to waste time on
baths, but to proceed at once to the establishment of
respiration. The application of warm flannels to the
head, which is a valuable nervous stimulant in the case
of adults, may be advantageously tried in the case of
infants, so soon as any signs of reflex action appear, or
even possibly earlier.

To sum up the treatment, we may say : Never hurry,
it is not a question of seconds, and success depends upon
a fine exercise of the judgment. Make a good diagnosis,
first, as to life or death; secondly, as to the stage of
asphyxia (if life is not extinct). If the child is mace-
rated, it is obviously dead and past hope. If the heart
beats ever so slowly and feebly, it is not dead. If the
heart is not beating, death is not certain, unless it can
be proved to be inactive for some time. If the child is
livid and not flabby, it will probably come round; wipe
out its mouth and pharynx, and rub it with a soft cloth
down the spine, press gently on the cardiac region. If
this produces no effect, or if it be in the pale stage, inflate
the lungs by the mouth, and then by Silvester’s method.
If air enters the lungs, well and good; if not, try
Schultze’s method, or insert a catheter, as described
above. On the first sign of muscular action, plunge the
child into cold water, or into alternate hot and cold baths.
Vary the treatment between occasional inflation of the
lungs, artificial respiration, pressure over the cardiac
region, baths, irritation down the spine, according to the
judgment ; remembering what may be expected of each
method, and that no one will suffice for all cases. Watch
for signs of resuscitation, namely, improvement in the
colour, in movements, in cardiac pulsations, as described
above. Never be content until the child breathes
regularly and appears to be continually improving.

L 2
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“ One great feature of the book is the number of carefully and usefully ar-
ranged tables of diagnosis. These are eminently practical, and give the
required knowledge in a nutshell, so that the hard-worked student can get his
food in a concentrated form, and the busy practitioner can keep himself from
rusting, or on emergency refresh his failing memory . . . We can as thoroughly
recommend as we heartily welcome this book."—Fournal of Mental Science.

“t As a special work on the diagnosis or localization of a paralyzing lesion,
we do not know of its equal in any language."—Virginia Medical Monthly.

FREDERICK T. ROBERTS, M.D., B.SC., F.R.C.P.

Examiner in Medicine at the Royal College of Surgeons ; Professor of Thera-
peutics in University College ; Physician to University College Hospital ;
. Physician to the Brompton Consumption Hospital, &c.

A HANDBOOK OF THE THEORY AND PRACTICE
OF MEDICINE. Sixth Edition, with Illustrations, in
one volume of over 1000 pages, large 8vo, 21s.  [Fust published.

“ We heartily commend this handbook, not only to gentlemen prepar-
‘ing for the medical profession, but to those who have finished their professional
education ; as this work contains, in a brief and concise shape, all that the
busy practitioner needs to know to enable him to carry on his practice with
comfort to himself and with advantage to his patients."—Brifish Medical

Fournal. ! : et
i \We have already on more than one occasion expressed a high opinion as
to the merits of this work. .. .. From our experience of the * Handbook,' we

believe that it will always be popular amongst medical students, and that it is
sufficiently classical to deserve a place on the bookshelves of every physician.
_...We heartily commend it as a reliable guide not less to the practical than
to the theoretical study of medicine."—Dublin Fournal of Medical Science.

By THE SAME AUTHOR.

NGTES ON MATERIA MEDICA AND PHARMACY.
Second Edition, Fcap. 8vo. [Nearly ready.

e

WILLIAM MARTINDALE, F.C.S.

(oca, COCAINE, AND ITS SALTS: their History,
Medical and Economic Uses, and Medicinal Preparations.
Just published, fcap. 8vo, 2s.
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ALEXANDER COLLIE, M.D. ABERD. !
Member of the Royal College of Physicians of London; Medical Supenn-
tendent of the Eastern Hospitals ; Secretary of the Epidemio-
logical Society for Germany and Russia.

N FEVERS: THEIR HISTORY, ETIOLOGY,
DIAGNOSIS, PROGNOSIS5, AND TREATMENT.

Coloured plates, crown 8vo, 8s. 6d.
L ewis's Practical Series].

~ “We canrecommend Dr. Collie’s book to the student of fevers. The writ-
ing is vigorous, the descriptions are good. The volume is of handy size, it 1s
well printed, and illustrated by coloured plates. We hope that the work will
meet with a very favourable reception."—Glasgow Medical Fournal, Feb., 185;7.

