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PREFACE.

SINCE the publication of the first edition of our ¢ Sketeh ™ (1903)
the surgery of the lung has made considerable progress. Not only,
by eonstant and eareful elaboration of the old methods of proce-
dure, have the operations then in vogue been more frequently, and,
on the whole, more successfully carried out, but new methods have
been invented and new indications laid down. Above all must be
mentioned the method of maintaining difference of pressure, which
has enlarged the sphere of surgical operation to an extent hitherto
unimagined ; also the methods, at that time only in their infancy, of
artificial pneumothorax and thoracoplasty, and the surgical mobili-
zation of the thorax by the bisection of the costal cartilage.

This increase of material has necessitated altering and re-writing
to a very great extent, and the addition of a great many illustrations.
We hope, by this means, to have done justice to the progress made
in the surgery of the lung and to the actual condition of affairs.

GARRE. QUINCKE.
Boxy AND FRANEFORT-ON-THE-DMAIN,
May, 1912.
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SURGERY OF THE LUNG.

CHAPTER
ANATOMICAL TOPOGRAPHICAL INTRODUCTION.

For the modern surgery of the lang a summary acquaintance
with the thorax and its contents no longer suffices. New opera-
tions, more delicate in their technique, presuppose an exact
knowledge of the region in which the operation 1s to take place.
Thus, Unl} to mention a few, the technique of anmsthesia by loss
of nerve conduction is based upon a detailed knowledge of the
course of the peripheral sensory nerves, FREUND'S operation rests
upon a proper understanding of the mechanics of the thorax,
TRENDELEXBURG'S operation, SAUERBRUCH'S ligature of the
branches of the pulmonary artery, bronchotomy and bronchoscopy,
&c., demand, besides the steady hand of the surgeon, an ana-
tomically trained eyve. So it seems to me that a topography
treated from these points of view will not be unwelcome to the
SUrgeon.

Both lungs are surrounded for the greater part of their upper
and lllEl{‘tlfHHV their only accessible HLII‘l"lLF by a uniformly
articulated structure—the thoracic wall. It is important to know
thoroughly not only the structure of the thoracie wall and the
lungs, the position of the lungs and pleura, but also the boundaries
of the lungs and plenra.

On the lower boundary of the thoracic cavity the condi-
tions are also simple, as here only the diaphragm comes into
consideration.

More complicated are the conditions at the cardiac surface of
the lung and the dome of pleura, as here large blood-vessels and
nerves have to be taken into consideration. But here an operation
on the lung can only rarely take place.

The bony framework of the thorax is the chest-wall. It is
cenerally cone-shaped, somewhat flattened posteriorly, and slightly
contracted inferiorly. In women the thorax, which 1s generally
smaller, 15 rather barrel-shaped than cone-shaped, owing to the
shortness of the sternum and the greater length of the upper ribs.
The female thorax, in form, more u{.d.r]_‘, resembles the ispiratory
type; the male, the expiratory.

1



L=

SURGERY OF THE LUNG

The bony thorax 1s composed of the dorsal vertebrme, the twelve
pairs of ribs, and the sternum.

The dorsal vertebrme form, as it were, a slightly movable staff.

I'he sternum, consisting of the manubrium, gladiolus, and ensi-
form process, Ims in its lower section a slight convex curve to the
front; when there 15 a sternal angle {&mgﬁulua Liudoviel) between
the m'umhnmn and gladiolus the arch is more pronounced. At
this spot, which is E:d::-l]}i' palpable, the 2nd rib 1s inserted. The
upper margin of the manubrinm 1s opposite the 2nd and 3rd dorsal
vertebrae, The sternum has a thin cortical layer which encloses
a loose spongiosa with bone-marrvow, rich in blood. It is worthy
of note that the flexible connection between manubrium and
gladiolus (the region of the sternal angle) becomes ossified in
old age; 1t must also be noticed that the gladiolus is composed
of several individual parts, and that f{requently holes (defects
in  ossification) occur, especially in the lower section of the
gladiolus.

Ounly the seven upper ribs are attached to the sternum. The
Sth to the 10th ribs are connected at the anterior end with the
cartilage of the Tth. The 11th and 12th ribs are free. Not
mfmqu:rnih the cartilage of the Sth rib reaches the sternum.
The two first and two last ribs tend in their whole length to
incline downwards from the back to the front. The others at first
follow the same course, but before their insertion in the sternum,
or in the cartilage of the Tth rib, they turn npwards in such a way
that the lowest point of the Tth rb is in the nipple line; whilst
that of the ribs above 1t is more mesially, that of those below is
more laterally placed. TiLLaUX has ascertained by sagittal sections
of the thorax in the mipple line that the lst rib corresponds
anteriorly in the horizontal plane with the 4th rib posteriorly.
For the time being the 2nd to the Tth ribs in front correspond with
the 6th to the 11th ribs behind in the scapular line. The know-
ledge of this simple fact should make the comprehension of
N-ray photographs easier. The mechanism of the thorax will
be treated of in the chapter on * Emphysema.”

As anomalies of the ribs may be mentioned fissures at the
anterior end. The rib may end by means of two cartilages in the
breast bone, or, if the bifurcation ends before this insertion in
the sternum, roundish or oval holes may arise, generally situated
at the border of the bony cartilage. Of the supernumerary ribs,
the cervical ribs have a certain practical importance. *If the
subelavian artery with the brachial plexus passes over a cervical
rib, then this is also reached by the dome of the pleura, which is
not now hindered from rising so high.” (Merkel, “ Text-book of
Topographical Anatomy,” vol. 1, p. 326.)

The cortical substance of the ribs is firmer and the medullary
spaces are smaller than those of the sternum ; the powerful peri-
osteum is, in contrast with the ounter side, 1.'er5, firmly attached to
the inner surface of the ribs.

The breadth of the intercostal space 1s the greatest in the three
first, especially at the border of the bony cartilage. When the
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vertebral column 1s extended the intercostal spaces attain their
oreatest dimensions. After severance of the pectoral and inter-
costal muscles, the ribs, especially in children, move apart, so that
in the case of children a wide opening of the pleural cavity can be
achieved without excision of ribs.

The bony structure of the thorax is covered externally by
various strong muscular substances and the skin with the sub-
cutaneous tissue. DBesides these are superimposed posteriorly from
the 3rd to the Sth ribs downwards the shoulder-blades and anteriorly
the mammary glands, the base of which extends from the Srd to
the 6th or Tth ribs.

Concerming the muscles of the thorax, the following should be
remembered. In front of the thorax lie the pectoralis major
muscle, beneath this to the side the pectoralis minor musele, more
to the side beneath the serratus anticus major. To these adhere
the processes of the obliquus externus abdominis muscle, so that
the processes of the two muscles are intermingled.

In the dorsal region of the thorax lies on the surface the large
trapezius muscle and beneath as a second layer the rhomboider and
latissimus dorsi muscles, the inferior fasciculi of which interdigitate
with fasciculi of the oblignus externus abdominis muscle. Lower
than the trapezius lie as a third layer the unimportant serratus
posticus superior and inferior muscles.

The two splenii museles (dorsi et cervieis) belong already to
the region of the nape of the neck. Still lower than the so-called
superficial muscles lie 1n the sulei dorsales, in the two spaces
formed on the one side by the spinous processes, and on the other
side by the angles of the ribs, the long and short muscles of the
back.

Between the ribs, filling up the intercostal spaces, is the double
layer of the intercostal muscles. The outer muscles run obliquely
down from back to front and reach from the levatores costarum
muscles to the bony end of the ribs. They are interspersed with
shining tendinous fibres, which are continued between the car tilage
of the ribs and form Imu the external intercostal ligaments. The
inner muscles talke an opposite direction. They spring from the
inner surface of the rib at the upper margin of the suleus, cover
the vessels therein and adhere to the upper edges of the rib next
beneath. The internal intercostal muscles extend 1n front as far
as the sternum, but at the back only to the angle of the rib.

On the inner surface the thorax is covered in front at both sides
of the sternum by the oblique processes of the transverse thoracic
anterior muscles (triangularis stermi muscle of older writers),
behind by the irregular fasciculi of fibres of the transversus thoracis
posterior muscles. The fibrous faseieuli of both masses of muscles
pass over the inner surface of the ribs.

The inner surface of the thorax is also covered by the fascia
endo-thoracica, a thin layer of fascia, which unites the outer surface
of the pleura costalis with the inner surface of the muscles of the
ribs or the intercostal muscles, and passes over the posterior surface
of the sternum as well as the convex surface of the diaphragm.
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The various layers of the wall of the thorax are shown in trans-
verse section in fig. 1. The superficial layer of muscle is seen,
enclosed by two layers of fascia, the superficial and deep fascia
thoracica. Then come the ribs and between them the double layer
of the intercostal muscles. Between them lie on the lower edge
the ribs, one by one, and here, embedded in the suleus costalis
nerves and blood-vessels. Further inwards there follows a thin
layer of fascia, which, in coalescence with the inner surface of the
ribs, spans the intercostal spaces, the fascia endo-thoraciea. It
forms the foundation for the innermost layer, the pleura.

The wall of the
thorax proper receives
its provision of blood
through the posterior
mtercostal arteries and
the internal mammary
artery (hg. 2).

e el aithey The intercostal ar-

A teries (posterior) spring,

__ftercostal  with the exception of

e o the two first, which
Ll musele, ext.  proeeed from the frun-
-,'mll & mtereostal — eus  thyreocerviealis of
“l 55 ':‘;:I-'ﬂ"i-"l..ljltll*l- the Elll}l‘(,'lél-*\-'iﬂ,n, from the
i posterior wall of the

thoracic aorta. HKach
imtercostal artery (pos-
terior) runs—those on
the right side after they
have passed over the
bodies of vertebre —
Fia, 1.—Transverse section through the chest wall. frmln ﬂ'"'i’ costovertebral
According to TiLLavx. articulation to the lower
edge of the rib in ques-
tion. From the angle of the x1b it lies at a distance of about 8 em. in
the suleus costalis inferior protected by the rib. This part, therefore,
the region between the middle and posterior third of each rib, is
the most sunitable for puncture and inecision (TERRIER and
ReEvMoxp). From each intercostal artery there proceeds in the
posterior section of the intercostal space a branch which runs along
the upper edge of the rib next below towards the front.

The internal mammary artery, a branch of the subclavian
artery, runs behind the sterno-clavicular articulation straight down
at the side of the sternum. As both edges of the sternum are
convexly curved, the mammary artery is, like the various inter-
costal spaces, some distance (11 to 20 mm.) from the breast-bone.

SANDMANN! gives the average extent of the distance of the
artery from the breast-bone as follows :—

! Inaugural Dizsertation, Kinigsberg, 1594
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In the 1st intercostal space, 11 mm.

In the 2nd to 4th intercostal space, 15 to 16 mm.
In the 5th intercostal space, 17 mm.

In the Gth intercostal space, 20 mm.

Deviations oceur.

Feetoralis major M.

- : |f . Lymphatic

Sternocleidomastoid muscle p.lla.n.:l Internal mammary vein

Internal mammary
artery

Pleura

Pectoralis major
mnscla

Internal intercostal
mnsele

Int. intercostal muscla

Hkin and  External Artery amd vein, Bect, abd, Skin and  Pectoralis
fa=nime obliquus  inkt. mamm. muscle fascim  maj. musele
gl

FiG. 2.—Internal mammary arterv. (From Jorssgr's © Topographical Surgical
Anatomy,"” vol. i.}

Whereas in the first upper section the mammary artery is only
covered by the pleura, from the 3rd intercostal space onwards it
is covered by the triangularis sterni musele, on which the pleura
rests.

From the Tth nb cartilage onwards the mammary is divided
into the musenlophrenic artery, which is to be looked upon really
as a continuation, and the superior epigastric artery. The musculo-
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phrenic artery runs down the costal arch along the insertion of
the diaphragm and the transversus abdominis muscle.

Both from the internal mammary artery proper and from the
musculophrenic proceed, corresponding to each intercostal space,
two intercostal arteries (anterior), one of which flows on the lower
margin of the upper rib, the other on the upper margin of the
lower rib, to unite with the intercostal arteries (posterior) proper
and their branches.

It often happens that the two equally large anterior intercostal
arteries proceed not separately but by means of a little azygos stem
from the lateral margin of the mammary artery.

The mammary artery is usually accompanied by two veins
which are joined together in the 4th to the 2nd intercostal space.
The stem of the vein lies midway from the artery and opens into
the subelavian vein.

In rare cases the internal mammary artery throws off shortly
after its commencement a kind of lateral mammary artery. It
runs straight down in about the anterior axillary line, and,
anastomosing with the corresponding intercostal arteries, extends
at most to the Gth intercostal space. In operations it may give rise
to severe hamorrhage.

The intercostal veins take, on the whole, the same course as the
arteries bearing the same names. They flow into the inferior
mammary veins and into the azygos or hemiazygos.

The lymphatic vessels behave in the same way as the veins,
emptying their contents in front into the sternal lymph-glands near
the internal mammary, and at the back into the little intercostal
lymph-glands, which lie near the heads of the ribs.

The intercostal nerves are the front branches of the twelve
thoracic nerves. Iiach intercostal nerve takes a course corre-
sponding to the sulcns costw inferior; they lie, least protected,
on the lower section of each suleus, whereas the intercostal arteries
and veins lie deep down and are thus protected.

The upper intercostal nerves are intended exclusively for the
intercostal muscles and the skin of the chest wall ; the lower ones
throw off branches into the lower intercostal umsulﬂﬁ and spread
to the abdominal muscles and to the skin of the abdomen. For
details see Chapter IV., “ General Surgical Technique,” under
local anmsthesia.

The skin of the thoracic wall is on the whole very easily dis-
placed, only at the sternum is the corinm bound by rigid connective
tissue to the periosteum, and so less mobile on its substratum.

Regarding the incisibility of the skin of the chest, LaANGER'
states that the direction in which an incision will produce the
smallest opening both in the lower and in the lateral thoracic
regions, is a horizontal, or slightly descending, zone. [n the upper
thoracic region the lines converge from the shoulders to the median

1+ 0n the Anatomy and Physiology of the Skin: (I), on the Ineisibility of the
Skin.,” Reports of the Session at Vienna, April 15, 1861,
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line in the form of a triangle with the base above, and the apex
abont as high as the nipple.

The thoracic cavity is bonnded below by the diaphragm (figs.
3 and 4). It is a bilateral almost syvmmetrical muscular layer,
which springs from the lower end of the sternum, the lower aperture
of the thorax and the lumbar portion of the spine, and arches up
into the thorax in the shape of a cupola. In the middle the arch
is somewhat flattened (base of the heart). The diaphragm consists
of a central sinewy section, the central tendon, and a muscular
periphery, which is divided, according to the site of origin, into
a pars vertebralis, costalis and sternalis. In the central tendon, on
the boundary between the right and middle membrane, 1s the
opening for the inferior vena cava. Between both partes verte-
brales appears the aorta lying somewhat extra-median towards the
left with the thoracic duct below to the right. Only a little farther
on, higher up, forward and to the left, lies between the vertebral
sections the esophageal space, tinmnwhulnch beside the wesophagus,
the vagi nerves run. The pars costalis of the diaphragm springs,
as well as the transversus abdominis muscle with numerous pro-
cesses, from the six lower ribs. The sternal part is inserted in the
posterior surface of the ensiform process. “ If you join the founda-
tion of the diaphragm to the skeleton by a line, it takes substantially
the form of an ascending zigzag from the lumbar vertebre to the
ensiform proeess.” From its commencement to the fold of the
pleura, to be described later, the diaphragm lies close to the thorax.

The arch of the dome of the diaphragm is higher on the right
than on the left, and indeed the difference amounts to an intercostal
space. On deep expiration, the highest point reached by the right
summit of the diaphragm is the lower margin of the 5th rib, or up
to the 4th intercostal space. On deep inspiration the top of the
right pleura descends to the 6th rib in the nipple line (see figs. 3
and 4). On the left side the position of the diaphragm on expira-
tion and inspiration is correspondingly lower.

In voung people the position of the diaphragm is higher, in
more advanced age lower. (See Chapter ** Rigidity of the Thorax.”)

The relation of the organs placed inside the thorax (the two
lungs and the heart) and their investing membrane can be most
easily pictured in the following way.

Imagine that the whole inner space of the thorax is divided into
three p'LI‘t-H by two almost sagittal partitions (mediastinal). In the
middle division lies the heart, in the two lateral divisions are the
lungs.

Each of these three organs is enveloped in a serous sac, so that
each organ is in a twofold sac. The one closely envelops the
organ in question, that is the visceral sac (membrane). The other
outer sac loosely enfolds the organ, that is the parietal sac (mem-
brane). The parietal sac lies alongside the inner wall of the thorax
or the adjacent sac. So that in the medial space of the thorax
corresponding parts of the parietal lung sacs, that is of the pleura,
and of the parietal heart sac, that is of the pericardium, do not only
touch, but also grow into one another, and there arise two partitions
stretehing from front to back, the mediastina.
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Each lung is, as it were, from the middle of the thorax onwards,
enveloped in 1ts serous sac, and that so completely that the two
resultant saes, one inner and one outer, tounch one another without
interruption. The visceral sac covering the lungs is called plenra
pulmonalis, the second enveloping parietal sac 1s called, according

Fia. 3.—Front boundaries of the lobes of the lung and the plenra. Complementary
spaces dotted. Position of diaphragm drawn in aceordance with an X-ray picture.

to its position relative to the adjacent organs, costal pleura con-
tignous to the thorax, diaphragmatic pleura, which covers the
diaphragm, and mediastinal pleura, which, having grown 1nto the
pericardium, forms the wall of partition (mediastinum).

The visceral pulmonary membrane covers the whole of the
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upper surface of the lungs till the bronechus appears in the hilum
of the lung ; it penetrates between the two lobes of the lung, and
is firmly adherent to the upper surface of the lung.

Both the visceral and parietal membranes consist of a strong
fibrous substratum, which 15 covered with a thin endothelinm.

Fig. 4. = Front boundaries of the lung and plenra. Complementary spaces dotted.
Position of diaphragm drawn from an X-rav picture.

Without giving any further details about the heart, the peri-
cardium and their relation to the pleura, the following points must
necessarily be mentioned.

The two lungs with their pleura, as well as the heart and the
pericardium, do not completely fill up the thoracic cavity; there
15 behind, by the dorsal column between the two plenral sacs and
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F1G. 5.—Thoracic eavity from the right after removal of the right lung (after Merkrr,

out of CorxINg’s ** Text-book of Topographical Anatomy ™).
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the pericardium, a free space, which is filled up by other organs.
This space, which is erroneously called the mediastinum, and should
more correctly be termed cavam mediastinornm (posterius), con-
tains the cesophagns and the vagi nerves, the abdominal aorta, and
the thoracic duect.

The sympathetic nerves, often mentioned here, are not in this
space, but between the wall of the thorax and the pleura costalis.
Finally, it must also be remembered that above also the heart and
its covering (pericardium) do not fill up the whole space between
the two lungs, as the large cardiac vessels and the trachea are
situated here. It would not be inappropriate to describe this space
ag the cavum mediastinum superius.

The position of the lines which mark the merging of the
sections of the pleura and form the limits of the pleural cavities
on the anterior thoraciec wall and in the lower periphery of the
thorax, is of great practical mmportance, though the lines vary
within l:::e.lt.un liits (figs. 5 to 8).

The front folds of the pleura pass down on both sides from the
upper margin of the fivst 11b cartilage behind the manubrinm sterni
obliquely to a spot between the manubrinm and the gladiolus,
which lies a little to the left of the median line. Behind the body
of the sternum the pleural folds pass further downwards at a little
distance from one another. The pleure can touch each other here
also. From the top of the insertion of the 4th rib the limits of the
pleure diverge, the right passing straight down to below the inser-
tion of the 6th rib to the sternum. The left passes more obliquely,
close along the external margin of the sternum or even more
laterally down behind the ecartilage of the 4th to the 6th rib.

In the region of the lower half of the sternum or behind the
4th to the 6th rib ecartilage, there remains therefore a triangular
space free from pleural covering ; here the pericardinm lies dirvectly
against the walls of the thorax.

The lower boundary of the right pleura is formed by a line
which cuts the sternal line at the upper margin, the I‘I-:LIE'I.'-:T.LII:I.'-II
line in the middle, and the nipple line at the lower margin of the
Tth rib cartilage. It meets the axillary line at the lower margin of
the 9th rib, divides horizontally the 12th rib, and ends at the Inm er
margin of the 12th dorsal vertebra.

I.*m the practical localization of the lower boundary of the
pleura, you can proceed as follows: Draw a horizontal line throngh
the lower angle of the 11th dorsal vertebral spinous process up to
the point of intersection with the 10th rib. Then ascertain the
central point of the sternum opposite the insertion of the 5th rib
cartilage and join this point with the point of intersection on the
10th rib by a flattened curve, which cuts the 7th rib in the nipple
line. Asmuch as half the I: 2th rib may be above this line, a fact
the non-observance of which in operations on the LIE]I'EF‘V may
result in opening 1nto the pleural cavity.

On the left side the lower limits of the pleura lie somewhat
deeper, but, clinically speaking, this difference has scarcely any

=k

importance.  Whilst the lower limits of the pleura in :rpn{-n] vary
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in their position at the most to the extent of a finger breadth,
PanscH noticed sometimes that the back parts extended to the
lower margin of the process of the lumbar vertebrae. The folds
are most continuous at the back, where the plenrse pass from the
ribs to the vertebrae and the organs of the medial space.

The extent of the costal pleura may, from what has been said
above, be easily overlooked ; it 15 connected with the thoracie wall
by the fascia endothoracica, and may be detached from its support
in the region of the intercostal spaces. But on the inner surface
of the ribs the pleura and the fasciz arve firmly grown together and
these with the ribs. In the cleft between pleura and fascia a deep
emphysema may arise from an opening in the pleura—caused by
an injury or by the puncture needle (artificially produced pnenmo-
thorax); this emphysema may spread in front up the sternum and
beneath it upwards to the collar-bone, and then make its appear-
ance again in the neck. The (Ilfa,lultrt;;rua,tm pleura i1s more closely
ingrown with the diaphragm and covers it as far as the greater
part of the central tendon, and an adjacent part of the pars mus-
culosa on the left side, which are covered by the pericardium. In
the proximity, too, of the fundamental processes, the diaphragm 1s
not covered by pleura, but here, as already mentioned, is for a space
directly contignous to the ribs.

The anatomical relations are most complicated in the medi-
astinal pleura; here they may prove of practical importance, as in
the excision of a portion of the Iung, in consequence of the in-
growth of the wviseeral and parietal membrane of the pleura, the
:l{.'ljcl{.-!_.lltn organs of the medial space, and even the pleura on the
other side, may be injured. In order to avoid such injuries, one
musk I-Lf_‘!"!_h as close as possible to the lung side of the adherent
pleura, in order not to endanger the life of ‘the patient by hamor-
rhage, which eannot be arrested, or by pneumothorax.

The mediastinal pleural membranes pass from the back of the
sternum  backwards to both sides of the wertebral colummn, and
enclose between them the organs of the cavam mediastinorum.
Whereas over a third of their upper course they run without
interruption from the sternum to the vertebral column, in their
lower section, which 1s larger, they are Illtvrrupteﬁ by the hilum
of the lung and the II;__'um-nthn ]]1]1]!1(111.1.'{‘ The latter is a membrane
resembling the mesentery, which, in close connection with the
plenral duplicature passing over the hilum of the lung, stretches
from the mediastivum to the posterior margin of the lung, and
terminates freely elose above the diaphragm.

Bebind the gladiolus the two pleural membranes above the
4th rib lie at first close to one another, and are only separated by
a layer of connective tissne varying in strength. After a short
space they separate one from the other, and pass over both the
lateral surfaces of the pericardium, with which they are umted
by strong connective tissue. Below the 4th rib both media-
stina diverge i1mmediately behind the sternum, as here the
pericardinm, as already mentioned above, 1s in direct proximity to
the sternum. Between the pleura and the pericardium, on both
sides, run the phrenic nerves.
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The upper surface of the mediastinal pleura is somewhat
complicaterdd owing to the vaulting of the organs of the cavam
mediastinornm surrounding it, and w ]||.L.h oives an essentially different
appearance to the right and left sides. These conditions are of
great importance in all operations in the viemnity of the medias-
I;:||111111, and a detailed knowledge of the rvelief f of the mediastinal
plenra will, on penetrating into the cavum mediastinorum, after
opening up a pleural cavity, render a rapid survey much easier,
and enable one to avoid d*u;wemm complications throngh the
mjury of larger vessels.

On the right side above the hilum of the lung the eminence
of the superior vema cava projects farthest into the pleural
space ; the pleura lies immediately on the wall. In front of this
ridge, more medially, 18 a second, less pronounced eminence,
in which, usually separated from the plenra by quantities of
adipose tissue, lies the ascending aorta. Between the pleura and
aorta also appears the uppermost part of the pmiq':udium, peali-
shaped, up to the beginning of the innominate artery. DBetween
the two pmtuhvruuum, that is at the front huul‘:d:ln of the
superior vena cava, immediately below the pleura, the right
phrenic nerve runs downwards. It, as well as the vena cava, lies
in front of the hilum of the lung. On the hilum of the lung lies
the azvgos vein, bow-shaped, running forward from behind, and
also easily found by a distinet protuberance.

From the beginning of the hilum of the lung downwards can
be distingnished two mediastinal pleural membranes, which cover
the hllulu of the lung, from before and behind, and below it come
together in a frontal plenral reflection, the ligamentum pulmonale.
The anterior, much broader membrane obtains its rehef by the
arching of the two auricles. The posterior is also slightly arched,
and 1n this arch immediately below the pleura lies the esophagus.

On the left side the most striking arch 1s that of the arch of the
aorta, sitnated immediately above the hilum of the lung. Further
above and lying close below the sternum is a flat protuberance
cansed by the left innominate vein, and passing npwards about the
middle of the arch of the aorta a further protuberance cansed by
the left subelavian artery. Between innominate vein and sub-
clavian artery passes the left vagus nerve in front of the aortic
arch downwards and beside it, somewhat more lateral—the left
phrenic nerve accompanied by the arteria and vena pericardiaco-
phrenica.

At the hilum of the lung they divide, the vagus passing behind,
the phrenie in front of the hilum. The phrenic here crosses the
pulmonary artery lying on the pericardinm. At this point it runs
the risk in the operation of TRENDELENBURG of being eut through
at the moment when the pr-lir::uﬂimn 15 opened (see Chapter on
“Trendelenburg’s Operation 7). This i1s avoided by keeping as much
as possible to a middle course and below on the pulmonary artery.
All three vessels lie immediately below the plenra. In front of the
hilnom of the lung the pulmonary artery forms a flattened arch
running down from the front up to the back and passing over into
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the upper margin of the hilum. In front of the hilum also the two
ventricles ‘plDJt‘Lt far into the pleural cavity ; behind the hilum, or
its continuation below, the ligamentum pulmonale, lies the nr:}tlcemhle
protuberance of the dLamnﬂmg aorta.

The azygos is easily injured and not only gives rise to hmmor-
rhage but to embolism caused by the entrance of air.

According to JoXKESCo injury may very easily be done to the
pleural cavity between the wesophagus and the aorta in front of
the Tth to the 9th dorsal vertebra and in front in the cavity of the
third intercostal space.

As the lungs do not completely fill up the pleural cavities in
every direction, slit-like spaces arise (sinus pleure ox complementary
spaces) in which the parietal pleural membranes meet. The
largest of these 15 the space at the point of transition of the costal
pleura into the diaphragmatic pleura, the sinus phrenico-costalis.
It 18 bounded below by the turning-point of the pleara already
deseribed, and above by the lower margin of the lung. According
to LuscHKa, when the breathing is I'{‘“'tlld.r it attains 1n the right
sternal, para-sternal and nipple iine a hmﬂht of 2 em., In the T-ullmy
line 6 em., and near the vertebral column 25 em. Of practical im-
portance alq{j is the sinus mediastino-costalis, which by the 1}-1ss|n:f
of the sternocostal pleura to the posterior alllfm‘:{, of the sternum 1s
formed into tlm mediastinum. Whereas here, the right lung, when
an inspiration is taken, almost completely fills up the | pleural cavity,
on the left, corresponding to the incisura cardiaca of the left lung
(see I;eluw} at the level of the 4th and 5th rib cartilage, a pmhnn
of the pericardium covered by pleura remains uncovered by the
lung. This spot corresponds to the absolute cardiac dulness (com-
pare figs. 3 to 7). - .

Finally, the domes of the pleural cavities, which are completely
filled by the apices of the lung, require special consideration ; at the
back they extend as far as the upper aperture of the thorax: in front,
however (with reference to the vertical axis of the body), in con-
sequence of the downward direction of the lst rib, they project
5 cm. beyond it ; the level of the lst rib 1s mnl'; exceeded by the
apex of the lung sometimes when emphysema is present. In the
ordinary upright position the apex of the lung projects beyond the
clavicle 1 to 3 cm., whereas when lying on the back, when a deep
inspiration is taken, owing to the altered position of the clavicle,
this 1s not the case. In thewr lateral section the apices of the
pleurse are eonnected with the inner surface of the lower insertion
of the scalene museles. Right across the pleural domes, on both
sides, run the subeclavian arteries, arching the pleura forwards. Of
the branches of the subelavian artery the internal mammary lies
close to the anterior half of the pleural domes, the vertebral arteries
close to the posterior half. Moreover, down from the pleura run
the vagus nerve, after 1t has passed I;]|£= anterior surface of the
mllml-wl.m artery, and the laterally placed phmm{ which comes
from the anterior surface of the scalenus anticus musele.  Lastly,
the innominate veins, divided into the subelavian vein and jugular,
come into contact with the domes of the pleara.
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Fia. B.—Left side of the thoracie eavity after removal of the lung. [Aecording
to MeRKEL from Corxixg’s ** Text-book of Topographical Anatomy.'")
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Fach lung has the shape of a longitudinally divided cone, that
is, of a half cone. There can be distinguished : The summit, apex,
a shightly concave basal surface, the base, a medial, shghtly
conecave surface, a lateral convex surface.

The apex is directed towards the breast aperture, the base (or
diapbragmatic surface) rests on the diaphragm. The lateral
costal surface lies contiguous to the thorax, the ribs, the medial
or cardio-mediastinal surface to the mediastinum. Here 1s the
place of entry of the large blood-vessels and the bronchi: the hilum.
The latter is marked by an oval depression which from the posterior
margin of the lung lies midway between apex and base, Through
it run the branches of the pulmonary artery, the bronchi with the
bronchial vessels and the pulmonary vems. In the hilum of the
lung the branches of the arteries lie above in front, the veins below
m front, behind the vessels lie the bronechi (figs. 9, 10 and 12).
The two pulmonary arteries appear in the hilum on the right in
three, on the left in two, branches, and accompany the bronchi in
their ramification. Above the branch of the right pulmonary
artery 1s an eparterial bronchus (see below), which is lacking on
the left. The structures passing through the hilum of the lung are
united by loose connective tissue and Lr1||1rr together the roots of
the lung. Their upper margin LUIH.""}'E:'{JT]ltb to the level of the 5th
dorsal vertebra or to the spinous process of the 4th dorsal vertebra.
More important still is their projection on to the anterior thoraecic
wall.  The bifurcation, which corresponds to their upper margin,
serves as a starting-place for this purpose. Opinion on this point
1s very uncertain, as great individual differences exist, and also
differences due to age. According to BRUNING S investizations the
level of the bifurcation may vary between the sternal insertion of
the 1st and the 3rd rib. It is generally accepted that in children

the bifurcation 1s at the highest level and gets lower with 1ncreasing

age. In middle age the point of division of the trachea is always
to be sought in practice at a level with the sternal insertion of the
2nd rib cartilage. In front of the right-hand root of the lung lies
the superior vena cava, above 1t the arch of the azygos vein, flowing
into the vena cava (fig. 9). The left root of the lung passes under
the arch of the aorta, which as descending aorta lies behind it.
On the medial surface of the left lung this makes a vertical furrow,
which takes the form of an arch at the top, the mark of the aortic
arch. On the right medial pulmonary surface may sometimes be
seen behind the hilum of the lung a shallow furrow corresponding
to the azygos vein.

The anterior margins of the lungs are in a similar position to
the corresponding reflections of the |_J|L'lll:l-, only the left anterior
margin of the lung, in the region of the ncisura cardica situated
here, diverges from the plearal boundary (fig. 5). The margin of
the Iung branches off from the level of the 4th rib cartilage n
arches convex on the outside behind the 5th rib cartilage, which it
intersects in the parasternal line, or somewhat farther to the left.
From this point 1t continues again medially to the sternal end of
the 6th cartilage, where it becomes a tongue-shaped process (lingula),
the lower margin of the lung,
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The inferior margins of the lung (figs. 5 to 8) are sharp, and there
15 no essential difference in the level on either side. In the hiving
subjects in the parasternal line they correspond to the inferior
margin of the 5th rib cartilage, in the nipple line to the superior
margin, in the axillary line to the inferior margin of the Tth rib.

Laeft Iizht

Bromeld

Arteriosus=
Prelmonalis

Firc. 9 —Position of the trachea relative to the vertebre and of the
bronchi to the lungs,

In the scapular line they are situated at the inferior margin of the
9th rib, and near the vertebral column they reach the 11th rib.
In the right lung the inferior border can also be determined near
the sternum ; here 1t 1s at the superior margin of the Gth rib
cartilage.

According to LiuscHEA a narrow ledge close behind the root of
the lung 1s to be claimed as the posterior margin of the lung. This

a
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corresponds to the border line between the anterior and lateral
circumference of the vertebral bodies, and at the back, on the left
bounds the furrow for the aorta, on the right that for the AZYVZOS
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AOrti == memm-t SRE— k. N R R BupeErior vens
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Fia, 10.—Hilum of the lung from the back. (Aecording to a preparation of the
Kinigsberg Anatomical Institote.)

The lungs are divided by fissures into lobes, the left into two,
the right into three (figs. 5 to 8). The line of projection of the left
incisura interlobularis in the thorax begins at the level of the third
spinous process of the dorsal vertebra (fig. 8), and passes down
obliquely to the lateral end of the Gth rib cartilage ; so that we have
on the posterior surface of the left half of the thorax above the
level of the spmous process of the dorsal vertebrme, the lelt npper
lobe, below 1t the lower lobe, on the left lateral surface the line of
partition lies between both lobes at the 4th rib, in front lies almost
exclusively the left upper lobe. On the right the cavity projected
to the thoracic wall begins also at the level of the third dorsal
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vertebra, but in the posterior axillary line on a level with the dth
intercostal space; it 1s divided into two peduncles: the upper
(between the middle and upper lobes) runs horizontally forwards
to the sternum, which it reaches at the level of the 4th rib, the
lower (between the middle and lower lobes) intersects the lower
margin of the lung in the nipple line.

So the position of the lobes is the same in the right hand
posterior half of the thorax as in the left ; laterally Limua the dth
rib we have the right upper lobe, from the 4th to the 6th rib the
middle lobe and below the latter the lower lobe. On the right
anterior side of the thorax above the 4th rib is the right upper
lobe, beneath it the lower lobe.

The viseeral plenra sinks deep into the fissures. The fissures
may be obliterated by adhesive pleuritic processes, or serons and
purulent discharge in them may simulate cysts and abscesses of
the lung. :

Among varieties of the interlobular commissares may be men-
tioned a division of the right lung into four, of the left lung into
three, lobes. Incomplete fissures have also been noticed.

As modern surgery has included the pulmonary artery within
the domain of the operator, the topography of the bilum of the
lung becomes specially important. ScHUMACHER has made very
minute investigations on this point of special interest to surgeons.
The detailed deseription of his findings, and other topographical
details regarding the hilum of the lung important to surgery, are
given in Chapters X (“Trendelenburg’s Operation™) and VI (** Sup-
puration of the Lung”), in the discussion of ligature of the pulmonary
artery in cases of bronchiectasis.

The trachea extends from the intervertebral disc between the
6th and 7th cervical vertebrae down to the 4th dorsal vertebra, and
15 about 12 em. long. It consists of from sixteen to twenty car-
tilaginous rings, which project into the lumen of the windpipe.
The rings are not completely closed, but interrupted in the pos-
terior portion. There the membranous wall of the organ is
strengthened by a layer of musecles superimposed on the |!1<-;Idv
and on contraction projecting like a ledge into the lumen. Only
the lower section of the trachea belongs to the thoracic cavity. It
15 embedded in loose connective tissue, and therefore very mobiie.
In its cervieal portion it lies above superficially, covered only by
skin, platysma, hyoid muscles, and the thyroid gland isthmus (in
front of the second and third cartilaginous rings). Farther down its
position is deeper; here an extensive venous plexus lies in front of
the trachea. The wsophagus situated behind it also accompanies
the windpipe in its mediastinal section. Here immediately in
proximity to the windpipe lie the innominate artery and farther
to the front the innominate vein running forwards up from the
left down to the right, with the ima vein which flows into it.
Farther down follow le arch of the aorta and the pulmonary
artery, behind which the division into the two bronchi takes
place. The site of partition corresponds to the level of the 5th
dorsal vertebra, and the sternal insertion of the 2nd rib cartilage.
The shorter right bronchus takes a steeper course and has a some-
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what larger lumen than the left one. Therefore foreign bodies are
more easilv inhaled into the right bronchus. The ratio of the
transverse section of the right “and left bronchus is 100 : 784,
Over the left bronchus passes the aortic arch divectly after its
commencement, over the right the azygos vein. Both bronchi
have a slight convex curve a Tittle to the side and at the back. In
their structure the bronehi and the trachea are exactly ahke ; the
richt consists of six to
eight, the left of nine to

¥ 5 s ;. i '

twelve cartilaginous rings. Ol =
: D=

They are covered with -E'=§

a thin, easily torn mucous e

membrane.

From the bronechial
trunl, which traverses the
lung on each side through-
out its whole length and
ends at its lowest point
between the diaphragm
and the vertebral column,
lateral bronchi branch off
in a downward direction.
The latter are divided into
the ventral bronehi, which
run in a forward and
lateral direction, and the
dorsal bronechi, which run
behind, and are, on the
whole, weaker. The left
bronchial trunk, after a
space of about 4 to 5 em,,
throws off four ventral and
four dorsal lateral bronchi.
Of these, only the first ven-
tral lateral bronchus passes

into the left LR IHI‘JE; Fia. 12.—Position of the trachea with refer-

the others provide for the e to the aorta and its branches, to the BEVEOS
lower lobe. The lateral wvein and pulmeonary artery. :
bronchi of the left side all

pass below the pulmonary artery into the lung, and are therefore
described as hyparterial.! On tht- right, directly from the bronchial
trunk, which is from 21 to 3 cm. in 1{‘11“ﬂ1, a strong lateral bronchus
runs down above the pulmmmn, artery. 'This eparterial bronchus
enters the right upper lobe. Then in the same way as on the left
four ventral and dorsal lateral bronchi are thrown off. The lst
hyparterial (ventral) lateral bronchus i1s destined for the right
middle lobe, the others for the lower lobe.

' T have used here the terms eparterial and hyparterial first uzed by Arsy,
becanse topographically they are very distinetive. But this does not imply my
agreement with Arey's view regarding the bronehial tree. As is well known,
AepY's views with regard to the bronehial tree are refuted by NarraTn's minute
investigations.



CHAPTER II.
ON THE PATHOLOGY OF THE PNEUMOTHORAX.

A LARGE opening of the thoracic cavity, such as is necessary for
an operation on the lung, leads, if special preventive measures arve
not taken, to the total collapse of the lung with symptoms endanger-
ing to life. With a rustling sound the atmospheric air rushes mnto
the pleural eavity ; the lung collapses and falls back on the hilum.
After a short reflex respiratory pause, follow irregular jerky inspiratory
movements accompanied by the maximal tension of all the aceessory
muscles. This dyspneea 1s followed by cyanosis. The blood, sur-
charged with carbonic acid, acts as an irvitant on the centres of the
medulla oblongata, especially on the vagus centre; the breathing
becomes slower and deeper, the pulse tense, full and slow (vagus
pulse), and finally there comes the entire arrest of the action of
the lung and heart.

When pneumothorax is on both sides, after rapid, convulsive
respiratory movements, complete cessation of breathing and death
through suffocation rapidly ensue.

The first and most 1mportant task, therefore, in the surgery of
the lung is to learn how effectively and seasonably to deal with the
dangers of pneumothorax. In order to do this a full understanding
15 necessary of the ultimate canses of these disturbances; 1t is,
therefore, imperative to go somewhat more in detail into the
pathology of pnenmothorax.

A moderate gquantity of atmospheric air may be admitted into
the pleural cavity without any reaction worth naming, provided
that no pathogenic bacteria are taken in with it. If no more air
follows, the signs of displacement of the lung scon disappear, if
this has already taken place, for the oxygen is absorbed extra-
ordinarily quickly, somewhat more slowly the nitrogen disappears,
the lung expands again, leaving no, or very slight, signs of 1rritation
on the pleural membrane.

The adhesion of the two pleural surfaces prevents total pneumo-
thorax from taking place; provided no synechie extend over the
whole lung, a number of points of adhesion are sufficient to prevent
the total collapse of the lung; partial pnenmothorax involves,
however, essentially slight disturbances, and scarcely any danger.

If air enters when the pleura-surfaces are free, then the lung
collapses, and disturbances in breathing of a more or less danger-
ous nature set in at once.
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It can be experimentally proved that the size of the opening
exercises a deeisive inflnence upon the severity of the funectional
disturbances. If we make a shight opening in the thoracic cavity,
for example, with a cannula and trochar, horizontally smaller than
the trachea, then at each inspiration a certain quantity of aiv will
flow into the pleura, and the lung will proportionally collapse,
gradually at each fresh inspiration. However, 1t still shares in the
breathing ; even when it has quite collapsed, it is not functionally
ruled out. For each inspiration, which is energetic or deep enongh
to reduce the atmospheric pressure by only a few millimetres of
mercury, will expand the dilatable lung a litile.

The position of the mediastinum is of importance in the
functions of the other lung; this is dependent on the pressure
which rests upon the mediastinum. Its position will not be altered
when the pressure
m both pleurse is
alike. In pneu-
motherax with a
slight opening and
small volume on
inspiration  there
i1s alwavs a nega-
tive pressure,
which, however
(7 mm. of mer-
cury), does not
reach the healthy

side. A thin,

phiable,  medias-

tinal  membrane, Inspiration. Active expiration.
r:m*respumling to Fig. 13.—Schema of breathing with pneumothorax

i with a small opening,
the difference, I &

must place itself

convexly on the healthy side, and thus somewhat impede the in-
spiratory expansion of the sound lung. The reverse would take
place on active expiration, when the result would also be deter-
mined by the shight difference between the positive pressure right
and left. DBesides air breathed out by the sound lung is driven
into the collapsed one.

The funectioning of the sound lung is, however, scarcely notice-
ably affected by the unimportant differences of pressure mentioned
in the individual respiratory phases; the loss is so small that it is
compensated for by the increased frequency and depth of the
inspirations. The amount of breathing, that is the quantity of
breath inspived in the unit of time, remains unaltered. Diffienlty
in breathing and eyanosis do not therefore oceur.

The blood-pressure, too, only at first somewhat increased,
remains almost unaltered, for the collapsed lung receives in the
unit of time the same quantity of blood as the inflated one. So
no disturbances of eirculation oceur.

As shown, the mechanism of respiration only takes place when,
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as already remarked, the plearal opening is smaller than that of
the trachea and giottis, for only then, on each inspiration, can a
negative, and on each expiration a positive, pressure arise: but
both are necessary for the other sound lung to funetion sufficiently.

The conditions are different when there 1s a large opening in the
pleura. If such an opening is present, through which on inspira-
tion and expiration the atmospheric air can flow unhindered 1 and
ont of the pneumothorax, then naturally the function of the lung
on the side in qumtlml immediately ceases. On each inspiration
now the pressure in the two pleural cavities differs; in the pneu-
mothorax atmospheric pressure, on the healthy side a negative
pressure (normal 1nspiratory wvariation in pressure — 7 mm.
mercury). The consequence will be, that the partition wall of the
pleurse, the mediastinum, 1s drawn to the healthy side, forms a
pouch in it and is arched forward. Under such conditions the
bealthy lung cannot expand sufticiently.