* To those interested in infectious diseases, the book is well worthy of peru-
sal."—Liverpool Medico-Chirurgical Fournal, Jan., 1887.

“ Dr. Collie’s book contains an astonishing amount of information, and that
of an eminently practical character."—Hospital Gazette, Feb. 19, 1887.

URBAN PRITCHARD, M.D. EDIN., F.R.C.S. ENG.

Professor of Aural Surgery at King's College, London; Aural Surgeon to
King's College Hospital ; Senior Surgeon to the Royal Ear Hospital.

HHNDBDDK OF DISEASES OF THE EAR FOR
THE USE OF STUDENTS AND PRACTIONERS.

With Illustrations, crown 8vo, 4s. 6d. [Now ready.
Lewis's Practical Series].

“ Dr. Pritchard's work is exactly what is wanted at the present moment, and
we can recommend every practitioner to have a copy of it beside him, and to
study it."— Practitioner.

* As a practical manual it will be highly appreciated both by the student and
practitioner of medicine......The book can be warmly recommended to all in
want of a reliable handbook on diseases of the ear."—Glasgow Medical Fournal

BERKELEY HILL, M.B. LOND., F.R.C.S.

Professor of Clinical Surgery in University College; Surgeon to University
College Hospital, and to the Lock Hospital.

AND
ARTHUR COOPER, L.R.C.P., M.R.C.S.

Surgeon to the Westminster General Dispensary, &c.

I.

SYPHILIS AND LOCAL CONTAGIOUS DISOR-
DERS. Second Edition, entirely re-written, royal 8vo, 18s.

e

THE STUDENT’'S MANUAL OF VENEREAL DIS-
EASES. Being a Concise Description of those Affections
and of their Treatment. Fourth Edition, post 8vo, 2s. 6d.
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SYDNEY RINGER, M.D., F.R.S.

Professor of the Principles and Practice of Medicine in University College;
Physician to, and Professor of Clinical Medicine in, University
College Hospital.

A HANDBOOK OF THERAPEUTICS. Eleventh Edition,
revised, 8vo, 155. [ Fust published.

“ __..The work supplies a felt want, giving useful information which can be
obtained from no other book, and which is of the utmost value in practice...
The work has now become almost indispensable both to students of medicine
and to practitioners."—Practifioner

““ It is unquestionably the ablest work on Therapeutics which we possess
in our language, and one which should be carefully perused not only by
students, but also by practitioners....Ringer's Therapeutics 15 50 well-known
that it needs no commendation from us to ensure it a wide circulation."—
Edinburgh Medical Fournal,

C. H. RALFE, M.A., M.D.CANTAB., F.R.C.P. LOND.

Assistant Physician to the London Huslpital; late Senior Physician to the
Seamen’s Hospital, Greenwich.

A PRACTICAL TREATISE OF DISEASES OF THE
KIDNEYS AND URINARY DERANGEMENTS. With

Illustrations, crown 8vo, 10s. 6d. [Now ready.
Lewis's Practical Series.]

« Singularly well judged in its proportionate treatment of the various dis-
eases of the kidney, both usual and unusual, and can be thoroughly recom-
mended as an excellent guide to the study of urinary pathology and therapeu-
tics."—Lancet. i

“ A distinct advance on anything previously published in this country on the
subject, and we heartily congratulate Dr. Ralfe upon having made so valuable
an addition to medical literature."—London Medical Record.
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R. DOUGLAS POWELL, M.D.,, F.R.C.P., M.R.CS.

Physician to the Hospital for Consumption and Diseases of the Chest at
Brompton, Physician to the Middlesex Hospital.

DISEASES OF THE LUNGS AND PLEURZE IN-
CLUDING CONSUMPTION. Third Edition, re-written

and enlarged, with coloured plates and wood-engravings, 8vo,
16s. [ Now ready.

« We commend this book as one which should be in the hands of every
practitioner. Itis plainly the outcome of wide experience, and it has been
written in a thoughtful and practical manner, so that no ong who studies its
pages can fail to derive therefrom much that will stand him in good stead at
the bedside."—Lancet. i : A /

“ The present edition will take a high place in the estimation of practical
physicians. Over and beyond the wide knowledge displayed and the judicial
temper with which disputed points are discussed, there rzmains a striking
characteristic of the book, which may perhaps be best called its helpfulness;
difficulties in practice are honestly stated and sound practical advice 1s given,
to the exculsion of vague generalisation or hearsay recommendations of new
nostrums.”—British Medical Fournal.
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HENRY R. SWANZY, A.M., M.B.,, F.R.C.S.l.