Inspiration. Normal expiration. Active expiration (pressure).
Fia. 14.—Schema of breathing with pneumothorax with large opening.

On each mpzr‘ttnr? pressure, on LﬂllQnug groaning, reflex
“forced inspiration ”’ with contraction of the glottis (for instance,
when pain 1s felt), a positive intrathoracic pressure of the healthy
side will arch forward the mediastinum towards the open pneumo-
thorax, and there results again an insufficient expiratory evacuation
of the half of the lung still funetioning.

By this oscillation of the diaphragm to and fro, the so-called
‘ mediastinal fluttering,” which i1s repeated on each inspiratory
motion, function of the sound lung 1s extraordinarily affected ;
the inspiratory expansion and the expiratory evacuation are
insufficient, the exchange of gas in the lung 1s inadequate and
excess of carbonic acid gas and insufficiency of oxygen in the
tissues are the immediate disastrous consequences.

The similar mechanical conditions in cases of empyema, with
extensive excision of the thoracic wall, when such alarming dis-
turbances of breathing are generally absent, cannot be adduced
as counter-proof, for then the mediastinum has long since lost
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its mobility owing to inflammatory mmfiltration and fibrous deposits,
the lang 1s not affected in its expansion by the suction of the
mediastinum.

Dyspneea only ravely occurs after excision of the rib and
evacuation of a large pleuritic exudate. And those are the cases
in which the mediastinum has not been immobilized by indurations.
In such a case DELAGENIERE immediately relieved the dyspncea
by filling the pyothorax with water.

MuorrHY has proved conclusively that it 15 not the supposed
displacement of the heart which causes the death of animals with
wide-open pneumothorax, but the fluttering to and fro of the
mediastinum and the resultant insufficieney of breath. For as
soon as he fixed the mediastinum in some way or other and
limited its fluctuations, either by holding 1t with forceps, or by
pulling up the collapsed lung, the b]{lath]nﬂ and pulse ]lllpl(ﬂ'{-'f]
nnmediately.  Also in the case of men many operating surgeons
have ll’l'II'llE"dl.l.tPh’ relieved alarming eonditions with Lt}l]*llhl‘ and
dyspneea in total pneumothorax by this simple methaod.

A wvaluable observation of more worth than a practical experi-
ment, was made by W. MvuLLER,' on the occasion of the extirpation
of an osteosarcoma of the ribs adherent to the lung. The plenra
was rent and an opening was made in the thoracic wall quite as
big as the palm of the bhand. * At this moment the tumour
released sank somewhat with the lung into the thoracie cawvity,
which was immediately followed by a condition of most eritical
collapse ; the breathing ceased, the pulse was not perceptible,
but the symptoms changed as soon as the tumour was again taken
hold of and drawn forward. Now it was clear that it was in-
separably adherent to the right lower lobe of the lung. When
the lung, thereupon set free, suddenly collapsed, immediately a
condition of serious collapse again occurred. The lung, qmc-l-:h
seized again and drawn up immediately, filled again on inspiration
and the symptoms of collapse disappeared.”

In a similar case BAYER,” as it would appear, was the first to
take the right course to obviate the symptoms of collapse caused
by pmunmthmcn resulting from an operation. After the operation,
which had to be empvndml three days earlier in consequence of
the pleura being torn twice and the collapse of the patient, was
resumed the pleura was again rent wide. “1I saw the lung com-
pletely collapse and sink dow n, the patient again collapsed ; then
I quickly drew up the upper lobe of the ium‘ with the vulsella
foreeps out of the thoracie cavity, through the wide pleural fissure,
and made 1ts lower margin fast to the periosteum by sutures about
3 cm. apart. Immediately the patient recovered and we saw the
fixed upper half of the lung breathe regularly.”

A simple and useful expedient to improve the impeded breathing
when the pleura is open is to place the patient on the side operated

W Muorrer, Dewtselie Zeilsclr f Chir,, vol. 87,
* Baver, Centralblatt f. Chir,, 1897, p. 37.
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on in such a way that the aperture of the thorax is placed lowest.
The weight of the heart and the collapsed lung expand the medias-
tinum, so that the healthy lung acquires more freedom of expansion.

It 1s also possible, according to MacEwWEN, comnpletely to avoid
pneumothorax in this position. He recommends the thorax should
be strongly compressed and the diaphragm, too, from the abdomen ;
then the pnenmothorax air escapes, the lungs lean right on the
parietal pleura. When this does not suffice an active inflammation
of the lung by coughing, sneezing, or pressing will remove the
last trace of the pneumothorax.

On turning over on the healthy side, of course air can again
flow into the pleural cavity and the lung again collapses.

In order that this astonishingly simple manceuvre should
sueceed, a wide, free, opening in the thoracie wall is necessary
so as to allow the air to pass out freely. The clinical observa-
tions, made by MACEWEN, are as striking and convineing as they
possibly could be,

To remove a pneumothorax caused by the suture WITZEL
has deseribed a method which under certain circumstances, may
be of use. He changes the pneumothorax by artificial methods
by injection of a warm solution of boric acid into a hydro-
thorax and immediately removes this by aspiration. As the
solution runs away the lung expands.

Although 1t is quite comprehensible how the displaced heart
can stretch the diaphragm, it is not so far quite clear according
to our physiclogical observations why the pnenmothorax does not
vecur when the compression of the thorax ceases. This fact 1s
quite incompatible with the widely spread upininn that the
collapse of the lung is due to the pressure of the atmospheric air
in the pleural cavity. Other (physical) forces must come into play
which counteract the atmospheric pressure, and at the same fime
the retractile power of the heart when the thorax is open.

MacewrN has gone into the question, and has shown by
experiments, “ that the full expansion of the lung is maintained
by the molecular cohesion!' of the two pleural surfaces, assisted
by the ecapillary attraction exercised by a thin layer of serous flud
between the two serous surfaces.”

Although, MacEWEN says, these molecular forces at any given
point of the plenra are not powerful, yet it is probable that, in
their totality, spread over the whole surface of the lung, they do
possess considerable power, quite sufficient for their purpose. If
the molecular cohesion ceases, then the lung collapses owing to
the eclasticity of its tissue; air flowing into the pleural sac 1s
llllillli“:tlf}n{l]ih calculated to destroy the cohesion. But the
atmospheric pressure alone is not sufficient in any ease to cause

1 The expression *“molecular eohesion,” as used in the orviginal, is to be
taken to mean that besides the adhesion, according to a purely |}]n-!m1 defini-
tion, the inner (moleeular) cohesion of the capillary intérlayer (serumm) pLus
i }nr'i. as a cohesive foree. This, by way of [*kl}I}LI'L-lt.lﬂ'l'll when we have occasion
to speak of adhesion.
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the total collapse of the lung and the degree of retraction in the
lung is dependent on various eircumstances and conditions.

Thus the power of cohesion depends on how moist and how
smooth the surfaces in contact with one another are. Just as a
cover-zlass on a preparation shide is fixed so fast owing to the
spreading of a tiny drop of fluid, by ** molecular cohesion,” that 1t
can only be puahenl away, but {mh with great diffieulty hfted up,
so also the presence of a thin layer ol fluid is essential to the
adhesion of the parietal and wvisceral pleura. A dried-up pleura
loses its adhesive power ; sterilized water, or water with glycerine,
lubricates the serosa and malkes them capable of adhesion again,
normal serum has the greatest cohesive power.

The surface adhesion of the plenral surfaces 1s greatly lessened,
or even destroyed, when fibrinous aggregations, or infiltration of
the pulmonary tissue 1s present, which affects its power of
eXpPansion.

These physiological statements of MacEwEN are supported by
his clinical experience quoted above, and after experimental
verification [ do not hesitate to adopt these opinions. They are
caleulated to bring more hght to bear on the pathology of the
pnenmothorax and to effect an advance.

It 1s noteworthy that pneumothorax on the right side is more
to be dreaded than on the left. As the right lang is larger,
naturally on the collapse of the right lung the functional prolapse
and the resultant disturbances are greater than on the collapse of
the left lung.

In rabbits this is specially striking. Their left lung is smaller
than the right by one-third and the amount of oxygen contained
in the blood sinks to 58 per cent. when there is a pneumothorax
on the right side and only to 76 per cent. when there is one on
the left.

GERULANOS considers the danger of pneumothorax on the rvight
side to lie, not only in the prolapse of the respiratory function,
but also in the influence of the full atmospheric pressure on the
vena cava and the thin wall of the auricle. It cannot be denied
that the power of suction of the right ventricle of the heart on
the venous blood is affected by this so that the heart’s action is
made more difficult ; the feeble, scarcely perceptible and quickened,
sometimes also irregular, pulse would thus be explained. Other
canses too play theiwr part as regards the severity of the illness,
such as the strength of the heart, the general condition, loss of
blood, narcosis, &c.

Moreover we must take into consideration anatomical differ-
ences in the mediastinum, and the shape of the thorax ; when the
mediastinum is thin, when the thorax 1s badly formed, the healthy
lung runs more risk.

This 1s also clear in animals. Thus dogs, for example, which
have a thin, easily torn mediastinum, die from pneumothorax more
easily than 11,I|IJ|‘L~'-;

To a certain extent the contraction of the diaphragm may
stretch the mediastinum and so lessen the oscillation to and fro.
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So 1t is possible that, under certain circumstances, when, for
example, pneumopexy cannot be performed, the fixing of the dia-
phragm to the thoracic wall, as it were the shortening of it, might
remove threatening rs;-,m]:tmm 1 cases of pneunmthurm},

Clinical experience and, in agreement with it, experiments on
animals, teach that a small opening in the plﬂua, through which
Al ean lm drawn in, 1s only dangerous when it forms a valvular
plug, so that on inspiration air is drawn in, which on expiration
cannot escape again. Soon the pressure n the plearal cavity
becomes greater than the atmospherie pressure, so that the lung is
compressed as when a large exudation occurs, and the heart is_very
much displaced.

When the excessive pressure does not arvise, the lung remains
collapsed and makes no respiratory movement, at least none that
are at all normal. When, nevertheless, some observers maintain that
the lung on the side of the pnenmothorax does take part in the
bre: Ltlllng they are misled by the fact that on coughing, pressure,
&e., the air from the sound lung is driven into the collapsed one ; it
15 somewhat inflated in this way and on inspiration collapses again.
This can be described as an inverted type of breathing, but the
forcing of the pulmonary air saturated with carbonic acid gas into
the Lf}lla.pf-sed lung may be functional without any real mmportance
to the organism.

When the free pleural cavity must be opened, the sudden
collapse of the lung, which is generally immediately followed by
disagreeable consequences, should be avoided, whenever possible.
;‘LLundm;: to MACEWEN, it is sufficient to pIuLL the patient on the
injured side and according to the dilatation to cover the pleunral
opening with a thick, moist, gauze compress. It is more to be
recommended, however, to make sure of the lung by using a forceps
or a strong thread, p]n-:;ud deep into the p'u'mn,hj,nm {not only hold-
ing the pleura). When the conditions make it desirable, the lung
should be fixed to the margin of the pleural wound.
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CHAPTER III.

METHODS OF MAINTAINING A DIFFERENCE OF
RESSURE.

Thi dread of the dangers of pneamothorax has very much
hindered progress in the surgery of the lung. We remember that,
a short time ago, many surgeons would only operate when the
pleural surfaces were adherent, and if this were not the case, they
brought it about by artificial means and operated twice. Certainly
here another factor also had weight, the prevention of the infection
of the pleural cavity by suppurating processes.

Fortunately, in the meantime, clinical observations have shown
that the dangers of pneumothorax, as a complication, have been
very much over-estimated. In the recognition of this fact lay the
first germ of progress in the surgery of the lung.

Meanwhile, for sixteen years surgeons have continually sought
for means to prevent the collapse of the lung when the thorax is
opened. Thus, in the year 1896, QUENU and LoNGUET wrote:
“We have realized that the essential condition of success in a
pulmonary or intrapleural operation, granted the snpposed absence
of plenral adbesions, 1s to maintain a difference of pressure between
the intra-alveolar air and the surrounding air, the effect of pnen-
mothorax being to make the intrathoracic and extra-thoracic
pressure uniform, the puliionary tension remaining the same,
or to increase the intrathoracic pressure.”

These words already lead the way to the method of mamntaining
difference of pressure: the method of reducing pressure, where the
difference is produced by rarefying the air over the upper surface of
the lung (the method was later perfected by SAUERBRUCH) and
the method of increasing the pressure, by which the pressure of the
air in the trachea and I:nl::-m hi is raised from 7 to 10 mm. mercury.
“We have stopped at this last hout,” say the writers. They
worked experimentally with an improvised apparatus, which must
be considered the precursor of the increased pressure apparatus with
constant pressure: in an air-tight bag which was put over the head
and neck of the animal, they maintained the respiratory air at a
constant pressure of 10 to 12 mm. mercury.

Turrier and HALLiox went into the question in greater detail
(1895). They proved that when the pleura was ope ned pnenmo-
thorax does not ocenr when the pressure of the air in the trachea
and bronchi is raised by 10 cm. of a column of water. Anapparatus,
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which they construeted, and which was also of use to TUFFIER In
an operation on the lung, consisted of a laryngeal tube in connection
with a pair of bellows with a water valve in between to regulate
the pressure.

Finally, Dovex (1897) recommended another kind of bellows,
which allowed alternately of insuftlation and respiration.

Whereas, in Kurope, not much was expected from such appara-
tus for the surgery of the lung, and in any case they were not per-
fected for practical apphiecation in America, the idea was more
favourably received among the ranks of American surgeons.
NortHRUP replaced, in 15896, an apparatus used by FELL in a case
of opium poisoning by the improved O'Dwykr ! tube; in this way
the whole apparatus became certainly very In.um:rmb]F but still
not practically useful in the primitive state.

R. Maras, in 1902, replaced the bellows by a forcing-pump
worked by a eylinder, which drives ont the awr breathed and draws
it in again. The adjustment of the cock for inspiration and ex-
piration works automatically. Further essential improvements are
the addition of an air filter, & mercury manometer and a device
for the introduction of ether and chloroform to produce anmsthesia.

In spite of the certainly important aid afforded by these in-
struments, no use worth mentioning has been made of them in the
practical surgery of the lung.

SAUERBRUCH was the first to suceeed in making the method
of maintaining a difference of pressure available in a [JI‘LLLIL:li form,
ph};%lnlnmut]lv without exception, by the construetion of a pneu-
matic cabinet. Ineited thereto by MIKULICZ, in the year 1904
he entered upon the study of the method of maintaining difference
of pressure ; as is well known, he abandoned the method of increas-
ing the pressure, as it proved less reliable in experiments. He then
improved the method of reducing the pressure in the surgery of the
thorax applied to human }:mntn with such genius that he paved
the way to the greatest progress in the domain of the surgery of
the thorax which has been known of late vears. His thorough
and purposeful studies were the starting point and inspiration of
a large number of very cleverly thought-out apparatus for operations
in the free pleural cavity by the '1pp11c1tmn of the prineiple both
of increased and diminished pressure. These apparatus have
hecome useful, nay, indispensable, not only for operations on the
plenra and lung, but also for the surgery of the heart and the
great intrathoracie vessels, and, above all, in the surgery of the
cesophagus.

The Cabinet for Reducing the Pressure.

SaveErBrUcH started with the following idea : To produce, by
means of a large pneumatic cabinet over the body of the patient,
a negative pressure of about 7 mm. mercury, and to maintain this
throughout the duration of the r:rpz,mtmn, whilst the head outside

! Tllustrations of the apparatus of FELL and O'Dwyer and of Martas are given
in the first edition of this boolk,
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the cabinet is under the pressure of the atmospheric air. The
difference of 7 mm. mercury between the atmospheric pressure in
the bronchial tree and the pressure on the open pleura is sufficient
to keep the lung distended; this corresponds to the physiological
difference. ;

The floor and ceiling of the original cabinet were made of strong
sheet-iron ; the side-wall and head-wall were provided with large
glass windows. The front wall had an oval aperture at the height
of a table, in which an india-rubber collar was inserted. Opposite

Ventilator

Fic. 15 SavERBRUCH'S cabinet,

the head-wall a double docr was placed (air sluice), which allowed
vou to go in and out of the cabinet during the operation, without
prejudice to the constancy of pressure. The necessary rednetion
of pressure was effected by an electrically driven suction-pump,
there was also a water valve to regulate the pressure inside the
cabinet. Communication with the anwmsthetist was only possible
by telephone. Indirect lighting from the ceiling by means of an
arc light (see figs. 15 and 16).

The drawbacks, such as diffieulty of transport, overheating of
the air in the cabinet, necessity to use the telephone to com-
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municate with the outer world, and, above all, the costliness
(10 to 14,000 marks) led the inventor soon to make alterations in his
original Breslau model.

To a transportable, quickly mounted, metal framework plates
of cane-fibre are screwed to make it air-ticht. Instead of a floor
the bottom of the walls are fitted with wide rubber flanges, which
immediately adhere to any floor with the rarefaction of the air.
By curving the front wall into two recesses —-—— the necessary
elbow-room is provided for the operator and assistant. The central
portion is fitted with an induction coil with a ring for the head,
easily moved up and down; the neck ring is omitted. A window
of balloon material allows direct communication by word of mouth
with those outside, and especially with the anwmsthetist. The
ve;u_ti!atnrs are improved, so that there is no overheating of the
cabinet.

FiG. 16. —SAavERBRUCH'S calinet. New model.

The lighting 1s much 1mproved by dividing the source of light.
In this way the most serious drawbacks to the old cabinet are
removed, the troublesome bulging of the (neck) collar i1s obviated,
it is much easier for the operator to get at the upper portion of the
thorax, and any change of position in the course of the operation
can now easily be made. The cabinet can be taken to pieces; it
ean be put up in any place whatever which has an even floor.

Finally, any room in a hospital ean, at small expense, be
converted into a pneumatic cabinet. Micvricz and Axscuirrz,
and recently FriepricH also, have busied themselves with this
question. The windows and door frame of the room are made
air-tight with strips of india-rubber or asbestos, the walls with
three coats of enamel: a powerful ventilator sueks up the air.
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A water valve provides for as constant a pressure as possible.
The room is used at other times for other purposes ; when required
it can be arranged as a cabinet for reducing the pressure.

On SAUERBRUCH's idea 1s also based WiILLy MEYER's (New
York), model, 1909. 1le has succeeded splendidly in solving the
cabinet problem. It was found possible to apply both increase and

- s
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Fiz. 17. —Universal diffzrential cabinet by W. MEYER.

decrease of pressure in the course of one and the same operation
by combining two cabinets in one apparatus which functions as a
whole. He calls it the universal differential cabinet. The cabinets
are constructed of a frame of iron wire and a portion like an air-
balloon, the latter of which makes the cabinets air-tight, the former
offers resistance to the atmospheric pressure.

The apparatus consists of a positive and a negative cabinet,
the inner, small one (positive) is the room for anwesthetic purposes,
and the other large one (negative) the operating room.

3
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W. MevER writes: “ This arrangement is to be preferred, first
because it is the nearest approach to operating in the open air :
secondly, because the room for anmsthetic purposes can also be
used independently of the large cabinet as an apparatus for
increasing pressure; thirdly, because this arrangement offers the
fewest constructional difficulties and can also easily be adapted to any
conditions rendered necessary by changes in the position of the
cabinets ; for example, the small (anmsthetic) eabinet can be placed

Frg, 18.—Universal diffevential cabinet by W. MeyER.

in the large (operation) cabinet. Both eabinets have their own
independent system of wventilation with valves and manometers.
You can go in and out of the outer negative cabinet without any
sluice device, because for the moment when the door is opened the
difference of pressure between the two cabinets can be corre-
spondingly modified. The ioner positive cabinet has a sluice.
Among other advantages, on which the inventor justly prides
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himself, may be wmentioned : Sufficient ‘elbow-room' for the
operators and assistants; unimpeded communication between
operator and ansesthetist during the operation (the balloon stuft
allows sonund to pass through) ; sufficient ventilation ; possibility of
rapid change of pressure; removable head section, no protruding
(neck) collar.”

The universal differential eabinet has been in use since 1910,
in the department of thoracic surgery in the German Hospital in
New York; according to WinLy MEeYER it has fulfilled every
requirement. But the expense involved must be very considerable.

No legitimate objections have been made to the application of
the method of reducing pressure in operations on the lung. The
method has held its gr(:uud acainst the eriticisms of phy mnln"hta and
pathologists ; it 1s sufficiently based on experiments, and has
finally lllu".ed most suceessful in practice.  We shall see later that
it affects the normal conditions of cireulation in the lung and the
large thoracic vessels very slightly. If, nevertheless, the method of
increasing the pressure has since, as rivals, produced a large number
of apparatus and won more and more recognition in practice, the
reason is not to be sought at all in the disadvantages and deficiencies
which are freely acknowledged and easily recognizable—what system
is without them ?—but only in the unwieldiness and costliness of
the whole apparatus.

So the 1dea of QuExU and LoxGUueET ““to increase the intra-
thoracic pressure ™ was taken up again and apparatus for increasing
the pressure were constructed, avoiding the American apparatus on
account of the disadvantages connected with its discontinuous
pressure,

The Apparatus for Increasing Pressure.

An increased constant pressure in the lung can be maintained
(1), with the aid of a box-like apparatus, 1n which the head is
placed, or (2) with a mask which is put over mouth and nose so as to
be air- t1crl1t or (3) with a tube, which is introduced into the larynx,
or the trachea. But these three groups cannot be kept strictly
apart, as the new mask apparatus can for the most part also be
used for mtubation.

. THE CABINET APPARATUS.

A cleverly constructed apparatus by L. Braver, 1905, the
advantages of which are its Elzln%]_}[}lt.lhlilb_}, its simplicity and its
Lh;,a,pm-ﬁ soon found recognition owing to successful operations on
human beings having been pvll'uuuud with the aid of the apparatus ;
the model was Eillli_-!'ulj introduced into practice.

It is an apparatus for raising the pressure. Instead of rarefying
the air over the opened thorax in order to prevent the lung from
collapsing, he placed the head of the patient in a cabinet mn which
an atmospheric pressure of + 7 mm. mercury is maintained; the
increased pressure actively inflates the lung.
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According to the inventor's deseription the apparatus consists
of :(—

(1) The devices for obtaining, maintaining, and regulating the
compressed air.

Fia. 20, —EsGELEER's apparatus for inereasing the pressure,

(2) The head-cabinet and the devices for preventing the outer
air having access to the head of the patient and the hands of the
anmwsthetist in this eabinet.

(3) The connection of RoTH-DRAGER'S apparatus for administer-
ing oxygen and anmsthetics.
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(1) The compressed air is conveyed by a Root’s blower (worked
by electricity, or by hand) : 600 to 800 htres of compressed air per
minute can easily be conveyed. A metal tube conveys the air from
a distance of about 6 cm. to a pair of bellows, the upper movable
cover-plate of which comes in contact with spiral springs.

Out of these very large bellows the air passes to a manometer
and then on into the cabinet, in which the patient’s head is placed.
The pressure of the air in the cabinet 18 shown by a water-
manometer. The air leaves the cabinet by a shaft which can be
regulated to offer the resistance desired by a sliding weight.

(2) The large cabinet for the head holds 150 litres; it 1s to be
strapped on the operating table. The upper side of the cabinet
consists of an adjustable glass cover. On the side there are several
apertures for the arms of the anmsthetist or another assistant.

A hood of air-tight material envelops the whole head, as well
as the chin, and leaves the face free. DBelow the neck the hood
develops into a broad, fairly long bag, which 1s fastened at the
lower extremity to a projecting part of the head-aperture in the
cabinet. The arms of the anwmsthetist and of his assistant are
encased 1n gloves or mittens, The pressure 1 the cabinet presses
the hood on the head, and the gloves on the arms, and in this way
makes them air-proof.

(3) The anwmsthetic can be introduced into the cabinet in the
nsual way by means of a simple mask with chloroform or ether,
or RoTH-DRAGER'S apparatus may be used—as shown in fig. 19.
Tor this purpose ave used the tube of oxygen, the -1p]m-1tua for
mixing the gas, the conduit-pipe bvlunffm" to it and the mask.
Besides there is also a spare bag which stands under a glass shade ;
the latter is connected with the inside of the cabinet. By this
means the spare bag inside and outside is alwayvs under the same
pressure (that is the pressure prevailing in the head-cabinet).

KAREWSKI, in 1909, constructed a cabinet for increasing pressure
according to BRAUER's system, the dimensions of which are much
simaller, .:m:'i which is lmfl} for use at any time and easily trans-
portable. The supply of aiv by electro-motor, or by a quick- -working
treadle device (velocipede), amounts to a maximum of 10 Lub]c
metres per minute.

INGELKEN, in his apparatus, also adopts the principle of the
cabinet. A light, transportable sheet-metal cabinet is made suffici-
ently large to admit not only the head of the patient, but the
anmesthetist and a cylinder of oxygen. In one wall is the aperture
for the head. A motor-driven compressed-air apparatus provides
for the sufficient ventilation of the cabinet, and for the necessary
constant increased pressure of 7 to 10 mm. mercury. The cabinet
1s drawn up to the head of the operating table. The arrangement
can be easily understood from the illustration (fig. 20).

A further simplification and improvement we owe to GREEN
and Jaxpway. It is a sumple cabinet set up on a table in which,
following BrRAUER'S 1dea, the head of the patient and the arms of
the anmesthetist are placed. By a valve trap of original construction
the respiratory rhythm with the rising and lﬂllmﬂ pressure in the
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system is regulated to the artificial respiration (Adnnals of Surgery,
vol. 52, 1910).

THE MASK APPARATUS.

A notable simplification is obtained by the introduction of an
air-proof mask for the mouth and nose, instead of the cabinet for
the head, such as is used by TiEcEL-HENLE, BrRAT and SCHMIEDEN,
LorscH, Rosixsox, Morristox Davies and others.

TiecEL's apparatus, of the year 1908, consists mainly of a
modified WanTscHER mask fitting closely to the face, into which
is conveyed by the insertion of a pipe a continuous stream of air or

Fig. 21.—TIeGEL's simplified mask apparatus,

oxygen. A second pipe fitted to the mask takes off the eurrent of
air throngh a water-valve, which produces and maintains a certain
pressure in the air. In the intermediate pipe small chambers are
mserted, in which by means of a dripping apparatus, which can be
regulated, the anmwsthetic can be added to the air breathed.

Thus TiecEL briefly sketches the prineiple of his apparatus
(cf. fig. 21).

The pressure is derived mainly from a eylinder of oxygen, which
15 fitted on a movable stand. The pressure of the outgoing gas

can be reduced as desired by a valve, at the most 5 atmosphere.
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A second source of pressure can be added to the conduit-pipe by a
bifarcated piece with stopeocks; the two sources of pressure can
be used simultaneously or alternativel y. For this purpose a water-
jet blower, or a little air-compressor worked either by electricity or
by the hand, is used.

The air-bellows work continuously during the whole operation :
the supply of oxygen 1s regulated, as 1(ﬂq111h:=:] by the anmsthetist.

The large rubber balloon }_J]EI.CF:HI in front of the mask lessens the
variation of pressure on inspiration and expiration, which would
otherwise be comnsiderable and disturbing; 1t makes breathing
easier.

The pressure in the whole system is regulated by a water gange
pipe which, according to the depth to which it descends in the water,
allows the establishment of differences of pressure which can be
measured and regulated (10 c¢m. for the normal inflation of the
lung).

Fra, 22 —TieceEL's mask with extra bag,

Criticism was dirécted to the danger arising from incidents due
to the administration of anwestheties, above all from vomiting.
TieceEn then added a second exchangeable bag balloon mounted
on a shide, which, however, he does not appear to use himself. He
gives as his reason, that in his operations there 1s no need of it,
as the mask is first steeped in a powerful narcotie, in which case
vomiting is rare. When the open pleura is well covered with wet
compresses, or the mediastinum is fixed to the |u|1g which is set
free, the process of muv’tﬂwl pressure can be continued for a time
until all is in order again without any harm to the patient. This
can be done without any hesitation when the blood has been
arterialized before by a {llhllllﬂ.j of oxvgen.

The apparatus has been found to answer in practice. This 1s
proved by a series of very noteworthy intrathoracie operations
performed by Hexne in Dortmund, in which TiEGEL'S apparatus
worked splendidly. Tts chief advantages besides the simplicity of
its construction and handling ave its handiness; 1t allows of the
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patient being placed in any position, and in the absence of the
troublesome collar enables the operation to be aseptic 1n a way to
which no objection can be taken. It can be quickly and easily u-u|
whenever necessary, and at any moment while the operation is
coing on just as quickly and easily can the mouth of the patient
be set free. No special knowledge or practice is required before
using it.

In spite of the hesitation just explained, the 1dea of the mask
apparatus has not been abandoned ; on the contrary, to-day ettorts

SCHOEMAKER'S apparatus,

are still bemme made to ]l|I|I:I.f it, starting from RorH-DRAGER'S
nandy apparatus for a ltnnistering anmestheties.

Thus the apparatus recomm nded by BraT and SCHMIEDEN is
bazed on this ]1]‘i|]e'i}|||-_ Two bags serve as reservoir and air-buffer,
a serew valve regulates the mmflux of OXYZen, which passes into the
mask covering mouth and nose.

At the instieation of DEpacE, MAvER and Daxis constructed
in 1907 an apparatus for increasing pressure which would seem to
be very practical. ] he l:-lll- itk receives the air for breathing from

evlinder of oxyzen with a receptacle for ehloroform |‘|ht|u-=~i d:
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the air is introduced through an intrabucecal mask, which consists
of metal plates which can be screwed together, one of which is
placed between the teeth and lips, the other on the lips. A tube
in three parts is connected with the plates: for inspiration, for
expiration, and for the control bag (at the same time to be used
as a receptacle in case of vomiting). The pressure can be easily
regulated by the water gauge. So the patient breathes against a
resistance which can easily be varied, by means of which “the in-
flation of the lung can be 1L_e:,uiut.t.d as desired. A rubber bag
modifies the variations of pressure. This “ appareil & baronarcose ”
15 very handy and portable. The intrabuccal mask cannot be
unhesitatingly accepted.

In 1910 ScHOEMAKER, it would appear, solved the question of an
apparatus for administering anmsthetics with increased pressure, in
a simple and very appropriate way. A powerful electro-motor 1s
coupled directly with a ventilator, both placed in air-tight metal
cases. The anmf-,l,hef,lc is dropped in front of the ventilator, sucked
in it evaporates and mixes with the air. By a cock the Lumpr%seﬂ
air is confined in the pipeand thus in the ‘sllll]ﬂE%t way (manometer)
it is possible to regulate it exactly. The air flows into the mask,
the surplus escapes through an aperture in the mask.

The same apparatus, 1t would appear, also works excellently
for artificial uh:pimtiﬁn. By crpeninfr the cock wide air 15 forced
into the lung ; if when the lung 1s inflated the stop-cock 1s closed,
then the Iung empties itself by means of the elastic tension of the
thorax ; the opening fills the lung again, and so the performance
begins again and can be regulated at will,

In the year 1911, an apparatus was placed at the disposal of
surgeons, in which the anmsthetic oxvgen mixture, the method of
maintaining increased pressure and automatically regulated artificial
respiration are combined : DRIGER'S combined apparatus. By one
single manipulation it can be turned on from one function to the
other; for example, from an anwmsthetic to increased pressure (with
or without anmsthetic) and vice versa, or from an anmsthetic to
artificial respiration.

DricEr's apparatus for artificial respiration — called * pul-
motors ” — have proved very useful as apparatus for restoring
animation In cases of poisoning with gas, smoke, &e. Automati-
cally adjusted, if desired, to the rate of bu"ttlung, also with long
or short expiration, oxygen is conveyed through a mask to the
lung and the harmful gases drawn off by aspiration.

U nquestionably such mechanical artificial breathing may be of
use in incidents oceurring during the administration of an anmsthetic,
especially when 1t can be set going by merely turning a cock.

The combined apparatus (see fig. 24) is compactly mounted on
a movable table. The supply of air with the aid of a blow-pipe is
so ample that the necessary fresh air can be raised in a standard
minute from 20 to 120 litres. The current of oxyvgen sucks n
fresh air through the pipe, and in this way the patient receives
alr rich 1n oxygen, which is to be preferred to inhaling pure
oxygen. The used air breathed out 1s carried off from the maslk
throngh a separate pipe.
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On the suggestion of WirLus the apparatus has lately been
improved, so that with a very slightly increased pressure (2 to 5 cimn.
water) 1t can be used in accordance with VoLHARD'S method and
also permits of the application of Kuan's tubage and MEeLTZER'S
insuftlation.

Fig. 24 represents the whole of the upper part of the
apparatus. Compressed oxygen 1s used In working it. O is a
cylinder of oxygen of the usual trade size containing 1,000 litres.
1t is connected with the apparatus by the spiral pipe B. After
the opening of the cylinder l|.1p valve, the oxveen passes through
B into the reducing valve. The content of the cylinder can then
be read on the scale F. The high pressure is reduced by the

IRAEREAWERK,LUBECK

Fis. 24.—DRIGER'S combined apparatus.

veducing valve to the working pressure of 8 atmospheres. By
serewing down the regulating screw R this pressure is suspended
by wate ]tlnff the manometer and turning the screw until the pointer
stands on the red mark. (Before use and whilst the apparatus 1s
not being used, secrew IR must be secrewed right back and the
pomnter must be at O.)

By the regulator tap H, the working pressure is transferred to
“Dr. Ror-DrRiGER's 7 well-known apparatus for administering an
anesthetie, by H, to the suction and pressure pipe, which is |I-,14'|;1
to create a vacuum or high pressure in the respivatory mask.

Reversing cock, S, is easily drawn forward and turned till it is
adjusted n .Lu:,mn]aucv with directions showing the nature of the
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work. These arve: (1) Ordinary anwmsthetic mixture; (2) high
pressure with and without anwmesthetic ; (3) re-animation, mspuatmn.,
(4) re-animation, lenmtmm

Directly ::m::h 5 is at work, the apparatus ceases to perform its
previous functions and begins its new functions.

Lotrscn has recently (1911) constructed a very practical high-
pressure apparatus for compressed air and for oxygen, eam]t
adapted for insufflation. It has rotatory bellows driven by an
electromotor which can be connected with a mask or with the
mtubation.

Fra. 25, —LorscH's apparatus.

Fig. 25, a, shows the construetion of TioTsen’ -, unnp act apparatus
with mcrf,m .mﬂ ventilator. The schematic fig. 25, b, illustrates the
course of the enrrent of air or OXvoen.

The air sucked in by the wml]ttm flows 1 the direction of the
arrow through the "hh‘:. receptacle 5, the bottom of which down to
the mask 1s !1]iuﬂ ‘r".ll..lt warm water. 'The surfaces of the material
are soaked with water ; the air flowing through becomes maoist, free
from dust and slichtly 'u. aArm.

The moist dust-free and slightly warmer air is driven down by
the rotary bellows into the bag D. It passes on into the rigid pipe
bent at 'rl”hl- angles which carrvies the three-way cock H the
anwsthetic spray ca,p]nml,ua and the manometer, and further on
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throngh the flexible metal pipe to the mask (or to the tube) M,
which bears the valve V. Through the side branches of the valve
the air leaves the apparatus in the direction of the arrow. By
turning the disc S the opening of the outlet can be narrowed at
will and in this way the pressure in the pipes regulated.

—— e

1
|

FiG. 26,—Simple apparatus for increasing pressure hy means of hydraulie
bellows, construeted by STEINMANK.

When the apparatus is to be used for oxygen the three-way
cock H is inverted, so that the motor and air eurrent cease l}E]'f{J}'UG
and communication is opened with a smaller regulating bag. The
oxygen passes through the side pipe O from the steel eylinder into
the conduit pipe. Then the course s the same as for the compressed
a1k,
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In order to use the oxygen economically, you open the valve V
fully and insert a water valve W, fastening 'the flexible metal pipe
K by simple bayonet joint to the exhaust and connecting branch of
valve V. When you want to change to compressed air, you take
away the spiral pipe E, invert the three-way cock and regulate the
high pressure by turning the dise S.

STEINMANN shows us how simply by means of a hydraulic
blower a useful high-pressure apparatus can be constructed. He
has kindly placed the illustration at my disposal and gives the
following short description of the construction.

In laboratories where water at high pressure is laid on hydraulie
bellows have been used for a long time, which are, generally
speaking, inversions of Bunsen’'s hydraulic air-pump. The water
enters an aspirator from above and takes air bubbles with 1t, the
lower end of the aspirator opens into a large drum in which water
and air are separated and pass away through different pipes. The
principle has led to various umqtumtl{mq

In hospitals where there is a high-pressure water supply, these
bellows ean be used to produce lIlLlG‘EiﬁL{] pressure in the lungs.
Fig. 26 represents bellows installed for this purpose, in which the
so-called Munich principle of construction is applied. With a
hydraulic pressure of two atmospheres a sufficient quantity of air
can be produced. The dry bottle, placed in front of the suction
aperture, is filled with an anw sthetic and causes the air sucked in
to be satorated with 1t, and thus make anmsthesia possible.

The guantity of "ﬁ."LtEl flowing through the bellows gives the
measure of the pressure in the air-pipe; a manometer in this pipe
and a good cock which can be regulated in the water conduit
enable you to obtain any pressure you desire in the current
of air.

By opening or shutting a cock the current of air is composed,
as desived, of pure air, or of air with anasthetic fumes.

The advantage of the apparatus constructed by Messrs. Schirer
and Co., Bern, 1s that it 1s three or four times cheaper.

THE INTUBATION APPARATUS.

The primitive FELL-O'DwyER method of intubation and infla-
tion of the lung by means of the bellows was very much improved
upon by Kvnx as early as 1904. At the same time by so doing
he was the first to solve adequately, and in a manner to which no
objection could be taken on physiological grounds, the problem of
administering anmstheties with increased pressure.

KUHN has combined his tube constructed for oral intubation with
an apparatus for increasing pressure which has been modified many
times. He unses for this purpose the RoTH-DRIGER apparatus for
administering anwmsthetics with a cylinder of oxygen; instead of
using an LELLLuLully-ﬂrwen ventilator he 1ncreases the current of
air by means of bellows. Two bags mserted m the conduit of
pipes—one for oxygen, the other for chloroform—with safety
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escape valve, serve as regulators of the pressure and as reservoirs.
These pipes can be opened or shut by means of cocks. A return
valve in front of the tube prevents the back flow of the air expired
into the feed pipe, and a mouth valve with a mechanical escape
valve provides for the outflow of the used respiratory air. By the
adjustinent of this escape valve to the mouth, Kvnx, as early as
1904 to 1903, put into practice the principle of the apparatus for
maintaining an increased pressure.

DurraNceE (1911) wishes fo continue the tubage with a flexible
tube down into the subglottal cavity, and there make it air- -proof
with a rubber bag like the Trendelenburg tubes.

Scruples on account of the danger if vomiting should occur,
which certainly deserve consideration when the masks are used,
need not be much considered in the intubation methods, fm
vomiting, also the severe, very disturbing pressure in narcosis, is
impossible with an open glottis. This is a distinet advantage ; on
the other band, the accurate and certain insertion of the tube is
often impossible.

Kunn, however, in 1908, in a very simple way—similar to that
1'eccimmu‘1{'|ml later by MeLrzer and AvER for artificial respira-
tion—maintained the pressure in the lung after intubation, as he
says, constant and capable of regulation, by sending into the tubage
pipe from a sufficiently strong source of high pressure, with the
aid of a thin, small pipe .LthLLth‘l not air-proof, a stream of oxygen
or air under 4 to ¥ ﬂtnmsphereﬁ, while the patient is under the
influence of a deep anwmsthetic. All the parts (tube and small
pipe) are pervious to the air, therefore the current of atmospheric
pressure is free, the ventilation alw ays good. The supply of pres-
sure is obtained either from a cylinder of oxygen or compressed air,
or from a compressed-air machine.

Among high-pressure apparatus, a special position is held by the
method of insuftlation, which has been much used of late in prac-
tice in America. All apparatus hitherto constructed aim at avoiding
pnenmothorax by inflating the lung. As a matter of fact, however,
open pnenmothorax on one side involves in itself no danger.
One lung is quite sufficient for the necessary supply of oxygen to
the blood. Only when the other lung, owing to the fluttering of
the mediastinum, no longer makes 1t possible for the blood to
obtain a sufficient interchange of gas, and the osecillation of the
air quickly inereases the poisoning with carbonic acid gas, do the
disturbances begin.

There 15 no need, then, to trouble about pneumothorax, if only
(1) a snfficient quantity of oxygen is transmitted to the blood, and
(2) if the e:-.ha]m,ionr-; of earbonie acid gas are removed. VOLHARD
demonstrated, in 1907, that this also 18 pr:rsalhln; without respiratory
movements. He succeeded in keeping animals alive for hours,
when breathing had completely ceased under the inflnence of
curare, by url;fli.mcf the trachea with a small quantity of oxygen
withont special pressure; the CO,, which is given off, escapes
alongside the thin intubation pipe.

With a water gauge and a cylinder immersed in mercury (Hg.),
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Volhard constructed a wonderfully simple apparatus for artificial
breathing, in which the variations in the inertia of the mercury
direct the rhythm of the respiration. With the same improvised
apparatus in the case of a patient suffering from arrest of breathing
during an operation on the brain, he maintained the breathing
automatically in regular rhythm for nine hours, during which, on
the passive inflation of 8 em. hydraulic high pressure, a negative
phase of —3 to 4 followed in which the air expired was removed
by suction. The patient underwent tracheotomy.

Also, as Tie6sEL has shown, in open surgical pneumothorax with
oxygen a pressure of 3 cm. is sufficient. The lung on the open
side of thorax is only shightly inflated, whieh i1s not without its
advantages for the operation. Only on the conclusion of the
suture of the thorax 1s the lung fully mflated with inecreased
pressure (over 10 em. Hg)).

Fic. 27.—Voruarp's improvised apparatus.

The Americans, MELTZER and AUER, helped on the introduetion
of this method into the surgery of the lung by proving that the
lung can be also quite sufliciently ventilated with air (even in
cases of double pneumothorax), when the respiratory air 1s bronght
in a powerful current, 20 mm., by a small thin pipe as far as
the proximity of the bifurcation of the trachea (infratracheal
insuftlation).!

Dr. EnseErG (New York) has lately gone thoroughly into the
question of the Mrrrzer method of insufflation. IHe also con-
structed a very practical and easily transportable apparatus for
operations on human beings (Annals of Surgery, February, 1911},
which is to be still further simplified and mmproved.

The apparatus consists of a blower driven by an electro-motor

I 1t appears that Kunxs experimented in the same way in the year 1908, But
the application of the experiment to human beings seemed to him too risky, for
the intenszive and direct renewal of the air, and the consequent reduction of
temperature, made him fear serious ecatarrh and pneumonia.
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of + H.P. (In reserve are bellows worked by the feet.) The air
pa,ss.u,s through a vessel with warm water, where it is warmed
and saturated with moisture ; in another it absorbs the anmsthetic
(ether). On the far side of the reservoir a pipe conveying oxygen
from a cylinder opens into the air-pipe; this can be made use of,
or not, as desired. A mercury manometer. A rubber tube leads

to the cannula.

Fig, 28.—Dr. Frssera’s apparatus for intratracheal insnfflation (in an easily
transportable wooden cabinet).

Dr. EnsBeErG unses a woven silk catheter, about 30 em. long,
corresponding to No. 24 charriére, which is pushed through the
glottis till it nearly reaches the bifurcation of the trachea, and is
then inflated from a blower with air at a pressure of 20 mm. Hg.
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By this powerful current of air a sufficient quantity of oxygen
to arterialize the blood reaches the alveoli, but there 1mmediately
arises, just as powerful, a counter-carrent, wimh streams outwards
along the walls of the trachea. With it the exhalations of earbonic
acld gas are carried away; it also at the same time hinders the
influx of blood or secretions into the larynx and trachea; it drives
all the secretions out of the wound.

The accompanying illustrations may give the reader an idea
of the construction of the apparatus made by ELspErG. As far
as details of technique are concerned, KLsBeErG points out the
following : The catheter to be used as the tracheal tube must not
exceed half the diameter of the trachea, or close more than half
of the rima glottidis. This can be estimated by means of the
laryngoscope. For adults charriere No. 22 or 24 is generally
suitable; for children it must be correspondingly smaller and
shorter.