Examiner in Ophthalmic Surgery at the Royal College of Surgeons, Ireland;
Surgeon to the National Eye and Ear Infirmary, Dublin; Ophthalmic
Surgeon to the Adelaide Hospital, Dublin ; Formerly Assistant
to the late Professor A. von Graefe, Berlin,

A HANDBOOK OF DISEASES OF THE EYE AND
THEIR TREATMENT. Illustrated with Wood En-
gravings, Colour Tests, etc., large post 8vo, 10s. 6d.

 We have great pleasure in recommending this work to all students and
practitioners who desire to acquire such a knowledge of the defects and
diseases of the eye as will render them competent to recognise and undertake
the treatment of any ordinary case which may present itself in practice.”—
Lancet.

“ This is an excellent textbook, written by a surgeon of large experience and
a thorough knowledge of the literature of his subject."— The Edinburgh
Medical Fournal,

“ This handbook is in our opinion an admirable one. . .. There is throughout
a clearness of detail, especially in regard to treatment, therapeutic as well as
operative, which denotes the surgeon of wide experience, and which will
certainly make the book a favourite. . .. The book is capitally illustrated and
well printed."— Ophthalmic Review.

EDGAR M. CROOKSHANK, M.B. LOND., F.R.M.5.
Demonstrator of Physiology, King's College, London.

|

ANUAL OF BACTERIOLOGY: BEING AN IN-
TRODUCTION TO PRACTICAL BACTERIOLOGY.
Illustrated with coloured plates from original drawings and
numerous coloured illustrations embodied in the text. Second
Edition, 8vo, 218. [Now ready.

I1.

HOTOGRAPHY OF BACTERIA Illustrated with 86
Photographs reproduced in autotype and numerous wood
engravings, royal 8vo, 12s. 6d. [Now ready.

L.

DR. FELIX VON NIEMEYER.

Late Professor of Pathology and Therapeutics ; Director of the Medical Clinic
of the University of Tubingen.

A TEXT-BOOK OF PRACTICAL MEDICINE, WITH

PARTICULAR REFERENCE TO PHYSIOLOGY AND
PATHOLOGICAL ANATOMY. Translated from the Eighth
German Edition, by special permission of the Author, by GEORGE
H. HuMpHREY, M.D., and CHARLES E. HAckLEY, M.D. Revised
Edition, 2 vols., large 8vo, 36s.
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BERKELEY HILL, M.B. LOND., F.R.C.S.

Professor of Clinical Surgery in University College; Surgeon to University
College Hospital, and to the Lock Hospital.

THE ESSENTIALS OF BANDAGING. For Managing

Fractures and Dislocations ; for administering Ether and
Chloroform ; and for using other Surgical Apparatus. Sixth
Edition, with Illustrations, fcap. 8vo, 5s. [ Fust published.

CHARLES CREIGHTON, M.D.

|

ILLUSTRATIGNS- OF UNCONSCIOUS MEMORY
IN DISEASE, including a Theory of Alteratives. Post
Svo, 6s.
1.

CDNTRIBUTIONS TO THE PHYSIOLOGY AND
PATHOLOGY OF THE BREAST AND LYMPHA-
TIC GLANDS. Second Edition, with wood-cuts and plate,
8vo, gs.

II1.

OVINE TUBERCULOSIS IN MAN: An Account of
the Pathology of Suspected Cases. With Chromo-litho-
eraphs and other Illustrations, 8vo, 8s. 6d.

W. H. 0. SANKEY, M.D. LOND., F.R.C.P.
Late Lecturer on Mental Diseases, University College, and School of
Medicine for Women, London.

LECTURES ON MENTAL DISEASE. Second Edi-
tion, with coloured plates, 8vo, 12s. 6d.

ROBERTS BARTHOLOW, M.A., M.D., LL.D.

Professor of Materia Medica and Therapeutics in the Jefferson Medical
College of Philadelphia, etc.

I

A_ TREATISE ON THE PRACTICE OF MEDICINE
FOR THE USE OF STUDENTS AND PRACTI-

TIONERS. ‘With Illustrations, sth Edition, large 8vo, 21s.

11.