Fig. 29, —Director h;l,' FiscHER.

The introduction of the tube may present some difficulty.
It is done after the patient i1s completely under the influence of
the anwmsthetic. The patient is placed with head reeclining over
the end of the operating table. The glottis is focused with the
direct Kiniax or KIRsTEIN laryngoscope, the epiglottis pressed
well forward, and the catheter is pushed through the glottis #ill
it comes into contact with the hifureation ; then it is drawn back
about 3 em. and fixed between the teeth. When rightly placed
the point is about 26 cm. below the upper mcisors. The mean
distance in adults from the incisors to the glottis is 14 em., the
larynx is 5 em. long, the trachea, 12 em. to 13 em. It is a good
thing to mark the tube at 14 em. and at 26 cm.

Care must be taken when introducing the sterilized catheter
that it is not contaminated by mucns from the mouth or pharynx.
Special instruments are also constructed for this purpose: one by
H. Fiscuir, of New York, a bent tube, fixed on a Haves laryngo-
scope with direct vision,! and a director by Corrox and BooTHBY
(see fig, 20).

Then the blower i1s attached with a pressure of 10 mm. and,
after a few minutes, with a pressure of 20 mm. Hg. The month
remains open. Every two or three minutes the current of air is
interrupted for an instant. To avold extreme fluctuations of

1 To he had from “'.'Ip] ler, Electrie Controller Co., 178, Fast 87th mtreet, New
York City. My Assistant, I, Friixp, has construeted such an instrument as
renders possible an azeptie introduction of the tracheal tube.
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pressure through pressing, the operation should only begin when
the patient is completely anmsthetized.

If the air is to be replaced by oxygen through the second pipe,
a pressure of 3 mm. mercury 18 huihmmlt, as u*mlulx&ﬂ above, for
the exchange of gas in the alveoli. This would be advisable, for
example, when, Eul some reason or another, the lung is to be only
slightly inflated during the operation. Combined in this way,
VorHarp's and MEeELTZER'S method are the most useful in the
surgery of the lung.

The consumption of ether is minimal. The formation of foam
in the pharynx ceases at once on insufflation. The breathing is
regular and light, the pulse full and strong, the face congested.

If the air pressure rises above 20 mm. the breathing becomes
superficial, without cyanosis; with a pressure of 30 and 40 mm.
Iercury apnoea occurs.

Irritation, exciting cough when the insufflation is begun, point
to the fact that the tube is too low down n; when Im*ht.l'ar pl;mcd
breath sounds can be heard over both lungs.

Cyanosis may be the result of insufficient air pressure or of too
narrow a tube. In the latter case a slight compression of the
trachea from outside improves the breathing. No injury caused
by the tube has been observed; neither pains in the neck, nor
hoarseness: no tracheitis, or pneumonia.

ErsseERrG has used his insufflation apparatus more than twelve
times in experimental thoracotomy and in treating pulmonary
abscesses in human beings. According tu‘tmcmnmmme it performs
what is necessary in the surgery of the thorax.

The method of insufflation has also, as he writes to me, ** proved
satisfactory as a method of aﬂmlnhl,euu” ordinary anmstheties.
We have used 1t for this purpose more than a hundred times, and
have good and astonishing results. Ispecially in operations for
goitre, operations on the brain and in the face and oral cavity,
it is very valuable, for no blood or secretion can pass into the
larynx or deeper down; the current of air drives all out of the
mouth.”

These practical results, confirmed too by others, are indeed very
encouraging, especially in consideration of the instrument, which,
by the absence of cabinet and mask, is very much simplified and
has therefore gained in practical usefulness.

Quite a number of experimental works' are available to help
us in forming an opinion of the effect of the method of maintaining
difference of pressure on the lung, its ventilation, the oxygenation
of the blood, the effect on the heart (especially the right ventricle)
and the whole vascular system. By the inflation of the lung the
mediastinnm is no longer forced out of place when the pleural
cavity 1s open, the * fluttering ™ of the mediastinnm ceases, the
respiratory air is no longer driven to and fro between the two
bronehial trunks, and the diaphragm and muscle of the thorax are

I T may mention the work of SiveErervcH, BrAvER, TIEGEL, DDREYER, SEIDEL,
FriepricH, MaveEr, vox Speg, 0. Bruss, and others.
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again brought into play for the purposes of expiration and inspira-
tion. When the lung is amply supplied with blood, the blood is
sufticiently -uteuu,lu.ed dyspnoea disappears, the fl,mc:tlml of the
heart and the circulation of the blood become almost normal.

The method, unquestionably, does all that was expected ; it does
away with the direct and indirect consequences of pneumothorax.

The experimental works, to which I alluded above, have gone
fully into the qneqt.mn of whether the method of maintaining in-
creased pressure is to be preferred, on the physical and physiological
grounds, to that of maintaining decreased pressure, or vice versa.

Recent lt:ve*?.tlg.{&tmn% e:per::m,]]? those of TiEGEL, prove that
the method of maintaining increased pressure involves a greater
deviation from the physiological normal.

By the positive pressure an increase of pressure takes place in
the endothoracic veins, and especially in the artery of the lung.
This resistance of the blood is not without importance to the hcarla;
the right ventricle i1s overburdened doubly, because at the same
time the normal suction of the blood by the negative pressure of
the thorax ceases.

Owing to the great adaptability of the muscles of the heart
in practice disturbing or threatening complications do not appear
at first. Only if the over-pressure on the lung continues for a long
time, or if the heart 1s weak, do disagreeable symptoms appear as
the result of the overburdening of the right ventricle. Add to this
that, according to CLogrra, the lung under increased pressure is
very poorly supplied with blood,

For this reason 1 have strongly urged that increased pressure
should not be maintained for long, and that too high a pressure
should not be used.

In SAUVERBRUCH'S cabinet, on the other hand, as a result of
the negative external pressure, the indrawing of the venous blood is
increased and the resistance of the blood-vessels decreased in the
peripheral pulmonary capillaries.

S0, in this case, complications of the heart are not to be feared—
1t 15 not functionally overburdened.

And yet, even in the SAUERBRUCH cabinet, breathing is not
physiological. The negative pressure on the thorax eauses a more
or less permanent position (of the vocal cords) during Inspiration—
strong expiration 1s absent ; this produces a strong influx of blood
(CrorTra). It is true that 7 to 10 mm. mercury minus pressure
is no hindrance to conscious expiration. You must remember,
however, that you are treating an anmesthetized patient.

The consequence, if the over-pressure is maintained for long,
will be an impoverishment of oxygen in the tissue. So none of
the methods 1s free from objection from a physiological point
of view, and when we give the preference to the apparatus for
maintaining an increased pressure for purely practical reasons,
we must not forget the overburdening of the right ventrele of the
heart.

Our conclusion, then, as to the application of the apparatus
in the surgery of the lung—and that is the point we are considering
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here—will be, that in the physiological effect there is certainly
a difference between increased pressure and decreased pressure,
but when the apparatus are carefully and thoughtfully used 1t 1s
without importance in practice. The two methods can reasonably
be held to be of equal value.

That the methods are of equal value does not, of course, imply
that the apparatus are of equal value. Here the advantages and
disadvantages must be weighed one against the other (I do not
know of any apparatus which has no disadvantages) and here
personal considerations, such as habit and practice, experience and
taste, play an important part. Finally the question of cost decides!
I may well abstain here from a critical comparison of individual
apparatus and a consideration of their practical utility.  As far as
objective criticism seems desirable, I have already given it in short
remarks when describing the apparatus. I refer specially to the
criticism of the method of insufilation.

Disadvantages and Dangers of the Method of Maintaining
Difference of Pressure.

The Maintenance of the Aseptic Condition.—The rubber
collar, which makes the neck air-proof in the cabinets, i1s easily
brought over the upper section of the thorax. In this way not
only is the work of operating in the upper sections of the thorax
made much more difficult, which, in any case, is more or less
ecramped in every cabinet, but, above all the asepsis of the opera-
tion is endangered. Improvements have been made (notched
tappet rod), but this point 1s still worthy of attention.

With the mask apparatus and with the intubation methods this
danger does not exist.

Vomiting in Anzesthesia.—This is to be feared when masks ave
used. If the mask 15 removed, then the difference of pressure is
destroyed. The sudden alteration involves risk when the thorax is
open. The operator must at least find time to pad the pleura well.
This undesirable interruption may coineide with a critical moment
in the operation.

This has been remedied by adding to the mask receptacles for
vomited matter, which are {'\Gh‘LI]"L"tIJlE* (TiecEL, MAvERr and
Davis), TiEceEn and HeExLE, who hme certainly had the most
experience with masks, do not fear aspiration when vomiting
occurs even when a simple mask is used.

With the intubation method, vomiting is impossible, as the
glottis cannot be closed. Moreover it 1s permissible to plug the
entrance to the cesophagus (Kvnax). In insuftlation the pharynx
remains freely accessible.

Interruption of the Difference of Pressure.—IEvery apparatus,
however carefully it i1s constructed, may fail just at the most
important moment—through the fault of the attendant or for some
other reason. A caveful operator will, therefore, always have the
necessary requirements for plugging (two or three large wet gauze
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compresses are the best) at hand, to meet the risk of the total
collapse of the lung; this is preferable to seizing and pulling
the lung forward, on account of the risk of infection.

When the lung partially collapses pus or blood from the
periphery of the lung or from the pleural cavity may be drawn
in by retrograde aspiration. The aspiration is preceded by an
mspiratory movement. The complete (gradual) collapse of the
lung would then be the surest preventive measure, as long as the
difference of pressure has not been re-established.

The collapse of the lung 1s gquickly followed by impoverishment
of the oxygen of the blood ; when the interruption of the difference
of pressure is a lengthy one, this must be met by a timely in-
suftlation of oxygen.

Hwmorrhage, too, from the lung tissue may become more
profuse on the collapse of the lung (plugging, compression,
temporary suture).

Acute Dilation of the Stomach.—Acute distension of the
stomach has often been noted as a rvesult of the difference of
pressure, which in one case of Ki'TTNER's led to death from ileus
of the stomach. In experiments, for instance, SAUERBRUCH has
observed how the stomach, distended to the maximum extent,
forced up the diaphragm and the anmals became short of
breath.

This condition arises when the head and neck are under
different pressures, that 1s, when the (neck) collar is placed
immediately below the chin. For as soon as the counterpressure
is removed from the neck, which compresses the esophagus—
whether you are working with increased or decreased pressure—the
(velatively) increased pressure of the air overcomes the pharyngeal
sphineter the cesophagus is inflated and, by reflex action, the cardia
opens to admit the inflowing air.

Acute distension of the stomach may, as already mentioned
above, prove fatal. In any case it must be considered as a serions
complication in operations in which a difference of pressure is
maintained. The high degree of meteorism prevents the movement
of the diaphragm, affects the working of the heart and forms a
source of secondary affections of the Itmﬂ

The risk can be avoided by placing the collar in the cabinet
apparatus on the lowest section of the neck, the masks with
increased pressure seem to cause distension of the stomach more
frequently. Perhaps it might be avoided by merely bandaging the
neck.

The Use of too high Pressure and lengthy Operations while
maintaining a Difference of Pressure.—With the inflation of the
lung, that is in proportion to the amount of pressure used, the
capillaries of the lung arve compressed; which is equivalent to a

1 Here I should like to draw attention to a disturbing symptom in operations
on the infiltrated lung. Through the increased pressure in the bronchioles the
air rushes out of the surface of the wound and mixes with the blood to form
foam, which often obscures the field of operation in a very disturbing way.
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difficulty in the cirenlation of the blood in the lung. Such an
increase of pressure in the pulmonary region very soon over-
burdens the right ventricle of the heart. SAUERBRUCH, therefore,
recommends, n cases of weak or diseased hearts, that the
difference of pressure should be kept as low as possible, and
espeecially with patients suffering from E’H];_‘.Il'l'i sema with the heart
alveady overburdened, not 1:1.1%13(1 above 4 to 5 mm. Hg.

Differences of pressure, which exceed 10 to 12 mm. Hg,,
are 1n any case to be avoided with cabinet and mask apparatus.
Only 1n msufflation i1s a pressure of 20 mm. mercury to be used
without hesitation, the current of air must be interrupted for a
short time all the more frequently. To me there seems no doubt
that also the long duration of operations, where difference of
pressure is maintained during anwesthesia, involves risks, to which
we have hitherto hardly paid any attention. Many operators must
have seen their patients, after a prolonged operation, performed
under difference of pressure, pass away towards the end of the
operation, or ummediately after it, and that accompanied by
symptoms not to be accounted for either by the anwmsthesia, or
by a h@morrhage, or by aspiration. Then not finding any patho-
logical anatomical canse, it has been described in the non-committal
words “ Death from shock.”

When we remember that in none of the methods of maintaining
difference of pressure i1s the exchange of gas in the lung normal,
that the lungs are breathing in the position for l‘tf-.pu:ltmn an
that strong {“ipmltl{m 15 |11.L]~.1n;_=f, it is unavoidable that the quantity
of residual air impoverished of oxygen must be disproportionately
high. The blood is more and more overburdened with carbonic
acid gas, until finally the retroaction makes itself felt at the
respiratory centre and the vaginal centre. The pulse at first
becomes slower (vagus pulse) and is characterized by sudden
depressions; then as'the pressure of the blood slowly decreases it
changes to a proportionately rapid pulse-beat. Breathing may go
on regularly undisturbed. That conceals the m:igllitudu of the
danger. Experiments on the “inner” breathing and the 1m-
poverishment of the tissne in oxvgen have explained these things
to us.

From the above remarks we must deduce, that for our lengthy
operations when difference of pressure is maintained, we mnst not
only have oxygen ready to hand for insufflation, iml, above all,
must prevent the stagnation of carbonic acid in the residual air
and in the blood. That is achieved best by frequently allowing
the lung to return to the position for expiration.

If I add a word about my personal experiences, I must say that
I have performed the greater number of my operations on the lung
without any 1a=-*>]:+1|ﬂ.tmw; apparatus. The dangers of puenmothorax
are not so great that they cannot be controlled by the simplest
measures, bllLl‘I as compressing and pulling forward the lung; the
frequent pulmonary operations for gangrene, abscesses and bron-
chiectasis (provided you only want to locate the focus) can be
performed without apparatus.
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Later on I operated with SAUERBRUCH and with BRAUER's
apparatus, and have learnt to appreciate their value in serious
plastic operations on the thorax and injuries of the lung.

In some of our pulmonary operations—and, of course, ceso-
phageal—and in the surgery of the heart, the apparatus, during the
short time in which they have been used, have become indispen-
sable aids, which—and this is unqueatmnab]e—have simplified the
operations and lessened the risks.

Still our wishes in this respect are not yet fully satisfied, we
must—and this must be our immediate task—strive after the
greatest possible simplification of the apparatus.
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CHAPTER 1IV.

GENERAL SURGICAL TECHNIQUE.

Local anasthesia, especially in that form due to loss of nerve
conduction or infiltration, with § per cent. novocain, is to be pre-
ferred to general anmsthesia with patients seriously ill and those
cases in which, owing to profuse secretion into the bronchi and
the unfavourable position of the focus of pus or gangrene com-
municating with the bronchi, an aspivation of suppurating or
putrid matter is to be feared. With the perfected technique of
to-day this is possible even in cases of most extensive resections
of the rib and when it is necessary to penetrate deep into the
pulmonary tissue. Its use is, however, limited as soon as it 1s a
question of much mampulation in the pleural cavity. The pleura
is painful when touched and pressed, and even under the effects of
morphia reflex spasmodiec expirations are caused through each
trauma and when the glottis 1s contracted, so-called compressed
breathing. This not only restricts the surgical process and renders
1t more difficult, but does the patient more harm than general
angesthesia. The sudden reflex decrease of the blood-pressure
throngh rntation of the inflamed pleura 1s not without danger.’

In local anmsthesia of the thorax for major operations it must
be remembered that the region to be rendered anmsthetic is un-
usually large. We must, therefore, try to produce an anwmsthesia
due to loss of nerve conduction, so as to reduce the quantity ot the
an®sthetic to a minimum. The position of the intercostal nerves
which are concerned 1s favourable for this, as the region in which
the nerve is to be sought is narrowly limited by the ribs. The
position of the nerve trunk, too, in loosely construeted connective
tissne between the tense muscular plates of the external and
internal intercostal muscles, favours a deposit of the anwmsthetie in
the immediate proximity of the nerves (see * Anatomical Part,” fig. 1,
Thoracic Wall, transverse section). Here it must be remembered
that each intercostal nerve in the posterior third of the circum-
ference of the thorax consists of a trunk, which lies in the middle
of the intercostal space. In front the nerve divides into two
branches, the stronger of which follows the course of the next rib
above, close to its inferior margin and partially embedded in a

V' Carers and Lewrs, dmer. Jouwrn. of Med. Sci., December, 1907,
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sulcus ; the weaker branch runs along the superior margin of the
next rib below, sometimes along 1ts inferior surface. The further
you go behind, then, about to the angulus scapulwe, the surer you
will be to have to reckon with only one nerve trunk.

The arrangement of the entaneous branches, too, is such as to
make an anmsthesia due to loss of nerve conduction possible. At
three points the branches of the intercostal nerves, intended for the
skin, break through the muscular stratum. Close to the spinous
processes one to two sensory branches pass through the erector
spine and curve laterally below the skin. The second point at
which they break through lies on a line drawn perpendicularly
down from theé anterior axillary fold. Here the cutaneous nerves
pass with one to two branches through the processes of the
serratus anterior and spread in front and behind. The third
point lies about 2 cm. laterally from the sternal margin.

Taking these anatomical conditions into consideration 1t 1s
possible to perform even extensive plastic operations on the thorax
without pain (Hirscuern). Aceording to HirscHEL's! directions,
the following 1s the procedure : First, the posterior, inferior and
anterior border of the region intended to be operated upon is sur-
rounded by a border of subeutaneous mfiltration. The intra-
cutaneous pomphus for the next puncture is fixed from inside, and
so the panfulvess of numerous punctures is avoided. In this
infiltrated border line the intercostal spaces are sought out and
a puncture is made in the middle of them and with the point of the
needle vou proceed to the upper, then to the lower rib. Then you
probe round the upper and lower margins of the r1b and place here
a deposit of the anmsthetic. This 1s done all over the zone of
infiltration, both posteriorly and anteriorly. The nerves mentioned
in the second place are the most important. It is easy to locate
them, in patients who are not too fat, by constructing the line given
above, and determining their points of intersection with the easily
recognizable suleus between the individual serratus processes.

The only danger in this method is the possibility of injuring
the pleura, and injecting a not quite negligible quantity of flmd
into the plenral cavity. DBut this danger can be easily avoided by
taking care that after probing the lower and upper margins of the
ribs the cannula 1s only pushed forward, when at the same time
infiltration takes place. In this way when the fluid injected precedes
the point of the needle, the pleura recedes before it. Moreover,
according to what we have already said above, it 15 only necessary
to penetrate the stratum of the external intercostal muscle, as the
nerves lie in the space between the two muscular strata.

We have often attained a suflicient anmsthesia for resection of
the rib in a somewhat simpler way, by } per cent. injection of
novocain with adrenalin. The nerve trunk is sprayed in the region
of the costal angle in the middle of the intercostal space, and then
in the axillary line, the branches near the lower and upper margin

U Hirscuirn, Minch. med. Woehenselir,, Mo, 10, 1911,
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Fia. 30.—Lamification and position of two intercostal nerves projected on the skin.
Points of puncture for the injection.
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of the rib are sought out with the needle as shown! in fig. 30.
For the resection of one rib two intercostal spaces, and for several
ribs a correspondingly increased number must be anmsthetized.
Finally, the soft parts bordering the region of the operation are
infiltrated.

When a general anmsthesia is applicable, as in the case of
tumours, hydatids, operations for fistula, extractions of foreign
bodies and injuries, chloroform or the BILLROTH mixture is to be
recomnmended in the first instance, although I would not hesitate,
in the case of patients suffering from cardiac defects or a weak
heart, to use ether as an anmsthetic with due precaution ; and when
apparatus for maintaining increased pressure are used, and especi-
ally in the case of insufflation, ether is generally used. We have
good results by giving patients half an hour before the operation
an injection of morphia (001 to 0-015). Scopelamin or scopolamin-
morphia should not be used, on account of obstructed expectoration.

(zeneral is undoubtedly to be preferred to local anwmsthesia in
cases of exploratory thoracotomy, when the lung must be examined
and the danger of reflex shock from the pleum 1s very great. It
also makes 1t easier to fix the lung and to adjust the pulmmmr’
suture, becanse there 1s no cmnprﬁaed breathing.

For the accurate localization of the diseased focus and when an
operation is planned to be performed at two different times, local
anmsthesia is to be preferred; the pulmonary tissue 1s almost
without feeling.

When apparatus for maintaining difference of pressure are used,
the apparatus should be earefully examined 1n every detail before
use, and the anwesthetist must be thoroughly familiar with its use.
The pulse must be watehed, special attention must be paid to the
appearance of the *“vagus-pulse” The pleura should not be
opened before a state of absolute toleration has been arrived at.
Vomiting rarely oceurs; with the intubation method 1t is impossible
as the glottis cannot be closed.

In the case of abscesses and gangrenous foei, which have spread
mto the bronchi, during the narcosis and operation, as far as
possible, the patient should not be placed on the sound side, to
avold the risk of secretion passing into the healthy bronchi and the
infection of the healthy lung. The best position for this is a half-
inclined sitting posture. DEeraGE lets the patient lie on the
abdomen, mainly 1in view of the risk of pneumothorax.

In thoracotomy in the dorsal parts, the operation i1s made a
little easier by placing the patient in an oblique position with the
injured shoulder slightly supported and the operating table placed
as high as possible.

The following may be remarked on the general technique of
thoracotomy and intrathoracal operations :—

Thoracotomy.—The localization of the pulmonary focus and its

! The method practised in the Zurich Clinie, in principle eorvesponding to
this procedure, has recently been described by ScHuMAcHER, in the Cendralbl. f.
Chir,, No. 8, 1913,
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diffusion, the tumour, the hydatids or the foreign body, the injury,
&e., 1s the condition which decides the site of operation—the site
cannot be chosen.

An ample incision should be made in the soft parts, so as to
allow for the resection of two or more ribs, either parallel to the
ribs, or in the shape of a flattened curve, or as flap amputation.

The simple intercostal incision (fig. 31) 1s sufficient for many
operations or for exploratory thoracotomy, but it must be very
long. The ribs can be forced apart with a tenaculum orv rib-
retractor (MIKULICZ-SAUERBRUCH wmodel given in fig. 55, or the

Fic. 31. —Intercostal incision for the denudation of a pulmenary focus.

DE QUERVAIN'S improved instrument, fig. 33). In France the flap-
incision with the ribs folded back seems to be preferred, as described
by DELORME in his decortication of the lung (¢f. figs. 32 and 36).

For a focus in the upper lobe and the apex of the lung, the
removal of the 2nd, or the 2nd and 3vd rvibs, gives plenty of room
in front ; the lower and middle lobe ean be easily approached by
removing from two to three finger-lengths of the lateral or posterior
parts of the ribs, best of the 8th, Tth, and Gth rib.

I consider it better not to resect at once a large portion of the
ribs, but only sufficient for the examination of the pleura and lung.
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Frz. 32— Temporary resection of the thoracic wall
according to DELopMe with the lung fixed,

Phe fTurther re-
section of the
thorax which 1s al-
most always neces-
sary is determined
as to 1ts extent
entirely by the
nature of the focus ;
it can therefore
only be performed,
when, by probing,
exploring or inspec-
tion, the position
of the diseased pul-
monary parts, and,
above all, the con-
dition of the pleura
(adhesions, indura-
tions, perforations)
1s perfectly clear.

Generally the
resection of the ribs
1s subperiosteal. If
the conditions make
1t desirable (which
can only be ascer-
tamed towards the
end of the opera-
tion) to suppress
the re-development
of ribs 1n the region
of the aperture of
the thorax either
entirely or in part,
then 1t 1s easy to
excise the perios-
teum and the imter-
costal muscles, if
necessary, in addi-
tion.

Starting froman
incision parallel to
the ribs by pushing
up the soft parts
and lengthening
the meision in pro-
portion, one can
easilly resect four
and more ribs.
Vertical incisions
are also used with
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advantage, especially in cases in which the lowest point of the
necessary resection cannot he fixed beforehand. Idach of the in-
cisions mentioned can, if necessary, be developed into an L, a T, or
an H incision, which is, however, only required in the rarest cases.
There arve difficulties in the removal of the three uppermost
ribs. It 1s possible to approach from the front ; but in the case of
the first rib special cantion must be exercised ; after lifting up the
periosteum, you pull up the costal cartilage and bone cautiously,
bit by bit, with LUER’s gouge forceps. From behind the approach
is much more difficult, owing to the shoulder blade and the strong

Fia. 33. Fia. 34. Fia. 35.

Fig. 83.—Rib retractor (according to pE QUERVAIN). _

Fig. 34.— Lung fixation forceps (according to FrripricH).
- L3 5

Fig. 35.— Forceps for the hilum (according to FrEIpRICH),

muscular apparatus. The incision is made parallel to the !I]ll.‘-_'ull:'ll]:ll"
fibres of the trapezins, and entails the blunt severance of the
low-lying muscles. _

The removal of the ribs and rib cartilage in the heart region
should, if possible, be avoided, because by the adhesion of the
heart to the thoracic wall painful throbbing scars, and not
infrequently cardiac disturbances, are caused. _

A temporary resection of the thoracic wall with an H-shaped
flap with external base is only indicated in cases of hydatids,
tumours, injuries, and foreign bodies in the lung: whereas in all
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cases of inflammatory processes the solid thoracic wall must be
removed.

After resection of the ribs, the freely moving parts of the lung
can generally be recognized. When there is any doubt—open the
pleura by a puncture with a narrow scalpel (an aperture 3 mm.
wide is sufficient), and probe 1n the different directions.

When it is a question of intrapulmonary, suppurating, in-
fectious processes (abscess, gangrene, bronchiectasis, suppurating
hydatids), then the main Lt)llhldﬂl'ht'lm':l in the technique adopted
must be the protection of the open pleura from nfection; for
‘:-t'l}_}pl'ltﬂl-ll'.l l)ll."llllf';‘\ or evell saneols empyeina, 18 & very serions
complication. Firm pleural adhesions are the best protection of
a wound ; they admit at once of penetration mto the pulmonary
parenchyvma (pneumotomy), and the opening up of the inflamed
focus.

When the pleura is free, or when the pleurotomy extends
beyond the bounds of the adhesions, the rest of the plenral cavity
must be protected in any case. This is best done by continuous
suture, or by plugging combined with suture. In cases which are
not urgent, and when the fixation suture is not used, the closing
of the pleural membranes by adhesion may be achieved by
artificial means (zinc chloride, iodine, nitrate of silver), which
permits of the operation taking place without danger four to ten
days later. This will be discussed 1n more detail in the chapter on
“ Pulmonary Suppuration.”

In operations on the lung we have to reckon almost without
exception on partial or total pneumothorax; we must, therefore,
ask ourselves how best we can deal with 1t. (See * IDiscussion of
the Pathology of Pneumothorax and the Method of Maintaining a
Difference of Pressure.”).

Under all eivcnmstances a sudden opening of the pleural cavity
must be avoided. The sudden collapse of the lung is followed
directly by threatening symptoms of dyspncea, heart weakness,
and collapse. Should this h.hppen unexpectedly, then the retracted
lung must be seized at once with foreeps, and pulled firmly into
the wound. By this means, as I showed at the beginning, by the
fixation of the mediastinum, a sufficient x{-nh]at.mn of the Iunnr 1S
rendered possible—the dyspneea at once disappears, the ‘pu].‘:.L
becomes stronger and slower. Or else turn the patient at once on to
the side operated on, and firmly compress the thorax, so as to
reduce the pnenmothorax (MACEWEN).

When operating withont an apparatus for maintaimng differ-
ence of pressure, the opening of the pleural cavity must be per-
formed slowly and cautiously, then the lung is made secure by a
strong suture, which takes up 1 to 2 cm. of the pulmonary
parenchyma, and fixes it to the corresponding place on the
chest-wall.

If difference of pressure is maintained, this is only introduced
before the pleura is opened, and then only, as SAUERBRUCH
recommends, under half pressure (5 mm. mercury). After the
incision in the pleura, some air penetrates, but only sufficient for
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the lung to retract slightly. This makes the pleurotomy, or the
pﬂsqlbl} necessary resection of the ribs easier without disquieting
disturbances of the breathing. At the same time the lung can be
more easily examined when slightly retracted.

In intercostal incisions lmml blunt tenaculi, or rib retractors,
are inserted, and the rbs are pressed as far apart as possible, so
as to obtain a sufficient survey of the field of operation—at least far
enough to allow of the hand being admitted to the pleural cavity.
The intrapulmonary pressure i1s now raised to 7 to Y9 mm. mercury,
as, according to SAUERBRUCH, in this inflated condition of the

Fig. 36.—Fization of the lung and investigation thereof (P1cor)

lung, the best and most rapid investigation as to the localization
of the morbid changes 1s possible. In this w ay the lung can easily
be examined, and thc focus of disease sought out in tlw thoracic
cavity itself, or at the costal aperture.
Here we must also remember the decortication of the lung
ceording to DELorME—a method of operation recommended in
chronic empyema, but which can also be advantageously used,
under certain conditions, in operations on the lung, in order to
lay bare the actual site of operation. If the pulmonary affection,
which indicates the necessity for an operation, 1s complicated with
chronic empyema, and if the lung is wholly or partially encased
with a solid cortex of connective tissue, then you will cautiously
attempt a *‘ decortication,” not so much, as DELORME says, to bring
about the development of the lung as to make it easier to locate
the pulmonary foei. An ineision is carefully made in the thickened
visceral pleura till the smooth surface of the lung appears; then

!J‘
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the necessary stripping is made from here with the probe, the
scissors, or the finger. Decortication 1s not always possible, nor
can it be pe1ﬁ:rrmed from every point.

In operations for the occlusion of pulmonary fistule (see
Chapter VII) the pleural indurations after partial stripping may
be advantageously used as plastic covering of the defect.

Now follows the operation on the lung itself, which naturally
varies according to the disease, its extent and localization. These
special points will be dealt with in separate chapters. Here I will
only deal with the extirpation and
resection of the lung with mainten-
ance of the bronchi and the suture
of the pulmonary parenchyma.

Total extirpations of the lung
and resections of whole lobes have

=1 =y often been successfully performed,
' \ above all by MaceEwen, who, as
) long as sixteen years ago, removed

Hltlru'i} a tubercular left lung.
Although these serious opera ations
have succeeded without apparatus
fm' nminl:n,inin;{ differences of pres-
I myself have removed a
10“91 pulmonary lobe in this way
—it would be narrowminded not
to recognize that these operations
have been in many respects sim-
plified by this modern invention,
and rendered less dangerous to the
patient.

The extirpation of the whole
lung or of individual lobes, as may
Fic. 37.—Bronchial suture. Closure be necessary in the case of tnmours,
of the bronehi {nccurdiug to TII-!IIiEL}, hrﬂn{:hiectaﬁja‘ t,nberculnsisl ta]{cs

place from the hilum. The lobe is
set free from its surroundings, and its adhesions, and indurations,
if such exist, must be carefullv stripped off, and by pulling and
drawing forward it must be provided with a pedicle. Then the
hilum blood-vessels must be tied up and separated, and finally the
bronchus, too, must be isolated, so that it may be possible to fasten
the suture securely.

On the occasion of the extirpation of a lung on aceount of
carcinoma, KUMMELL convinced himself that the lung in a state
of 1mperfect expansion was easy to separate from the hilum. He
therefore proposes to maintain artificial pnenmothorax for a little
time before the operation. SAvERBRUCH also hopes to attain the
same end by the ligature of the pulmonary artery, for in a short
time the ]}1]11!10]‘]'11'}' lobe in question shrinks quite perceptibly.

The greatest importance must be attached to the closure of the
bronchus. If air gets out temsion pnewmothorax occurs as a dis-
agreeable complication, and the secondary infection threatens to
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become dangerous. I have successfully secured the bronchus
freshened up from within, and then closed with a suture by sewing
over the pulmonary tissue. A constricting ligature added proxi-
mally protects the suture from the intruding current of air (T1EGEL,
Frieprica). The thread must not be fastened directly or very
tightly on the bronchus on account of the risk of necrosis of the
ﬂﬂ.lt-ll-.l}.{f‘

Winny MeYER recommends another method, which has now
been proved satisfactory by experiment. After separation of the
ligatured blood-vessels he compresses several centimetres of the
bronchus with a broad clamp, binds up the tube, which is now
quite pliable, and separates i1t. Now the stump can be easily
invaginated, and the bronchus united over it by suture.

Fic. 83.—W. Meyer's suture of the bronchus (according to a di ﬂ,“'iug I}}-
SCHUMACHER).

Great care, as already remarked, must be taken of the principal
bronchus. It has often iﬂppened that, not being closed so as to be
air-proof, it has slipped back into the mediastinum and has caused
fatal mediastinal emphysema. Peribronchial progressive emphy-
sema has even been observed on the other side. When the media-
stinal pleura is thickened by inflammatory deposits the risk of
emphysema is sensibly diminished.

The best pmtectmn 15 to suture over it pu]nmmr;{ tissue, which,
for plastic purposes, is left in situ. GUNDERMANN! has described
portions of the adjacent lobes of the lung healed according to this
principle as “ counter-healing.” '

The resection of a large portion of the lung can generally be
performed bloodlessly. The blood-vessels of the hilum can be
temporarily compressed (forceps, fig. 35), or, if it is a question of
the marginal parts, the lung can be cmnpwﬁqcﬂ (fig. 39) with wide,
soft- spmwed clamps (fig. d‘}} Then all vessels and the fine
bronchi in the incision made with the scissors are tied up with the
finest silk. Then follows the suture, for which I prefer fine silk.
Experiments have shown me that the pulmonary tissue pressed
together between the sutures remains imperfectly expanded
(TArxE) ; therefore it is advisable to make the stitches not too far
froon the margin of the wound and to push the needle as far as

L Beifr, 2. klin. Chir., vol. 1xxiii,
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possible to the bottom of the wound (fig. 40). The sutures must
not be drawn too tightly. They generally heal up without reaction.
A superficial pleural suture may be added with advantage. The
invagination of the pleura has proved useful, as well as TIEGEL'S
suture, with supporting threads lengthwise to the wound (see
fig. 41).

After aseptic operations of short
duration the thoracic cawvity, after
the pnenmothorax has been re-
moved, 1s completely closed. It is
true that alinost always a secondary
pleuritic exudation takes place,
but this is generally reabsorbed in
a short time. Drainage of the
pleural cavity is imperative in cases
known to be infected, or in which
there 1s a suspicion of nfection.
Also, when the arrest of the blood
15 mmcomplete it is advisable to put
in a drainage-tube for twenty-four
hours. When the plenra has been
injured traumatically during a
lengthy operation and by the in-
fluence of the atmospherie air, then
1t reacts with a profuse discharge.

Then a primary drain must be
very cautiously inserted, because,
under such cirenmstances, a very
slight accidental infection may
develop into empyema. If, on the
contrary, the pleura is kept dry, it
very quickly coalesces ; if the worst
comes to the worst, then you have
only to deal with an encysted sup-
purating focus.

The drainage-tube must be fitted
with a valve so that the fluid may
pass out, but no air flow in. This
can be done (fiz. 42) by Perthe's
suction drainage, or, according to
THIERSCH, by an open thin rubber
finger-stall fastened to the mouth
Fi6, 89.— Forceps for compression of of the rubber drain.
the lung (according to SCHUMACHER). TieGEL, on the suggestion of

HeNLE, put together a pliable metal
drainage-tube which could be screwed up, and which was closed by
a rubber membrane (see fiz. 43). A thin rubber membrane is
fastened to the plate with four screws ; it 1s raised on l‘.‘::{]_:lil'ﬂ;tiﬂn.,
and lets the exudate and air escape, but 1s sucked 1n on mspiration
on to the aperture. A wire net placed over it prevents the dressing
from adhering,
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~ Also in the case of pneumothorax with tension, which does not
yield to a puncture, and of progressive cutaneous emphysema
(starting from the lung), valvular drainage may be of use.

- Winny MeyveEr drains like DELANGIERE in the 9th or 10th
intercostal space in the line of the scapula and completely closes
the original wound in the case of thoracotomy. He prefers as
drain the cigarvette drain with a central rubber drain and beside it
two drains with longitudinal bifurcation. He leaves his patients

Fic. 40. —Pulmonary suture according to Ganpl and Tanke.
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Fig. 41.—TieceL's pulmonary suture with supporting thread of magnesium wire.
Hig. 42 —-Dirainage tube with valve (according to THIERSCH).
Flig. 43.—Drainage tube with valve by TiEGEL.

twelve to fifteen hours after the operation in the increased pressure
cabinet and for half an hour administers artificial respiration.
After this period the snrrounding plenra must be made to adhere.
It is also possible to make an air-proof drainage of the pleura by
inserting a tampon which traverses the chest-wall in an oblique
channel (KUTryEr). Retention, however, may easily take place.
SAUERBRUCH expresses himself as satisfied with the tamponade.
He adjusts the dressing under difference of pressure so that it is
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air-proof, paints the proximity of the wound with zinc paste, covers
the wound itself with a little sterilized gauze and places over the
whole a large piece of rubber and fastens it with lLigatures. The
dressing is changed under the maintenance of difference of pressure.

The closing of the wound caused by thoracotomy is done by
careful sutures one above the other. You may have made a costo-

Fia. 44, —Percostal and pericogstal suture (from SAUERBRUCH and SHUMACHER'S
* Technigue of the Surgery of the Thorax ™).

muscular flap, or resected ribs still, when the wound in the lung
has not itself to be plugged, closing up the pleura with the divided
intercostal muscles by themselves and therefore specially carefully,
the skin is always joined together by the suture.
When an intercostal incision is made, the parted ribs are easily
and quickly united by pericostal or percostal sutures (see fig. 44.)
Before closing the last suture of the pleura we must be careful
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that there is absolutely no pnenmothorax, by distending the lung
powerfully with the apparatus or get rid of the air according to
MAcEWEN by compression and l.mnlll“ the patient over, or, as
I recommended before, fasten the last thread at the moment of
a forced expiration. If pneumothorax is present it increases the
risk of infection, therefore its removal is important.

In the case of a patient under anssthesia, the lung should be
slightly distended with the aid of an oxygen {,},!mdm before the
closing of the suture, as Rockey has done. The tube with the
oxygen, to which a rubber bag was adjusted for the regulation of
the pressure, was placml :1nect]3 in the nostril and the other nostril
was closed with the finger.
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CHAPTER V.
INJURIES OF THE LUNG,

WE must distingmish between subeutaneous and penetrating
injuries of the lung.

Subeutaneous njuries of the lung generally follow on oblique
fractures of the ribs or splintered fractures, when a sharp fragment
pierces the visceral pleura, which is most likely to happen in cases
of pleural synechia. As any considerable hmmorrhage seldom
occurs here and emphysema in the subpleural or subeutaneous
cellular tissue never attains any great size, spontaneous healing
senerally takes place.

In the case of ruptures of the lung the conditions are different,
these are generally caused by a heavy weight suddenly eoming into
contact with the thorax, as when anyone is run over, by compres-
sion and by a fall from a considerable height and similar accidents.
The suddenness of the blow with reflex closure of the glottis, or
also with simultaneous compression of the trachea, or the impact
of the blow simultaneously with deep inspiration canses a rupture
of the lung. The way this happens is easily understood and has,
moreover, Deen explained experimentally.

In young people, with elastic thorax, large ruptures of the lung
may occur without the fracture of a single rib, as in the case of
a boy of 11, in whomn 1 saw a rupture 7 cm. in length across the
whole upper lobe, after he had been run over by a waggon, without
any injury of the ribs (Diss. RicaTeEr). The rupture of the lung is
not necessarily on the site of the impact, 1t may take place at any
point whatever.

The wisceral pleura is generally injured, also the pulmonary
tissue more or less deep down. The rents are 4 to 10 cm. long, the
latter traversing whole lobes. Under certain circumstances there
is only a central rupture of the parenchyma, then a cavity is
formed filled with blood, which may later give rise to the formation
of gangrene and cavities. Such central ruptures are also caused by
a sudden fall. Rossne has deseribed such mptluLs in a lung with
pneumonic infiltration and in a sound lung (inferior lobe).

Smaller rents in the substance of the ILIH”' bursting of single
pulmonary cells or smaller blood-vessels are not lllfli‘l]lll_,l]ﬂ}’ the
consequence of mere contusion of the thorax, violent exertion,
vomiting, coughing, &c. They cause dyspnoea, hemoptysis, sub-
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cutaneous or subpleural emphysema, &c., and In one single case
(WEIKARD) made a surgical operation urgently necessary.

The symptoms of a rupture of the lung—essentially the same as
the signs of hsmothorax, pneumothorax and hmmoptysis, &ec.,
are practically covered by those of open injuries to the lung; so
I do not need to describe them 1 detail. The treatment, too, does
not need to be described separately.

Concussion and compression of the thorax, caused by something
blunt, may (under certain conditions) prove fatal without any
tangible cause of death being discovered at the autopsy. It is the
“ commotio thoracica,” when the victim falls down with a deep
inspiration ; the pulse 1s feeble, scarcely perceptible, becomes
slower and intermittent, the skin pale and ‘cool, the injured man is
unconscious and lies in a state of the most severe shock. Many
soon recover, the physician searches in vain for any trace of the
injury. Many die, without having recovered consciousness. The
disease is explained by a direct irritation of the vagus and in the
depressor effect on the region of the sympathicus {(IL{-]} depression
of the pressure of the blood, ansmia of the brain).!

It should be treated by placing the patient in a horizontal posi-
tion, with the head low down and the administration of a good dose
of morphia.

The lung may be penetrated by cutting or piercing nstruments
of all kinds (knives, awls, foils, bayonets, &ec.), and also by bullets.
In working with machinery far-reaching tranumse of the thorax arve
caused by the e.‘iplﬂaiml of steam boilers, the breaking-off of frag-
ments of iron, &c. ; finally, injuries caused by being nnpllLd must
be mentioned r[huin,q impaled on iron railings, meLhe.s. &e.).

Crousg, for instance, treated an engineer, whose chest had been
completely pierced by a pale, two inches thick, entering from the
front 1t projected from the back. The patient recovered, except for
a pulmonary fistula.

If the stab or shot traverses the whole lung and the opposite
wall of the thorax, it is called a perforation of the lung. The in-
juries caused by a shot are generallv of better prognosis than those
caused by a stab, especially when the latter dealt with great force
penetlatus deep into the lung.

Injuries due to shots in time of peace, generally produced by
revolvers or pistols, count among the less dangerous wounds owing
to the small calibre of the IJIIJ]LLLI]E‘ (7 to 9 mm.) and the relativ LI}T
slight percussion. The bullet generally remains in the lung or in
the opposite wall of the thorax, you then get a wound where the
shot entered and where 1t left the surface of the lung or several
such wounds if two lobes are injured. Both lungs are rarely shot
through. The wound caused by the shot piercing the lung is
characterized by a livid, bloodshot spot about the size of a Iﬂtl n
the middle of which is a roundish, bleeding wound, or one cov Ll(‘d
with coagulum, with irregular margins.

1 C'f. the experimental work of Capps and Lewis, Amer. Journ., of Med.
Seciences, 1907,
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The bullet may carry along with it splinters of bone, fragments
of cloth and other foreign bﬂdlﬂ% then the point of entry is larger
and often becomes an irregular gaping rent. Infiltrated pulmonary
parts or parts with p]eulﬂ.l adhesions are sometimes torn to pieces
and shreds by a shot.

Shots throngh the lang are most frequent occurrences in war ;
penetration of the lung by stabbing is much less frequent. Thus in
the Franco-German War, 2,156 wounds in the chest from shots
were treated and only 11 from stabs. The rate of mortality was
534 per cent., not including the numerous commplications arising
from simultaneous injuries of the large blood-vessels, for instance.
With the introduction of the small calibre coated L‘d.lt-l]t’]g? the
prognosis of shots in the lung has very much improved, as the
experience of modern army surgeons proves.