PRACTICAL TREATISE ON MATERIA MEDICA
A AND THERAPEUTICS. VFifth Edition, Revised and

Enlarged, 8vo, 18s.
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EDWARD WOAKES, M.D.

Senior Aural Surgeon and Lecturer on Aural Surgery at the London Hospital;
Surgeon to the London Throat Hospital.

ON DEAFNESS, GIDDINESS, AND NOISES IN
THE HEAD.

ParT I.—POST-NASAL CATARRH, AND DISEASES
OF THE NOSE CAUSING DEAFNESS. With Illus-
trations, crown 8vo, 6s. 6d.

Part II.—ON DEAFNESS, GIDDINESS, AND NOISES
IN THE HEAD. Third Edition, with Illustrations, crown
8vo. [In preparation.

E. CRESSWELL BABER, M.B. LOND.

Surgeon to the Brighton and Sussex Throat and Ear Dispensary.

A GUIDE TO THE EXAMINATION OF THE NOSE

WITH REMARKS ON THE DIAGNOSIS OF DIS-
EASES OF THE NASAL CAVITIES. With Illustrations,
small 8vo, 5s. 6d.

G. GRANVILLE BANTOCK, M.D., F.R.C.S. EDIN.

Surgeon to the Samaritan Free Hospital for Women and Children.

ON THE USE AND ABUSE OF PESSARIES.
With Illustrations, Second Edition, 8vo, 5s.

-

W. BRUCE CLARKE, M.A.,, M.B. OXON., F.R.C.S.

Assistant Surgeon to, and Senior Demonstrator of Anatomy and Operative
Surgery at St. Bartholomew's Hospital ; Surgeon to the West London
Hospital ; Examiner in Anatomy to the University of Oxford.

THE DIAGNOSIS AND TREATMENT OF DIS-
EASES OF THE KIDNEY AMENABLE TO DIRECT
SURGICAL INTERFERENCE. Demy 8vo, with Illustrations,

2s. 6d. [Now ready.

“ The book throughout is carefully and pleasantly wri‘tten.“—Pmctft:’cm.ar.
* It is readable and trustworthy."—Bvritish Medical Fournal

'ROBSON ROOSE, M.D., F.R.C.P. EDIN.

OUT, AND ITS RELATIONS TO DISEASES OF
THE LIVER AND KIDNEYS. Third Edition, crown
8vo, 3s. 6d.
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FANCOURT BARNES, M.D., M.R.C.P.

Physician to the Chelsea Hospital; Obstetric Physician to the Great
Northern Hospital, &c.

A GERMAN-ENGLISH DICTIONARY OF WORDS
AND TERMS USED IN MEDICINE AND ITS
COGNATE SCIENCES. Square 12mo, Roxburgh binding, gs.

ALFRED H. CARTER, M.D. LOND.

Member of the Rnﬁ-gl College of Physicians; Physician to the Queen's
Hospital, Birmingham ; Examiner in Medicine for the
University of Aberdeen, &c.

ELEMENTS OF PRACTICAL MEDICINE. Fourth
Edition, crown 8vo, gs. [Fust published.

P. GAZEAUX.

Adjunct Professor in the Faculty of Medicine of Paris, &c.
AND
S. TARNIER.

Professor of Obstetrics and Diseases of Women and Children in the Faculty
of Medicine of Paris.

BSTETRICS: THE THEORY AND PRACTICE;
including the Diseases of Pregnancy and Parturition, Ob-
stetrical Operations, &c. Seventh Edition, edited and revised by
RoeerT J. HEess, M.D., with twelve full-page plates, five being
coloured, and 165 wood-engravings, 1081 pages, royal 8vo, 35s.

W. H. CORFIELD, M.A., M.D. OXON.

Professor of Hygiene and Public Health in University College, London.

WELLING HOUSES: their Sanitary Construction and
Arrangements. Second Edition, with Illustrations, crown

8vo, 3s. 6d.

EDWARD COTTERELL, M.R.C.S. ENG., L.R.C.P. LOND.

Late House Surgeon, University College Hospital; Atkinson Morley Surgical
Scholar, University College, London, etc.

ON SOME COMMON INJURIES TO LIMBS: their
Treatment and After-Treatment including Bone-Setting (so-

called). Imp. 16mo, with Illustrations, 3s. 6d.



H. K. Lewis, 136 Gower Street, London. 9

A. DE WATTEVILLE, M.A,, M.D., B.SC., M.R.C.S.
Physician in Charge of the Electro-therapeutical Department of St. Mary'’s
Hospital.