The course of the bullet is straight, generally perforating the
thorax ; with a round wound where it enters and a slit-like aperture
where it passes out. It seldom remains in the lung and seldom
carries along with it foreign bodies such as buttons, bits of cloth
and splinters of bone. In this way the secondary risks of empyema
and suppuration of the lung are diminished. The rent made by
the shot closes up extraordinarily easily, favoured by the smmund
ing !'.|1|11|1r1»1:|*u1rr tissue being saturated 'ln blood.

KirrrNer,! whose experience I am following here, says that
lung-shots can only result in death on the bsmttlvheld when the shot
comes into contact with large blood-vessels, or when extensive
disturbances of the }‘.mhuﬂh’tu tissue ave caused by bruising and by
dislodeed splinters of bone, perhaps also by shots through the large
bronelii. About a quarter of all cases of penetration of the lung die
at once from shock, or hemorrhage. A relatively small number
succumb later as the result of infection.

Coated cartridges produce narrow, smooth shot-wounds, if they
do not come in contact with any bone. The pulmonary tissue closes
up at once, the heemorrhage 15 often slight, and there 1s not even
any pneumothorax, unless the air is violently drawn out of the
wound by coughing. DMany wounded men do not fall, they may
even be able to take part in the battle for a long time, or walk many
kilometres. But when larger blood wvessels are injured, dyspncea
and cyanosis are almost always present, caused by extensive hmmo-
thorax or hemorrhagic infiltration of the lung. This happens in a
third of the cases. The hmemoptysis, noticed in half the cases,
begins immediately after the injury and may last as long as fourteen
days.

The haemothorax generally ceases in the first few days and 1s
then slowly re-absorbed. Prolonged and difficult transport of the
wounded man may lead to renewed intrathoracie hamorrhage :
KiUTryeER has even seen secondary hemorrhage set in with fatal
resuits thirty-two days after the wound was made, therefore the
greatest care is needed in cases of lung-shots for four to five weelks.

! KitrrNer, Beitr. 2, Blin, Chiv. Vol, xxvii, 1900 « ef., also SExy, Jow. :lf the
Amer. Med. Assoc., July, 1898 ; MacCorsac, Lancef, 1900,
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The worst are those cases in which hsemorrhage goes on for days
and weelss, in spite of absolute rest, ice packing and the application
of the usnal internal remedies. Up to the present these cases have
almost all proved fatal, because at first one hesitated to nse energetic
surgical measures to arrest the hmamorrhage and later the patient
wia 3 ln too exhausted a condition to pernnt (’:f such an operation.

Empyema rarely oeccurs in lung-shots with the small calibre
coated cartridges.

Experienced army surgeons, such as MacCormac, BSENX,
KurryeEr and others, also recommend for these an absolutely con-
servative treatment of such shot wounds in the lung.

Injuries of the lung caused by artillery shots are quite different.
Aceording to ScHIERNING shrapnel shots make wounds big enongh
to hold one or two fingers. IFragments of shells make larger
irregular wounds, generally with extensive injuries to the ribs and
chest wall. Many of such wounded men sucenmb to shock, but
some have been reported as cured. In contradistinetion to the shot-
wounds with hand guns of small calibre, wounds due to artillery
shot often lead to empyema and pulmonary suppurations, lasting
for a long time and generally deadly, cansed by large splinters or
other fmc]"n bodies.

When the question of the extraction of a bullet is under con-
sideration, attention may here be drawn to a very cleverly con-
structed extractor by PEUGNIEZ (Amiens), which constructed for
projectiles in the brain may very well be used for bullets in the lung.
The probe in connection ‘with a fixation forceps in three parts is
put in connection with a telephone with dry cell (Manufacturer:
Gentile, Paris; Description, see French ‘omglml Congress, 1910,
p. 1126).

SYMPTOMS AND COMPLICATIONS.

The main features of a severe injury of the lung are collapse of
the lung, loss of blood and possibly emphysema and secondary
suppuration. First a condition of shoek, lasting one to four hours,
followed, according to the amount of blood lost, by repeated faints,
pallor, rapid supuﬂcn[ breathing, dvspneea, irritating cough, and
under certain ecircumstances immediate h'f"ﬂlﬁpt'l;-nt‘-. increased
heart beat, weak pulse, complaints of acute pains in ‘the chest and
back, frequently also in the epigastrium (diaphragm); this last
symptom must not lead you to the conclusion that there 1s neces-
sarily a simultaneous injury to the diaphragm.

The lung is compressed more or less by traumatic heemothorax
or a hemo-pneumothorax. Blood and air generally flow through
the injured lung into the pleural ecavity, seldom through suction
from without. But in any case it must not be forgotten that when
there 1s an 1solated injury of the pleura, air may be aspired through
an oblique wound, which cannot escape again on expiration (valve
closure) and that also a hemothorax endangering life may be the

result of an injury of the internal mammary artery, or of an
111tumshl artery. The question, whether the blood or the air flows
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from the lung, or whether the wound in the chest-wall is the cause
of the hsmmorrhage or invush of air, is important from a therapentic
point of view. The site of the injury (proximity of the internal
mammary, intercostal) is an important indication. Extravasation
of frothy blood indicates a probable injury of the lung. Where
doubt exists the opening up of the wound by an incision will dis-
close the origin of the hmmorrhage, which may of course be from
without. Highly developed pneumothorax and its increase after
the pleural opening has been closed, points to a lesion of the lung
as its cause. For the diagnosis of injuries penetrating the lung,
moreover, the nature of the instrument as well as its direction and
the force with which it penetrated, are of importance. The position
of the wounded person too, the way the arms were held, is to be
taken into consideration in deciding the course taken by the object
driven in. In many cases the right diagnosis was indicated by
the evidence of elastic fibres, fragments of cloth, coloured Ieucuc}ftea
in the sputum.

A penetrating isolated pleural injury need not always cause air
to flow into the pleuml space. When there are plcmal adhesions
pneumothorax is not present, also when the perforations of the
thoracic wall are obligue and narrow. The opening in the thoracic
wall may after the inrush of a certain quantity of air, disappear or
remain, so that the patient comes to be treated with still open
pneumothorax. The symptoms vary in intensity according to the
size of the perforation. The suppressed conditions have already
been discussed in dealing with the pathology of pnenmothorax.

In ruptures of the lung, as in the case of penetrating traumee,
the pnenmothorax may by its intensity and violent fension become
dangerous to life. By irritative eoughing more air is continually
driven out of the injured bronchial branches or aspired through a
valvalar closure on the pleural wound, the tension in the pleural
cavity increases more and more, the mediastinum and the heart
are forced over to the other side. Respiration increases in frequency,
the dyspneea and cyanosis inerease and the pulse becomes feeble
and irregular. This alarming aspect of the so-called tension
pnenmothorax must be instantly removed by puncture and aspira-
tion, or better still by valvular drainage, in order to avert the
further danger of emphysema.

The most reliable symptom of an injury to the lung is hemo-
ptysis; it may, indeed, be absent in the case of small injuries, but
15 i—‘."l‘-.l]}' overlooked when it is unimportant. The blood-stained
sputum may continue as long as fourteen days. More abundant
hmorrhage leads to an irritation, exciting cough.

]-Iﬂ[ﬂl}‘jﬂlllﬂ a common accompanying sy mptmn of injuries to
the thorax and lung, occurs specially when the air cannot escape
outwards. As subeutanecous emphysema it spreads first of all to
the axilla and may spre: ad to the trunk and extremities. HKven in
a severe form it is rarely dangerous, as long as it does not spread
from the neck to the mediastinum.

Mediastinal meh\wnm is dangerous, it generally accompanies
ruptures of the lung and medial injuries to the lung from stabbing
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or shooting, or injuries of the trachea and bronchi. DBesides the
usual symptom of severe dyspncea, this condition is characterized
by a feeble, rapid and irregular pulse, cyanosis of the face and great
swelling of the veins of the neck consequent on impeded dlsch‘u”u
in the region of the superior vena eava (compression and reduced
respjratmv suction of the venous blood). It often develops alarm-
ingly quickly after the mmjury. It soon spreads up to the neck as
crepitating eutaneous emphysema and spreads over the whole of
the body.

A prolapse of the pulmonary tissne oeceasionally complicates
larger wounds of the thorax caused by stabbing or shooting. A
cough drives them into the wound, where they are incarcerated.
Apart from the risk of secondary infection it is not a serious com-
plication, for it prevents the complete collapse of the lung and
tension-pnenmothorax.  Portions of one pulmonary margin alwi ays
prolapse, the inferior lobe is, on account of its greater mobility,
more often involved. The lnmlapaecl portion of the lung, when
recent, is easily recognizable by its appearance : characteristic is
the change in lll'i,ﬂfnll:l.uiﬁr on respiration, the result of palpitation.
In perforations in the lower sections of the pleura, especially on
the left side, if the prolapse is not quite recent, protrusion of
omentum may be observed. The prolapse of the lung may
gradnal]\' recede, or, on severe constriction at le base uf the
necrosis, disappear. In the latter case a fistula 1s formed.

The infection of the pulmonary wound is certainly the complica-
tion most to be dreaded. In subeutaneous injuries, owing to the
surface infiltration of the bronchial mucous membrane, it occurs
less frequently than in penetrating injuries, when germs ave easily
llltmduced into the thoracic cavity by the instrument which causes
the injury or by foreign bodies carried along by it. Gashed, gaping
wounds are much more unfavourable in this respect than a smooth
narrow wound. On the other hand, wounds made with a knife are
much more frequently infected than wounds from bullets. Astonish-
ingly favourable is the course of lung shots with the small calibre
coated cartridge of the modern infantry weapon. The narrow
wounds are usnally free from bacteria; they adhere per primeam.
During recent wars a large majority of men anﬂﬂrmg from shots in
the lung were Ot for service after a few weeks and rejoined theiwr
company.

The pleural cavity filled with blood is the best medium possible
for the culture of every kind of pathogenic organism ; the signs of
inflammation areoften super-acute, the empyema becomes ichorous,
the pulmonary wound is cr::-mphc'lt.ed with gangrene, the suppuration
spreads over the mediastinum or the pericardium. Thus some of
the patients die in a very short space of time with septic symptoms.
Secondary suppuration also occurs after shot wounds (GRATZER).

Frequently the diaphragm is also injured in the case of pene-
trating wounds of the thorax—which must always be looked upon
as a serions complication. In injuries from shots, more frequently
than in those from stabs, the abdominal visecera are also affected ; in
this case death generally ensues rapidly. When the right side of
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the diaphragm is injured the liver is almost without exception
also involved, whereas, on the left, stomach and spleen may very
well escape injury.

Small wounds in the diaphragm may very soon close up by
adhesion of the neighbouring serous surfaces; that is specially the
case in the complementary space of the pleura; then no symptoms
appear. Through larger wounds the abdominal viscera (omentum,
stomach, intestine) at once thrust themselves, and symptoms of
constriction of the intestine may be associated with the signs of
compression of the lung. By the abdominal pressure more of the
intestine 1s forced umtmulll} into the pleural cavity, and the wound
in the diaphragm becomes larger and larger. Tympanitic per-
eussion-note, rippling sounds, violent vomiting, dyspncea, intense
pain, radiating from the region of the diaphragm to the shoulder,
which inereases on deep respiration, are clear signs of a wound in
the diaphragm.

Under these circumstances a wound in the lang, complicated
with injury to the diaphragm urgently demands an operation, and
imperatively, when the contents of the intestine or stomach have
penetrated the pleural cavity. The wound in the diaphragm must
be sought out, and closed b}' the suture. Sometimes a long nter-
costal ineision, low down, is sufficient—otherwise a bone flap in the
soft parts must be made and bent back, so as to give further access.

If the heart or the large blood-vessels are also injured these, of
course, take the first place in the treatment. The injury to the
lung takes the second place.

TREATMENT.

The treatment of subeutaneous injuries to the lung (ruptures
and piercing by fractured ribs) 1s, at first, in the main, expectant.
By the application of ice and subeutaneous injection of morphia,
the cough which eauses the hmmorrhage, and the unrest caused by
d}f-..pmm and an@mia are favourably affected. When dyspneea 1s
more severe owing to hemothorax or lquullemuH an attempt at
least should be made to reheve the pleural cavity by puncture. It
must, however, be remembered when so doing that by the re-
expansion of the lung a hmmorrhage, arrested b}r the pressure of
the contents of the pleura, may burst forth again, therefore no
more discharge should be allowed than the state at the moment
demands. If pneumothorax rapidly supervenes again, plenrotomy
with valvular drainage 1s indicated. This may also arrest a rapidly
spreading cutaneous emphysema, if it does not succeed in recog-
nizing the point in the pleura where the air enters by a fractured
rib, a.m] in closing 1t.

Thus Frirz luwur in a case of severe traumatic emphysema,
the presence of which was indicated by projecting subcutaneous
air-tumours at the site of fracture, drew off air and blood, pulled
down the lung and made a suture, :u‘u:'l thus worked a cure.

If, after a subeutaneous injury of the lung, the symptoms of
anwmia and suffocation still maintain their threatening character,



INJURIES OF THE LUNG 79

in spite of the more or less palliative measures taken, then the
question of a more radical operation must be considered: the
opening of the pleural cavity and the treatment of the pulmonary
wound itself. Here also 1t is terribly difficult to decide whether
and when to do this, as under similar cirenmstances, when it is a
question of acute haemorrhage, of more or less enfeebled patients
and of a serious operation, when we can neither localize with
certainty the source of the hmmorrhage, nor know whether by our
technique we can master it, when finally even under the most
unfavourable circumstances we have seen expectant treatment
result in a cure.

Certainly the prospects of a cure in the case of ruptures of the
lung are so unfavourable that we can take heart from this fact,
and cease the expectant treatment in time and arrest the hmmor-
rhage by a suture of the lung. Out of thirty-seven ruptures of
the lung twenty-three proved mortal (Ricurer). Out of six
operations recently performed it is true that only two resulted in
a cure, but in two cases the operation had nothing to do with the
death.

Penetrating njuries of the lung are in the majority of cases
capable of bvln" cured by a conservative treatment; but there
still lEIl‘l"l]ll‘i a h]rrh percentage of cases which prove fatal during
the ** expectant ” peuud under the hands of the surgeon in the first
few days.

The classical treatment, as LLENORMANT terms it, whose most
ardent advocatesare, in France, Liucas-CHAMPIOXNNIERE, in Germany,
Kox1G and Bruxs, consists briefly of the following procedure :—

The wound and its vicimity are at once carefully cleansed and
disinfected, painting on the skin with iodine. Under certain
conditions an attempt may be made to close the wound by a suture.
In no case is 1t allowable to probe the wound.

The injured man must then be kept absolutely still. Transport
must be avoided, whenever possible. The thorax 1s 1mmobilized
by being firmly bandaged. Talking and movement i1s forbidden.
Morphia for pain or cough. Strict diet, slight aperient. The rest
treatment must be continued for two, and 1n severe cases for six,
weeks. Hwmorrhage from the chest wall (from the intercostal or
Iamimary artery) must be arrested by ligatures. The hemothorax
15 relieved by a puncture as soon as signs of mmereasing dyspnoea
and dnpl-u,unenl; of the heart appear. So as not to Toosen the
fresh thrombi on the torn blood-vessels, and gmided by the opinion
that the compression of the lung I'tﬂ]p'“i to end the hemorrhage, 1t
15 recommended only to make the puncture when the case is one of
extreme necessity, if possible, only on the second or third day
(Kionig). We are not speaking here of the secondary pmu;:tuw
when resorption of the hsmothorax is delayed.

In the same way pnenmothorax with tension ean be removed
by puncture. In progressive cutaneous emphysema in the first
place the cutaneous wound on aspiration must be attended to and
then either entirvely opened or closed more securely.

That comphicating wound infections require nmmediate recourse
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to such measures as excision of the wound, drainage of the plenral
cavity, resection of the ribs, &e., is already clear.

Such are, briefly, the principles of the * classical treatment,”
as described by LEzorMaNT. According to his statistics, out of
1,056 cases the rate of mortality is only 10 per cent. In mdu to
appreciate these figures correctly, it must be mentioned that they
deal only with patients in civil practice, and that cases complicated
by injury of the vessels of the hilum are excluded. The rate of
mortality is considerably higher if all eases of injuries to the lung
are included, that is, if injuries in war are included. Proceeding
on these lines s, In the year 1905, out of 700 cases, I reckened the
rate of mortality as nearly 40 per cent. (38 per cent. for injuries
from stabbing, and 30 per cent. for shot wounds).

More important than these absolute figures appears to me the
fact that with expectant treatment 5 to 6 per cent. of the injured
die from internal hssmorrhage (or from pneumothorax with tension)
after several days, and all of these patients who, demonstrably,
came nto the hands of the physicians in a condition fit to he
operated upon.! This was ascertained from a careful review of
about 150 reports on patients with post-morfem records. From
this fact the demand for a more active and indeed surgical treat-
ment must be conceded without further question, and 1t seems to
me justified since we can with certainty control the arrest of
h@morrhage in pulmonary wounds with the help of the suture,
and since anxiety because of the risk of surgical ptmunmtnma\
no longer paralyses the surgeon.

In cases of ruptures of the lung and in injuries caused by
stabbing and shooting, thoracotomy and suture of the lung are
indicated, when it 1s a guestion of severe intrathoracic hamorrhage,
which, in spite of palliative measures and absolute rest, betrays its
progressive character by breathing and pulse becoming worse,
increasing cyanosis and anmsmia. The same holds good in those
cases in which h@morrhage, arrested at first, hegins again and
becomes threatening to life, also in the case of progressive medias-
tinal emphysema. A conscientious decision as to the necessity
and urgency of an operation can only be arrived at when the
patient is under the most careful hourly observation, and in this
way the fact that the general symptoms (pulse, breathing) are

! The conflict of opinion as to the necessity for operation has not yet subsided
and presumably will not soon subside. This is owing to the difficulty of objective
criticisin, and the relatively small material for observation which falls to the share
of individual surgeons. The question was discussed in detail in the Paris Surgical
Society in 1907 and 1909, and finally in 1911, a lively discussion of the * Absten-
tionists,” and the * Interventionists,” took ]Ili‘lLE at the International Surgical
Congress. The excellent report drawn up by LExorymaxt for this Congress, gives
the best and most detailed information on the subject. Even LENORMANT, in
spite of his favourable criticism of the expectant treatment (10 per cent. mortality),
is obliged frankly to admit that of the 10 per cent. one-thivd suecumbed to in-
feetion and two-thivds (that iz about 6 per cent.) to hemorrhage. This agrees in
a most striking way with the 5 to 6 per cent. of cases fit for operation in a study
made by me of the year 1905, for precisely in the cases of hmmorrhage is any
waiting imperatively forbidden.
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becoming worse and the hmmothorax is confinuing, can be
ascertained. This watching and control is necessary in every
serious case. One must not allow one's self to be misled by the
nervous collapse immediately following the injury (pallor, anxiety,
shivering, cold perspiration, dyspneea) and be persuaded to over-
hasty measures.

When there is any doubt as to the m:u-ncj' of the case, relieve
the hmmothorax first by aspiration of 2 to 300 c.c.; if the im-
provement does not continue, then hesitate 1o longer but proceed
to thoracotomy and treat the pulmonary wound by suture or
l}]:u{l':l'.liil'

An apparatus for maintaining difference of pressure is not
absolutely necessary for these upvl.u;lmn but it undoubtedly makes
the operation on the lung easier, and makes 1t possible to proceed
more quickly, and to close the pleura when the lung is fully inflated.

The site of the thoracotomy when there are pwwt]ﬂ.tin" wounnds
15 determined by them ; in subeutaneous lesions of the lung it is
best to proceed from the side ; whether vou resect 6 to 10 cm. of
one or several ribs and pull the wound well apart or with an H-shaped
neision make a flap of cutaneous tissue, muscle and bone, is in
itself irrelevant ; the chief thing is to get sufficient room to be able
to pass the whole hand into the pleura, pull forward the lung, and
examine it.

Broad, jagged, superficial wounds are unsuited for the suture,
and if a qplwlmui.tl resection with secondary suture 1s not prac-
ticable, they shoald be brought to the surface and sewn into the
pleural w ound.

After the wound has been attended to and the plenra dressed,
the lung is fixed either to the opening of the thorax and, if necessary,
a loose plug 1s added, or—and according to latest experience, REnx,
Kirryegr, &e., this 1s to be done whenever 'pn%ihlu—l,lw wound in
the thorax is first closed so as to be air-proof, even though it may
be necessary to open it again later on. Here the method of main-
taining difference of pressure is of great assistance, for on the one
hand h', the inflation of the Lf}llélp'-:-(‘d lung the hemothorax can
be quickly evacnated and small wounds, L‘:!_J{‘E'I-_ll]‘r' shot wounds,
can be quietly searched for and relatively speaking easily found on
the slightly inflated lung; on the other hand there is the inestimable
advantage of being 'ﬂ}]{} after the suture of the lung is finished, to
close the chest ual], muldmrf or immediately ]{*mmiug any pneu-
mothorax exactly over the distended lung.

If the resorption of a hmmothorax is slow, after a time the
absorption of the exudation can be hastened by a puncture, repeated
if necessary ; if even then no improvement takes place and if the
effusion of blood is extensive, then thoracotomy with inflation of
the lung by maintaining mecreased pressure, removal of blood and
immediate elosure of the wound in the lung and thorax by suture
1s urgently to be recommended, but drainage of the pleura, as was
[{}uumh the eustom, is very inadvisable, or should to limited to
primarily infected cases. Compare the chapter on * General
Technique.”

6
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The coagula of blood are to be removed from the pleural cavity,
the lung to be cleansed, and the surface to be carefully examined
for injuries, rents, shots or stabs.

Small, smooth wounds can be closed with a few button-hole
sntures; contused and very dirty wounds, however, must be cleansed
by LLII-L]IW off the jagged edges or be joined by a suture after a
“Ldger&h’t]}ed excision. Fine silk or catgut 1s the best for this
purpose ; do not make the stitches too far from the margin, but
down to the base of the wound, and do not pull too hard. In this
way even large wounds can be closed so as to be completely air
and blood proof, especially if some fine superficial plwual sutures
are added ; 1n any case, when care is exercised, TIEGEL'S absorbable
magnesium needles may be dispensed with, which in order to avoid
tuumg the suture are inserted close below the pleura parallel to
the margin of the wound.

If the wound is near the hilum it may be sufficient to plog it ;
plugging will be more effectual in stopping hwemorrhage here thnn
in other places, for the pressure of the blood 1n the small vessels
15 only a third of that in the large vessels.

Fia. 45.—Suture of a bronehial wound (according te Tiegern). Poesition of suture
to be secured by sewing over with pulmonary parenchyma.

Progressive mediastinal emphysema too, which often rapidly
develops into a complication involving danger to life, demands
s-nelg:,-.,uc treatment. That is to close “the source from which the
air escapes, generally a wound in the lung or trachea, therefore
treatment of the pulmonary wound by suture or tamponade.
SAavERBRUCH has, moreover, with the aid of the reduced pressure
apparatus drawn the air from the pleura (pneumothorax with
tension was present) and from the cushion-like inflated mediasti-
num after wide thoracotomy.

This procedure i1s indicated and may prove the means of saving
life when it is a question primarily of wounds in the lung and at
the same time pneumothorax is present. For emphysema pro-
duced in other ways, by fractured ribs, &e., TiEGEL has shown us
how to obtain good results with simple remedies. In a case of
very severe progressive mediastinal emphysema, he made an ineision
in the base of the neck, and applied BIER'S suction apparatus;
under negative pressure of 30 cim., later 60 em. water, the air
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bubbled out of the wound and the threatening condition of the
patient improved perceptibly.

Pneumothorax with tension can be easily and quickly removed
by a simple puncture. If the pleura quickly fills up again with ar,
this shows—granted there is no valvular aspiration through the
wound in the thorax—that one of the larger bronchial branches is

injured. Here, also, thoracotomy 1s indicated,-but, as I must admit,
~only quite exceptionally for the purpose of making the pulmonary
suture ; the insertion of a drainage pipe covered with rubber-tissue
{]'SRHH*{Y s or THIERSCH'S mluj will suftice to bring about healing.
In one ecase by suture of a bronchus the cause of the preumao-
thorax was removed.

When both sides of the lung have been injured with double
haemothorax, or h@mopneumothorax, life can be preserved in spite
of the partial collapse of both lungs. If, during the first twenty-
four hours the patient has even the smallest amount of breathing
surface at his disposal, this becomes gradually larger as the air and
blood are absorbed, which generally takes place rapidly. FRankr
and Brck {En}umn Surgical Congress, 1903) have reported cases
which have turned out so fortunately. DMoreover, the dangers of
insufficiency of breath with closed pneumothorax can be quickly
removed by aspiration with an ordinary suction syringe.

Of course, this i1s only applicable when the pneumothorax is
really closed, that is when neither from outside through the wound
in the thorax, nor from inside through a wound in the lung, do
fresh quantities of air or fresh effusions of blood enter.

In cases of open pneumothorax on both sides, whether with or
without injury, 1t may well only be possible to save the life of the
patient by a rapid fixation of the lung in.the wound in the thorax,
or by artificial respiration with an intubation or mask :Lppma,tu%
(preferably with oxygen). In such cases the necessity for an
operation will foree itself upon the notice of every one.

The above discussion of the indications for an operation was
exclusively concerned with the nature and extent of the pulmonary
wound and the pleural complications. As, however, a matter
of fact, only a third of all injuries to the thorax are u}:cluﬁimh'
pulmonary wounds and two-thirds -11 combined with injuries of
other organs of the thorax, Lawrow! very rightly draws attention
to the fact that in practice this mmportant modification must be
taken mto consideration. In other words, in the case of a pul-
monary wound, which by itself alone might be healed by the

I Most interesting are the statisties given by Lawrow of the cases unclm-
observation in ZeipLer's Clinic in etersburg. According to them, out of 25
cases ol pﬂmll"ltm" injuries of the thorax due to st: Llahmg 102 were treated 1:.-.
the conservative method, and 155 by operation. Of these latter 78 per cent. were
complicated with injuries of internal organs: of these 854 per cent. (35 cases)
affected the diaphragm, 9 per cent. (14 cases) the heart and the pericardium,
277 per cent. (45 cases) the lung and 64 per cent. (10 cases) the vessels of the
chest wall. I ecannot llI1:'t}ﬂr1i$inr1:1ﬂj.' wwree to Lawkow’s far-reaching demand
that all injuries from stabbing should be exposed when not more than twelve
hours old.
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conservative method, but which by suspicious symptoms point to
the injury of other organs of the thorax, the pulmonary wound
must be straightway enlarged to make the condition of affairs clear.
Here, we have to take into consideration lesions of the diaphragm,
heart and pericardinm and h@morrhage from an intercostal or
mammary artery. Of course, you will not then confine vourself
to the removal of the complication, but, whenever possible, close
the pulmonary wound, too, with the suture.

What can be done, in spite of many and most serious complica-
tions by determined surgery, is shown by Prquixe (1911). A
woman with twenty-three wounds, five of which had penetrated
the thorax, was brought in four hours after the injury and operated
upon at once. On the left side thoracotomy with plugging of a
pulmonary wound and suture of a ecardiac wound, on the right side
suture of a wound in the liver and of two wounds in the diaphragm,
search for the wounds in the right lung, which were no longer
bleeding, plenral suture. The patient was cured.

liven 1 lll]lllli”-: to the vessels of the hilum are not given up as
hopeless. v. EisersserG successfully closed by suture an hour
after the Ilt]lll‘-.-' to the left pulmonary vein a stab % cm. in length.
The patient succumbed fifty-four days later to a complication.

Up to the present the results of operations have a high rate of
mortality ; there are about 300 cases with nearly 25 to 30 per
cent. mortality. Considering the serious nature of the cases one
could hardly expect anything else, particularly as these statistics
are not confined by any means to isolated pulmonary wounds, but
include complications of the most serious nature, such as concurrent
injuries to the heart, the diaphragm and the abdominal organs, &e.

Naturally it 1s the serious and most serious cases which are
operated upon, whereas some serious, but in the great majority of
cases slight ones are not operated upon. Lawrow reckons that
out of five or six patients belonging to the first group one patient
falls into the second group. So no parallel can be drawn between
the results.

In my opinion it is not right to judge this very difficult question
from a one-sided standpoint (whether conservative or radical).
This does not help matters. It will be the task of active therapy
in the fature, h}; careful judicions diagnosis, to reduce to the un-
avoldable minimum the number of deaths, so serious up to the
present—namely, those doe to haemorrhage, tension-pnenmothorax,
mediastinal emphysema, as well as those due to the sunultaneous
injury of other organs of the thorax.

Regarding the methods of healing stabs and cuts in the lung
without complications, according to Hapricn a rapid adhesion of
the margins of the wound takes place, which resists even a
hematoma developing low down. Already after three hours, apart
from the effusion of blood which varies in severity, swelling and
desquamation of the alveolar epithelia may be seen. and an infiltra-
tion, slight certainly, of the adjacent pulmonary parts with round
cells.  After a few hours there is a great increase of the epithelia,
which fill up whole alveol; the round ecells too are very much
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more numerous and permeate the alveolar margins as well as the
perivascular and peribronchial connective tissue. In the next few
days the desquamation of the alveolar epithelia, which often
contain nuclei, increases still more, or remains at its height ; at the
same time abundant interstitial infiltration of round cells takes
place. In the smallest arteries an endarteritis obliterans 1s
developed. A divided bronchus with free uncollapsed lumen
passes into the extravasation of blood. On the visceral pleura is
seen the foundation of connective tissue infiltrated with round cells,
the endothelium i1s very much swollen. When the wounds are not
too large, on the third or fourth day spindle cells appear which
finally, in unbroken lines, cover the wound, so that a cicatrix 1s
formed with cells in close layers, which is continued without any
sharp delimitation into the adjacent alveolar septa. After the
process of desquamation is over the alveolar walls are provided
with fresh epithelial covering. In lavger cicatrices there 1s fre-
quently a system of cavities, some of which are, individually, ten
times the size of an alveolus. These cavities are often connected
with the divided bronchus, and near the point of connection are
covered with epitheliuom. A reactive traumatic pneumonia, as
described above, qpmﬂﬂa far over the surrounding pulmonary tissue,
without, however, becoming progressive in character. HADLICH
did not observe mn adliesions of the parietal and visceral pleura,
only on a few occasions pseudo-membranous cords.

TALKE, at my instigation tried to verify these processes by a
number of experiments on animals, specially directing his attention
to the healing up of ligatures and sutures. He found that the silk
threads almost always healed up without reaction, the alveolar
epithelinm perishing through pressure, and only the framework of
connective tissue remaining. The threads were thus surrounded
by a capsule of connective tissue, which, however, did not consist
of newly-formed tissue, but of remains of the old connective tissue.
Interrupted sutures are, therefore, in so far unsuitable as they
destroy a relatively large part of the pulmonary tissue. Even by
using eateut this eonld not be avoided.

The healing of loss of substance of the visceral pleura, studied
in my clinic by CrESCENZI, is so conducted that, though no re-
generation of the pleura ensues, the scar formed at the expense of
the adjacent perishing pulmonary parenchyma, enveloped in pleural
epithelinm, fully compensates for the loss, and shows no inclina-
tion to form morbid adhesions with the l]"LHLt‘I..] membrane.
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CHAPTER VI.
PULMONARY SUPPURATIONS.

General Pathology and Therapy of Pulmonary Suppurations.

THE most frequent of the processes in the lung, accompanied
by suppuration, are the suppurations of the mucous membrane.
They are not often subjected to operation because they are gener-
ally diffuse, and because the bronchial tree makes a wonderfully
complete evacuation of the purulent secretion possible through the
larynx by means of the expiratory movements, provided both the
lung itself and the thorax are perfectly mobile and elastic, and the
E'q_:mlsn powers of the muscles are intact. "These conditions are
generally most perfectly fulfilled in youth.

In case of emphysema, induration of the connective tissue,
either diffuse or L'IIElH]'.I.ECl'Il]E‘E] pleum! adhesions, rigidity or
anomalons forms of the thorax in congenital atelectatic foci, these
conditions are generally lacking, either in the whole or in a part
of the lung. In these cases by the pressure of the collected pus
(with the concurrence of other circumstances) dil -Lt"l.t-]ﬂl]"-; of the
bronchi may take place, which sometimes, cylindrical in form,
affect a larger number, sometimes form bottle-shaped cavities,
which, generally situated 1n the lower lobe, often extend almost to
the pleura. These bronchiectatic cavities then anatomically and
clinically resemble old abseess cavities

Liess common than the %up]:-um,tlfma of the mucons membrane,
but much more important for us, are the parenchymatouns suppura-
tions in the lung, which are cansed by inflammations, probably
often combined with the presence of foreign bodies. Often, too, we
find fully developed abscesses, without succeeding m determining
by anamnesis that they have been preceded by pneumonia or
bronchopnenmonia.

At first the pulmnnqrv tissne onlv appears brittle and pumlenth
infiltrated, then a cavity is formed filled with pus and bits of tissue
with villous walls, which only after some length of time becomes
clearly differentiated from its surroundings, and finally appears
enveloped in a pyogenous membrane.

Ageording to their origin from broncho-pnenmonie or lobar foci,
these purnlent foci vary from the size of a pea to that of an apple,
or even larger ; there may be a number of them, especially of the
small ones, and several of them wmay coalesce and form one large
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one. Superficial foei may affect sympathetically the pleura in the
form of purnlent pleurisy, or, when the infection is slight and the
progress slow, in the form of adhesive pleurisy.

These abscesses sometimes are in communication with the
bronehi from the beginning, or when they develop in an inflamed
infiltrated lobe they may later on break in the direction of a
bronchus. Here the pus produces bronchitis, the secretion of
which mingles with the pus, and may, in certain circumstances,
exceed it in magnitude. By the aspiration of this fluid broncho-
pnenmonic foci, followed by fresh abscesses, may arise in the
healthy parts of the lung. Bronchitis caused l_nr an abscess which
has become chronic may “lead to bronehiectases.

After evacuation of the puralent softened pulmonary tissue an
abscess cavity in the lung, as in other organs, may become cica-
trized ; it may, however, with the formation of smooth walls,
continue permanently as a so-called ecavern; the necessarv con-
ditions will be discussed later.

As the pulmonary abscesses are formed with more or less free
admission of air, the suppuration is often from the first, or by
secondary infeetion, mixed or putrid.

When the healthy lung becomes putrid, the tissue may
break down and decay under the influence of microbes without
(any or any immediate) noticeable inflammatory reaction : pul-
monary gangrene. These foci ave discoloured, greyish-green,
soft, sometimes the size of a pea, sometimes taking in nearly a
whole lobe. When vomited matter from the stomach 1s aspired.
the tissue may be chemieally affected by digestive ferments, and thus
become a favourable culture medium for putrefactive organisms
The disintegration of the decayed tissue gives rise to a villous
circumseribed cavity, which later on may be differentiated by in-
flamnmatory infiltration of the walls, and cleansed by the evacuation
of 1ts contents.

There are all sorts of intermediate grades between simple
abscess formation, putrid suppuration, and primary gangrene,
which leads later to secondary differentiating inflammation.

Foer due to aspivation from putrid and gangrenous foci and
attacks of pleurisy bear the character of these.

ETIOLOGY AND PATHOGENESIS.

P ﬂmnn‘uv abscesses are very flequenth formed round mei-rn
bodies taken 1n by aspiration, meh owing to the mechanical irri-
tation, but more often under the influence of the chemical and
bacterial irritation.

Here we have to consider, not so much those foreign bodies
generally treated by surgeons, but other soft, often small, particles,
less striking, often only recognizable with ‘the aid of the micro-
SCOpE ; Fﬂ.-tl..l{,-].'l-“\ of dust whic h, suspended in the air, may be
breathed in with 1t, then also moist particles adhering to the
pharyngeal mucous membrane ; particles of food, vomited matter
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from the stomach, mucous flakes and epithelial shreds from the
oral and pharyngeal cavity. These may, in narcosis or in stupor
(e.g., in the case of epileptics), in intoxication, in deep sleep, atter
vomiting, even when awake on sudden unregulated inspiratory or
swallowing movements (laughing, hurried eating, &e.). pass the
larynx, favoured partly by gravity, partly by the inspiratory
current.

Disturbances of the pharyngeal and laryngeal movements and
reflex actions in ecase of central and ];Pnpheml paralysis and
anmesthesia, i.e., after diphtheria, have the same effect, and finally,
general weakness, when the automatic and reflex movements are
unregulated and lacking 1n energy.

In accordance with the conditions of their origin the foci due to
aspiration are generally manifold, often multifarions. The particles
pass all the more easily into the minor bronchi, when, owing to
disease of the mucous membrane, the healthy ciliary movement is
in any way interfered with or weakened. They act probably ex-
clusively as hosts of bacteria. The inflammatory focus produced by
the latter may at first be very small, and only malke itself LIJl:JLﬂIh
noticeable after days, perhaps even after weeks have gone by.

As i1s easily understood, the inflammatory foei arising in this
way are often not merely purulent, but also putrid, and precisely in
the putrid character of many a quite isolated focus of disease,
““arisen spontaneously,” lies the proof of its origin being due to
something swallowed.

I would also mention as possible sources of putrid infection of
the air-passages, chewed tobacco, stomatitis, and carious teeth,
disintegration of tissue, and suppurations in the larynx, in the
pharynx, and the nasal cavities.

Also after a fall into water, and on diving for a long time, if the
water 1s impure (in harbours), aspiration }ll}ﬁwﬁm?h miy arise owing
to involuntary respiratory movements under water.

Sometimes the matter which causes suppuration passes directly
into the bronehial cavity out of small bronchiectatic cavities, broken
down bronchial glands, perforating cancer of the aesophagus. DBy the
chemical irritation of gases or corroding fluids taken in in aspiration
superficial or cireumseribed purulent inflammation may arise, which
are then probably always secondarily infected from outside.

Healthy lungs probably overcome the aspiration of these things
by the eciliary nmwmput and the vital energy of its tissue. If the
body is weakened (by acute or tedious disease, by drunkenness,
diabetes), or if these particles pass into regions of the lung which
are already inflamed, the exciting causes of suppuration and putre-
faction find the conditions more favourable to development, but even
then, all foci due to aspiration do not become purulent.

Clinical observations show that the majority of pulmonary
abscesses develop from lobar pneumonia or bronchopnenmonia,
especially pnenmonia after influenza, sometimes from bronchitis,
then probably with the aid of bronchopneumonia, or a bronchiec-
tasis which has remained latent. When abscesses appear to have
developed ‘ spontaneously,” they are probably due to the earlier
formation of such inflammatory foci.
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The pneumococcus, which generally only produces a fibrous
exudation in the lung, may certainly lead to the formation of
suppurations in the lung and also on the plvum meninges, and in
other places, especially to the little ““initial ” abscesses; it is very
often a question of a mixed infection by Htaphvlnmcu strepto-
cocel, and other cocei, which found their way through the air-
passages, often with the help of minute foreign bodies mentioned
above. In the case of pneumonia after influenza there is always
a mixed infection at work besides the influenza bacillus.

In the putrid foci, according to their genesis, there are usually
the bacteria of the flora of the mouth (e.q., Bacillus fusiformis and
spirtlle).  According to Kissnine the real execiting cause of the
cancrene of the lung 1s the Streptococcus pmfuu’u-f (Kroxia,
SCHOTTMULLER) ; it forms chains, is positive to Gram, grows
aeroble on ”]‘.ﬂrp(‘ SUZAr agal.

From the ‘v:lllll}h* :-:uppurdt.mm-, the specific diseases, even with
more or less formation of suppurations—actinomycosis, streptothrix-
mycosis, tuberculosis—are rightly differentiated, but eclinieally,
especially in the initial stages, they are very similar.

(2) The second way, in which the exciting causes of suppuration
may pass nto the 11111;_{ 1s the blood-vessel ; whmma simple emboli
lead to hemorrhagic infarcts (rarvely to ﬁllllpk angemic uLLiu'i]a},
infected emboli resnlt mm simple or putrid suppuration in the
obstructed vascular region. Since the introduction of asepsis these
embolic abscesses 11me become rarer; they also seldom give rise
to operations, because they are frenLr’mI!v far move numerous than
the aspiration abscesses, and because fl{’qllLl'lt]jf a purulent pleurisy
caused by them or the serious general condition very quickly leads
to death.

Among the more frequent starting-points of emhbolic pulmonary
abscesses, I would like to mention otitis media, puerperal condition
of the uterus, phlebitis of the lower extremities. The emboli
proceeding from the last two sources are often somewhat larger,
more solid, and only slightly infections, so that they sometimes
lead to solitary pulmonary absecesses which can be operated on.

In sterile infarcts, in very rare cases, simple necrosis and
demarcating suppuration may occur, but these foci are very soon
infected with mierobes from the air passages.

The same may happen with the putrid ansemic necroses, which
sometimes develop out of ecroupous pneumonia; generally small
and superficial, furthered by emphysema and disease of the
pulmonary arteries.’

(3) Finally, a suppuration attacks the lung from the vicinity
by means of the lymphatic vessels, or directly, for example, from
the lLiver.

Very striking are the gecgraphical differences in the frequency

! Cagyerro (Padua): * Neerosi anemieca nelle Pneumonite Pathologiea,
Rivista quindicinale,” vol. iii, 1911, pp. 582-547 ; quoted RosextHar, Diss., Berlin,
1907,  Kimw: Awch. f. Kinderheilk., 1903, p. 273,  Brixkuaxs, Diss, Kiel,
1597,
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of the occurrence of pulmonary abscesses. Comparatively rare in
South and Central Germany, abscesses (generally putrid) are much
more frequently observed in the north, on the coast, in Hamburg.
The oceurrence of bronehitis and broncho-pneumoma favoured by
the climate may be the reason of this; more important, to my
mind, are the customs of the inhabitants: aleoholismm and the
chewing of tobacco; among the longshoremen the irregularity
and, at times, increased intensity of the heavy physical work may
lead to conditions of exhbaustion and too hurried meals; these
cirenmstances, and sleep made unnaturvally profound by aleohol,
are favourable to the inhalation of foreign bodies; when the con-
stitution is enfeebled by alcohol, gangrene, and suppuration occur
more easily.
SYMPTOMS.

Suspicion is generally roused of the existence of a purulent
cavity by the quantity and other characteristics of the sputum.
If, as is done in hospital, each patient’s sputum is collected and
measured every twenty-four hours, modifications in character and
quantity are soon noticeable ; this is not al ways the case in private
practice, and on this account the existence of purulent cavities may
be 1gnored for a long time, or even altogether; therefore, when
finally the L'!.-".IL} 15 1Luw|nru'i its age 1s often doubtful. Most
striking is the quantity “of the sputmim, which may amount to
over 500 c.cm.

Besides measuring the sputum every twenty-four hours, it may,
under certain circumstances, be important from a diagnostic point
of view to know how it was divided up throughout the day by

measuring the sputum in definite periods example,
during the night and in the early hours of the mormng—and to

compare the result with the condition revealed by aunscultation,
percussion, and the use of the X-rays.

The sputum naturally does not only proceed from the one or
more purulent cavities, but also from the bronchial mucous mem-
brane, which is more or less also diseased, and by the passage of
the contents of the cavities 1s stimulated to more or less abundant
secretion. Although in general cavities with larger wall surfaces
secrete more pus. still, it 1s not permissible in the individoal case
to judge the size of the cavity by the quantity of sputum, especially
when there i1s putrescence.

The sputum is sometimes simply purulent, of corresponding
colour, with more or less admixture of mueus; sometimes watery,
dirty green or brownish owing to the admixture of blood.

When left standing in the glass three layers are often formed,
the undermost of which consists of more or less confluent pus, the
uppermost of a layer of viscous foam with purulent globules and
threads, the middle layer being hke clondy water. ’lln:* last layer
may also be found when no water had been placed in the glass
before ; 1t consists of oral and bronehial secretion, which 1s ai‘LLLLLd
in larger quantities owing to the irritation of thc contents of the
cavities.
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This sputum in three layers is also known to be found in cases
of pleural empyem:e (or other extra-pulmonavy purnlent cavities), also
in that form of bronchiectasis which is accompanied by numerous
slight eylindrical dilatations of the bronchi (about as thick as a lead
Iwuu]]l; and also in simple chronie purulent cases of catarrh in which,
indeed, there may be a slight dilatation of the whole bronchial tree,
but without preponderating participation of its terminal branches.
It is most unsafe to recognize these different sources of the three-
layered sputum from its character. Generally speaking, the pus from
the pleura or from non-tubercnlar pulmonary cavities is more con-
fluent in the undermost layer than in the ease of purulent bronchial

catarrh and cavernous phthisis; but pleural pus, when the perfora-
tion is sieve-like, often forms, especially in the upper, but also in
the lower layer, fine threads and flakes which remain isolated from
one another. This is due, it seems, to a layer of mueus originat-
ing in the bronchial mucous membrane. Generally, the quantity
and the place of secretion of the secreted bronchial muens seems
to determine the appearance of the sputum in the glass. It
depends, of course, on varving conditions. The layer of foam on
the surface is specially found when there are painful fits of cough-
ing and cavities with putrid contents.

As a practical rule, it may be laid down that such cases are
generally unsuited for operation, when the lunps of sputa, though
abundant, show little tendency to coalesce in the glass, as the
nummular lumps of this kind arve generally due to bronchial
blenorrheea ; the spherical ones generally originate from tubercular
caverns.

Small quantities of blood are often mingled with the sputum
and give it the divty-brown colour ; in larger guantities the blood
15 recognizable as such. It occurs specially in the case of acute
destructive processes; sometimes also, when there are old cavities,
it 15 due to slight aneurisms.

Sometimes, in the sputum, there are little shreds of the lung ;
when charcoal is present, they are specially noticeable.

In one of ArNoLD's cases little stones from 5 to 7 mm. in
diameter were evacuated with the sputum (6 to 7 per day); they
were fragments of a lung, affected with the stone-cutter’s disease, set
free by necrosis.!

The microscopic examination of the sputum is important. The
pus corpuscles are often in a more or less 1imperfect condition,
destroyed or changed into detritus. Fat crystals generally denote
that the cavity In,f-: been in existence for some length of time ; they
are usually found mixed with detritus and Dacteria apeciaily
abundant in Drrrrica’s emboli, small particles from 1 to 3 mm. in
diameter—also in sputum nok actually fietid. Sometimes, especially
in more recently formed abscesses, we find abundant hsmatoidin
erystals or amorphous blood pigment. Specially important is the
discovery of elastic fibres (boiling of the sputum with 2 per cent.

! Miinch. med. Woehenschr.,, 1897, No. 47.
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hguor potasse ; or, better, shaking with antiformin, then centr-
fuging). In form they look like alveoli, often a group of alveoli;
they (lcmziv with certainty a cavity in course of formation or
growth. Their absence does not of course exclude the possibility
of a cavity being present ; it may be stationary, or the elastic fibres
may already have been given off in the putrid secretion.

Partial softening of “the elastic fibres induces evacuation both
in the case of mmplL and of tubercular abscesses ; more abundant
solution takes place in pulmonary gangrene and in putrid secretion,
According to RoseEXFELD! in the latter case the carbon pigment of
the lung is retained in alveolar form ; on the contrary, in phthisical
sputum, both m mtial and in chronic pulmonary d')‘nLE‘ﬁ, the smaller
llliLlUEL{}PlL shreds of elastic lissue are free, he says, from carbon
pigment. ROSENFELD explains this as follows : whenever the evacua-
tion of the necrotic shreds takes place slowly, the carbon migrates
before the sloughing oceurs, whereas when the evacunation of the
canorene or the large abscess-embolus takes place rapidly there
1s no time for this.

The bacterial flora in suppuration in the region of the air-
passages are generally very mixed, the most so in chronic and
putrid cases. U nder certain circumstances it may be very
mmportant for differential diagnosis, when only one kind I:HtlLl)[-{}L{JL(]
pnenmocoeel or staphyloc u{:m‘} is found, that points with greater
probability to burst pulmonary abscesses. Even in the case of fl‘L‘ilt]E’
burst pulmonary abscesses the sputum shows at once mixed bacteria.
In putrid sputum *-.1:]!1”‘1 and Bacillus fusiformis are found.

In specific suppurations the characteristic microbes are found :
tubercle bacilli, actinomycotic granules (staining according to
GieMsA) ; these sometimes on small ramified bronchial effusions ;
streptothrix threads, interwoven like tufts of hair.®

In cases of simple abscess the sputum has the stale smell of pus
or of catarrhal sputum : from this we find all the intermediate
grades to evil smells and the unbearable stench of the gangrene.
It i1s true, that in individual eases of chronic bronchitis with
uniform dilatation without the formation of cavities, the sputum
may have an evil smell, but it preponderates in the case of cavity
formation both of abscesses and of the final stages of bronchiectases
of various calibres ; in fresh abscesses only Mu,n there is gangrene
of the wall and the eavity increases in size; old stationary
cavities may also produce it, when the wall, In::mg intact, the
content is putrefying; also in sinuous abscesses elsewhere putrid
suppuration 1s not always accompanied by progressive disintegration
of the tissue.

In fresh extensive gangrene the smell 1s different, *‘ like carions
teeth,” in old bronchiectatic cavities often dominated more by
volatile fatty acids; from the diagnostic point of view, however,
these differences are of little value, at most subjectively.

' BosexrFELDp, * The Initial Polmonavy Abscess,” German med. Press, 1902,
No. 2.

* Lick, * Beitrige zur Kenntnis der Streptothrixmykose der Lunge,” Mittei.
aus den Grenzgebicten, vol, xxiii, 1911, p. 531,
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When left standing in the glass the evil smell of the sputum
sometimes diminishes or ﬂlaa,ppmm (because of the access of the
air?).  Sometimes only the breath smells on expiration, but always
to the same extent, sometimes (probably generally when the putrid
cavity 1s of small size) putrid and odonrless sputum i1s brought up
separately at different times. The patient distinguishes between
the two himself by taste and smell, and, if attentive, can sometimes
by the feeling indicate the side or the region of the thorax from
which the putrid sputum comes.

Generally on the formation of a cavity, especially in the inferior
lobe, the expectoration takes place periodically. This alternation
of long periods free from coughing with periods of an hour or more
of "LIJLIHEI-.Illt expectoration tl]m oceurs, it 1s true, 1n cases of
chronie bronechitig, and especially of numerous small terminal
bronchiectases, but in the case of cavities it is specially pronounced
and the quantity of sputum produced m a few minutes 1s
specially striking ; moreover the expectoration is sometines favoured
in such a way Iw certain conditions or positions of the body—by
lying on the side or local pressure—that one is able to conclude with
certainty the position of the cavity.

Deep breathing, voluntary or occasioned by speaking, movement
of the body, cold air, generally gives rise to coughing, and, when the
cavity 1s full, to expectoration also; superficial breathing (quietude,
sleep), causes both to stop for the time.

Liymg on the healthy side produces conghing and expectoration
when there 1s a cavity on one side; they are absent when the
patient is lying on the affected side often for many hours, only
reappearing after the cavity has been refilled in the meantime, and
then becoming specially abundant on change of position. When
with a cavity on one side the influence of position 1s felt, either
indistinetly or not at all, either the passage to the bronchi is
obstructed or the sputum comes from other sources, cavities in
other parts, or a diffuse affection of the mucous membrane.

When there are cavities in the upper lobe the position of the
body has generally little noticeable influence on the expectoration.

When the cavities are i the lower lobe there may be absolutely
no sputum for hours when the patient remains in an ll}_Jl];.__llt-
position, but on assuming a horizontal position it becomes
abundant ; if the cavity is once completely emptied, for a time the
patient will be able to lie flat without any irritation causing
coughing.

The inerease of expectoration in the early morning hours,
noticed 1n eases of chronie bronchitis, is still more pronounced when
there are cavities in the lower lobe ; by lying flat on the back with
the trunk mchined 1 the opposite direction (with raised pelvis), it
is generally increased and concentrated in a shorter time. This
may, under certain circumtances, be of use therapeutically and
also in diagnosis, so as to examine the cavity in different conditions
of fulness. The patient, by observing for himself the conditions
which determine the expectoration and also the periods of rest,
may often be of great assistance in the local diagnosis of the
cavity.
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Many patients with bronchiectatic cavities in the lower lobes
expectorate more easily and freely when the trunk is bent right
forward (standing or sideways out of bed), others when they raise
their arms and hold on to a horvizontal bar, still others when, in the
{abdominal) position recommended by GErHARDT, they press the
lower anterior half of the thorax on expiration against a cushion
placed crosswise and at the same time plant their feet against the
end of the bed.

The state of the temperature is of great importance In
pulmonary suppurations. Here, as elsewhere, fever, especially
remittent fever, mayv be a sign of the beginning of the formation
of a cavity or of the retention of pus; very often, however, the
temperature is just as much determined by the processes of disease
going on In contlguous or remote portions of the lung apart from
the formation of the abscess, and is nimportant just because it draws
attention to them.

In cases of chromic suppuration the temperature may be little
or not at all changed, either because the patient has grown
accunstomed to the substances exeiting fever or that these are not
absorbed. Even a chronic putrid suppuration is sometimes borne
remarkably well, when it occurs in old cavities with smooth walls,
whereas acute l'm,rnd processes or the progress of chronic ones
affect the temperature, it is true, but slightly, but seviously affect
the general condition, strength and ecirculation.

The ecirculation should be ecarefully observed, less for the
diagnosis of the abscess as such, than for the determination of
the general condition, and therefore of the question whether there
shall be an operation, and if so when. If the frequency of the
pulse increases or the fulness of the arteries decreases it will be
decided to hasten the operation, especially if there is putrescence ;
signs of great cardiac weakness make the prospect of a cure less
favourable and will, under certain circumstances, prevent the
operation from he:ng performed. If the putrid secretion is suceess-
fully removed, the action of the heart often improves perceptibly.

The number of leucocytes in the blood is generally inereased
by the preliminary inflammatory processes, so that an increase
as a symptom of the formation of suppuration could only be of
diagnostic value i1f they were counted again in the case of an
abscess still closed.

In determining the position of the cavity most would naturally
be expected from auscultation and percussion ; bat, unfortunately,
only a himited value can be attributed to these methods of examina-
tion ; the extent of the indurated and otherwise pathologically
modified pulmonary tissue in which the cavities oceur, can certainly
be approximately determined, but the position of the cavity therein
only very imperfectly.

The elassic symptoms of cavities (change of sound, amphorie
breathing, metallic tinkling rhonchus) hold good mainly or ex-
clusively of the cavities in the upper lobes, wh]ch kept open and
full of air by their Pf]HILI[}II are preferably dmulhed a5 CaAvVerns.
Owing to their origin being usually tubercular, they rarely come
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into consideration for surgical treatment, but in their case also
the observation of the symptoms of cavities, especially of the
various kinds of change of sound, certainly disclose the presence
of a eavity, but their absence does not exclude it.

The cavities of the lower lobe rarely represent larger air spaces ;
as the ribs and adjacent organs yield, they form as a rule flaceid

Fra, 46.'—Metapneumonie abscess on the left in a4 man of 19, eured by D]_mmt.iun_
The cavity **h ™ lies in indurated pulmonary tissue. Tlorsoventral,

sacs, often only n the form of a fissure, which are for the most
part filled with seecretion. According to the nature of the
surrounding tissue, therefore, they give a dull percussion note,
with a more or less tj,'mp_aa,nil;i{: ACCESSOTY l'iug_ The effect of the

- — e

' T owe the photographs for figs. 46, 47 and 48, to Prof. Hocknaus, of Cologne ;
that for fiz. 49 to Prof. P'avL Kravse, of Bonn.
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collapsed cavity or the cavity full of pus, on the breath sound,
like that of an encysted plenral extravasation or a flaceid induration,
15 generally only deadening. On expectoration these symptoms
are not generally changed, as with yielding surroundings the walls
of the L""l.."-’lt-".. .tppm’u,h each other; only when the cavity is
surrounded by rigid tissue it may become full of air and then

Fia. 47.—The same case as fig. 46, Ventrodorsal,

present the symptoms of the cavities of the upper lobe. This is
possible in the case of large, quickly formed metapneumonic
abscesses and bronchiectatic cavities, which are formed after
plenrisy and when the pulmonary tissue is atrophied. But even
then the typical symptoms ol cavities occur, as a matter of fact,
rarely and often pass away again rapidly. Much more important

-
i
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is the variability of the acoustic symptoms owing to the expectora-
tion.  When the cavity is full complete dulness and absence of
breath sound, after expectoration dull tympanitic note and
bronehial breathing of various degrees, possibly accompanied by
ringing rhonehi.

The change in the auscultatory symptoms may be caused
either by secretion or by a pulmonary sequestrum lying loose
in the cavity which may for a time obstruct the opening of
the inosculating bronchus (Kissnixg).

The amphoric
breathing, which
also may be heard
over the smallest
caverns and eylin-
drical  terminal
bronchiectases, 1s
very deceptive.

Of the greatest
value for the local
diagnosis of the
mlln,' but es-
pecially for the
determination of
the condition of
the lung, is the
use of the X-rays,
as thev enable us
to perceive both
superficial and
deep-seated foci,
and also smaller
foci than we can
discover by per-
cussion. By using
the }{-1.&:,.‘-,, Lm},
in  different dia-
- - e - meters we can
determine more

Fii. 48-—Metapnenmonic abseess situated in almost normal : : i
pulmonary tissue, and thevefore only recognizable by the “j"[“‘.“.‘? the size
use of Xerays. The horizontal level of the fluid (f) clearly and position, and
I‘c:‘:l.lg.:lli_.r.:lj'hlu_ operated upon, died of after-hwemorrhage into obtain h}, }_Jhﬂtﬂ"
the cavernus, Ventrodorsal. z

graphs a reliable

comparison of the

condition at different stages; by examination with the screen, more-

over. we can determine the mobility of the diaphragm and the

pulmonary margins, and by this means reliable conclusions as to

the presence of pleural adhesions, at least on the lower pulmonary
lobe.

When the general condition 1s serious, one must content oneself

with taking plates. By shortening the time of the exposure we

obtain to-day not only much eclearver pictures than before, but
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can also recognize small cireumseribed foei, which formerly only
appeared on the plate at most as diffuse shadows.

When we obtain from the shadow a picture of the extent and
intensity of the mduration of the lung 1n general, 1t 15 of value
in forming our opinion of the whole diseased condition, the abscess
or abscesses will always only correspond to a part of the foel of
induration.

The abseess cavity may, when it contains air, stand out from
the indurated surroundings as a centre of light (figs. 46, 47, 49),
when partially filled with secretion this may be shown by sharp
horizontal demarcation of the shadow thus cansed towards the top
(fig. 48).

As a matter of fact, however, even Iw the use of the X-rays,
the cavity rarely comes into sight, as 1t is often insufficiently filled
with air, or quite devoid of it, a circumstance which so often also
renders the acoustic evidence worthless.

Foreign bodies are the most easily discovered in the normal
lung, and when they are of metal or bone, with more diffienlty,
when they are already surrounded by lllﬂ‘llﬂ.llmtﬂlj indurated
tissue.

If the induration i1s limited to one lobe, then its demarcation 1s
shown in the X-ray picture as a sharp line.

The demonstration of multiple foei is often onlv possible by
means of the X-ray picture; they are considered under certain
eiccumstances, when situated on the other side, as hopeless for
operation. If after the opening up of an abscess indurations also
are discovered, they may indicate other foeci still in existence—in
the vicinity or far away—and lead to a search being made for them.

We must confess the local diagnosis of the purulent foci 1s still
very uncertain and deceptive. It can rarely be made directly. As
the dulness and the shadows mayv be caused by old or new thicken-
ings of the most diverse kind and by indurations, we have to con-
sider also changes in the form and mobility of individual sections of
the thorax, as well as of the diaphragm (Lirrex’s “ Phenomena
of the ]Jlftplu.lgm "), loeal sensitiveness to pressure, subjective
observations of the patients as to coughing and expectoration, the
way in which the disease develops and “the course of the fever. All
these things give us valuable indications, which we have to combine
with the result of the acoustic and optic examination, as well as
with the nature of the expectoration (see p. 94).

It must be emphasized that in diagnosing we must not only con-
sider the locality and size of one focus on which we wish to operate,
but that it is just as important for the whole proceeding whether
there are other foci and where they are.

The idea often oceurs to make certain of the place where an
abscess is suspected by an exploratory puncture ; this must not be
done! An exploratory puncture of a pulmonary abscess with the
thorax closed must be absolutely avoided ; because by so doing the
pleural cavity may be infected. Kwven when pleural adhesions ‘have
been diagnosed, no puncture must be made, for this diagnosis is
uncertain. If the content of the ecavity is putrid, then even if
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there were adhesions their tissne 1s often spongy, and the whole
channel of the puncture would be infected and might become
the starting-point of a septic cellulitis. Besides carrying the in-
fection into the plemra and as cellulitis into the thoracic wall,
emphysema, spreading into the mediastinum and severe hmmor-
rhage are to be feared. Out of thirty-seven punctures in cases of
purulent pulmonary foci, six were followed by similar serious
complications, which in three cases ended in death (Prcor). The
exploratory puncture of the denuded lung is of value during the
operation.

For various reasons it 1s important to ascertain as certainly as
possible whether, and if so, to what extent, the pleural layers have
adhered. Loeal adhesion, not too loose, over the purulent focus is

Fia, 49.—.Cavily in upper lobe thickened by tuberculosis.

L

least desirable, when 1t 1s intended to open it up. On the other
hand, treatment with collapse by means of pneumothorax is only
possible when the pleural sac i1s fixed at least for the greater part.
The decision n the one direction or the other is rather difficult to
make ; easier, of course, when denser adhesions of the pleura have
narrowed the intercostal spaces and have fixed the ribs or led to a
reduction of their mobility, or even to their contraction ; these things
may be ascertained by feeling with the finger or mspection ﬁlth
suitable illumination, such as examination with the X-rays. In
the last ease the intercostal spaces appear somewhat darker, also
narrower, the contours of the ribs dim.

These modifications, when occurring on one side or locally
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limited, can be vecognized by comparison with the other side, or
the adjacent intercostal spaces, most easily in the lower half of the
thorax ; here the injury to the mobility of the ribs of the pul-
monary margins and of the diaphragm (by percussion, by the X-rays,
LirTeN's ¢ Phenomena of the Diaphragm ™) are specially noticeable ;
sometimes intercostal spaces or costal margin are even drawn in
on inspiration; when sufficiently solid adhesions run from them
directly or indirectly to the diaphragm.

Mistakes may oceur here also. Rigidity of the ribs, induration
and infiltration of the lung, circumscribed cords of adhesion may
stimulate more extensive adhesions ; on the other hand, even in the
case of surface adhesions, when these and the pulmonary tissue are
in themselves elastic and movable, the change in the volume of the
lung on inspiration may be very considerable. For this reason even
the respivatory lifting of a needle inserted in the pulmonary tissue
(FENGER) cannot dLL-Ii.IL

Owing to the reduced change of volume the breath sound is
wealer over adherent parts, and when the adhesions are more dense
the percussion note is also less distinet. Buot these symptoms too
can only be interpreted in one way. Not infrequently from the
mention of earlier pains and from the rest of the anamnesis one 1s
led to conelude that at an earlier date pleurisy has been present ; the
nature of the earlier illness too gives a certain amount of assistance.
According to experience hitherto, adhesions appear to be of more
frequent occurrence in the acute abscesses, perhaps because they are
generally the result of plenropneumonia. Of course thev are also
present in the cases of bronchiectases resulting from contracting
pleurisy; on the other hand, they are often absent in bronchiectases
resulting from chronie bronchitis, and also in the cavities developing
slowly from within, for example abscesses caused by foreign bodies.
In general, more frequent adhesions are not to be expected in
diseased processes of longer duration than alter acute ones.

It 1s necessary to emphasize the fact that even with well-founded
positive diagnosis of adhesion, disappointments are not infrequent
on operation. One must be prepared for these, and be prepared to
meet the consequences, because the suceess of the operation and the
hife of the patient may depend upon this. When the content of a
purnlent focus finds its way into the recently opened normal plearal
cavity, the most serious symptoms always ensue, which are to be
attributed partly tc the accompanying rapid collapse of the lung,
partly to the septic poisoning.

The promotion of artificial pneumothorax for the purpose of
obtaining a therapentic collapse of the lung is, of course, impossible
when the pulmonary adhesions are extensive, but even circumseribed
cords of adhesion, which secarcely affect the respiratory mobility,
may prove a considerable hindrance. We shall refer to this again
later on.

DIAGNOSIS.

Let us sum up once more the most 1mportant points for the
diagnosis of pulmonary suppuration ; they are : the quantity of the



102 SURGERY OF THE LUNG

sputum (the quantity to be measured regularly every twenty-four
hours), the kind (usunally periodie) of expectoration, the 1111{,r(:==.;_{}p|.[-
condition of the sputum (very often elastic fibres), the change in
the acoustic and optic condition and its relation to the expectora-
tion. That a cavernous suppuration exists is generally much easier
to discover than its locality. Extent and number of the cavities :
for this several days, sometimes weeks, are required. The decision
whether there are several foci is very ]Il]]]ﬂll-clr[]t-

We must also consider the differential diagnosis for suppurating
pleurisy, which with perforation in the direction of the lung may
lead to similar large quantities of sputum in three layers, as in the
case of suppuration of the lung. Soon after the eruption (which
does not generally take place suddenly, so that the quantity of
sputum only becomes greater =rmﬂlm1|u after a few days) the con-
dition under auscultation and percussion and the signs of displace-
ment are certainly usually unambiguous and certain. But this is
not the case when the I}Lll{}rflml}ll l{‘II}E!.-II'IbJ“'IH}Li‘{I when the patient
only comes to be examined after weeks, or pe1lmua months, and the
effusion of pus is practically over. The region of dulness is then
irregular in shape: both imperfect dilation Df the lnng and empyema
are present, the auscultatory svmptoms are less f."tl-‘rLJ‘.ELLEI[‘IIH’ElC signs
of cavities are lacking, the thorax alveady shows signs of hl]lII!lxIIlE.

Among students as well as physicians you often come across the
opinion that in suppurating pleurisy, which breaks out in the diree-
tion of the lung, pneumothorax may be expected. As a matter of
fact, such a thmg practically never happens, because the eruption
does not occur inte the pulmonary parts containing air, but into
those imperfectly expanded.

The difficulties in diagnosis described above are intensified when
suppurating pleurisy is ﬂLw!and where there are old adhesions ;
the encysted exudates may simulate invaginated thickenings.

In the sputum the thread-like character of the pus is very
noticeable. If the pleurisy was not putrid from the first, the
sputum remains, even when the illness has been going on for
months, free from putrefaction. whereas this may {":L‘ali". oceur in
the case of a cavernous suppuration. Under the microscope the
sputum reveals almost exclusively one kind of microbe, in pulmonary
suppuration very various kinds.

At first the pmimﬂtmg plenral suppuration is accompanied by
a continuous irvitative cough, by means of which small quantities
of sputum are thrown off ; the opening of the perforation is rarvely
large enough for larger guantities to be thrown off at the same
time as in the case of an abscess ; the periodicity of the discharge
is, therefore, less pronounced in the case of perforated pleunisy,
irregular, less dependent on the position of the body. For days at
a time, too, there may be no sputum at all, then there is often a
feeling of pressure and fever.

As a matter of fact, the decision whether it 1s a case of suppura-
tion of the lung or perforated empyema, 1s often only made during
the operation, and not always at once even then.

Many pulmonary abscesses burst very early in the direction of
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the pleura; very small, superficial foci may then very quickly lead
to circumseribed and also to massive empyema, especially when they

are putrid. These cases then appear clinically at first as primary
pleuritic foei ; even after the operation the connection is often only
clear when aceidentallv a pulmonary slough is found in the sup-
puration. If the plenrisy 1z putrid when opened, you can, with more
probability, conclude that there is a primary pulmonary focus ; it
may not be larger than a pea.

In the ease of such a pulmonary abscess, breaking through at
first only in the direction of the pleura, under certain cire nmstances
the empyema produced by it (total or encysted) may later burst in
the direction of the air-passages. This connection is probable
when the expectoration from the pleural suppuration is from the
first putrid.

That subphrenic abscesses, too, abscesses of the liver, of the
mediastinum, &c., like empyema, may burst in the direction of
the lung, can only be mentioned here, but not further discussed.

When suppuration develops inside a consolidated pneumonie
pulmonary lobe, a closed abscess-cavity may arise, without any
connection with the bronehi. This may be conjectured from the
continuance and the intermittent character of the fever, the per-
sistence of the dulness and the inerease of the so-called consonance
symptoms. In very rare cases this stage may last so long that,
even without any purulent discharge, an abscess may be diagnosed
and an operation be performed ; generally an eruption in the
direction of the bronchi will bave taken place.

COURSE AND CONDITIONS OF HEALING.

Suppurating softening of the pulmonary tissue may, when the
suppuration is discharged on the bronchial passage, heal spon-
taneously ; the more easily, of course, the smaller the focus or
foel.

RosEsFELD! describes such cases with “‘initial formation of
abscess,”” which were only recognizable by the appearance of elastic
fibres in the form of alveoli, d.llf.l in hematoidin crystals ; the quan-
tity of sputmm was not necessarily increased, nor the temperature
curve raised.

The total duration and the eondition on auscultation offered
nothing abnormal ; in four to six weeks the patients had quite
recovered. It may well be that such small abscess formations,
otherwise without symptoms, are present more frequently, and
only escape observation beeause in all cases of pneumonia the
sputum is not examined minutely enough.

sut larger, even putnd, ahﬁt:m:::-ﬂﬁ, too, which present the
symptoms above described, and when cavities can be demon-
strated, may, according to the information of various observers,
heal spontaneously in four to eight weeks. This is due here, as

U German med. Press, 1902, No. 8.
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everywhere, to the walls of the abscesses coming in contact with
one another, adhering and forming cicatrieial tissue.!

In other cases, however, the abscess does not heal up, or it
increases and fresh foei of suppuration arise through aspiration of
secretion to sound portions of the lung; owing to the exhausting
suppuration and the hectic fever the patient succumbs. Or, even
if the suppuration does not spread, but the abscess is enveloped in
a pyogencus membrane, still no healing takes place, and the sup-
purating discharge continues. The patienf may become so accus-
tomed to the regular expectoration from the suppuration, that
sometimes he does not know of its existence, or looks upon it as the
result of an unimportant bronchial catarrh. This tolerance, or
indifference, 18 one of the mamm reasons why so many abscess
cavities only come to the knowledge of the physician at a later
stage.

When the expectoration is of a putrid nature this tolerance 1s
not so great, because the cough is more troublesome and the general
health is more upset. The patient himself suffers from the
disagreeable smell, those who associate with him suffer generally
still more ; often it is not so much his own discomfort which brings
him to the doctor as the wayv in which people avoid his ccmpany
when at home, or at work.

The reason abscess cavities 1n the lung do not heal more
easily is due to the special anatomical conditions of the organ,
which make the conditions of healing quite peculiar and require
special discussion.

Here, as in every other case, the cicatrization of an abscess
takes place by the walls coming in contact with one another,
adhering and forming cicatricial tissue. This is not so simple in
the ||1n|5:_:,r on account of its special anatomical conditions and on
account of its position in the thorax, as in most of the other organs.
The tissue and organs in the vicinity of the abscess must either,
when they have been displaced, return to their former position, or,
after the cicatrization they are more or less displaced, according to
the amount of the fusion of the tissue produced by the abscess.
Whereas in other organs only the natural elasticity of the tissue
counteracts this tension produced by the scar, in the lung the
elastic tension is added, which 1s exerted 1n a centrifugal direction
by the tension of the organ in the rigid walls of the thoracie cavity.
If the abscess is formed in an otherwise normal lung, and if it is
not too large, here, too, the adjacent pulmonary tissue (often to an
extent which 1s surprising) may follow the tension produced by the
scar, and so compensate for the malformation. In the lower lobe
of the lung the mobility of the soft adjoining organs (diaphragm
and abdominal viscera) and the mobility of the ribs are favourable
to cleatrization.

I K. Wasuer deseribes six cases observed by me in * On the Spontaneous
Healing of Pulmonary Abscesses and Pulmonary Gangrene,” Diss., Kiel, 1903.
Bee also a ease examined anatomically by Quixcke, Milletl, aus den Grenzgeb.
d. Med. w. Chir,, vol. i., 1896, p. 1.
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In the upper lobe this is not the case; here the firmly closed
ring of ribs offers considerable resistance to the shrinking. FEven
here we do see a moderate loss of pulmonary substance com-
pensated for by the formation of a cicatrix. We find this to be the
case 1n sections without the volume of the lung, during life,
appearing noticeably smaller, or the costal arch being altered.
When the shrinkage is considerable, the adjacent parts of the lung
become emphysematous, the mferior lobe and the diaphragm may
even be drawn up, the arch of the upper ribs subsides. This is
intensified in cases of pulmonary phthisis with induration of the
conuective tissues. The more quickly a cavity is formed in the
upper lobe, the larger it is, the less can the tension prodnced by
the scar succeed In attl.u,uu:r the neighbouring tissue and the ribs.
The cavity remains tense, the more so as its inner surface by
communication with the bronchi is under higher pressure than the
surrounding pulmonary tissue. Fr {*qu-_.nl;h' a direct centrifugal
tension is added when the lung adheres to the thoracic wall.
These powers, hostile to the cicatricial retraction, are least effective
in children, in young people with weak muscles, soft bones and flat
thorax ; they come “into play much more in the case of strongly-
built individuals with well- -developed bones and muscles, and with
well-formed thorax, still more in the case of older people with rigid,
often E]np]'l}'.'-_'enmtmlf-;, thorax.

The cicatrization of purulent ecavities is also rendered diffienlt
when the adjoining tissue is not, as 1t normally is, soft and pliable,
but has become harvder by abnormal modifications. The longer the
illness lasts the more usual this is, as in the ease of chronic
abscesses, bronchiectasis, and tuberculosis.

The conditions for the discharge of pus from the upper and lower
lobes are just the reverse of those in the case of cicatrization. In
the upper lobe the direction of the bronchi makes a constant dis-
charge in the direction of the prineipal bronchus easy, so that an
acenmulation of secretion rarely oceurs. In the lower lobe gravity
checks the discharge. Still, as long as 1t 1s only a question of the
evacuation of the bronchi, the greater mobility of the inferior walls
of the thorax, and the stluwth of the expiratory muscles compen-
sates for this to such an extent that on violent conghing the smaller
bronehi are squeezed hike a sponge, and this possibility of a more
considerable change of volume, namelv of a more considerable
expiratory minimum volume, puts the lower lobes to a certain
extent in a more favourable position than the upper lobes. The
predilection of the latter for tubercular disease may, perhaps, be
due to the fact that theyv do not contract to such an extent and so
cannot free themselves so completely from the inhaled tubercle
bacilli.' On the contrary, it is even possible that during violent
conghing part of the contents of the lower lobes (air, dust and

I The help given by the respivatory movements to the blood and lymph-
stream is not o efficacious in the upper lobes; perhaps for this reason the
tubercle bacilli deposited in the tissue are not dispatehed so successfully here
as from the upper lobes to the bronehial glands.
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secretion) may be driven into the upper lobes. That this does
actually happen we see occasionally by the formation of secondary
putrid abscesses in the upper lobes.

But the secretion is only driven ont more successfully from the
lower lobes so long as the ribs are phable and yielding, the mmns-
cular power good and the pulmonary tissue itself normal. If any
of these conditions are lacking a certain amount of secretion
remains behind, and that most plentifully just in the diseased
(inflamed or chronically indurated) part of the lung. This residuoe,
as in the case of abscesses with incomplete discharge, acts as a
permanent inflammatory wwritant, and this all the more when the
bronchial branches in question are already dilated, or when an
abscess cavity is already 1n existence.

If we compare, then, the conditions of healing in the npper and
lower lobes, the chief hindrance in the former is the rigidity of the
ribs, in the latter the congestion of the secretion. Therefore the
opening of the eavity 1s less essential in the upper lobe, the main
thing is to render the surroundings mobile by extensive resection
of the ribs. In the case of cavities in the lower lobe, on the other
hand, the all-important thing is to open up the cavity and to
draw off the secretion, It will only be necessary to make the
walls of the cavities yielding when they are very extensive or
of long duration. The following table gives a summary of these
conditions :—

U ppeer 1obe Lowar ok
Discharge of pus e Hasy ... Difticult.
Compression on coughing ... ... Blight : ... Abundant.
Cicatrization ... i ~.. More difficult ... Rasier.

TREATMENT.

If the pulmonary abscess has burst in the direction of the air-
passages, expectoration must be made easier to the patient by
placing him in as comfortable and convenient a position as pos-
sible ; the position suitable for expectoration must, for the recovery
of the patient, be alternated with one as free from coughing as
possible.  Remedies for arresting the cough must only be used
with caution; on the other hand, stimulants (also liq. ammonii
anisatus) are sometimes used.

In the case of cavities in the lower lobe expectoration is
furthered most effectually by lying flat, or with the shoulders
at a lower level (several times a day for one to three hours—the
morning hours are the best from 5 to 8 or 6 to 9, and n the
evening from 5 to 7); in other cases tests must be made to find
the most suitable position.!

LiveE,” in a ease of acute pneumonia of the lower lobe, which

'S, H. Quixeke “ On the Treatment of Bronchitis,” Berl, Clin. ”’-:-'1";4'!.!;1 1845,
MNo. 24, P Scoarrer fOn the Treatment of Bronehial Diseases I"."" l“hl{"ltlg in
Slanting Position.”  Arel. f. Clin, Med., 1909, vol. xev, p. 276.

* Miineh, med. Woclkensclor., 1911, p, 25835,
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was becoming gangrenous, used successfully, as well as the sloping
position, a circular bandage compressing the lower parts of the
thorax 1n the litfl‘&ltlﬂil of 'I:!l‘i-hll'.l]ﬂ.l L‘?-.p“"l-tlﬂl'l in Glf—li‘l to Pracire
relative atelectasis and compression of the inferior lobe.

Most important 1s pure air, free from duost—if possible day and
night in the open ; full and sufficient respiratory movements which
are so important arve best furthered in this way.

If spontaneous healing does not take place, surgical help must
be called in. Two mpthmh may be employed ;:—

(1) Opening of the abscess to allow of the discharge of the pus.

(2) Furthering the shrinkage of the lung by making the thorax
yvielding by removing the ribs; or by producing artificial pnenmo-
thorax, allowing the lung to retract and mllmpsv

The first method is "LIIL].J.“}’ selected (especially in acute cases
when the discharge is coplous, {"'EIJ'E"C]"I‘.H_'!, when it is putrid) ; I.Iw-
opening of the abscess by incision after resection of 6 to 7 c.n.
from two or three ribs. By placing the patient in a suitable posi-
tion for hours, or days, the cavity is emptied as much as possible
before the operation, local anwesthesia and morphia to be preferred
to general anmsthesia. During the operation the patient lies as far
as pmmh]:, in the position I}rm'r;wl to be most free from cough. In
this position, then, the cavity fills, which makes it easier to find
and open, the longer the time that must elapse between the opera-
tion on the thorax and pneumotomy proper. If the discharge is
sufficient, after two days often sputum and fever cease; the
putrescence of the secretion disappears more slowly, UfEl’-‘n only
after the shedding of sloughs: the inflammatory induration in the
vieinity of the abscess cavity demonstrably decreases, the wound
shrinks and closes in from three to four weeks, often, certainly,
only after a much longer time, namely, when the local diagnosis
was not quite correct, or when the partial continuance of the symp-
toms leads to the supposition that there are other cavities and
therefore necessitates an enlargement of the aperture in the ribs
and of the neision, perhaps also a second operation at another place.

When the discharge of secretion throngh the wound 1s nsuf-
ficient, this condition is sometimes lmpr'mel by the suction, for a
short time several times a day, of air and secretion by means of
PErTHES apparatus, i.e., an alr-pump worked by a jet of water,
with a suitable glass funnel or BIer's suction apparatns adjusted
to the skin over the opening of the wound.

Respiration in the apparatus for maintaning inereased pressure
has the same effect. When an opened abscess was a long time in
healing, Vax StockuM often saw this successfully applied (twice
daily for onme hour), the pulmonary tissue surrounding the cavity
is made more pliable or more capable of holding air by this
means.

As a role the ineision must be made at the point where the
abscess cavity is the nearest to the upper surface of the lung,
taking into consideration the discharge of pus if possible on the
posterior, or it may be, the lateral wall of the thorax, quite excep-
tionally on the anterior wall. This consideration may even lead
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one so far as not to choose the spot nearest to the upper surface,
but to prefer to cut through a thicker pulmonary layer.

When the general symptoms point to the existence of one or
of several cavities, and to the necessity for an operation, but when
the site i1s uncertain, the following may be remembered : cavities
which have been a long time in existence in the majority of cases
are sitnated low down, especially low down at the back, partien-
larly is this true of mumﬂ:trv bronchiectases ; the inecision should
therefore most frequently be made at the back below the angle of
the scapula. When on general grounds a cavity is hllspLLtL(l and
there 1s a dulness l:elrm at the back without elear local signs of a
cavity, then this spot will be chosen because it offers the | oreatest
probability and at the same time the possibility of reaching from
this point a cavity in the immediate neighbourhood (medial or
lateral, above or below).

Besides the discharge of the pus there is another point to be
considered for the healing of the cavity, namely, the mobility of its
walls. This must, if necessary, be procured by resection of the
ribs. This 1s particularly necessary in the case of the upper lobes
and also in the lower lobes as well when the mobility and powers
of retraction of the pulmonary tissue have been affected (see p. 105}
by indurations and nterstitial thickenings. When this is from the
first certain, or probable, as in the case of cavities which have been
long in existence, or bronchiectases, a large aperture in the ribs
should be made straightaway, L:-Lh{:lwm, it 15 only after exposure of
the cavity that one can see in what direction and to what extent
the chest-wall must be made to yield—whether temporary removal
of the bones is sofficient, or whether the reforming of the bones
must be avoided by the removal of the periostenm, whether finally
the soft parts of the chest-wall and thick pleural indurations must
also be removed. Sometimes by thewr removal the lung which has
been compressed can be made capable of expansion and yielding
again.

When there is no large cavity, but several smaller dilated
bronchi traverse a lower lobe, an opening may be avoided and the
chest-wall may be rendered mobile atnlfrhtmﬂx (extra pleural
plastic operation on the thorax).

The second method of nsing the shrinkage of the lung to heal
the purulent cavities is the artificial collapse of the lung by
pneumothorax produced by operation. This method has hitherto
been preferred in cases of pulmonary tuberculosis and will be
diseussed more fully when these arve dealt with. For its applica-
tion it 1s necessary that at least the greater part of the pleural
cavity should be free from Ei.dhﬂb](}l'l‘i Only in a few cases of
pulmonary suppurations is this the case.

Forvanint (Miinch. med. Wochenschr., 1910, No. 3), healed a
putrid abscess of the left lower lobe, which had been in existence
for six years, by continuous trr-"a.t.ment with pneumothorax for two
years (gradual separation of numerous, tenacious adhesions) with
mobility of the lower margin of the lung, controlled after three
years.
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A third very effectual way of causing the lung to shrink was
adopted by SaversrUcH and Bruxs' by hgature of major
pulmonary arterial branches. After the practicability and efficacy
of the method bad been proved, SAUERBRUCH twice treated putrid
bronchitis in human beings in this way, with palliative results.

TiscEL® also caused shrinkage in animals by ligature of the
pulmonary veins.

There are cases, however, in which 1t is impossible even after
repeated operations to heal the purulent cavities by opening and
by shrinkage of the lung. In these cases it only remains to
extirpate the diseased pulmmmu lobe, or a part of it (together
with indurations and chest-wall IL['I[}elE-"t'II‘JI'!‘J‘T thereto).

Individual Forms of Suppuration of the Lung.

In the present work 1t i1s not possible to group the processes
with accompanying suppuration strictly according to pathological
and anatomical principles, for in individual cases most {hwhe
modifications ocenr simultaneouszly or in the counrse of time, and
becanse in life the different anatomical conditions often cannot be
distingnished from one another. 1t is advisable, then, from the
clinical standpoint, to divide suppurating processes according to
the following table :—

(1) Acute abscesses.

() Acute, simple abscesses.
(b) Acute putrid abscesses and pulmonary gangrene.

(2) Chronic abscesses (and bronchiectases).

(@) Chronic simple abscesses.
() Chronic putrid abscesses.

(3) Abscesses eaused by foreign bodies.

Pulmonary tuberculozis, as well as actinomycosis and strepto-
thrix-myecosis of the lung, both of which also bring about the forma-
tion of abscesses and cavities, will be discussed in speecial chapters.

In order to complete the general remarks made above, we will
now discuss simple points dealing with the pathology and diagnosis
of each of the three groups mentioned above.

(1) (z) ACUTE, SIMPLE ABSCESSES.

These oceur most frequently in croupous pnenumonia, owing to
the specially destrnctive influence of the pneumococei, ullu]
through the air-passages, or more rarely, throngh the biood-duets,
the ineciting causes of suppuration enter the focus of inflammation.
Certainly these simple abscesses are rarve, but not to the extent

I Bruxs and SaverprvcH, o The Artificial Produetion of Shrinkaee of the Lung
by Ligature of Branches and PI.IIIII:'I':II]:LI'.".' Avtervies," Mefferlnz, aws den Grenz-
gelieten, vol, xxiii, 1911, p. 8453,

* Reports of the Surgical Congress, 1911.
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assumed by TUFFIER, who, in the majority of cases, supposes a
confusion mLh enqatul interlobar pleurisy ; even if this may
happen, it is ]II]]‘!U‘:::-ILTIL in cases in which a quantity of elastic
fibres are found 1n the sputum. It 1s true that it has been
observed with certainty that such abscesses can also heal spontane-
ously, therefore only those require an operation in which the
shrinkage of the cavity and cessation of the secretion of pus and of
the fever, signs that the healing process is going on, are lacking.

From three to ten weeks are necessary for sueh healing, During
this space of time, therefore, taking all the other circumstances
into consideration, it will have to be decided whether an operation
shall be performed. Such considerations are also necessary in the
case of suppurations in other parts, for example, in cases of empyema
which have burst in the direction of the air-passages.

The results of pneumotomy are most fav ourable in the case of
these acute abscesses, partly because in most cases the pleural
Ia.wla are already adherent, but, above all, because as a rule the
lung is otherwise healthy, and its tissue can yield to the tension
produced by the cicatrization.

(0) ACUTE PUTRID ABSCESSES AND PULMONARY
GANGRENE.

Putrescence may oceur in purulent cavities, or wherever there
is an insufficient drainage, in such a w ay that putrefactive organisms
may penetrate into a cavity already in existence and proliferate in
its contents ; they very rarely, however, penetrate imto the tissne of
the abscess wall. When exciters of sepsis invade the healthy or
imflamed lung before the su]:npmal;mn 15 formed, gangrene may
oceur in the pultmn of the tissue first met with even before the
inflamnmation begins or immediately 1t does begin.  So that within
an extensive zone of suppuration, softening inflammation often
only isolated spots develop gangrene, or gangrene may so pre-
dominate that, at first, there is hardly any inflammation beside it.
These primary gangrenous sites must then first be thrown off
further by suppuration. When the enlargement of the focus is
extensive (diffuse gangrene), the pitlultq often suceumb, even
before this takes place, from septic poisoning or from the primary
disease.

Even very small gangrenous foel may give the contents of a
pulmonary abscess a putrid appearance. Pulmonary shreds and
elastic alveolar fibres in the sputum denote progressive decay
of the pulmonary tissue; their absence does not prove the
contrary, as in the gangrenous sputum ferments are present which
dissolve them. It must also be noted that the contents of the
gangrenous foeus nritate the mucons membrane of the bronchi,
and cause 1t to secrete freely, and therefore the quantity of the
putrid sputum makes it more difficult to form a decision as to
the size of the focus.