PRACTICAL INTRODUCTION TO MEDICAL
ELECTRICITY. Second Edition, re-written and en-
larged, copiously Illustrated, 8vo, gs.

J. MAGEE FINNEY, M.D. DUBLIN.

King's Professor of Practice of Medicine in School of Physic, Ireland;
Clinical Physician to Sir Patrick Dun’s Hospital.

NDTES ON THE PHYSICAL DIAGNOSIS OF LUNG
DISEASES. 3zmo, 15. 6d. [Now ready.

—

J. MILNER FOTHERGILL, M.D.

Member of the Royal College of Physicians of London ; Physician to the City
of London Hospital for Diseases of the Chest, Victoria Park, &c.

Ii

A MANUAL OF DIETETICS. Large 8vo, 10s. 6d.
[Now ready.

1T.

THE HEART AND ITS DISEASES, WITH THEIR

TREATMENT ; INCLUDING THE GOUTY HEART.
Second Edition, entirely re-written, copiously illustrated with
woodcuts and lithographic plates. &vo, 16s.

III.

INDIGES’I‘IDN, BILIOUSNESS, AND GOUT IN ITS
PROTEAN ASPECTS.
ParT L.—INDIGESTION AND BILIOUSNESS. Second
Edition, post 8vo. [In the press.
ParT II.—GOUT IN ITS PROTEAN ASPECTS.
Post 8vo, 7s. 6d.

ALFRED W. GERRARD, F.C.S.

Pharmaceutical Chemist ; Examiner to the Pharmaceutical Society; Teacher
of Pharmacy and Demonstrator of Materia Medica to University
College Hospital, etc.

LEMENTS OF MATERIA MEDICA AND PHAR-
MACY. Crown 8vo, 8s. 6d.
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LEWIS'S PRACTICAL SERIES.

Under this title Mr. Lewis is publishing a complete series
of Monographs embracing the various branches of Medicine and
Surgery.

The volumes, written by well-known Hospital Physicians and Surgeons
recognised as authorities in the subjects of which they treat, are in active pre-
paration. The works are intended to be of a thoroughly Practical nature,
calculated to meet the requirements of the general Practitioner, and to present
the most recent information in a compact and readable form; the volumes
will be handsomely got up and issued at low prices, varying with the size of
the works.

THE FOLLOWING ARE NOW READY.
TREATMENT OF DISEASE IN CHILDREN: A MANUAL

OF APPLIED THERAPEUTICS. By ANGEL MONEY, M.D. Lond.,
M.R,C.P. Lond. ; Assistaut Physician to the Hospital for Children, Great
Ormond Street; Assistant Physician to the City of London Hospital for
Diseases of the Chest. Crown 8vo. [Fust ready.

ON FEVERS: THEIR HISTORY, ETIOLOGY, DIAGNOSIS,

PROGNOSIS, AND TREATMENT. By ALEXANDER COLLIE,
M.D. (Aberdeen), Member of the Royal College of Physicians of London ;
Medical Superintendent of the Eastern Hospitals; Secretary of the Epi-
dcmi&&lngica] Society for Germany and Russia. Coloured plates, cr. 8vo,
75. bd.

HANDBOOK OF DISEASES OF THE EAR FOR THE

USE OF STUDENTS AND PRACTITIONERS. By URBAN
PRITCHARD, M.D. (Edin.), F.R.C.S. (Eng.), Professor of Aural
Surgery at King's College, London; Aural Surgeon to King's College
Hospital ; Senior Surgeon to the Royal Ear Hospital. With Illustra-
tions, crown Svo, 4s. 6d.

A PRACTICAL TREATISE ON DISEASES OF THE KID-

NEYS AND URINARY DERANGEMENTS. ByC. H.RALFE,M.A.,
M.D. Cantab., F.R,C.P. Lond., Assistant Physician to the London Hos-
pital, late Senior Physician to the Seamen's Hospital, Greenwich. With
Illustrations, crown 8vo, 105, 6d.

DENTAL SURGERY FOR GENERAL PRACTITIONERS

AND STUDENTS OF MEDICINE. By ASHLEY W. BARRETT,
M.B. Lond., M.R.C.S., L.D.S.,, Dental Surgeon to, and Lecturer on
Dental Surgery and Pathology in the Medical School of, the London
Hospital. With Illustrations, crown 8vo, 3s.