From the above remarks it may be seen that the bad smell of
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the pus has a very varied significance as regards the character and
prognosis of the diseased process. Small gangrenous foci may be
quickly cast off and eliminated through the air-passages or through
an opening made by an operation ; the ]_mtlf:%cnce may thus dis-
appear and the abscess become a simple one.  This is what happens
in many acute aspiration abscesses. Large diffuse gangrenous foci
may make the breath smell disagreeably, “but }_}LILlld dlablmw[- only
does so when 1t i1s accompanied with inflammation. Putrescence
is a complication, which need not essentially modify the course
of events, although it malkes the prognosis worse; for precisely the
putrid aspiration foei are frequently at the same time manifold,
and then the one focus often leads to other secondary ones. Whether
this 1s present, or is impending, cannot be decided at once on the
fist appearance of feetid breath or putrid expectoration, but only
on examination of the lung.

Moreover, it must not |.JIL forgotten that small putrid abscesses
may also heal spontaneously without operation.

Cases of pure pulmonary gangrene are hardly ever seen except
on the dissecting table. When we diagnose pulmonary gangrene,
and when we rfet it for treatment, it is almost always ;mcmnlﬂmed
by suppuration ; it is a case of abscess and gangrene. It is generally
impossible to de{:iﬂﬂ whether the one was there before the other,
and what i1s the percentage of each; often, too, 1t 1s impossible to
say whether the putrescence may not be secondary. 'There is the
same uncertainty often with putrid suppurations of the connective
tissue after serious injuries, but we do not call the process gangrene,
but cellulitis, septic cellulitis, cellulitis with gangrene. The same
holds good mth abscesses of the hiver and brain, which may also
contain fragments of orgamec tissue. For this reason [ do not
consider 1t right to describe, as LiLENHARTZ does, the cases operated
upon by him as ** gangrene of the lang ™ (pars pro toto!), but prefer
for these cases the more comprehensive term, which prejudices
nothing, of putrid abscesses.

The question, therefore, whether with putrid acute abscess
of the lung an operation shall be performed or not, will be answered
according to the same prineiples and considerations as with acute
simple abscess. If the focus has been diagnosed, then the indication
becomes certainly much more urgent, ]lhb |JLC'LLI'-;L of the greater
danger of secondary foci and of septic poisonings. As a matter
of ia.ct, the results in the case of really acute, eirenmseribed putrid
abseesses are not so bad, even if, as it seems, lejp‘ are less favourable
than in the case of simple ones.

Moreover, the following cireumstances are worthy of notice:
There are, in the first place, small, quite circumscribed bron-
chiectases, which remain qth unobserved. The pus from them
does not attract attention in the expectoration, even when it is
somewhat malodorous. But such a small focus may some time
or other infect its surroundings when they are perhaps infiltrated
with blood owing to trauma, or are attacked by acute, croupous
inflammation, perhaps even without this. Clinically, such a case
appears as acute, simple, or putrid abscess, whereas the whole
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thing proceeds from an old, though often very small, focus. In the
second place, extensive bronchiectases, seen anatomically to be old,
may exist without any perceptible symptoms ; they are only
infected on the oceurrence of bronchitis or some other ineident,
and then give rise secondarily to an acute abscess or simulate
One.

It remains to answer the question: Should a fresh focus of
cangrene, not vet delimited, be operated on? 1 should answer
the question in the affirmative, not, of course, in the sense of
extirpation, but of exposure and incision in order to obtain an outlet
and lessen the danger ol secondary foci. DBut only very rarely will
it be possible to diagnose the lomhty of such fresh gangrenous foci
(perhaps in the case of foreign bodies or a gangrene proceeding
from the mmmediate atu:'numhwm} 0SB lllctT.-LLl ul fact, up to the
present, they have only been opened when the n]w1.1l_m|1 was really
being performed on a purulent focus already in existence.

Here must be mentioned the cases of circumseribed subplenral
sangrene, which only make themselves perceptible, or only first
make themselves perceptible, clinically through the pleurisy result-
ing from them. They do not really belong to our subject, for
when the empyema is opened the gangrene focus is also indirectly
drained, from which often later h]ml"h'-: are spontaneously cast off,
and which only very exceptionally necessitates an operation on the
lung itself (ef. p. 103.)

(2) (¢) CHRONIC SIMPLE ABSCESSES AND
BRONCHIECTASES.

These arise from acute abscesses not healed up ; they are
always surrounded by more or less dense, unyielding, pulmonary
tissue, in this, therefore, congestion of seeretion n individual
bronehi, and, mmw]tnnth, tlle formation of terminal evlindrical
bronchiectases very often results, all the more easily as the abscess
pus, through aspiration, infeets here or there the bronchi, hitherto
healthy, and the adjacent ramifications are naturally most exposed
to this danger. 'The aspiration of pus may also give rise to actual
secondary abscesses through fusion.

Primary bronchiectases arise through lack of mobihity and con-
gestion of secretion from chroniec bronchitis of long continuance,
therefore preponderatingly in the lower lobes, also in ewcumseribed
foetal imperfectly expanded foei, and, finally, where by cicatricial con-
traction, consequent on prolonged 1}1-:.[1[]*‘-:1. on the one hand, one
part of the lung has become insufticiently expanded, and on the
other hand, by the tension produced by the scar and the ribs moved
by respiration, an eccentric tension has been exercised on the
bronchial walls. In the first case the bronehiectases are generally
more cylindrical and bottle-shaped, in the latter they are more
pouch like. Sometimes with these processes stenoses arve formed
at different places in the bronchial tube; these naturally favour
congestion and formation of pus. Often a whole upper lobe is trans-
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formed into a series of bronchiectatic cavities with connective
tissue between them.

Just as the chronic pulmonary abscess very often leads to
secondary bronchiectases, so on the other hand, from the primary
eylindrical, and still more from the pouch-like bronchiectases,
abscesses may arise, when the mucous membrane i1s ulcerated and
the suppuration encroaches on the pulmonary tissue. So, alimost
without exception, we get chronic abscesses and bronchiectases
together and very often more than one; even the anatomist often
cannot decide whether a cavity has been primarily caused by an
abseess or by a bronchiectasis. Therefore, eclinically, chronic
abscesses and bronchiectases can only very rarely be separated from
one another, and only sometimes, by a knowledge of what has gone
before, be distinguished from one another with a certain amount of
probability. But for the treatment this does not need to be taken
much 1nto account ; the question as regards the treatment is rather:
Is there a large cavity or are there several small ones? Where is
it located? Are they stationary, or are they increasing? Only
rarely are all these questions to be answered with some certainty.
Here we are conscious of the difficulties of diagnosing the
foeus discussed above, and that not so much that a cavity is not
recognized, but that, in addition, cavities which are in existence,
either in the vieinity, or what is much more serious, in far distant
parts, remain undiscovered. Here, the knowledge that a prepon-
derating number of these cavities are situated in the lower lobe 1s
of some assistance.

In all chronic cases the process of shrinking and the collapse
of the cavities in the diseased portion of the lung must, above all,
be made possible and promoted. Therefore pneumotomy must be
combined with an ample resection of the ribs; this makes both the
discovery and opening up of any possible secondary cavities easier.
Often 1n these cases, according to the condition and results many
subsequent operations are required, so that the treatment may
extend over several months. Often by removal of compressing
pleural indurations the atelectasis can be removed from one part of
the lung, more frequently numerous bronchiectatic tubes and sacs
are placed 1n such dense indurated ftissue that shrinkage is
impossible ; then a permanent fistula may at least bring relief, the
secretion of the cmeal pouches passing cireuitously throngh a major
bronchus to the fistula.

When, from the first a major cavity is to be excluded, and only
several eylindrical bronchiectases to be allowed for, the evacnation
of the pus seems impossible and pneumotomy purposeless. Here
the simple extensive removal of the ribs is indicated (extra pleunral
plastic operation on the thorax). Often, certainly, in the course of
the operation, it will happen that plenral mmdurations have also to
be removed if the thoracic wall is to be able to yield sufficiently
to the tension of the shrinking lung. When this 1s not sufficient,
the whole of the pulmonary portion traversed with cavities can be
extirpated. Instead of this SavErBrUCH has brought about the
obliteration of the whole lobe by ligature of the pulmonary arterial
ramifications.

8
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The demeanour of the plenra when chronic abscesses and
bronchiectases are present is very varied. Whereas some of the
latter owe their formation to pleurisy which has given rise to
indurations, others are due to chronic bronehitis through the con-
cestion of secretion; these latter cases just the same as central
chronic abscesses may run their course without the pleura being
involved at all.

In these cases, as in the case of tuberculosis, an attempt may
be made to produce the retraction and shrinkage of the lung by
artificial pneumothorax. As compared with the extra pleural
plastic operation on the thorax, this operation is less dangerous and
less far-reaching, but on account of the necessity of repeated com-
pression, it requires more time and more patience on the part of
the invalid. Certainly the decision whether the pleural cavity is
maintained or not, is made more difficult because, in these cases,
the lung is also Luﬂ%ldu:tb]y affected in its Llﬂ"-:-t-LLIE-? and respiratory
mobility. One can then only be certain of the condition of the
pleural cavity on the initial incision for the induction of pneumo-
thorax. The results attained by Ap. ScEMIDT With this method in
cases of bronchiectasis arve certainly not very encouraging.

(2) (b) PUTRID CHRONIC ABSCESSES AND
BRONCHIECTASES.

The same difficulties of diagnosis as in the case of simple hold
good in the case of putrid chronic abscesses and bronchiectases,
with the added difficulty that in this case secondary foei often in
quite distant and unusual places are more frequent, and that acute
gangrene and inflammation supervene more frequently. Wheun
the patients are brought to the doctor for these, he is often, owing
to faulty anamnesis, ignorant of the existence of the old trouble,
and thinks he has before him only an acute illness.

Moreover, there are cases in which by the smell and nature of
the sputum one may be in doubt whether they are to be reckoned
as simple or as putrid. Often the nature of the sputum on different
occasions varies according to whether it has originated in a very
putrid or a less putrid cavity

The resorption of the contents of the cavities varies according
to the nature of the wall of the cavity and the condition of the
bronchial mueous membrane ; this is of importance for the general
health. Deterioration of the general condition 1s often a more
certain indication of the progress of the disease than the local con-
dition. This is not only due to the fact that through aspiration
of secretion fresh foci of inflammation and gangrene spring up, but
also because the wall, often thin, of an old bronchiectatic cavity 1s
destroyed by ulcers and the cﬂnhmmus pulmonary tissue becomes
directly gangrenous. Ilastic fibres in the sputum are more
Ir{qumnti} absent in these chronie putrid cases than in the acute
Ones.

It is very difficult in diagnosis to distinguish putrid cavities n
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the lower lobe from simple putrid bronchitis, which are localized
in a lower lobe and by peribronchitie infiliration may cast a shadow
in the N-ray photograph ; the discharge of sputum may also in this
case occur periodically and slight bronchial breathing be heard.
This condition may easily lead to the supposition of a local purulent
focns.

The indications for an operation arve the same in the putrid
cases as in the simple chronic ones, only strengthened by the
greater danger of the disease. The treatment lw collapse of the
lung seems here less rational than the more radical treatment by
pneumotomy and pneumectomy. Certainly the patients, usually
very enfeebled, offer very little power of resistance after these
operations.

The results are much less favourable 1n all chronie, and
especially in putrid, cases than in the acute ones.

In individual cases the prospect of sncecess is specially doubtful
owing to the uncertainty of the diagnosis as to the extent of the
process ; after extensive operation 1t may happen that there are
still eavities which cannot be eperated upon.

KORTE 1in 21 cases of bronchiectasis had only 4 eures, 11 deaths.
In the Kiel Clinic, from 1901 to 1908, in 7 operations for bronchi-
ectasis, I only had two cases of improved condition and 5 deaths ;
moreover, the reason for the bad result, or incomplete suceess of
operations for abscess, was the presence of numerous concurrent
bronchiectases. SAUERBRUCH found in 123 cases collected by him,
33 per cent. cured, 6 per cent. improved, 27 per cent. not cured,
35 per cent. died.

Specially unfavourable is the prospect when extensive bronchi-
ectatic foci must be expected on both sides; KORTE and others
consider these cases as unsuited for operation. On the other hand,
the prospect of a cure without an operation in these chronic cases
is absolutely nil, and the econdition is almost as unbearable for
those round the patient as it is for himself. The cirenmstances
and character of the patient, as well as of the doetor, will therefore
be decisive in settling whether the operation shall be risked or the
invalid left to his fate; sometimes, too, the site of the cavities and
the result is better than was anticipated. Certainly the statistics
will not be improved by operation on such cases.

(3) ABSCESSES CAUSED BY FOREIGN BODIES.

As we saw, foreign bodies, often of very small dimensions,
which only act as conveyers of bacteria, help in the formation of
many abscesses, especially putrid ones. Those abscesses only are
described as * Foreign Body Abscesses,” in which a foreign body
in the surgical sense (therefore, with a diameter of some milli-
metres, generally larger) 1s present.

For the general diagnosis and treatment of foreign bodies I
must refer vou to Chapter IX ; here only the abscesses caused by
them will be discussed.
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First of all the foreign body, wherever 1t remains stationary,
makes an ulcer canused by pressure in the bronchial mucons mem-
brane, which, according to the size and hardness of the body, may
encroach on the adjacent pulmonary tissue and change into an
abscess cavity. This takes place quickly or slowly, in days or
weeks, according to the magnitude of the mechanical—above all,
hm-re\r{al, of the bacterial—irntation produced by 1t. Often months
pass before an abscess is formed.

The presence and nature of the foreign body cannot always
be ascertained. The illness is often only considered to be an
obstinate case of bronchitis, when the aspiration of the foreign
body is either not noticed on account of accompanying circum-
stances (e.g., intoxication) or, if suspected at first, completely
forgotten later on. In many a slowly developed suppuration of the
lung of uncertain origin, finally a lmmgn body 1s discovered.

Most of these abscesses when they come under observation are
no longer clean, but are putrid, and therefore belong to the cases
in Group (2) (b) (p. 114); they, too, easily lead to secondary aspira-
tion cavities and fo bronchiectases. Often these purulent cavities
are larger than the abscess cavity round the foreign body itself,
which, however, 1s generally too large to get near to the upper
Bmhce of the lung, so that it maintains pmma.n-?ntiy a central
position. Perhaps the frequent absence of pleural adhesions in
abscesses caused by foreign bodies (T'UFFIER) 1s connected with
this position.

In the case of an obstinate bronchitis limited from the begin-
ning to one pulmonary lobe with very purulent or even putrid
secretion one must 1lw‘a,}' think of a foreign body even if the
X-rays do not bring it to light; the supposition becomes more
probable when the right lower lobe is attacked. In the majority of
cases the foreign body gets there owing to the form of the ramifi-
cation of the bronchial trunk.

If, in the case of a putrid abscess, one 15 in doubt whether to
operate or not, the indiecation for an operation will be much
strengthened or even become obhgatory when a foreign body is
suspected, or known to be present. Certainly, hitherto, its imme-
diate removal during the operation has varely been achieved, in
most cases only later, if at all, did it become loosened and ejected,
or coughed up.

The change of volume of the bronchi owing to the respiratory
movements, perhaps also to aetive movements of the bronchial
musecular system, seems to be favourable to a movement along the
line of least resistance toward the major bronchi; the following
observation favours this point of view : In the case of an old putrid
abscess in the lung on the right below at the back with bronchi-
ectases, pneumotomy was performed and the pus from four fistula
mouths was fairly successfully evacuated ; ten weeks after the
operation a bit of a chicken bone which had been in the lung for
three years was thrown up during a fit of coughing. Into the
largest of the fistule, which had a tendency to shrink, a Nélaton
catheter was inserted by way of drainage, fastened with thread and
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adhesive plaster and changed daily. On the third day, during a
violent fit of coughing, the catheter (4 cm. in length, 5 mm. in
width), which must have been insecurely fastened, was thrown up
per os, with the threads hanging on it. The patient had had no
inconvenience from the presence of the foreign body in the bronchi,
except for the last violent coughing, and was surprised by its
appearance in his mouth. Its smoothness and eylindrical shape
had, of course, greatly favoured the movement of this foreign body.

If there is such an abscess cansed by the presence of a foreign
body with a quantity of putrid secretion, then, even without a
very definite local diagnosis of the cavity, a bronchial fistula under
the angle of the right scapula is to be recommended, for even if
the primary abscess 1s not found, one can at least hope, by drawing
off the putrid secretion from one bronchus, to prevent the formation
of secondary foci.

Results and Indications of the Surgical Treatment of Pulmonary
Suppuration.

If we now glance back at the surgical treatment of pulmonary
suppurations just discussed, the results are wvery remarkable
(¢f. p- 132);! a large number of the patients are cured or very
much 1mproved, whereas, otherwise they would either have
sncenmbed fanly quickly to the suppuration, or, avoided by all
around them, ﬁimnly pined away. The most favourable are the
acute 'lbaceaqua in these cases healing may be so complete that
only the cutaneous scar remains 1.'15,1hle, the state of the lung and
thorax being quite normal. But even when the region of the scar
reveals under auseultation and percussion slight abnormalities,
when the mobility of the lung or even the shape of the ribs has
suffered somewhat, still the respiratory functions and ability to
work can fulfil all claims made upon them.

Often some cough and sputum still persist, caused by the
diffusely diseased bronchial mucous membrane, sometimes also
to some extent by the remains of the cavities which have not been
completely destroyed. But often these can be removed by a second
operation.

The results are much less favourable in the case of chronic
suppurations, whether abscesses or bronchiectases, or, as frequently
happens, both combined. Here the surrounding pulmonary tissue
has lost its elasticity, the connective tissue of the cavities is
modified. The special diagnosis being more difficult and uncertain,
these cases generally offer less prospect of success the older they
are.

' Out of forty-one cases of pulmonary abseess, which came under my treat-
ment from 1901 to 1908 in the clinic in Kiel, seventeen (mostly for extraneouns
reasons) were not operated upon. Of the twenty-four who were operated upon,
fourteen were cured, three considerably improved (small fistule, hardly any
sputum), =even died,
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Accompanying putrescence makes the acute, as well as the
chronie, cases more difficult, the operation, therefore, all the more
necessary, because spontaneous healing 1s still less likely.

There are not a few cases, moreover, among these chronic ones,
in which the number and position of the cavities do not allow of
any considerable and lasting diminution, or in which the patients
refuse to allow really necessary operations to be performed. In
some of these cases the opening made by the operation remains
as a permanent bronchial fistula, and must indeed be preserved in
such cases when by this means a considerable quantity of secretion
from the bronchi and cavity, often of a putrid nature, can be
thrown out. Ewen if such a fistula is disagreeable and necessitates
continual care of the patients, still the cnu{.,h and sputum, as well
as the risk of secondary pulmonary foci, 18 so much lessened, that
even in such cases the patients have derived considerable benefif
from the operation ; in one case which came under my observation
the fistula was endured for twenty-eight years, during which the
patient was able, though with some difficulty, to go on with his
work. Such a bronehial fistula differs from other fistular paren-
chymous suppurations, in that the purulent cavities are being
constantly compressed and flushed with air and the resorption of
the wound 1s trifling.

To sum up I lay down the following principles for operating
on pulmonary suppurations.

(1) Pulmonary suppurations are to be treated surgically on
principle, above all acute ones, so that they may not become
chronic.

Acute suppurations may, it 1s true, with special treatment heal
up ‘without an operation, and may therefore be observed from three
to eight weeks before being operated upon. But if there 1s profuse
secretion fever, decrease of strength, inerease of the focus of disease
(many elastic fibres in the sputum!), risk of secondary foci, pneu-
motomy must be performed as soon as the diagnosis has been
made.

(2) Putrescence and accompanying gangrene make the operation
imperative.

Only in the case of small septic foci, otherwise healthy lung,
slight secretion and good general condition can one wait ; they may
heal spontaneously.

(3) In cases of acute, diffuse gangrene an attempt may be made,
if a local diagnosis is successful, to make an incision in the focus
and to drain 1t ; result very doubtful.

(4) Also in the case of chronie abscesses and bronchiectases an
operation is to be recommended on prineciple; here extensive
resection of the thorax is as important as the opening of the
abscess.

(5) When the secretion i1s slight (not putrid) success has been
achieved also by mere collapse of the lung (extra-pleural thoraco-
tomy or artificial pneumothorax). On this point, especially as to
the selection of suitable cases, the results of experience must still be
collected.
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(6) Pulmonary lobes transformed by bronchiectasis should be
resected.

(7) When there ave several cavities each case must be decided
on its own merits; in acute cases, adjacent cavities, 1t may be also
such adjacent lohm_ should be, if possible, npu,uen]_ up at the same
time, if not the operation must be repeated; this, too, when both
sides are attacked.

(81 In chronie cases with several cavities in one lobe, extensive
fissure or resection of the lobe.

If two lobes on one side or even both lower lobes are affected,
this is generally taken as a contra-indication of any operation—
{_.Lrt"l.lllh not quite rightly; it depends on the extent to which
each lobe is diseased and the size of the cavities. I would refer
to the considerations given p. 116,

(9) Even incomplete healing of a pneumotomy with permanent
bronchial fistula may be of considerable benefit to the patient.

(10) Pleural adhesions, it is true, make pnenmotomy easier, but
are not a necessary preliminary condition.

(11) Profuse l]:L‘]ilﬁ}_}tﬂ,:’sl'ﬁ demands, when the local diagnosis of
the source is possible, opening and plugging of the cavity (when
collapse of the lung by artificial pnenmothorax is otherwise in-
dicated and p[}Hmbiv this may also assist in arresting the
hamorrhage). COf. chapter on tuberculosis.

Surgical Technique of Suppurations of the Lung.

With reference to the surgical treatment of the purulent
cavities of the lung two important points of view must be borne in
mind. First, the prophylaxis of the infection of the pleura.
Empyema is a serious complication, generally fatal; to avoid it
15 one of the most urgent necessities.

Second, the principle that chronic abscesses and disintegrating
cavities of the lung must be treated in general according to the
prineiples which dominate operations on purnlent cavities with
rigid walls—that 1s, by rendering the walls maobile.

An acute }_Jllllllﬂllcl-ljf almue.ah, fairly recent, may perhaps be
healed by mere inecision and drainage, just as an abscess cavity
may close spontaneously after perforation of the bronchi. In these
cases the pulmonary tissue has retained sufficient elasticity to make
the shrinkage of the cavity possible.

In all cases of subacute and chronic focal disease, and when
an acute affection is of long standing, the surrounding pulmonary
tissue has become indurated, the qrir;,m’*nt pleura 1s very much
thickened ; to this must be added the vigidity of the thoracic walls.
If the two pleural layers are adherent, H'l["ll as QUINCKE describes
it, the pulmonary cavity between the tlmm,clc walls 1s kept in
a state of tension. In all these cases—and they are in the majority
by far—the only possible successful treatment is the combination
of pneumotomy and extensive costal resection.

Until recently, insufficient consideration has been given to this
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point of view. Many failures, especially cases of incomplete
healing, are to be explained by the inadequacy of the surgical
treatment.

For the preparations for the operation, and the question of
anmesthesia, and local anmsthesia, &e., I must refer to the chapter
on * General Surgical Technique.”

The kind of incision selected for the thoracotomy (flap-incision,
longitudinal or vertical) is not of very great importance. The only
important thing is a sufficient resection of the ribs over the diseased
lobe to render the chest wall mobile, for then only do we get the
necessary preliminary condition for the cicatrization of the pul-
monary parenchyma. One begins with the rescetion of an opening
in the thorax of about 106 em., which serves for purposes of
investigation ; and the enla,lrfament of this opening depends
entirely on the position and extent of the pulmonary focus. Here,
too, I would add emphatically, rather one rib too many than one
too few !

As regards the prophylaxis of the infection of the pleunra, this
is best secured by synechia of the pleural layers, or by adhesions
within the range of the field of operation.

Many surgeons, therefore, hold fast to the standpoint only to
operate in the case of gangrene and abscess when the lung 1s
adherent. This considerably limits the field of operation. Although,
according to present statistics, in 87 per cent. of the cases adhesions
were present, it must not be forgotten that—just because it was
customary to wait until these formed—there were many late opera-
tions among them. If you follow modern indications, according to
Korre, yon can only count on sufficiently protective adhesions
in half the cases. Side by side with the great disadvantages of
a delayed operation, when there is progressive inflammation, the
final obliteration of the pleural cavity has certainly some advan-
tages which are not to be despised. More important than all are
firm superficial pleural adhesions. Slack distensible adhesions may
prevent pneumothorax, but do not always act as a barrier to
infeetion.

Unfortunately, the presence of pleural adhesions cannot always
be demonstrated with the certainty desirable before the operation.
Even when undoubted symptoms of adhesive pleurisy have been
noticed beforehand, really superficial adhesions may be absent,
Tnspiratory inhalations in the intercostal spaces, the needle test,
the interpretation of the diascopic condition—even the results of
auscultation and percussion—everything may mislead.

The practical importance of these methods is not great, for if
in other respects pneumotomy is indicated, the demonstrated
absence of pleural obliteration is no counter-indication, all the less,
as we possess means to lessen the risk of infection of the open
pleural sac.

Whoever esteems the value of adhesions so highly that he will
only venture on pneumotomy under their protection has artificial
means at his command to produce such adhesions. Certainly none
of them seem to be quite certain in their effect.
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QuINCcKE has frequently applied chloride of zine paste, later
a plug soaked 1n a solution of chloride of zine, to the bared inter-
costal musecles, but in individual cases, in spite of repeated
applications in the course of two to three weeks, he did not obtain
adhesions sufficiently solid and extensive.

Others have put in needles and left them there several days
(DE CERNVILLE), or injected tinctures of iodine, hydrarg. nitr., &c.,
or applied cauterization or electrolysis. Others have sutured the
lung perpleurally, but here, also, the result was incomplete.

If a twofold operation is decided upon, which naturally is only
possible in cases which are not urgent, then it is best, after resec-
tion of some of the ribs, to apply a tampon of iodoform gauze
(NEUBER) for about ten days to the pleura. Then adhesions are
formed in the vieinity, but too much must not be expected from
such artificially pmduwd fresh adhesions. If they are limited in
extent not much is gained, for the fresh and still loose adhesions
are easily set free. IFirm adhesions capable of resistance are always
the result of inflammation.

Apart from the inadequacy and uncertainty of artificially pro-
duced pleural adhbesion, in all cases of acute suppurations and
gangrene, especially where there 1s danger in delay, the twofold
operation 1s prohibited. We must, tlmmfmc, an:l & way of
drawing off purulent foei with the pleural cavity free—that is,
not closed by adhesions.

The precautions against contagion of the pleura consist in
careful closure by suture and plugging. Yon make a circular
suture round the site of the pnenmotomy or the recognizable focus
of inflammation on the upper surface of the Iun'f; C. RousEe
recommends the uminterrupted suture with back stitches. In order
to avoid the rending of the suture, pulmonary tissue, as well as
intercostal muscles, must be included —so a costo-pulmonary
suture—for with pnenmothorax the retractory force of the lung
must be reckoned with.

KorTE prefers a simple “ U™ suture, into which he ties a
tampon. When the sutures are cut throngh or rent, one must
manage with a simple plugging; it is, then, important to leave
the tampon lying quietly for eight days. So VAN STOCKUM once
opened up a bronchiectatic -.Mltj, from the base of the lung. He
fixed the pulmonary margin to the wound in the thorax, and
placed compresses between the diaphragm and lung, leaving
between them a narrow passage for the opening and ﬂmlmwe
of the focus. The pleura escaped all infection (¢f. chapter on
“(General Technique,” fig. 36).

We now come to the most important part of the operation—-to
pneumotomy, the finding and opening up of the focus.

If indurated dense pu]mnnqu tissue with thickened pleura is
present over a focus near the upper surface, then it is best to use a
knife ; in a case of soft pulmonary parenchyma, rich in blood, I
prefm the Paquelin cautery

Severe hemorrhage is not to be feared so long as the operation
is performed in the pcuph{_rﬂ.l parts of the lung—the nearer to the
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hilum, the' sooner one must be prepared for arterial, or venous,
h@morrhage. It 1s, therefore, a mistake, which may often be fatal
to the patient, for a channel 6 to 8 em. in length to be cauterized,
in the pulmonary tissue, when the focus lies low down. The
field of operation must remain visible and acecessible, in order that
a larger blood-vessel may be held with a long clamp, if necessary,
ligatured, or acupressure appled.

It is difficalt, often very difficult, to find the focus correctly
diagnosed, when it lies low down in the lung towards the hilum or
the base of the lung. A good aspiration spray with thick cannula,
with a lateral opening near the point does excellent service in this
case; repeated punctures in the opened lung are not attended with
the same risks as is the puncture, so beloved for diagnostic purposes,
in the closed pleura, which has often led to a sudden death.

L
i
i "
L -

Fra. 50.—Wide opened, low-lying gangrenous cavity.

If pus is taken in by aspiration, then let the hollow needle lie
and proceed alongside of it low down, with careful arrest of hamor-
rhage, by acupressure by the application of clamps. The foreible
drawing of a dressing forceps in the direction of the cavity is not
without danger; it is better to enlarge the channel of the wound
in the shape of a funnel down to the cavity. Then the cavity 1s
opened wide, emptied and carvefully ecleansed with tampons.
Neecrotic fragments of the lung are, of course, removed, gangren-
ous parts, which have not vet freed themselves, are left, so as to
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avold unnecessary hamorrhage ; the same holds good with cords
and transverse ridges which are generally found in gangrenous
cavities ; they contain major blood-vessels. It is a good thing to
ligature them, for they generally have aneurismal dilatations,
which easily rupture ; not infrequently there are aneurisms i the
wall of the cavity.

A danger not to be underestimated is embolizm, caused by the
entrance of air. The infiltration of the parenchyma, the lung fixed
by adhesions favours its formation on deep inspiration. The appli-
cation of the method of maintaining difference of pressure (especially
of decreased pressure) averts this ;;ener‘a,ll\ fatal eomplication.

A caveful investigation of the cavity is strongly to be recom-
mended. Korre applies cocaine to the wall of the cavity and
searches it with the help of a frontal mirror or eystoscope, for
secondary cavities and pouches which must be laid open into the
main cavity with :1rcssing l'uruups. We must urgently warn against
the douching of the ith anything whatsoever—even if it
does not give rise tc} conghing, infectious matter can easily be
carried into the bronchi and foei of bronchitis formed, twice as
easily in complete anmsthesia. Many times patients on the operat-
ing table have been suffocated in consequence of the donehing.

The cleansed cavity i1s then, if the hsmorrhage is not quite
arrested, plugged with 1odoform gauze ; in doing th]*-. care must be
taken that no gauze is put into a bronchus, as the irritation excites
cough. Or else a drainage pipe is inserted, swathed in gauze, and
fixed.

Most surgeons consider—as [ have seen by a perusal of reports
of operations—that the operation is now complete, and I also
think that this procedure has attained its end in the case of recent
acute abscesses, and prepared the way for an uninterrupted cure.
But for this to be the case, not only must the thoracic wall be yield-
ing and offer no resistance to the cicatrization of the cavity, but
the pulmonary tissue must not have become rigid and unyielding
through reactive inflammmation.

When these conditions are lacking—as in the case of all
chronically inflamed processes—then the healing, if possible at all,
will only take place in a hesitating manner and often only after
many complications. These are the eases in which, after a pleasing
improvement at first, there is a pause, during which the wound
remains open for many months, when chronic bronchitis persists
and finally bronchiectases are formed.

I have already pointed out that such pulmonary cavities must
be treated as rigid-walled purulent eavities. The pulmonary tissue
15 freely opened, the anterior wall of the eavity removed as far as
possible, plenral indurations anywhere in the proximity resected,
and, if necessary, another secondary resection of the ribs is added.
It 15 better to resect one rib too many than one too few. The
larger the cavity and the more rigid the wall, the more drastically
must the surrounding pulmonary parenchyma be removed.

No one will expect by this procedure to further the immediate
results of the operation; perhaps the contrary is rather to be
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feared, if sufficient consideration is not paid to the state of the
patient’s strength ; but I am convinced that the permanent results
will be improved in all chronie cases. QUINCcKE, who has had a
wide experience in this respect, pointed out years ago the useless
ness of the mere opening of chronic abscesses, because the pus is
not under pressure, but the cavity in the thorax is tense. I, there-
fore, also agree with Gross,! who says: * the pneumotomy must
be enlarged—the creater number of the many failures may be
explained by the inadequacy of the operation hitherto usually
performed.”

In accordance with this, PERTHES has recently proposed * first
to open up and drain’ the chronie pulmonary abscess, and *to
perform the operation for the removal of the abscess cavity later on
when the patient’s general condition is better. The pneumotomy
for the opening of a chronie pulmonary abscess is appropriately
performed at two different times. The first part, the resection of
the ribs and the pleural suture, takes place under ansesthesia with
the abscess evacuated ; the second part, which follows a few d: ays
later, consists of the r:xplumtwn puncture of the abscess, which is
kept full, from the wound and in its opening without general
anesthesia.”

Some time later, and after extensive secondary resection of the
ribs, PERTHES completely cured the rigid-walled ecavity, as big as a
fist, which was left behind, which gave off muco-purulent secretion
and which, from the bronchial epenings onwards, was made partially
epithelial by extirpation of the whole indurated wall of the cawvity.
For the closing of such cavities with bronchial fistule practically
the same methods are used, as those fully discussed in the chapter
“ Bronchial Fistulee.™

TUFFIER'S attempt to induce compression and cicatrization of
an abscess cavity by the mmplantation of a lipoma or a piece of
omentum, &c., may be mentioned here (Bull. et Mém. Soc.
ehir., Paris, January 25, 1911). In this way he hopes to avoid
pneumotomy and its risks. But in cases in which such an im-
plantation succeeds, a simple plastic operation on the thorax would
also attain the end. I ecan unhesitatingly pronounce the method to
be rrational.

The immediate success of the opening and evacuation of the
purulent eavity is shown by the rapid diminution or complete cessa-
tion of the sputum ; in putrid suppuration the putrescence ceases
on the followimg day. The patients feel in consequence fresh
vigour, in spite of the pain of the wound, for the penetrating odour
of the sputum had completely taken away their appetites—now the
appetite returns, and they improve p(‘l{}i’[lt! bly.

If the fi'[mtllm still remains copious and retains its putrid smell,
this may be due to insufficient ineision in the cavity, or insufficient
drainage (retention of secretion), or unopened purulent foci are still
left behind in the lung. A renewal of putrescence in the sputum
points to retention of secretion or the formation of fresh gangrenons

' Gross (Kravse), Beifvdge sur Elin. Chirwrgie, vol. xxiv, 1899,
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foci through aspiration. If a revision of the wound cavity does not
clear the matter up, it 1s advisable to examine the lung in front of
the Rintgen screen or with plates.

The temperature does not go down as rapidly as the quantity of
sputum decreases. It 1s true that after the evacuation of an isolated
abscess, which has not perforated the bronchi, the temperature
quickly goes down to normal. But this is not the case with
gangrene and acute bronchiectasis. For in these cases the fever is
not only maintained by the retention of pus and sputum, but also
by complications, such as pneumonic infiltrations of greater or less
extent, pleuritic exudates, &c. These, however, yield only slowly ;
the reduction of temperature, therefore, often Gllh takes place after
two to four weeks.

In the after-treatment, the cavity is best packed with damp
gauze. Peroxide of hydrogen or alumininum acetate are to be recom-
mended ; the iodoform gauze tampon or gauze impregnated with
balsam of Pern (KorTE) also does good service. The first tampon is
left about four days; if the secretion 1s copious, a drain, wrapped
in gauze, is inserted.

It should be remembered that a good closure of the pulmonary
wound makes expectoration much easier; this is specially important
when bronchitis i1s present. When major ramifications of the
bronchi open into the ecavity, this, in conjunction with the pain
from the wound, may bring about very threatening conditions
(dyspncea, eyanosis, irregular pulse} Van Stockusm brought about
an immediate improvement in such a case, by covering the wound
with a gutta-percha tissue. Still the tampon must not be inserted
too tightly on account of damming back seeretion. If the change
of dLLsalnrf 1s followed by an lllii’-!!..tlllﬂ' cough, which lasts for some
time, the reason ffenr;:milj, 15 that a tlu'v ml{l of gauze is projecting
into a bronehus ; cough irritation occurring later is generally the
consequence of r&*tE-utmu of secretion or ditheulty of expectoration.

For the cicatrization of the wound 1n the lun;: too, the method
of plugging is important. From the third week onwards the
wound in the thorax generally closes quickly, the wound in the
lung cannot generally keep pace with 1f, and so 1t happens, if no
attempt is made to regulate this 111qumlltg, in the process of cica-
trization at the rigllb Lituu, that a fistula 1s formed in the thorax
owing to the discharge of secretion being hinderved. The difficulty
of ,f_{ammg access to tlu, cavity makes a ccuqul plthmmcr i possible :

a drain does not perform the same service. It is advisable, by means
Df loose plugging within to keep the thoracotomy wound forecibly
open from the beginning with gauze. By so doing, the pui-
IONAry wound L]D‘LL& 1anII which makes expectoration easy to the
patient.

A slight elastic compression of the side operated on is said to
hasten the cicatrization of the wound cavity. It would be perhaps
more expedient to let the patient once or twice a day for ten
minutes breathe air under creased pressure; that not only helps
to get rid of the secretion, but also expands the surrounding
lﬂsu’rhcwntlv dilated pulmonary tissue. When the parenchyma of
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the lung is not indurated and the chest wall is sufficiently yielding,
as in the case of young people, the healing of even major cavities
takes place so E‘{tl.Lﬂld]ﬁ;Llll} quickly, that is, in about eight to ten
weeks. Smaller cavities heal up in about a month.

In acute processes it is really astounding how quickly the cavity
shrinks. This is specially &-Lilhmg 11 gangrenous cavities; the
surrounding pulmonary tissue is liftle modified, so after the ‘-;lmtffh—
ing of the necrotic tissue the freely removable elastic psumu:h}'um
follows, and there is a smooth cicatrization. The cicatrice, at first
slight, and a finger wide, may, in the course of a few years, so
completely disappear, that at the autopsy, the place where there
was a gangrenous cavity as big as a fist, can hardly be found.

Chronic abseesses, like tubercular cavities, heal up with a dense
radiated scar. The healing takes much longer than with gangrenous
foel, and this because the surrounding tissue for some distance has
become indurated.

If the shrinking of the pulmonary cavity is delayed, the pul-
monary wound fmln the bronch 'm{l hmnclnrﬂefs onwards becomes
epithelial, which then generally gives rise to the formation of a
pulmonary fistula. Such a wound, having become epithelial, looks
very like a pulmonary wound covered with delicate flat granulations.
A microscopic examination explains the process.

Liarge bronchial lumina opening into a pulmonary cavity,
pmlmh]} on account of their rgid walls, and perhaps also in con-
sequence of the sustamed bronchitis, may also delay the healing.
(enerally with chronic abscesses troublesome bronchial fistule are
left behind, which necessitate another operation.

In the course of the after-treatment one must be prepared for
secondary hmmorrhage. This may oceur spontaneously through
erosion of larger blood-vessels on the demarcation of necrotic parts,
or through pressure produced by the drainage-pipe. If the bleeding
vessel cannot be seized by a clamp, one must be content with a firm
1odoform gauze plug, left for some days ; but a return of the hemor-
rhage is then to be feared. Little is to be hoped from injections
of gelatin.

Among other comphcations after operations on the lung must
be mentioned septic pneumonic processes. They generally have
their origin n the purulent infiltration surrounding a pulmonary
focus, or in little disseminated broncho-pnenmonic spots. Infec-
tion i1s also possible from the surface of an ineision in healthy
pulmonary tissue with putrid bronchial secretion, easily compre-
hensible with the great lymphatic system of the lung. Unfortu-
nately many patients succumb to this sepiic pneumonia after two
or three weeks, who could at first have successfully borne a severe
pneumotomy, and could have been expected to make a complete
recovery. A very cavefully and skilfully perforated plugging of the
wound cavity, which, when frequently changed, absorbs the secre-
tion from the wound and so prevents any stagnation, would be the
only remedy of prophylactic importance.

Pl{*lltl‘a'\. and empyema must also be mentioned as complications.
These may originate in various ways: either directly from the
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wound owing to insufficient pleural adhesions or inadequate sutuve,
or from other subpleural purulent foci, or as metastatic suppura-
tion (pyemia). Encysted empyemsm, especially the interlobar and
epidiaphragmatic empyemwm, arve generally very difficult to
diagnose.

I have observed severe nephritis with h@morrhage as a com-
plication in the case of bronchiectasis. Cellulitis of the chest-wall
15 relatively rarve.

The same principles hold good in operating for bronchiectasis as
for other local diseases. From the site of pnenmotomy several
adjacent cavities are opened and drained. Unfortunately such a
procedure has often proved completely inadequate, becanse genera 1|_1,r

Fre. 51.—X-ray picture (re-touched), two vears aftor extivpation of the
left lower lobe (GARRE).

a large part or the whole pulmonary lobe 1s traversed with bron-
chiectatic cavities. Even the combination of pneumotomy with an
extensive mobilization of the chest-wall by costal resection only
sufficed in cases of bronchiectasis freshly formed in connection with
an acute empyema. So further measures were taken, and the
pulmonary sections affected with bronchiectasis, even whole pul-
monary lobes, generally the lower lobes, extirpated. The operation
15 a difficult one, and has only been |jElfﬂllllLd a few times (KORTE,
Gruck, Frigeprice, KUMMELL, MULLER). Once I resected the
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left lower lobe i fofo, the patient retained a troublesome bronchial
fistula, and still suffered from bronchiectasis on the other side.
The accompanying X-ray photograph (fig. 51) shows how heart and
diaphragm have moved into the vacant place. The deficiency of
the ribs on the right side is due to an exploratory thoracotomy ; the
right lower lobe seemed to contain no major cavities, the ]_'.IILHHI.- was
quite free. For the technique ef. p. 66 and onwards.

In a second similar case I tried to promote atelectasis of the left
lower lobe by thoracoplastic, combined with displacement and
invagination of the lung.

Alter resection of nearly the whole of three ribs, I removed the
adhesions from the left lower lobe, fixed the margin of the lung with
a series of sutures to the upper margin of the opening in the thorax.

Fi16, 52.—Protrusion of the inferior lobe by displacement and folding (GARRE).

The large cavity formed between the base of the lung and the
diaphragm, and between the heart and the vertebral column, was
plugged with a tampon, and in the course of weeks was obliterated.
The ]f:wm' lobe remained, as the X-ray picture showed, atelectatic
(cf. fig. :

Here, Lm} the success was marred by the disease of the other
lower lobe.

SAUERBRUCH tried tf_} attain the same end, namely, atelectasis of
a pulmonary lobe traversed by I:rlmlc]nr:-(:ttmt' by ligature of the
arteries. Experiments which he carried out in conjunction with
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Bruxsg, showed that in connection with the hgature of the several
pulmonary arterial ramifications, a peculiar induration process was
developed. ** From the interstices, especially those in the vicinity
of the bronchi, profuse proliferation of connective tissue takes place.
Finally the whole pulmonary lobe down to below the pleura is
traversed by connective tissue. The alveoll are surrounded and
compressed. Then the granulation tissue begins to shrink. At the
same time, between the upper surface of the lung and the parietal
pleura, broad indurated adhesions ave formed, which are strictly
limited to the region of the hgatured artery. The retraction and
shrinking of the lung and the surrounding indurations are so great
that in young animals with flexible ribs whole sections of the
chest wall are drawn in in boat shape. Thus 1s attained in full
measure that which the collapse therapy aims at: a shrinking of
the connective tissue of the lung " (SAUVERBRUCH).

Fig, 53 —Ramification of the right pul- i, 54.—Ramification of the left pulmonary
monary artery (according to SCHUMACHER). artery (aceording to ScHUMACHER).

The method was introduced by SAUERBRUCH into surgical
therapy, after Scnusmacner had provided the necessary data by
careful anatomical studies on the ramification of the pulmonary
artery in the several lobes, and on the possibility of performing the
operation on human beings. L

We give here briefly the topography of the hilum of the lung
with the sketches made by Dr. ScauMacHER for his book.

On the left side we find the arrangement of the vessels when
they leave the mediastinum to be as follows: Highest up, that is,

g



130 SURGERY OF THE LUNG

in the nppermost margin of the hilum, lies the left pulmonary
artery, first in front of, then above the left bronchial trunk. TImme-
fh"!.-tf}l",’ below it, and somewhat to the front, lies the upper main
branch of the vena pulmonalis between both, and behind it the
bronehial trunk.  Tmumediately on its lower surface we find the
inferior main branch of the pulmonary vein.

The pulmonary artery crosses the left bronchial trunk before it
gives oftf the first lateral bronchus. From this point onwards, it
lies always above and a little to the back of the bronchial trunk.
According to SCHUMACHER'S investigations, the distribution of
ramifications in the individual lobes does not correspond to that
of the bronehial system. Whereas, for the left upper loke, only
one lateral bronechus branches off from the bronchial trunk, the
left pnlmonary ramification throws off several lateral ramifica-
tions for the upper lobe. Of these the two firsf can be reached
from the front, the others can only be seen by forcing the two
pulmonary lobes apart from the side, as they lie behind the
bronchus of the upper lobe. In order to reach them then it is
necessary to proceed from the side. ScHUMACHER also points out
that in about 20 per cent. of the cases examined by him from a
ramification intended for the lower lobe, there is also a secondary
ramification which passes from beneath mto the upper lobe. In
order completely to extirpate the upper lobe, the ligature of all
these branches, which may amount to from three to six, is, of
course, of great importance. In the veins, right at the }wgillning
of the hilum, a division takes place into a main branch for the
upper lobe, and one for the lower lobe.

On the right side the right bronchus ocecupies the uppermost
part of the hilum. In front of 1t, and somewhat lower down, lies
the trunk of the right pulmonary artery, in front and below this
lies the main hhmch of the pulmonary "..'NI] Liowest, and at the -
same time behind in the hilum, lies the lower main branch of the
pulmonary vein. From the upper periphery of the pulmonary
artery springs the main branch for the upper lobe; it lies in front
of and somewhat below the eparterial right bronchus of the upper
lobe. Besides this arterial branch, by far the most important, there
are often, not always, two smaller branches, one of which is thrown
off close to the main branch, the other farther off and somewhat in
the direction of the posterior margin of the pulmonary artery. In
order t,r:: reach 1t 1t 1s necessary to force the upper and middle lobes
apart. A third branch will be mentioned in the discussion of the
arteries nf the nuddle lobe.

The second branch, springing from the anterior margin of the
pulmonary artery, is intended for the middle lobe and, according to
SCHUMACHER, 1 nearly half the cases another smaller vessel close
beside it. In the same lateral space in the posterior periphery
rises a branch for the upper lobe, sometimes very powerful, which
enters it from behind and below. The other branches require
no special description, as both on the right and on the left they
provide for one and the same part, the lower lobe.

In several cases of extensive diffuse bronchiectases SAvERBRUCH
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ligatured the branch of the pulmonary artery to the left lower
lobe. He recommends the following fechnique: Lying on the
right side the trunk is bent down over a pillow. Thoracotomy is
performed in the 5th intercostal space. Lower and upper lobes

Fic, 50.—5ite of operation with ligature of the rapmifications of the pulmaonary
artery for the left lower lobe according to SAUBRPRUCH and SCHUMACHER.

are carefully forced apart in the interlobar commissure. When
adhesions are present be careful not to injure the lung! The
pedicle 1s exposed ; here artery, bronchus and vein lie so close to
one another, that the artery lies above, the bronchus in the middle
(ef. fig.«55),
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The isol: ation of the artery is rather difficult; wien the
separation is high up the branches must be lltrﬂ.t.uw{l separately.
They are drawn up with slm,bﬂ-illlm hooks and the ligature thread
bound round them with DecHaMps' needle. The operation takes
place with slight inflation of the lung (5 mm. mercury) ; the lung
15 only fully inflated again when the pivm*n 15 closed. The patients
were out of bed in three or five days. In a second operation
SAUERBRUCH added also the plastic operation on the thorax, to
make the vresult of the collapse of the lung as complete as
possible.

Considerable improvement was always achieved, but no cure—
which 1s not to be wondered at—in cases of diffuse bronchietases.
So pE QUERVAIN was constrained to a supplementary extirpation
of the pulmonary lobe. A decisive verdict cannot be given. Under
certain circumstances the ligature may be a suitable preparation
for the extirpation of the lung.

RESULTS OF OPERATION.

When we proceed to the criticism of the results of operation, we
must leave bronchiectases out of consideration. The pecuhar
nature of the disease, its multiplicity, prevents the application of the
same standard as regards the prognosis of operation, although, on
the other hand, thev cannot be unhesitatingly separated from the
other suppurations of the lung.

Can a permanent cure be wrought by operation on a pulmonary
suppuration (abscess and gangrene)? This question has hardly
been touched upon 1n the hiterature, usunally i1t is concerned only
with recording the immediate results. According to our experience,
in all acute forms (gangrene and acute abscesses) one can count on
a permanent cuare. Cases in which, within a year, there is a
reopening of the cieatrix and the formation of a fistula or a fresh
abscess are rare.

Patients, who have lost a whole pulmonary lobe through
gangrene, are not only quite capable of following a calling which
necessitates severe physical exertion, but remain permanently
cured. We have not noticed either that such patients are specially
predisposed to bronehitis or pleuritic irritations, although TUFFIER
points out that after pneumotomy couﬂ'h!n" and f]}b}_?'llﬂﬂ"t. are
often left behind as a consequence of fibrous cicatrices, or
bronchiectases.

The conditions for a permanent cure are much less favourable
in all chronie suppurations. This is also comprehensible, when one
remembers that in the vieinity of purulent eavities the surrounding
tissue isextensively diseased and indurated, partly even infiltrated with
pus—that the chronie bronchiectatic eavities rarely ocenr 1n 1solated
cases, and broncho-pnenmonic foci often traverse the pulmonary
lobe in question. A large, if not the largest, number of relapses
of continuons bronchial purulenlj secretion, of suppurating fistule,
&e., ave due undoubtedly, as we have deseribed in detail elsewhere,
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to the insufficient mobilization of the chest-wall and the inadequacy
of the pnemmotomy usual up to the present time. The more
thoroughly evervthing diseased is removed by resection of the lung,
the better will be the lasting results in chronie eases also.

I have continued my eatlier collection of statistics (ef. first
edition, p. 59), according to which 400 cases of pneumotomy gave
a mortality of 25 per cent. [ found that out of 152 more cases of
abscesses there resulted 1458 cures and 54 deaths, that is 175
per cent. of mortality.!

The operation results of individual operating surgeons with
wider statistics, including gangrene and abscesses, gave a higher
rate of mortality. Out of 95 operations LeNHArTZ had 69
complete cures (mortality 26°3 per cent.), KOrTE 25 cures and
12 deaths ont of 37 cases (one-third mortality).

The failures are due partly to the severity of the disease and the
long delay before resorting to operation, which may certainly be
justified by the difbculty and uncertainty of the diagnosis.
Strikingly seldom was the unfavourable result pmduuwl by a
]_JllllllI:‘Illi pleurisy as a result of the absecess ncision, although
generallv there was only one operation. In four-fifths of the cases
more or less protective adhesions of the pleura were present.

The prognosis of gangrene is less favourable. Out of 251 cases
of gangrene 197 were cured and 84 (— 29°3 per cent.) died. We
surgeons, however, must nevertheless be satisfied with this
mortality of 30 per cent., when VILLIERE reckons with the imnternal
treatment of this affection a mortality of 75 per cent.

On a closer examination of the history of the patients we see,
moreover, that a good number of the deaths cannot be attributed
to the operation, as, for example, cases of multiple gangrenous foei
in one lung, or even in both lungs, progressive gangrene and com-
plications of meningitis, abscess in the brain, embolism, &e.

The different prognosis of individual gangrenous forms, when
they are grouped etiologically (TurrFiER), must also not be ignored.
Thus, for example, embolic gangrene and gangrene with bronchiec-
tasis offer in themselves alone very little prospect of a cure—
naturally the results of operation are divectly influenced by this.

The cure of bronchiecasis is the most difficult of all. The very
fact that new methods of surgical treatment are continually being
sought after, shows clearly enough how unsatisfactory the results
have been up to the present. * Cures,” we must admit, are rare
oceurrences ; with improvement and considerable improvement

' I should not like too much importanee to be attached to these statisties—I,
Illl‘ﬁ'!"-l?lf- cannot recognize the individoal observation eollected with great trouble
from the whole literature as the absolutely correet standard of the heights
attained by the surgery of the lung to-day. The methods applied are not
kuﬂlur_nbh uniform, l-IL-. individual cases themselves too various and the reports
gometimes too HII!IELH(L it 15 difficult from so varied a mo=aie to obtain a clear
picture of the whole. Moreover, the limits between * good ' and ** bad ” are so
wide, that every one must feel the need of giving sharper contours to the picture
by definite numerical proportions—even at the a1~.l; of making some mistakes.
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we have to be satisfied. They can be estimated at 60 per cent.;
the mortality amounts to 40 per cent.

The reasons for these poor results are the extent of the disease
over large portions of the lung (not infrequently on both sides),
partly its etiology (congenital, diffuse modifications of the paren-
chyma) and principally the chronic irremediable affections, which
have attacked the bronchial tree.

In these chronie protracted cases, when the surgical operation
15 generally looked upon as the last resource, in which a whole lobe
of the lung is indurated and traversed by the bronchiectases, it has
often, unfortunately, been considered sufficient to drain the nearest
accessible cavity. By so doing, of course, nothing is gained ; after-
wards, just as before, the patient i1s exposed to the dangers of the
decomposition of the putrid secretion and the eonsequent gangrene
of the lung.

Very frequently brain abscesses follow. Kixg! found in seventy-
two cases of bronchiectasiz eight times abscesses of the brain and
four times they resulted from surgical operations.
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CHAPTER VIL

PULMONARY TUBERCULOSIS.

WHEREAS in cases of simple pulmonary suppurations the main
consideration for the surgeon is to draw off the pus from within,
and other mechanical considerations take a second place, with
pulmonary tuberculosis it is otherwise, because here the patho-
logical procedure is much slower, more varied in form and generally
more diffuse.

The first efforts of surgeons were, certainly, directed against
the so- cal]e(l tubercular abscess cavities, opening up as with other
abscesses ; these were soon abandoned, becanse not very successful.
Two plmmpﬂ reasons for the failure may be given : the distension
of the lung m the thoracic cavity, and the tubercular disease of the
cavity wall and of the ‘LE]]ELL-LI]'L pulmonary tissue to a greater or
less extent.

In parenchymatous organs with yielding surroundings, for
example, lymphatic glands, tuberculosis generally leads to the
formation of indurations with infiltrated caseous foei and sinuous
abscesses, the lmnens of which may, when the pus 1s evacuated,
collapse owing to the congestion and {]I‘-}IJI:ILE‘IIH‘III' of the surround-
ing yielding tissue. The residuum may, as well as the caseons foc,
h{' partly absorbed and [mlbh' f-nf"Lpf-.u]P{I and destroyed by the
gradual formation of progressive indurations. In the same slow
Wiy numerous grey tubercles may also be rendered harmless and
“ heal up.

The same processes in the lung may lead to “healing,” as long
as the region infected with tuberculosis 1s of small extent, so that
there 1s sufficient yielding and movable tissue in the vicinity. In
dissecting we often find such smaller foei healed up, which in life
gave rise to no symptoms, or only to transitory ones. In the region
specially liable to tuberculosis, however, the apices of the lung, the
tubercular foci arve very often, from the first, so numerous that
there 1s hardly any }'wldulg pulmonary tissue left between them.
When the tissue breaks down, therefore, the cavity is kept open
in the rigid surroundings; when atrophy and l."t‘.lH'il]l'“H"- set 1n the
further surroundings of the adjacent pulmonary lobe and the
thoracic wall are drawn in. Up to a certain extent (varying
individually) the bony zone of the upper ribs may yield and
become malformed, especially in young people. But the tension of



136 SURGERY OF THE LUNG

the cieatrix acts not only centripetally on the chest wall, but also
centrifugally on the walls of small abscess cavities which may be
present, preventing the adhesion of the wall or dirvectly increasing
the cavity. 'T'his centrifugal tension of the chest wall, increased by
inspiration, is not only exercised in the ease of pleural adhesions,
but just as well without them, when the lung 1s kept fixed to the
costal pleura by capillary adhesion. When the cavities communi-

:ate with the bronebi, they are filled with air, and althongh in a
different degree, take part in the respiratory alternation of air, the
cavern is 11|.3.{h= it becomes, as weli as the diseased bronchial muecous
membrane, unlgullugl_u, secondarily infected with pyogenous and
other cocel.

The pus formed in the cavern is evacuated in the direction of
the bronchi, generally easily from eaverns on the apex, assisted by
gravity, although the bronchus does not always open mto the
lowest point, but more frequently laterally. The opening up of a
cavern of the apex of the lung to the outside, therefore, does not
usually improve to any great Lhtﬂil[- the conditions for thL evacua-
tion of the pus, but gives an opportunity for tubercular infection
of the wound surface. In the few cases in which the operation
was of use this was due less to the opening than to the accom-
panying rvesection of the ribs; in the ease of tubercular chronic
pulmonary abscesses the mobilization of the chest wall is just as
much, nay more, indicated as in cases of simple chronic abscesses,
in order to bring about shrinkage for cicatrization.

Purulent breaking down is, however, only one, and certainly
the most destructive, of the results of tubercular pulmonary foci.
A very important part, quantitatively, is played by the formation of
connective int;m?, to which every, even the smallest, tubercular
focus gives rise in its surroundings, though E(-?ll.'llnlj. to a very
varied extent. This alone 1s able to bring even fresh tubercles to
a state of atrophy, it enables caseous and necrotic tissue to become
encapsulated, when they remain unchanged or undergo slow,
harmless n,hqm ption or caleification. This formation of indurations
is specially important because it places hindrances in the way of
the further dissemination of the tubercle baecilli through the clefts
in the tissue and lymph channels.

Ixperience has long shown that these shrinking processes are
considerably aided and Turthered when the lung, in accordance with
its natural elasticity, retracts or has become atelectatic by slight
pressure, with *slmple serons pleurisy or simple (not complicated hy
inflammation of the pleura) pnenmothorax.”

These facts gave ForpLaning in Pavia (1882, 1592), and MURPHY
in Chicago (1887), the idea of exercising a therapeutic influence on
the disease of the lung by artificially produced pneumothorax.
This idea was at first U“]‘S very slowly and cautiously adopted,
because the technique was naturally only gradually evolved, but
above all because spontaneous |:nﬁ:uﬁmthul=n in phthisis of the

1 See for 4*.1':1":“]:! B. L. SPLENGLER. * Fur I"lljrur;_{ir:. des Pnemnothorax” In
Bruxs' Heilr. z. Fin, Chirurgie, vol. xlix, 1906.
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lung bad, in a very great majority of the cases, impressed itself
upon the minds of the doctors as an extremely serious form of
disease. The seriousness i1s eertainly determined by a number of
secondary circumstances : by the infection of the plmu*L with all
kinds of microbes exciting inflammation which 18 generally
coterminous, by the usually advanced disease of the lun;_,f, by
mechanical disturbances due to the great tension of the air in the
thorax, which again causes the formation of valves at the site of the
fissure of the pulmonary pleura.

How harmless simple aseptic pneumothorax is in itself, 1ts
extent and tension being under control, has only been proved by
the ever increasing number of cases in which it has been used
therapeutically.

Artificial Pneumothorax.

If into the closed pleural cavity, for example the right, of
rabbits, or men, sufficient air is introduced until the lang retracts
till it becomes devoid of air and atelectatic (with men a pressure
of the pleural air of 4+ 2 to 6 mm. mercury = 3 to 8 cm. water
1s sufficient), then the heart and the other organs situated m the
mediastinum  move from their medial position of equilibrium
towards the left, following the elastic tension of the left lung,
which at the same time contracts a little. The contraction of the
respiratory surface results at once in lack of air, then to adjust this
an merease of respiratory movements ensues. On mspiration only
the left lung is filled with more air, in the right pleural cavity
the air pressure, and therefore the external pressure on the left
lung, 1s on inspiration reduced by 4 to 6 mm. mercury, but air
hardly enters this lung, it is only moved somewhat to the right
together with the heart and mediastinum, to swerve again to the
left on expiration.

Meanwhile the right side of the thorax is somewhat nearer the
position during mkplmmun the right half of the diaphragm lower.
All these conditions can be followed in detail by the use of the
N-rays.

If now, when one side of the lung is diseased, [rn{-unmtlmnx 18
o applied by compression with nitrogen into the pleural cavity of
the diseased side that the lung retracts until it is void of air, then
the dyspneea about to set in_ is compensated for, the r:.pm:mn i
lessened or ceases altogether, because the respiratory movements
of the diseased lung no Imwm aid, and also because less secretion 1s
exuded in the tun;: now at rest. The secretion already present and
the toxins produced in the tissue, which, hitherto, have been thrown
out, must now be absorbed ; this is surely the reason of the rise in
temperature, which generally begins on the day after the operation
and lasts some days ; but then the fev er, which perhaps was present
before, also -‘]]A‘ll‘:l‘r?ﬂl%, and gives place to a steady normal tempera-
ture, beeause m the lung at rest the diseased processes come to a
standstill, and then to retrogressive metamorphosis.  With the
cessation of the respiratory r]mnﬂ{* of volume the opportunity for
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the formation of fresh foci of disease is also removed. This condi-
tion will, of course, only continue while the same amount of
pnvumnthnm*{ is maintained ; as nitrogen is constantly absorbed by
the pleura it must be added to now and then, the pneumothorax
must be maintained at least several months, ::-I‘ten one or two years,
and then only under very careful control be left very gradually to
self absorption, when the diseased parts are atrophied and become
encapsuled. The normal pulmonary parts, which have only been

Firg. 56.—Child, aged 6. Pnenmothorax of the right side 1,100 c.e. Dia-
phragm very low, The three lobes, of the lung distinguishable, the upper, owing to
infilteation, least retracted.

atelectatic, become filled with air again and capable of performing
their functions—so completely that I’UHL\NI‘»I in the case of two
patients after the pneumothorax had ('-::Imtlmu'i for two and seven
years, was able later to cut out the other lung by pneumothorax :
the lung which bad been compressed so long was able alone to do
the work of respiration.

In the lung retracted to a state of atelectasis the anatomical
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conditions and all conditions of life are modified extensively; only
in the extremities is a similar degree of immobility attainable ; in no
other organ of the body is so prolonged a suspension of function
possible without permanent injury.

The smaller amount of blood contained in the lung collapsed
until it 1s in a state of atelectasis, and the smaller amount of blood
flowing through the lung, has been long known. OF importance
18, perhaps, the changed metabolism in the collapsed lung caused
by the lack of oxvegen, as the whole of the blood of the main enrrent
remains venous and arterial blood i1s only brought by the bronchial
arteries.

The eonditions of such lunegs have been examined experimentally
in animals by Bruxs and SHINGU, tubercular lungs in human
beings by GRAETZ.

The rabbit, among the animals generally used for experimental
purposes, like human beings, has a relatively solid mediastinum,
50 that pneumothorax of one side with atelectasis of the lung may
be maintained for weeks and months; in dogs and goats, on the
other hand, the flexible mediastinum gives way so much, that with
pneumothorax of one side the lung on the healthy HI{IF 15 also
considerably contracted, and if breath and life are to be maintained,
one can only arrive at a slight retraction and at most a few small
atelectatic foel in the pneumothorax side of the lung. In rabbits
Bruxs found the blood-contents of the atelectatic lung compared
with those of the sound lung reduced (quite at the h{*;_jmnln:r by
two-thirds, if continued longer by half). The quantity of blood
flowing through is considerably decreased, the large arteries and
veins are distended, but the capillaries are small, partially empty.
Meantime the epithelium of the alveolar walls in contact with one
another remain perfectly intact, they do not adhere. The con-
nective tissue of the tunica adventitia of the arteries, of the bronehi
and septa, 1s somewhat inereased. The lymphatic vessels, especially
of the pleura, are full and enlarged.

To which volume of the lung corresponds the largest stream of
blood, whether to that on mspiration or expiration, seems to me,
even from the latest experiments of Croerra,! who accepts the
latter, still undecided, probably the optimum lies in a medial
position. A small amount of blood and a reduced stream of blood
should, however, be characteristic of the completely atelectatic
lung.

According to SHINGU'S® Investigations the atelectatic lung
eliminates the soot previously inspired more slowly than the
breathing lung. Whereas, in the latter, the particles of soot, mostly
imtracellular, lie in the bronchi and alveoli, in the atelectatic lung
the soot-cells are more abundant in the connective tissue and in the
pulmonary and bronchial lymphatic glands. This condition may
well be attributable to the retardation of the lymph-stream, which
seems probable, too, for other reasons.

U drehin fiir exper. Pathol. w. Pharmalkol., 1911, vol. 1xvi, pp. 409-464.

* Braver's Beitvdge zur Kk derv Tuberkulose, vol, xi, 1908,
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GraETz found in tubercular lungs, in which artificial pneumo-
thorax had been maintained for two to seven months, encapsulation
of caseous foci and organization of pnenmonie processes by connec-
tive tissue; the connective tissue was produced the more abun-
dantly the more completely the pulmonary part in question had
been compressed. The tubercular foei contained very few tubercle
bacilli. The fresh tubercles were sparse, rich in giant cells, free
from caseation. GrAETZ did not find any inerease of the tubercular
processes in the bronehial hlllpll’LLiL glands (which might well have
been expected according to SHINGU's investigations) ; fresh tubercles
were almost entirely absent.

Pneamothorax demands greater functional capacity of the other
lung, its respiratory movements are more numerous. Might this
excite in the tubercular foei of this lung an activity of the diseased
process ?  As a matter of fact, {immg the first few days after the
application of pnenmothorax signs of increased activity do appear in
the existing foci; they are mtmpntvﬂ—pmlmhh correctly—as
a tuberculin_ ]{“I.f_.t.l{}ll caused by the absorption of the toxins from
the collapsed lung. 'This reaction, however, generally dies down
and a continuance of the disease uuh' takes place when there are
more extensive and active processes- on the breathing side; but
such cases are unsuited for treatment by pnmmmtlmmx and should
be from the first excluded. Buot smaller, especially apical and not
acute, processes are not usnally stimulated by pnenmothorax of the
other side; on the contrary they sometimes become letmffwae:ive,
granted, of course, that the hu'athmg lung is not hindered in its
power of dilatation by pleural adhesions or t00 greal pressure mn the
pneumothorax displacing the mediastinum.

The heart is not only displaced by the pneumothorax, but the
external pressure under which 1t works is changed, the suction of
the blood to the thorax -is interfered with, and thus the supply of
the right ventricle of the heart 1s lessened: this must be more
marked in pneumothorax of the right side than in that of the left,
but wvaries very much according to the solidity of the mediastinal
pleura. The conditions are the same as 1n spontaneous pneumo-
thorax and pleural effusions. The healthy heart seems to be able

rapidly to adapt itself to these changes.

The channel for the whole blood-stream of the lungs is probably
considerably reduced in area by the collapse of the one lung
(according to Bruxs probably by more than a half); by this
possibly the heart was made morve resistant. DBruxs, therefore,
after continuing the treatment for several months, examined the
heart, and parts of the hearts in rabbits and dogs, according to
W. MirLrEr. He found no enlargement of the left, but a relative
enlargement of the right, ventricle. Proportion of the right
ventricle to the total weight of the heart :—

: Mozl In preunothores
In rabbits .. oo .. 13 fio 19 per cent. . 21°4 per cent
In dops .. ] = 815 i e 94 -4 o

It is certainly questionable whether these slight differences in
the figures are of importance. Moreover, it made no difference
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whether the dogs were kept quiet or ran about in the exercise area
every day for several hours.

Patients, when pneumothorax is rightly applied, adapt them-
selves to this condition, so that as far as respivation and the eapacity
for movement are concerned their condition does not differ from
their usual one; as the general condition is improved they are even
better off. Some of the patients can follow their ealling with the
pneumothorax, some were able (contrary to medical advice) to take
part in sports, without injury.

For producing pneumothorax filtered atmospheric air can be
used ; nitrogen is better, as the rapid absorption of the proportion of
one-fifth necessitates early replemishment.

When there 1s any doubt about individnal anatomical conditions,
so that gas embolism or interstitial emphysema might be feared,
oxygen should be used for the first compression; it is quickly
absorbed out of the cellular tissue, and out of the lmmen of the
vessels ; the dangers would be thus considerably lessened. When
the oxygen has dul*,r reached the pleural cavity, during the next few
hours an examination must be made by percussion, still better with
the X-rays, and nitrogen must be injec ted forthwith.

The site of 1|1](*L|,m|1 usually chosen is the fifth to the seventh
intercostal space in front to the ‘side. The direct puncture with the
hollow needle, according to FORLANINI seems not without objection
because of the uncertainty as to space and the consequent risks ;
the proceeding of MURrPHY, BRAUER, and 1. SPENGLER (cutaneons
ineision, pressing forward as far as the pleura, penetrating the latter
with the blunt cannula of Sanomox) should be the rule.

Not a few doctors, however, make use of the direct punctuve,
without hesitation and without 1ll results. Perhaps it is more
suited to the hand of those doctors who by more frequent use of the
method of 1ncision are already adept 1n the mnutie of the pro-
ceeding.

DENEKE, on the first application of an artificial pneumothorax,
always injected first 10 to 20, then 50 to 100 c.c. of oxygen.
After a small incision in the skin with a spring lancet he pierces the
soft parts and the costal pleara with a needle 1 mm. thick and a slit
of 5 mm. above the cutting point, after cannula and manometer have
been filled with oxvgen. When fluctuations in the manometer show
that the pleural cavity is free, then DENEKE injects nitrogen.
Several hundred punctures have been made by him without incident
in this manner.

For the first pneunmothorax & to 1 litre of nitrogen is sufficient,
according to the state of the patient and the pressure to be observed
by the manometer ; this should fluctuate about 0. If the pressure
15 hl"'hEl the mediastinum may be pnfshr-:'[ aside too violently and
too t-..udﬂe'nl'n.' sputnm may be taken in by aspiration from the
collapsed lung to the other side.

When vou have convineed yourself by ausenltation, }muusmml
and, when possible, by the use of X-rays, that there is sufficient air
space to ensure against injury of the pulmonary pleura (sufficient
thickness of the stratum of air between lung and chest wall), the
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second injection of gas may be ;,neu by simple puncture with the
hollow needle. The first !-;L"E:und:u*, injection takes place after one
to two days, the following injections at intervals of at first a few
days, later, three to four weeks and longer, as the absorbent capacity
of the pleura for nitrogen decreases. On the average the injection
has to be made sixteen to twenty times. The secondary injection
1s regulated by the size of the lung, which can be controlled by
hearing and by sight, but, above all, by the pressure in the pleural
cavity, which 1s measured before making the puncture ; according to
JRAUER and .. SPENGLER it ought to be maintained, generally

Fia. 57.—Partial pneumothorax (left), divided above the diaphragm inte two
chambers L &, by adhesive tract. In the indurated and extensively adherent upper
lobe cavity with borizontal fluid level 7.

speaking, on inspiration at + 0, on expiration at 3 to 6 mm.
mercury (4 to 8 em. water). JessEx gives 12 to 13 mm. mereury
(= 16 cm. w :Ll,f-lj, but will only rise to 6 to 8 mm. mercury, when
the other lung is considerably diseased and thus limited in its re-
spiratory power. The quantity of gas for the secondary injection
varied from 300 to 1,000 c.e. according to the amount of }L])Hnllrtmn
and the capacity of the pleural cavity; this depends on the ex-
tensibility of its walls (especially of the mediastinum) and on the
presence of adhesions. Decrease of sputum and fever which have
reappeared may be observed after the later injections as after the
first.



PULMONARY TUBERCULOSIS 143

Hitherto we have referred to cases without pleural adhesions ; in
cases where these are present retraction of the lung is prevented only
as regards those parts which, by infiltration, have lost their elasticity.

Luny lying
anferiorly

thstended
plenral cavidy
posteriorly

Liatemaed
plearal cavily
pu:l’-:rin:l‘fy

Fig. 58.—Punenmothorax on the right. Diaphragm low down. Lung mediallv
retracted, adherent in front and at the apex. The mediastinum at the back in its
medial and inferior part projected into the left side of the therax,

Fig, §9.—Pnenmothorax was at first only partially obfainable owing to extensive
adhesions of the upper lobe and adhesions to the diaphragm. During six months by
twenty-two secondary compresgions (each 200 to 400 c.c. 4 & mm. mercury pressure)
the adhesions gradually gave way ; now complete pnenmothorax ; adhesions only at
apex and diaphragm,

In the majority of cases, however, the lung is to a certain extent
adherent to the chest wall, especially at the diseased parts. In these
cases, then, the use of pneumothorax to obtain a state of rest is
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cirecumscribed less when the adhesions are in the form of cords,
much more in surface adhesions; retraction here can only be
brought about by removal of the lung tissne itself from the
parts which have become atelectatic. As is well known, the
adhesions oceur most frequently in the upper lobe, but also in an

Fesienfor bt
creed f Fap Bl
|'r'r|q-|l'|'.lf.ir|,l|

shiahitly
ol apged, Az in fronf
rhonchi
arfazenef
#

Lo

Illt 1l .-..r|'|.lll-_|‘ﬁ|
|’||:_.|'|.l Vit
fitling np

Fia. 60, —Pneumothorax on the right, 1,000 c.e pressure, 4 mm, mercury, lung
(ineompletely) retracted, medially.
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Fia. 61,-—The same, Nine days later, secondary compression 800 e.e., lung
much better retracted, only fixed by adiesion in the direction of the diaphragm,

unaccountable way at other places, where they may be obstructive
even to the application of the pneumothorax or lead to complica-
tions. With regard to the diagnosis of plenral adhesions I would
refer to p. 101.

Forpaxist attaches special importance for the absence of pleural
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adhesions to the evidence by percussion of the mobility of the
lower margin of the lung; this part is generally the freest from
adhesions. If adhesive places were successfully avoided, still the
resultant pneumothorax was encysted or multilocular or irlrwgula,r.
Under these cirenmstances, sometimes, by eautious, gradual increase
of pressure in the secondary compressions (up to 20, 30, even
45 mm. mercury, 30 to 60 em. water) the adhesicns have been
partially stretched and set free, and an extensive collapse of the
lung has been achieved. The loosening of the adhesions is always
accompanied by more or less pain.

FORLANINTI in such cases oceasionally injected daily 60 to
70 c.e. of nitrogen,

The foregoing are some schematic drawings (according to
BravEr and L. SPENGLER) which reproduce various forms of
artificial pnenmothorax.

At first FORLANINI
wanted to maintain the
pneumothorax continu-
ously. Now all writers are
agreed that it should only
be maintained until the
diseased foci of the lung are
arrested and have become
encapsuled by connective
tissue. How soon this can
be achieved depends on the
extent and nature of the
processes in the lung which
vary so much in individual
cases : 1t must be decided
rather by the general con-
dition and the earlier and Fia, 62.—-Double-chambered pneumothorax on
actual course than by the the right.
local condition which is diffi-
cult to control. Savemany prefers to maintain the pneunmothorax
rather too long than too short a time, for frequently after the
development the pleural surfaces adhere to one another and then
it is impossible to reproduce the pneumothorax. Up to the present
the pnenmothorax has been allowed to continue from a few
months to several years (FORLANINI once seven vears).

As the mean duration BRAUER and SPENGLER give one to one
and a half years. The treatment appears then at first glance very
wearisome and troublesome ; in reality this reproach loses much of
its force when yon remember that, owing to the nature of the
disease, any treatment which might be used would last as long—if
the patient does not die before, or cease the treatment from lack of
patience. As a matter of fact, this has often been done because of
the feeling of subjective well-being.

Moreover, with a certain number of the patients already after
a few months such an improvement and condition of equilibrium
had been attained, that they were able to follow their ecalling and

10

1
Subcubkaneou s |f
amphysema \
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had only to present themselves from time to time to the doctor to
be examined and receive a secondary injection. So that the initial
treatment in an institution can be continued by the family doctor
(with secondary injections).

If the pleural surfaces have come into contact with one another
again, the respiratory exchange of volume, recognizable by the
mobility of the margins of the |LII]”’ 18 EllI‘E‘.‘l-d‘n. somewhat abnormally
restricted, because part of the pulnxrman’t.w"-,lw is atrophied. Often
adhesion of the pleural surfaces contributes to this, but it does not
always happen, and the adhesions can be extended or separated
during their formation by methodical breathing exercises.

Accidents and Complications.

Of accidents and complications in artificial pneumothorax the
following must be mentioned :—

(1) Pleural Reflexes.—They are only, or generally, caused
in the normal pleura (or its parts which have reinained normal),
by mechanical, chemical or thermal irritation (for example, too cold
nitrogen gas), by tearing off bands of adhesion (the displacement of
the organs of the thorax often plays a part in these symptoms):
local pain, radiating towards the shoulder, dyspneea, spasm of the
glottis, reduction of the pulse-beat to 40 to 50 (L. SPENGLER),
temporary collapse, general vasomotor disturbances.

SAUERBRUCH observed in dogs quick, forced respiration, with
decrease of the blood-pressure and increase of the pulse.

RocH and Fornawini too, have observed in rabbits by the
injection of alecholie solution of 1odine, silver nitrate 2 per cent.,
formol 1 per cent. into the pleural cavity, besides pain and dyspneea
tonic contraction of the extremities, of the head and trunk, which
did not oceur with a preventive injection of stovaine.

Whether more serious conditions, such as eclamptic attacks,
may be caused in a purely reflex manner by the pleura, seems very
doubtful ; in agreement with Braver I also should like to take up
the position that in the cases so deseribed (as pleural shock) other
processes, air embolisms, or the spreading of thrombosis from the
pulmonary veins are also involved.

(2) Emphysema of the Cellular Tissue.—If the cannula is not
rightly adjusted during the injection of nitrogen, for example, if it
is still outside the costal pleura, with a tepllnﬂ of pamn, air 1s
driven into the subpleural cellular tissue and may, rising below the
inner fascia of the thorax, become palpable above the clavicles.
If the point of the needle lw in the midst of loose pleural adhesions
then the air injected spreads within them, just as in loose cellular
tissue, to different distances according to t}wu solidity, sometimes
as far as the base of the lung and on the median side of the
lung ; this induration-emphysema is really a small and multilocular
1.l]l;hrm;_{h therapentically useless) form of pneumothorax. Finally,
if the point of the needle has penetrated into the pulmonary tissue
itself, the air injected may pass away nto the air-passages or
(completely or partially) reach the root of the lung along the peri-
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bronchial and perivascular connective tissue and lead to mediastinal
emphysema. Finally, if the aperture of the cannula lay outside the
intercostal muscular system, then intermuscular and subcutaneous
emphysema 1s cansed. _
All these mishaps are much less likely to oceur, if, in producing
pneumothorax, you make an incision as far as into the intercostal
system of muscles and observe the following precautions: in
piercing the pleura the cannula should simply be connected with the
manometer, only when distinct fluctuations are apparent should it
be connected with the gas-receptacle; in the latter, the pressure
at first should be only + 0, so that the gas at first is only drawn
in, not driven in; the pressure of the inflowing stream must also
be compared with the quantity of the inflowing gas. A decrease of
the pressure in the tube of the manometer on inspiration is also
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Fia., 63.—Seropnenmothorax on the right (formed eleven months after the first
production of pnenmothorax, with fever) with secondary exudate L in a large hernia
extending to the left of the front mediastinum, the limits of which are indicated by
the lines »e.

apparent when the needle-aperture lies in the pulmonary tissue or
in loose plenral adhesions or even in sub-pleural connective tissue ;
the air, however, flows more slowly into the connective tissue and
only under higher pressure than into the free pleural cavity; if
there is communication with the air-passages 1t passes easily away ;
in order to make sure of this BRAUER gave a slight odour to the air
injected by the addition of perfume.

It is well to place the patient in such a position that the site of
the puncture is the highest point, so that the air-bubble may not
change its place immediately and make its presence noticed on the
manometer (KoRNMANN).

If the lung was injured, the size of the interstitial emphysema
does not depend alone upon the quantity of air injected, but can be
considerably increased by inspiratory movements and by coughing.

Of all these kinds of emphysema only the mediastinal may
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become dangerous by compression of the blood-vessels (Braver,
according to SAUGMANN not so serious), &c. In individual cases
(in a manner certainly not quite comprehensible) even ecircum-
seribed, dangerous emphysema of the laryngeal mucous membrane
and of the face and lower extremities has occurred.

Moreover, even when pneumothorax 1s rightly produced, the
pneumothorax air may be pressed from the site of puncture by
coughing into the intermuscular or subcutaneous connective tissue
and spread away farther. This can be avoided by initial com-
pression of the site of puncture, and when an incision has been
made by suture of the intercostal muscle.

(3) If the needle has penetrated the lung 1t may injure a pul-
monary vein, part of the mjected air may reach the latter and lead
to air embolism in the lar ger blood-vessels. This may happen very
easily in certain parts of the lung where the veins are kept open
by infiltration of the tissue, and so can exercise the power of
suetion.

Of four sudden deaths, mentioned by BravER and SPENGLER
two certainly, and two more very lm}lmhl}, are to be attributed tn
air embolism. Such occurrences act as incentives to make us prefer
the method of incision in producing pnenmothorax to the simple
method of puncture. The precaution, too, of noticing before the
injection of air whether there is any extravasation of blood from the
cannula, gives no certainty, for with the low pressure prevailing in
the pulmonary veins blood need not necessarily be extravasated,
nay, even at the given moment, air may be directly aspired.

If a puncture 15 made without denudation of the pleura, then it
is above all things necessary to pay attention to the appearance of
negative and positive fluctuations of the manometer (+ 5 to 6 cm.
water); they must occur if the opening of the cannula is in the
pleural fissure, especially if in order to counteract the possible
(physical) effect of adhesion, you inject according te DENEKE
cantiously, 10 to 20 c.c. of oxygen. If these fluctnations are
not elear, it is better to abandon the injection of gas at this place
and to try another.

(4) In some cases (about 50 per cent., BRAUER; 8 per cent., SAUG-
MANN), during the pneumothorax treatment, a discharge of liguid
takes place into the pleural cavity, varying in quantity, generally
serous. An intercurrent disease, angina, or the like, often an infec-
tion from the collapsed lung, generally starts its formation; it 1s
furthered by mechanical detachment of pleural adhesions. The
formation of the exudation is often accompanied by fever, especially
when it is somewhat purnlent or tubercular,

The mechanical effect of the pneumothorax on the diseased
lung is assisted by the discharge of liquid ; often the discharge acts
as a sort of equivalent for absorbed mitrogen.

If of moderate size it gives no trouble, and it, as well as the
residunm of gas, 15 spontaneously absorbed. At other times
dyspneea and displacement of organs takes place, because the
pressure in the pleural cavity increases too much; then by punc-
ture of the exudate the pressure must be cor mblmnrimgly decreased.
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If there is lasting fever, or if the discharge proves on exploratory
puncture to be purulent, then, even ii there is no considerable
inerease of pressure, as far as possible the liquid must be removed
by puncture, and at the same time by injection of air through a
second puncture, the normal pneumothorax pressure (see above,
p. 142), and with it the collapse of the lung, must be main-
tained.

If the exudation does neither mechanical nor toxie harm, it is
best left alone ; only if it continues too long it can be rveplaced by
means of puncture and injection of nitrogen by gas (as in the treat-
ment of snaple pleural exudations according to HoLMGREN).

(5) The expansibihty of the mediastinum under equnal pressure
185 very varied, both individually and after previous diseases of the
pleura.

According to the 1nvesti-
gations of N11scH, the medias-
tinum has two weak spots,
which bulze out when there
15 inereased pleural pressure
on one side :(—

(1) Below the upper ster-
num, corresponding to the
remains of the thymus at the
level of the 2nd to the 4th rib.

(2) At the back below in
front of the vertebral column
between the aorta and the
esophagus. The solidity of
both places varies individually ;
often when the pleural sac is
filled with air or |iq11id regulﬂ,r Fig. 64.—Pnenmothorax on the left with
recesses are formed, which about ten secondary injections in five months ;

L s Sy : then a plenral exudation is formed, accom-
extend beyond the median line. panied by fever, in two tiers one below the

The right pleural space more other.

frequently projects beyond the

middle than the left. The upper recessus extends tongue-shaped 3
to 4 em. below the upper part of the sternum, the lower may some-
what depress the sound lung, without, however, coming in contact
with the vertebral column and posterior chest-wall (¢f. figs. 59
and 64).

In cases of fresh acute pleurisy the resisting powers of the
mediastinum decrease; in chronic cases, owing to inspissation of the
pleura, they increase.

There 1s more frequently oeeasion to increase pneumothorax by
repeated secondary puncture than to decrease it by suetion, because
the displacement of the organs has proved too extensive.

(6) As mentioned (p. 140), after the production of pneumo-
thorax, not only does the resorption of the toxins from the collapsed
lung ecanse temporary fever, but often the tuberculin takes effect
upon the other lung also and eauses swelling and increased activity
of the diseased foeci here (with increase of the physical sign). If the




150 SURGERY OF THE LUNG

foci are older, more torpid, less extensive, this oceurrence may even
favour their retrogressive metamorphosis; if they are more exten-
sive and recently pnewmonic their progress can be stimulated, and
disintegration hastened. In cases of the latter kind, if they can be
diagnosed, the production of the pneumothorax will either be
abandoned or only produced tentatively, and increased very
cautiously, or may be diminished by drawing off gas.

Very often, certainly, it is not possible to arrest the process,
which, perhaps, would have gone on without the pneumothorax.

INDICATIONS.

For a method which 1s so new and requires so lengthy an appli-
cation as artificial pneumothorax, sure indications cannot yet be laid
down. Up to the present it bas been used preferably in severe cases,
in which other treatment had not been suceessful, and offered little
prospect of success; among these, some of which had been despaired
of, many improved in so surprising a way, and became even capable
of earning their living, that from the layman’s point of view they
could be looked upon as cured; In many cases N0 SUCCess was
nbtfmmd or only a temporary one. It is evident that in cases not
so serious more will be able to be done, and all medical men
acquainted with the method are in favour of extending its applica-
tion in this direction.

The first condition for artificial pneumothorax is that the other
lung should be in a condition to answer the increased claims upon
1t without injury to itself. It i1s probably never quite free from
tubercular foci even when clinieally nothing can be proved. In
practice it may be considered as free when there is only a slight
catarrh of the apex. But even this requirement does not seem,
according to present experience, to need to be so strictly insisted on
as was thought at first. JesseN has even described disease of
third of the upper lobe of the other lung as the extreme limit for
the application of pnenmothorax.

Still more than on the extent does 1t depend upon the nature
of the disease of the ‘* other " lung : older chronic foci are the most
favourable ; in fresh, inflammatory and infiltrated processes, the
danger of exacerbation by the operation is the greatest.

In the case of the collapsed lung itself, the chronic and subacute
foei offered the best prospects of obliteration, but we have not
sufficient experience as yet to prove this; on the other hand, the
state of rest may be considered as specially important and desirable
for the acute foci. Too extensive disease will offer mechanical
resistance to the collapse, quite apart from pleural adhesions.
This has been discussed earlier.

Some feeling of uncertainty about the expediency of pneumo-
thorax will always remain, because we have to pronounce not only
upon the extent but upon the nature of the diseased foci (age and
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condition, and nature and extent of the pleural adhesions). We
cannot conceal from the patient, or those round him, the risk
involved in this unavoidable uncertainty as to the final success, and
that 1s a much greater risk than that involved in the dangers of the
operafion itself.

Based on the work of JEssEN we may, in the present state of
experience, say somewhat as follows :

Certain Indication.—Severe disease on one side ; other side free
or almost free. Adhesions on the diseased side absent or shght.

Possible Indication.—Severe disease on one side of slow forma-
tion with many adhesions. Other lung free or almost free.

Gradual detachment of the adhesions by secondary compressions.
Fever and sputum only disappearing when the diseased parts are
snccessfully compressed.

Protracted severe hwmorrhage with severe disease of one side
without adhesions.

The adhesions are obstructive, because only immediate rapid
collapse of the lung can be successful.

Severe affection of one side with less severe affection of the other
side (at the most one-third, and, if possible, without disintegration).

It 1s more hopeful when the upper lobe of the less diseased lung
15 affected than when the lower lobe is.