BODILY DEFORMITIES AND THEIR TREATMENT: A

Handbock of Practical Orthopeedics. By H. A. REEVES, F.R.C.S. Ed.,
Senior Assistant Surgeon and Teacher of Practical Surgery at the London
Hospital ; Surgeon to the Royal Urthopadic Hospital, etc.  'With numer-
ous Illustrations, crown 8vo, 8s. 6d.

*.* Prospectus of the Series, with Specimen pages, etc.,, post free on
application.

LEWIS’S POCKET MEDICAL VOCABULARY. Over
200 pp., 32mo, limp roan, 3s. 6d. (Now ready.
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HENEAGE GIBBES, M.D.

Lecturer on Physiology and on Normal and Morbid Histology in the Medical
School of Westminster Hospital; etc.

PRACTIC&L HISTOLOGY AND PATHOLOGY.
Third Edition, revised and enlarged, crown 8vo, 6s.

J. B. GRESSWELL, M.R.C.V.S.

Provincial Veterinary Surgeon to the Royal Agricultural Society.

VETERINARY PHARMACOLOGY AND THERA-
PEUTICS. Fcap. 8vo, 5s.

-

J. WICKHAM LEGG, F.R.C.P.

Assistant Physician to Saint Bartholomew's Hospital, and Lecturer on
Pathological Anatomy in the Medical School.

I.
N THE BILE, JAUNDICE, AND BILIOUS DIS-
EASES. With Illustrations in chromo-lithography, 719
pages, roy. 8vo, 25s.
I

A GUIDE TO THE EXAMINATION OF THE

URINE ; intended chiefly for Clinical Clerks and Stu-
dents. Sixth Edition, revised and enlarged, with additional Illus-
trations, fcap. 8vo, 2s 6d.

WILLIAM THOMPSON LUSK, A.M., M.D.

Professor of Obstetrics and Diseases of Women in the Bellevue Hospital
Medical College, &c.

HE SCIENCE AND ART OF MIDWIFERY. Third
Edition, revised and enlarged, with numerous Illustrations,

8vo, 18s.

PATRICK MANSON, M.D., C.M.
Amoy, China.

HE FILARIA SANGUINIS HOMINIS AND CER-

TAIN NEW FORMS OF PARASITIC DISEASE IN

INDIA, CHINA, AND WARM COUNTRIES. Illustrated
with Plates, Woodcuts, and Charts. Demy 8vo, 10s. 6d.
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WILLIAM MARTINDALE, F.C.S.

Late Examiner of the Pharmaceutical Society, and late Teacher of Pharmacy
and Demonstrator of Materia Medica at University College.

AND

W. WYNN WESTCOTT, M.B. LOND.

Deputy Coroner for Central Middlesex.

HE EXTRA PHARMACOPCEIA with the additions
introduced into the British Pharmacopeeia 1885; and
Medical References, and a Therapeutic Index of Diseases and

Symptoms. Fourth Edition, revised, limp roan, med. 24mo, 7s.
[Now ready.

A. STANFORD MORTON, M.B, F.R.C.S. ED.
Senior Assistant Surgeon, Royal South London Ophthalmic Hospital.

EFRACTION OF THE EYE: Its Diagnosis, and the
Correction of its Errors, with Chapter on Keratoscopy.
Third Edition. Small 8vo, 3s.

WILLIAM MURRELL, M.D., F.R.C.P.

Lecturer on Materia Medica and Theraﬁcuti:s at Westminster Hospital;
Examiner in Materia Medica and Therapeutics in the University
of Edinburgh, and to “I.',c Rdn}ral College of Physicians,
ondon.

I.
ASSAGE AS A MODE OF TREATMENT. Second
Edition, Crown 8vo, 3s. 6d.

II.
HAT TO DO IN CASES OF POISONING. Fifth
Edition, royal 32mo, 3s. 6d.

G. OLIVER, M.D., M.R.C.P.

T

ON BEDSIDE URINE TESTING: a Clinical Guide to
the Observation of Urine in the course of Work., Third

Edition, considerably enlarged, fcap. 8vo, 3s. 6d.

1.
THE HARROGATE WATERS: Data Chemical and

Therapeutical, with notes on the Climate of Harrogate.
Addressed to the Medical Profession. Crown 8vo, with Map of
the Wells, 3s. 6d.
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S. E. MAUNSELL, L.R.C.8.1.
Surgeon-Major, Medical Stafi.

OTES OF MEDICAL EXPERIENCES IN INDIA
PRINCIPALLY WITH REFERENCE TO DISEASES
OF THE EYE. With Map, post 8vo, 3s. 6d.

R. W. PARKER.
Surgeon to the East London Hospital for Women and Children and to the
: Grosvenor Hospital for Women and Children.

T

TRACHEDTDMY IN LARYNGEAL DIPHTHERIA;
AFTER - TREATMENT AND COMPLICATIONS.

Second Edition, with Illustrations, 8vo, 5s.

I
ONGENITAL CLUB-FOOT: ITS NATURE AND
TREATMENT. With special reference to the subcutane-
ous division of Tarsal Ligaments. 8vo, 7s. 6d.

G. V. POORE, M.D., F.R.C.P.

Professor of Medical Jurisprudence, University College; Assistant Physician
and Physician in charge of the Throat Department of University
College Hospital.

ECTURES ON THE PHYSICAL EXAMINATION
OF THE MOUTH AND THROAT. With an appendix
of Cases. . 8vo, 3s. 6d.

CHARLES W. PURDY, M.D. (QUEEN'S UNIV.)

Professor of Genito-Urinary and Renal Diseases in the Chicago Polyclinic,
etc., etc.

BRIGHT'S DISEASE AND THE ALLIED AFFEC-
TIONS OF THE KIDNEYS. With Illustrations,
large 8vo, 8s. 6d.

D. B. ST. JOHN ROOSA, M.A., M.D.

Professor of Diseases of the Eye and Ear in the University of the City of New
York; Surgeon to the Manhattan Eye and Ear Hospital ; Consulting
Surgeon to the Brooklyn Eye and Ear Hospital, &c., &c.

PRACTICAL TREATISE ON THE DISEASES OF

THE EAR, including the Anatomy of the Organ. GSixth

Edition, Illustrated by wood engravings and chromo-lithographs,
large 8vo, 25s. \
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JOHN SAVORY.
Member of the Society of Apothecaries, London.

A COMPENDIUM OF DOMESTIC MEDICINE AND
COMPANION TO THE MEDICINE CHEST. In-
tended as a source of easy reference for Clergymen, Master
Mariners, and Travellers; and for Families resident at a distance

from professional assistance. Tenth Edition, fcap. 8vo, 5s.
[Now ready.

ALDER SMITH, M.B. LOND., F.R.C.S.
Resident Medical Officer, Christ's Hospital, London.
RINGWDRM: ITS DIAGNOSIS AND TREATMENT.

Third Edition, rewritten and enlarged, with Illustrations,
fcap. 8vo, 5s. 6d.

FRANCIS W. SMITH, M.B., B.S.

HE SALINE WATERS OF LEAMINGTON : Chemi-

cally, Therapeutically, and Clinically Considered; with

Observations on the Climate of Leamington. Second Edition,
with Illustrations, crown 8vo, 1s. neft.

C. W. SUCKLING, M.D. LOND., M.R.C.P.

Professor of Materia Medica and Therapeutics at the Queen’s College,
Physician to the Queen's Hospital, Birmingham, etc.

N THE DIAGNOSIS OF DISEASES OF THE

BRAIN, SPINAL CORD, AND NERVES. With Illus-
trations, crown 8vo, 8s. 6d. [ Fust published.

JOHN BLAND SUTTON, F.R.C.S.

Lecturer on Comparative Anatomy, Senior Demonstrator of Anatomy, and
Assistant Surgeon to the Middlesex Hospital ; Erasmus Wilson
Lecturer, Royal College of Surgeons, England.

IGAMENTS: THEIR NATURE AND MORPHO-
LOGY. Wood engravings, post 8vo, 4s. 6d.

FREDERICK TREVES, F.R.C.S.

Hunterian Professor at the Royal College of Surgeons of England; Surgeon
to, and Lecturer on Anatomy at, the London Hosmtal.

THE ANATOMY OF THE INTESTINAL CANAL
AND PERITONEUM IN MAN. Hunterian Lectures,
1885. 4to, 2s. 6d.
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D. HACK TUKE, M.D., LL.D,, F.R.C.P.

THE INSANE IN THE UNITED STATES AND
CANADA. 8vo, 7s. 6d.

JOHN R. WARDELL, M.D., F.R.C.P.
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