Contra-indications.—Extensive disease of the healthier side,
especially when there is a tendency to disintegration.

Extensive solid pleural adhesions on the side to be operated on.

Serions disease, tubereular and otherwise, of the organs.

Statistics on the rvesults of treatment with pneumothorax
are of httle value, becanse the condition of the patients on the
application of the pneumothorax was (and always will be) too
diverse. Asin every case of pulmonary tuberculosis which is not
very slight, a cure can never be attained in the actual meaning of
the word, but in its practical sense, only really a prolongation
of life ; the question comes to be, how long would the patient have
hived without the operation? Here each individual case must be
judged on its merits.

With this restriction the following figures ay be given:
BravERr and L. SPENGLER report (1911) on 102, SaveMaxx (1911)
on 83 cases of artificially-produced pueumothorax; in 26 or 31
cases the induction was attempted, but was rendered impossible
by extensive adhesions.

Braver describes (1910, out of 40 cases) the result in 45 per
cent. as very good, in 17 per cent. as good, 15 per cent. satisfactory,
15 per cent. unsatisfactory, 7 per cent. died.

Execluding cases operated upon with very severe phthisis or with
SErIoNs *uldlt.lmml organic dizease, SAUGMANN analyses 35 to some
extent pure, though serious, cases of pulmonary tubereulosis; of
these 18 {.umpluf_h lost the bacilli from their sputa, 5 were com-
pletely cured (for from four months up to three and a half years)
13 were free from symptoms but still under treatment, 10 much
improved ; 4 died.
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Retraction of the Lung by Resection of the Ribs.

In cases of total artificial pneumothorax the whole lung ceases
to work, the healthy as well as the diseased parts; as the latter
have lost some of their elasticity, it may happen that many of the
diseased parts retract less than th{ﬂ- hmlthy tissne. Still more 1s
the collapse hindered by adhesions, which are more frequently
found on the diseased parts, sometimes the whole lung being
prevented from collapsing.

Tt is not, however, necessary that a pulmenary part affected by
tuberculosis should CtltllplLLLl‘:. collapse, in order to be healed ; the
possibility even of a slight retraction favours the formation Df col-
nective tissue, the 1L|nm,tmn of a disintegrating centre by a cicatrix,
and thus the * healing.” 1t 1s above all important to assist this
retraction at places, and in cases when rigidity of the ribs offers
resistance to the retraction of the pulmonary tissue; in the upper
half of the thorax, and especially when the thorax is rigid ; these
conditions have already been discussed in the case of simple
pulmonary suppurations (p. 103).

In pulmonary phthisis the contraction often to be observed of
the yielding ribs, especially over the apices of the lung in young
people, points to this cicatricial contraction; attempts have been
made to relieve this, as in the case of simple chronic abscesses, by
removal of the ribs. At first this was only done at circumseribed
parts of the npper lobes, above in front (QUiNcKE-BIER) or at the
back in the interscapular space (C. SPEXGLER). Then TURBAN and
also LANDERER made more extensive resections of the ribs in the
lower half of the thorax ; thereupon first the lower lobe retracted,
and indirectly, but nnh’nnpmtrcth the upper lobe too. C. SPENGLER
resected 11hme at the back. A tr_nt',-'ll length of 30 to 50 em. of nb
was removed. Then as the more flE!fllllillt- attempts to apply artificial
pnenmothorax showed how often this was frustrated by extensive
or even complete pleural adhesions, BraviEnr, L. SPENGLER and
FriepricH sought to obtain total collapse of the lung by extensive
mobilization of the thoracic wall (extirpation of bones, ** extra-
pleural thoraco-plastic ”) by removing a total length of rib up to
200 cin.  Apart from the fact that by this procedure so complete
a collapse of the lung can never be attained, and especially never
such immobility, as by artificial pneumothorax, in many cases serious
disturbances of the respiration and the eardiac action occur owing
to the mediastinal fluttering (see below); FRIEDRICH, themfnle,
limits the extent of the resection of the ribs, rvmr:n.*ing the 2nd to
the 10th rib, no longer for the greater part, but only in their axillary
part, so that both before and behind large pieces are left. SAUER-
BrRUCH did not perform extensive resections, but on both sides,
first removing below three or four ribs, and after healing with
partial depression of the thorax he removed the upper ones.!
Finally, Winus-KoLe removed in the neighbourhood of the angle of

1 Not in reversed order, as otherwise foei due to aspiration may easily
develop in the lower lobe.
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the ribs 3 to 4 cm. out of each rib from the 1st to the Sth or 9th
rib, after this the whole half of the thorax could sink and turn so
far round the costal cartilages as axis that the surfaces of the sections
of the ribs met behind ; if the costal cartilages were not sufficiently
yielding then later all the costal cartilages of this side not far from
l]hL sternum w ere severed, or partially resected.

Every part of the chest-wall which (without injury of the
pleura) is made yielding by the removal of a piece of rib, follows
the respiratory fluctuations of the contents of the thorax ; it is
drawn in on inspiration, on expiration, especially on mutrhmg
arched out, particularly when the lung is normal and elastic ; this
may also be noted in openings of the ribs over abscesses, but not,
as a rule, to any very great extent, as the pulmonary tissue in
the immediate vicinity 1s more or less inflamed and thickened.

The larger the aperture in the ribs, the more extensive is the
section fluctuating to and fro. Hxpectoration may be considerably
impeded by this, because the quantity of air escaping into the
pulmonary hernia is lost to the congh, and because the latter is
not so violent on account of the pain caused. By application of
the hand, by a suitable bandage this lack of sohdity in the chest
wall may be more or less r::mnp:,nmteﬂ for.

If the deficiency of the ribs i1s very great, then the abnormal
movements of the pleura are transmitted not only to the pulmonary
layers on the upper surface, but also to the lower ones, even to
the root of the lung. If, as often happered in FriEDRICH'S plastic
operations on the thorax, half or two-thirds of the bony wall of the
thorax were removed, the mediastinum might also, if 1ts normal
expansibility were retained, flutter to and fro in a similar way,
though not to so great an extent, as in the case of wide open pnenmo-
thorax ; it would be moved on inspiration towards the intact side, on
expiration towards the side operated on, the exchange of air, especi-
ally the inflation of the other lung on inspiration, would be affected
by this, also part of the IE‘-P]I!!.LE}I'!. air hovers to and fro between the
intact and the half collapsed lung operated on. Kxpectoration
ont of the intact lung is only very slight. By all these circum-
stances severe dyspnoea 1s cansed, the d].qﬂnm‘rm overstrained and
exhausted, and perhaps also the heart 1s injured by the fluttering
of the mediastinum.

Some of the cases in which thoracotomy has been so performed
to such a large extent seem to have succumbed to the results of
the GIIEI“lt-IDl], The latter do not occur, or only to a less degree,
when the mediastinal pleura (on the one side or the other) has been
thickened and become denser by previous inflammation. If this
15 not the case, the evil consequences can be averted to a certain
extent, according to FriepricH, by leaving larger portions of the
ribs before and Tehind, by only nm]un” one long axillary aperture
in the ribs, at the most 10 to 14 em. broad, and by bringing the
anterior and posterior costal margins as near as possible to each
other, pulling them forcibly mgeth{ﬂ_-l and suturing the soft parts.
In order to assist this, BRAUER proposed to make a kink in the
stumps of the ribs at the point of insertion before and behind, and
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farther on in their course. FRIEDRICH did this, but has given it
up again.

The lung and mediastinum were still better assisted by Winus's
procedure, in which the axillary part of thorax 1s retained, and
only at the angles of the lst to the 9th rib are 3 to 4 cm. (possibly
also in front a small strip from the costal cartilages) along the
sternum removed from each of the ribs in question.

When the disease is confined to the apex of the lung, in order
only to affect it, BravER and Harras have proposed to resect only
the 1st and 2nd ribs, together with the clavicle.

The general condition of the patient, the site of the disease, the
extent and solidity of the pleural adhesions, will determine which
of the varions methods of costal resection and plastic {:puatmn on
the thorax 1s to be followed.

The resections of the ribs presuppose a much better condition
of strength and nutrition than compression by artificial pneumo-
thorax, the more so, the more extensive they are to be. Operations
of a limited extent only will be performed on rather weakly in-
dividuals. The action of the heart must be taken specially into
consideration. In cases of circumseribed disease it is sufficient to
render possible the retraction of only this part of the lung; very
extensive extirpation of the bones would in such a case permanently
reduce the functional power of an unnecessarily large part of the
pulmonary tissue.

Both after artificial pnenmothorax, and the plastic operation on

the thorax, the collapse of the diseased portion of the lung is
generally followed by decrease of the sputum and of the fever.
- The wound takes, according to circumstances, several weeks to
heal, and months till the solidity of the part operated on 1s restored
by the formation of cicatrices or fresh bones. During this time,
and often still longer, a bandage must be worn to support the weak
spot in the chest wall.

Seoliosis, through cieatricial contraction, does not oceur 1n exten-
sive (1) plastic operation on the thorax; on the contrary there is
often a slight flexion with conecavity towards the healthy side.

Of the 27 costal resections, mostly very extensive, performed
by FriepricH, during the first three weeks 8 of the patients died,
of the others 5 were distinetly, 16 very considerably, better. As to
doubts of the value of statistics the same holds good as was said
with regard to artificial pneumothorax.

Artificial pnenmothorax and the retraction of the lang by costal
resection are the methods which have to be considered to-day in
the surgical treatment of pulmonary phthisis.

ﬁaulleqﬂv explained at the outset the most accurate diagnosis
possible of the extent and nature of the anatomical dmnme 15
essential. For this, next to the acoustic methods, the use of the
X-rays is rendering more and more assistance every day, especially
in the discovery of deep-seated foci.

The diagnosis of the pleural adhesions is discussed on p. 101.
Even when th#-y are very extensive, small circumseribed portions
of the pleural cavity are often still maintained.
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For the nature of the lesion, the course (anamnesis, fever),
the sputum and the general condition must be taken nto
consideration.

If the lesions, still inflammatory and tending to break down,
seem unfavourable for treatment by artificial lmﬂunmthm.tx, they
are much less suited for plastic operation on the thorax, especially
of any large extent; for this only those cases are suitable which
are tending to contract, even when there are already considerable
caverns.

Resection from the back, including the 1st rib, seems specially
suitable for contracting and cavernous processes of the apex.
FriepricH and others have sometimes also shortened the clavicle
by excision.

If the ribs are resected with retention of the periosteum, the
thorax later gets more support on the side operated on; In any
case the contraction is generally less considerable ; the decision
must be made according to the conditions of each individual
Case.

The treatment with artificial pnenmothorax requires in typical
eases only a short stay in a sanatorinm, at the most a few weeks,
then only attendance as an out-patient and occasional re-injectiﬂn
for a period of one or two vears, whereas resections of the ribs,
according to their extent, require first a period in hospital of several
weeks or months, but then, under favourable circumstances, the
patients can be discharged.

A considerable difference exists between the two methods after
the treatment is over; in the case of artificial pneumothorax, as
the thorax was left intact, after the conclusion of the treatment
the part of the lung which was not affected l:} the disease expands
again and recovers all its funetional power ; after resections of the
ribs the thorax is mutilated aceording to the extent of the operation,
and, owing to this, the whole of the lung on that side, even in those
portions which are healthy, is permanently affected in its mobility
and change of volmme. Such contraction is, as cases of simple
pleuritic thickening have tanght us, not unimportant for the course
of secondary intercurrent diseases, catarrhs and inflammations.
The lung in such a condition has also less power of resistance to
fresh loeal infections with tuberculosis.

I have tried to bring out the most important points in the two
methods 1n the table on next page.

There are still a few other operations for the treatment of
pulmonary tuberculosis which must be mentioned.

(1) Attempts have also been made to produce contraction of
the lung by surgical operations on the pulmonary vessels.

SAUERBRUCH aud Bruxns* made experiments on dogs, sheep and
goats, by ligaturing the branches of the pulmonary avteries. The
section of the lung becomes anmmic at first, but is filled with

' Bress and SaverBRUCH, * Artificial Contraction of the Lung by Ligaturing
Branches of the Pulmonal Arteries,” Mitteil. aus den Grenzgeb, Med. u. Chir.,
vol. xxiii, 1911, p. 843,
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blood by anastomoses, so that there is no formation of infarct
(Kirrxver). After eight days it 1s dark red, devoid of air, adherent
to its surroundings, ‘then from the r-.nummflmma of the bronehi
there 1s a pmhiu'atmn of connective tissue up to the pleura ; after
two to three months the lobe i1s contracted and adherent to the
thoracic wall, with indurations. Up to the present SAUERBRUCH'S
operation has only been performed on human beings in the case
of bronchiectases ; 1t can be performed from one of the intercostal
spaces, especially favourable for both lower lobes and the right
upper lobe. After a few weeks the sections of the ribs lying
above the contracted lobe must be resected, so that the thoracie
wall can follow the traction of the contracting lung.

Ressction of ribs and

Artificial pnenmothorax thorzeoplastic

—_ — e — e —

Condition of the plearal | Pleural surfaces free .. «. | Pleural surfaces adherent.
surfnces
The general econdition of | Can be emploved even in cases | State of nuotrition and
the patient of bodily weakness strength must be fairly
good.
Severity of the operation | Slight .. E .« | Hot inconsiderable,
Length of treatment .. | At first at the most a few | A few wecks or months in

weeks in  the sanatorinm, hospital,
then 1 to2 years' out-patient |

treatment {
Immediate effect upon | Total eollapse, immobilization | Only slight retraction ; res-
the lung | | piratory movements only
- less frae.
Secondary effect on the | After cessation of the pneumo- | The reduction attained in
lung thorax the healthy parts of | the volume of the lung

the lung become expanded | remains permanent.
again and can perform their |

functions
Effect on the dizeazed | Unecertain and limited v« | The effect can often be sat-
portions of the lang isfactorily loecalized.
when there are partial I
adhesions

TiEGEL! compressed the pulmonary veins of rablnts and dogs
with silver wire. The section of the lung n question became
first a bluish-red, increased in volume, and after weeks or months
became smaller, paler and more dense. The alveolar septa and
the plenra were fibrously thickened, more so in the dog than in
the rabbit. After total Ligature of the veins the contraction was
greater.

When Tiecen performed the operation on rabbits, which he
had infected intravenously a short time before with tubercle bacilli,
after two or three months the tubercular foc1 on the congested
side were less numerous, smaller, more clearly defined, less inclined
to caseation. The more severely congested lobes suffered the least.

' M. Tiecern, * Surgical Congestion of the Lung and its Influence on
Tuberculosis,” drch. for Clin. Swrgery, vol, xev, 1911,
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In the dog only once was extensive pulmonary tuberculosis attained.
In this case the differences were still more striking.

From these two series of experiments will result perhaps the
possibility of snceessful surgical treatment of monolobular pul-
monary tuberculosis.

(2) The extirpation of a diseased pulmonary lobe. Although,
owing to the ramification of the lymph tracks, as far as these come
into consideration, the spread of tuberculosis generally takes place
first within a lobe of the lung, still the disease rarely remains so
circumscribed that even from the anatomical point of view, the
extirpation of one lobe seems to offer much hope of success. The
experiment has, however, been made in a few isolated cases, seven
times with fatal results. Turrier, LawsoNn and DovEN were
successful some time ago, and recently MacEwEN, whose patient
was still cured after ten years. SAUERBRUCH believes that a
preparatory ligature of the pulmonal arterial branch in question
would make the extirpation of a lobe easier.

(3) Whether the opening up of caverns, considered insuflicient
justification for an operation on them alone, may be useful as a
supplementary operation in individual cases of contraction by plastic
operation on the thorax, when the cavities are very large and
peripherally placed, can only be decided by experiment.

Even now such cavities, which have become secondarily putrid,
are opened up—though this is a very rare event; they must be
operated upon like other chronic mb%cessm on account of their
putrescence, in spite of their tubercular origin, and this complica-
tion 1s also generally averted. Still more important is it here than
in the case of simple purulent cavities to strive after contraction
and obliteration as quickly as possible, in order that a tubercular
fistula, difficult to heal, may not be produced.

In a tubercular lung simple abscesses may also develop; they
must be opened up as in the case of other patients,' but a fistula
15 very easily left behind in their case.

Caverns which, lying on the surface, have attacked the thoracic
wall itself, have sometimes been cured by extirpation of the outer
wall and curetting (TvrrIER, NAENTGEN, KAREWSKI).

(4) StuarT TIDAY® tried to secure immobilization of the lung,
in case of disease on one side, by constricting the lower half of one
side of the thorax with strips of plaster. He carries several strips
of plaster from the lower end of the sternum in the expiratory
position backwards to above the vertebral eolumn. This is done
for several months. The patient has to move a little and to take
deep breaths.

The tendency of the proceeding is the same as that of artificial
pnenmothorax, but the immobilization is certainly very limited.
Bandages would have a similar effect (and perhaps as a support of

' Of. QuIscke, Mitteil. aus den Grenzgeb., vol. i, 1896, p. 17, Case 3, four cases
w 1t.|': Kissnixa.
* Bruart Tipay, ©“ On Mechanical Support of the Lung in Phthisis,” Brif.
Med. Jowrn., 1896, vol, i, p. T21.
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the plaster) as V. CRIEGERN' has suggested for the treatment of
contractions of the thorax on one side and SAvERrBRUCH? for the
secondary treatment after plastic operation on the thorax; they are
supported on the hip of the healthy side, and the shoulder of the
diseased or the healthy side.

(5) In consequence of the favourable results of injections of
iodoform in cases of tuberculosis of a joint, GESSNER ® made injec-
tions of 10 per cent. iodoform glycerine into initial tubercular foci
of the lung (5 c.c. puncture at the back through the Ist inter-
costal space two to three fingers’ breath laterally “from the spinous
process, inclined 45° downwards. By drawing back the piston
one makes sure that a blood-vessel has not. been punctmed
repetition after ten to fourteen days. Pain ensues only in the first
two or three days, probably through the glycerine; cough and
sputum are reduced.)

Ki'LBs, in the medical clinic at Kiel, then under my control,
made such injections according to GESSNER In seven cases of disease
in the apex on one side, apparently successfully; after the
injection severe irritation exciting cough, but no other disagreeable
effects. In three cases, after six nmnl;hh to a year, considerable
improvement could still be demonstrated objectively. One case
came up for dissection a year later; on the site of injection there
was a considerable development of connective tissue—the possibility
that some iodoform might get into a pulmonary vein and lead to
embolism in the larger vessels seems to me to leave this procedure
open to some objection.

(6) FREUND's preventive division of the costal cartilages. In
1858, W. A. FrReEuxD pointed out in the paralytic thorax of many
sufferers from phthisis an abnormal shortness of the lst rib, in
cured cases often abnormal articulation n the cartilage. He
therefore proposed a division of the 1st costal cartilage with a
view to prophylaxis of the tuberculosis of the apex. He, HaRT
and others, have taken up and pursued these investigations again
during the last few years. Whereas the normal length of the rib
1s on the average,

In the man. In the woman.
According to FREUND 3'8 cm. 31 cm.
According to HarT AR 302 ,,

in the phthisical subject 1t is often as low as 3, or 2.2 cm. Ths
causes a contraction of the upper opening of the thorax, which
assumes, instead of the normal horizontally oval heart shape, a

longitudinally oval shape. By this means the level of the Ist rib
is nclined much more forward than is normal, and in this way
the antero-posterior diameter of the upper aperture of the thorax is
reduced, the inner space of the upper thorax very considerably con-

R —_—

1 ¥, CrigceRN, ferl. Elin, Woclenasche., 1904, No. 29,

* SaverReRuCH and ScHeMacHiER, * Technigue of the Burgery of the Thovax.”
p. 2 . o ) 2

* W, Gessxer (Olvenstedt), * Treatment of Pulmonary Tuberculosis with
Injections of Tadoform {_i]}'l}{,‘i‘iﬂ{"," Centralhl, |I' Chir,, 1904, No. 16.
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tracted. Often, too, the 1st rib eartilage is found rigid and completely
ossified, which is attributed to the more severe mechanical strain
of the inspiratory movements (hindered by it). All these modifiea-
tions are more frequently on both sides than only on one; they
may generally be considered as disturbances of growth, but also
often as the result of a scoliosis of the uppermost thoracic and
cervical vertebra:; they are not exclusively, but much more

frequently, found in cases of tuberculosis of the apices of the lung.
Generally the second costal cartilages, and to a less extent the
immediately succeeding cartilages 'ﬂw, share in the arrest of growth.

Fic. 65.—a, paralytic ; B, normal thorax. (From plaster easts by D). vox Havseumanx,)

Hart very often found (24 per cent. of all cases dissected) the
formation of articulation in the 1st costal cartilage; they ocecur
more frequently on both sides than on one side onh, and specially
in those cases in which the tubereulosis of the apices was healed,
or very nearly so. The apices of the lung, 1n a thorax of this -alua,l:u,,
are less developed, more slender, and are not so well aerated on
respiration as 1s normally the case, and ave, therefore, more liable
to disease.

As a sign of the way in which the space 1s affected, ScHMORL
found, in such thoraces on the upper surface of the lung, the sub-
apical furrow due to pressure proceeding from the first rib,
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described by him, and which oceurs normally in children, still
present in adults, and BircH-HIrscHFELD found very frequently
in diseases of the apices, the sub-apical bronchus contracted or
hent.

In all these conditions, which represent some of the anatomieal
peculiarities of the paralytic thorax, we find the anatomical basis,
the local predisposition for the disease of the pulmonary apex.

Whether the defective growth of the lst rib is really causally
the prime agent or not may be left undecided ; perhaps defective
growth of the lung and other parts go on at the same time, perhaps
insufficient 1ntensity of the respiratory movements causes the ribs,
and with them the lung, not to develop normally. If, in the course
of growth, all the anomalies of form described are developed, the
1st vib will indeed obstruct the respiratory movements of the apex,
Just as is the case when an otherwise normally shaped rib loses its
elasticity and becomes ossified.

BacMEISTER has succeeded in producing in anmimals, by experi-
ments, such anomalies of the thorax and investigating their effect
upon the lung. Round the upper thorax of not [1111\ developed
rabbits about six months old he placed a wire, crossed the vertebral
column behind between the 1st and 2nd dorsal vertebrme, and went
close beneath the 1st rib round the sternum. The rabbit had to
complete its growth in the wire ring. After four to six weeks the
transverse diameter of the lst costal ring appeared reduced, the
1st rib sloping more downwards; in the upper surface of the lang
a groove due to pressure, subapical, paravertebral. In this region,
besides a small atelectatic focus the alveoli and broncheoli are
reduced in size, the whole apical tissue 1s pressed together. Now
if cinnabar emulsion is injected into the blood of an amimal so
treated, the apex remans for the first few minutes unstained,
because the cinnabar is diverted by the level of pressure as it were
by a filter: after a longer space of time and after repeated injections,
on the contrary, an accumulation of cinnabar is found in the
obstructed part of the apex above the level of pressure, and more
abundant cinnabar in the corresponding lymph tracks and the
lymphatic tissue of the hilum. When BAcMEISTER caused rabbits
previously treated to inhale soot for some length of time, the soot
accumulated in specks in the obstructed part of the apex, and also
abundantly i the hmph%tlc apparatus, and in the perivasenlar
part of the atelectasis. Therefore the stream of blood and lymph,
as well as the exchange of air, are obstructed and made slower in
the mechanically modified part of the apex.

BacuEerster suceeeded in producing in rabbits previously treated
tuberculosis of the apex, whereas in normal quadrupeds there is no
predisposition to disease of the apex. DBacumMEIsTER achieved this
by injection of very much diluted eultures of tubercle bacilli into
the blood, and also by subcutaneous inoculation over the inguinal
region ; in the last case the baeilli also settled on the blood Lill('t-%
but the foei arose not only perivaseularly, but also IJEIIIJLHIIU]IJH“}.
The tubercular foci had developed preferably in the region of the
groove due to pressure. BacMEIsTER also succeeded in producing
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a few tubercular pulmonary foci aerogenously, but not tubereulosis
of the apex, both with dry and with moist spraying of the substance
inhaled.

From these experiments it follows that when there is oceasion
for infection mechanical obstruction of the apex of the lung pro-
duces therein a local predisposition to the ﬂmvlup!uult of tlllmtul—
losis. Such obstruction may be afforded by a hereditary deficiency
in growth power m the first and 11|11|1ml]'|t{>h guc:_m-dmtr ribs ;
this may be aided by msufficient respiratory movements aused I_n;_,r
habit or occupation, sometimes perhaps this is sufficient by itself ; in
growing individuals, therefore, systematic exercise in this direction
will often equalize maiters and should be tried first of all.

If, however, when this period of growth is over, the abnormal
shortness and 1|1r-1111'1t1t}n of the 1st llh has become settled, a com-
pensatory mobilization of the upper parts of the thorax can only be
attained by division of the 1st (and perhaps also of the succeeding)
costal cartilage.

But also in the ease of normally shaped upper ribs, loss of elas-
ticity and ossification of the cartilages sometimes arise very early,
increase the predisposition to tuberculosis of the apex by hmdmmg
the respiratory mobility, and thus indicate the necessity of surgical
mobilization.

Now should the division of the cartilage only be performed
when the foci and signs of tuberculosis of the apex are apparent, or
before, say when there is a general predisposition to tuberculosis?
Up to the present it has not been decided to take the last step. At
all events the operation might be performed by way of prophylaxis
to prevent the establishment or the further dissemination of the
tuberculosis in the apex.

To mobilize the apex of the lung seews, in the presence of the
already existing foei, to be i contradiction to the principles of
the treatment by pneumothorax; but this is only apparent, for
the immobilization by artificial collapse of the lung should only
be resorted to in eases of more severe and extensive ﬂlf-;ﬁlw whereas
the improvement of the respiration of the apex should only be
applied in the very first commencement of tuberculosis of the apex.
Do we not see, too, in other organs that a moderate and regulated
demand made on the function so strengthens the conditions of
nutrition of that organ that the healing up of cireumseribed foei
of disease 1s furthered ?' Also m the treatment by pneumothorax,
tubercular foci of small size in the lung on the other side, which
must breathe more energetically, are often favourably affected.

As a matter of fact, the division of the first costal cartilage
in the case of tuberculosis of the apex is only rarely performed by
Kavsen and by S1EpEL on adults, apparently at first with beneficial
effects on the course of the disease.

More definite indications can only be gathered from wide ex-
perience ; at present the matter stands as follows :—

' Bee Harras, (Frenzgebicte, vol. xxi, 1910,
11
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The operation 1s not to be performed purely prophylactically,
that is, before disease of the apex has been proved to be present.

A preliminary condition 1s initial and execlusive disease of the
apex of the lung, which does not extend beyond the 2nd rib. The
shortening of the cartilage dne to anomalous formation is to be
mﬂtwm,eﬂ in individuals still growing by breathing and other
exercises ; unl'gI when growth 1s LDII‘I]_}I-E"I.{-"' should ":-tl'!“lL"L' treatinent
be taken into consideration. In normally formed ulh, too, when
they become prematurely rigid and the cartilages caleify, the
division of the 1st (perhaps the 2nd and 3rd) costal cartilage is
justified as a therapeutic experiment.

For the diagnosis of these cases, hesides the other methods of
examination, the use of the X-rays and of acupuncture of the costal
cartilages come into consideration.

Surgical Technique.

(1) DIVISION OF THE FIRST COSTAL RING IN CASES
OF A NARROW APERTURI: IN THE THORAX.

In connection with the opening up of the 1st ecostal ring in
cases of a paralytic thorax, I will say a few words on the technique
of linear ehrondrotomy.

SEIDEL makes a semicircular incision from the upper margin
of the sternum, to the 2nd rib convexly towards the right sternal
margin, entering between sternal and clavicular heads of the
pectoralis major; amputation of the anterior perichondrium of
the lst costal cartilage, diagonal division from below outside up
inside with chisel or LUERr's forceps, and, later, interposition of
a small flap of muscle.

Kauvscn, from an incision a finger long, runming parallel to the
claviele, resects the cartilage and bone freely (up to 2 cm.) with the
arm held up high.

Owing to the paravertebral reduction in space for the apices
of the lung, which leads to the formation of ScHMorL's furrow,
HexscHEX considers it more rational to resect the 1st costal ring
n its paravertebral portion. He gives the following directions as
to technique :—

Cutaneous incision at the spine of the sixth or seventh cervical
vertebra, behind and parallel to the level of the shoulder, outwards
to the acromial end of the sternum, then a vertical complementary
incision. The arm of the patient, lying half in the abdominal
position, is lifted forcibly forwards. The parts of the trapezius,
rhomboides and serratus posticus superior museles oceuriing in the
incision are severed longitudinally, the levator anguli acapulm
transversely. If the shoulder blade is drawn sharply back with
tenaculi, one can probe to the tubercle of the 1st rib, and prepare
the semicircular segment subperiosteally for resection.

Hexscnen still considers FrEvsDp's chondrotomy indieated for
the premature ossification of the lst costal cartilage (HarT's
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* Anomaly in the Aperture in Older People ™), whereas he considers
the “paravertebral decompressive resection,” as he calls his opera-
tion, indicated for cases with primary arvest of development in the
L[‘rstul cartilage or the rib itself, as well as the stenoses of the
aperture attendant on malformation of the vertebree. This opera-
tion has not, as vet, been performed.

(2) OPERATIONS ON THE LUNG ITSELF.

The surgical treatment of a cireumseribed tubercular focus in
the lung—Dby extirpation or denudation of the focus—has been
repeatedly attempted. The results obtained, however, have not
enconraged any surgeon to continue in this divection ; on the
eontrary, it seems to me almost as 1f all surgical experiments in
this direction have fallen into disrepute. Although some few good
results were obtaimmed in this way, the total results are not en-
couraging. According to MurrHY, out of forty-seven cases operated
upon, twenty-six cures, that is, temporary cures or considerable
inprovement, with arrvest of the tubercular process from two to five
years, are to be reported, with nineteen deaths.

The material made use of for these statistics is too dissimilar,
and the attitude of the individual surgeons as regards indications
too diverse up to the present time, for us to be able to draw any
definite conclusions from these figures. Moreover, the results of
varions methods of operation have been included.

Trrrier and Liawsox proceeded in the most radical fashion.
They have successfully extirpated fresh circumsecribed tubercular
foei of the lung, which, like isolated tubercles on the brain,
resembled anatomically a tumonr.  After them others did the same,
but with less success. The general adoption of this procedure,
which must always be a very dangerous operation, will always be

checked, first, by the uncertainty of the diagnosis of a H"l“'l.
Liuummr.ihr:-d single foeus, and, secondly, by the consideration of
the possibility of spontaneous healing.

The tubercular abscesses of the Inng. the cawvities, on account
of their frequency alone, would seem to call much more urgently
for surgical aid ; they do at least as much harm as other pulmonary
abscesses, eapmm]h in so far as by their secretion, by way of
aspiration, fresh tubercular foci are developed. But clinical ex-
perience of about thirty cases has shown that by the mere opening
up of the cavities, generally situated in the upper lobe, nothing
15 achieved as nweuﬂ*-. the L()ll]l)lLE-E cure of the fundamental disease.
The discharge of the secretion still takes place essentially through
the bronchi; we only get in addition the formation of a tubercular
fistula.

A considerably better resnlt was, on the other hand, attained
by opening up and drainage in all those cases, which, in conse-
quence of pyogenous mixed infection of the stagnating content of
the cavity, suffered from symptoms of septic fever. Cough and
sputnm were diminished. the fever disappeared, and the general
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condition improved. Undoubtedly, in these not wvery frequent
cases surgical treatment 1is indicated, although the tubercular
process itself was not demonstrably affected. Whereas in the
suppurations hitherto discussed i the majority of cases, the
restoration of these mechamecal conditions 1s sufficient to provoke
in the diseased tissue of the wall of the abscess the expulsion of the
pathogenic microbes—and in this way so to induce regeneration
of the tissue—this is not the case with the walls of cavities which
are permeated with tubercles, as experience with other organs (for
example, tubercular suppurations of the bones and articulation)
shows. 1o operate on the walls themselves, perhaps by curetting,
is prohibited by the danger of hmmorrhage ; here, therefore, only
elimination and encapsulation by the activity of the hving tissue
itself can occur.

When, in 1890, by the introduction of tuberculin into the
therapy, hopes were raised of bringing about the breaking down
and elimination of tubercular tissues, SONNENBURG, at RoBERT
Kocn’s suggestion, combined the surgical denndation of an apical
cavity with tuberculin treatment. After two months, the cavity,
which, at first, by the breaking down and disintegration of its
caseously infiltrated walls had increased in size, was completely
cicatrized, and the patient appeared to be cured. However, in the
following four years, now and again tubercle baecilli '11:11(‘:1.14;{1 n
the sputum and tlm patient auwumlwﬂ in the filth year after the
operation to recent tuberculosis of both lungs.

Only a few surgeons have ventured on the radical extirpation of
whole lobes of the lung or of the whole lung. All the more
remarkable is the brilliant success, which W. MacEwex has
achieved in a few cases with total or almost total extirpation
of the lung. Thus a patient whose surgical experience we will
briefly sketch, is now, sixteen years after the operation, healthy
and fit for work.

Severe pulmonary tuberculosis on the left side fer three years
with extensive formation of cavities and secondary pymmic infection,
large quantities of sputum with enormous quantities of tubercle
bacilli. Fever. Patient very emaciated and wretched.

April 24, 1895. Extensive opening up and evacuation of the
ul;_jamtm uu.ltu after resection of an opening in the ribs in the
posterior axillary line; four weeks later plastic operation on the
thorax, 4th to Sth rib HlLIth resected. There are only a few bits
of the wall of the left lung remaining ; they are extirpated after
removal by ligature of the vessels of the hilum. Only the apex of
the lung is so firmly adherent that its amputation has to be
abandoned owing to the risk of injuring the subeclavian vein.
A subsequent secondary resection of some ribs leads to the closing
up of the cavity.

In the first few weeks after the operation the patient could only
lie on the healthy side, as soon as he turned on the other side
threatening symptoms of angina pectoris set in, which are un-
doubtedly to be attributed to the displacement of the heart. They
disappeared as soon as the pericardinm was fixed by adhesions.
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The patient, as Sic W. Macewex told us in September 1911,

is still perfectly well, without a sign of fresh tuberculosis. I'he

following photographs, which T owe to the kindness of the operator,
show the enormous gap in the thorax.

——
e T e
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16, G, ]-'__\Lirp;LLE-::-n of the whole of the left lung (Macewex). The |_'I:tli.r_‘!'lt has
been enred for sixtecn vears.

(3) THE THORACOPLASTIC METHODS.

In spite of this brilliant suceess, in general, in the chronic
infiltrating form of tuberculosis and in the case of tubercular
caverns, more 1s to be hoped from a mobilization of the chest-wall,
according to the opinion first expressed by QUINCKE, than from
resection. The diminution or ecicatrization of these cavities is
made easier by the removal of the rigid thoracie ring, in so far as
the diseased tissue can collapse and cicatrization can take place and
the continual tension due to the respiratory movements is avoided.
Therefore, not nfrequently after plastic operation on the thorax
profuse and repeated cavernous hmmorrhage oceurs (¢f. on this
pomt, p. 179 and after),

The mobilization of the chest-wall by resection of ribs will also
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have a relaxing and (relatively) immobilizing effect upon such
diseased tubercular pulmonary parts more deeply seated, which are
not yet permeated with cavities. The effect of the plastic operation
on the thorax can be considerably increased by opening the pleura
and removing the surface adhesions.

In any case the resection must be sufficiently extensive for the
diseased pulmonary part to be sufficiently relaxed; SrExGLER
considered that 20 to 25 cm. at least should be removed from
the length of the rib and always resected behind right up to
the vertebral ecolumn: Tvieax removes from the side of the
thoracic wall long pieces from five to six rivs; he expects to be
suceessful even when the resection does not take place exactly
at the site of the diseased focus, becaunse the healthy pulmonary
parts can move towards the retracting ones.

I'riepricH went the furthest. He undertook the complete
extirpation of the bones on the whole of one side of the thorax from
the 2nd to the 10th rib, in order to obtain as complete and lasting a
collapse of the lung as possible.

As in ScHEDE's plastic operation on the thorax an ineision 1s
made round the shoulder-blade in a large semicirele, which extends
to about the 10th rib, the whole flap of soft parts turned up and
then, beginning with the 2nd, eight ribs are removed subperiosteally
from the angle to the sternal margin. Injury to the pleura must
be most carefully avoided. The operation must be performed
rapidly and unhesitatingly under local anwmsthesia. It should only
be entrusted to a surceon highly skilled in technigque. Whether
the operation should be 1ulf:}tm{d at one time or at two different
times must be left to the judgment of the sorgeon. A compression
bandage (sticking plaster with rubber inset) prevents the paradoxal
inflation of the lung.

When the 1;|r1lthh. of the thorax, or solid pleural indurations,
obstruct a retraction of the lung due to cleatrization, this radical
plastic operation on the thorax will certainly produce the physical
conditions necessary for the complete cure of a lung permeated
with caverns. As a matter of fact, Friepricu is able to report
some splendid clinical successes.

On the other hand, this extirpation of bones has led to rapid
death, not to be attributed entirely to the severity of the operation
or to the feebleness of the phthisical patients, but must be looked
upon as an immediate result of the collapse of the lung with dis-
placement of the mediastinum (for detail =ee p. 24). This has
caused FRIEDRICH recently to make the operation dependent on
the presence of a rigid, that is to say slightly movable, mediastinm,
But this is rarely to be ascertained with the necessary certainty.
Then he decides only to perform this operation on such patients as
are not younger than 15—not older than 35, and also to exclude
very anwmmic patients and those with fresh metastases on other
organs ; i this way the indications are so restricted that the
{;Puutlun would onl:, have to be considered in quite exceptional
CISEs.

Friepricn, himself, it would seem from his latest publications,
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has turned his attention more to partial plastic operation on the
thorax, which he performs in varions ways, usually from an axillary
longitudinal incision, but, generally speaking, makes the localization
and extent of the costal resection dependent on the nature of the
existing transformations of the lung. However, in spite of this
restriction, the rate of mortality is still very high (28 per cent.).
We must not forget that it 1s a gquesiion of advancing cases of
phthisis with cavities, which, in spite of the usual treatment,
were getting steadily worse, and must also emphasize the fact that
i the ease of fourteen patients FriepricH veports a distinet, to
some extent pronounced, nnprovement.

Fia. i7.—Plastic operation on the thorax over the upper lobe, according to SAUERBRUCH.
(Out of SAUERERUCH and SCHUMACHER'S ** Surgery of the Thorax.")

The dangers of an extensive plastic operation on the thorax
are considerably lessened when the operation is performed in two
independent parts, as SAUERBRUCH suggests, and has successlully
performed. First resection of the 4th to the Sth rib; then after
some weeks or months resection of the 1st to the 4th rib. In
case of more severe disease of the upper lobe (especially when
there are cavities), the lower lobe must first be compressed, as
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otherwise there is a visk of the secretion of the collapsed parts of
the apex producing in the lower lobe pnenmonia due to aspiration.

Under local anwmesthesia the 4th or 5th to the S8th rib are
resected 1n the first session. In order thoroughly to compress the
lower lobe, BRAUER and SAUERBRUCH made their patients wear an

Fra. 68 —Ddagram of the contraction of the thorax by Wirnas,

elastic bandage for a time. In the second session from a 7] incision
after removal of the pectoralis major (ef. fig. 66), the 2nd rib is
removed periosteally as far as possible, and then with the greatest
care the Ist rib, which 13 now easily accessible, 15 resected bit by
bit with LuvEr's bone forceps. Then if 8 to 10 em. of the 3rd
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and 4th ribs are removed, the chest-wall can be depressed over the
upper lobe. (The result could be increased by a resection of part
of the clavicle—but this is not necessary.)

SAUERERUCH performed partial twofold thoracoplasty on
twenty-four phthisical patients in various ways corresponding to
the local and general condition of the patient. He had one death

Fia. 69.—Collapse of the right half of the thorax, five weeks after the operation.
(Patient of WiLas.)

in consequence of the operation and two secondary deaths (caseous
pnenmonia) after nine months. He reports: two cures, two cases
of 1mprovement almost amounting to cures, four considerably
improved, seven somewhat ilnlrl‘[}'-.'i::i_ and two cases not affected ;
four patients are still under treatment (1912).

SAUERBRUCH rightly emphasizes the fact that in the case of
pulmonary tuberculosis there can be no question of one thoraco-
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plastic method as the typical method for all cases; the nature of
the disease, its loealization and diffusion are too varied for this.
Here also there must be the most careful individualization—* the
decision as to which form of operation shall be used, and to
what extent is the main difficulty in the surgical treatment of
tuberculosis.”

Wiryms has recently (1911) applied a new and, as it seems to
me, successful method of contracting the thorax m the case of
pulmonary tuberculosis. In the region of the posterior angle of
the rib he resected 3 to 4 cm. from each of the lst to the Sth ribs;

Fig. T0.—X-ray picture of the patient of fig, 67 (Ist to 6th rib bent right down
and inwards. Cavity between the 3rd and 4th rib reduced by one-half, pronounced
refraction of lung).

in a second session, three weeks later, the costal cartilages were
divided at the sternum, in order, then, to press the now movable
chest-wall considerably into the thorax. He operated in this way
on eight cases. The ends of the resected ribs had not only
approached one another, but fallen into the expiratory position,
which considerably increased the pulmonary collapse. The two
photographs which the writer most kindly gave me show most
clearly the effect of the operation.

The operation is performed under local anmwsthesia. After
longitudinal cutaneous incision the museles of the back, especially
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the trapezins and the rhomboids, are bluntly severed in the direction
of thewr fibres (longitudinally or diagonally). When the severed
musecles are drawn forward with tenaculi, from one opening in the
muscles several ribs can be divided. Three transverse incisions
are sufficient—the fivst at the level of the 2nd rib; the second on
the 5th, and the third on the Tth rib. Winms lays especial
emphasis on the aceessibility of the lst and 2nd ribs, the resection
of which 1s important for the collapse of the apex of ‘the lung.

For this reason he considers his method applicable also when
the apices are affected on both sides if only the three uppermost
ribs on each side are mobilized.

Undoubtedly the dangers of the plastic operation on the therax
are considerably diminished by this mode of procedure. The opera-
tion, with the same result in the reduction of the volume of the
thorax, 1s considerably easier and less dangerous as compared with
the partial resections of the wall or the removal of the bones of the
wall of the thorax.

Here, too, in the after treatment, a forcible compression of the
side of the thorax operated on, and placing the invalid on the
injured side are necessary. DBreathing is painful, expectoration
difficult ; therefore broncho-pnewmonia is still fo be feared. The
results seem to very satisfactory.

(4) ARTIFICIAL PNEUMOTHORAX, APPARATUS
AND TECHNIQUE,

The aim of artificial pneumothorax, as of thoracoplasty n all
its different methods, is the spontaneous cicatrization of the tnber-
cular foer with the lung fixed in a position of rest, that is not
functioning.! In the clinical part of this section the indications, the
mode uf uplnllmtmn the complication and :Lm”m‘s, &e., are {'IH-
eussed in detail. According to these, the method 1s indicated in
cases of not too advanced tuberculosis on one side, and may also
he applied in cases affected on both sides, when the second is only
shghtly affected, Just recently Forpnaxixi has expressed a wish
to see the method applied as early as possible, and to limit the
duration of the pnenmothorax to the shortest period possible.
Acute cases of tuberculosis, and those which are complicated
with myoecarditis, or severe intestinal or laryngeal tuberculosis,
must be exeluded from this treatment. Post-mortem examinations
have shown the lung transformed into a dense cicatricial fissue,
ineluding encapsulated thickened caseous foe.

The technique requires the greatest care with some practice.
The dangers lie in the production of an interstitial emphysema, in
the formation of a plenritic exudate, and in death from air embolizm.

' Artificial pneumothorax may also be recommmended as an excellent palliative
in the ease of painful plenvisy. T have twice in the eass of very ]l.Fth'Lflll careing-
matous pleurisy promptly arrested the pain by the insufflation of air into the
pleura.
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F'or the compression nitrogen gas is chosen ; it lasts the longest.
Oxygen and the oxygen from the air are very quickly absorbed,
and therefore require more frequent secondary compressions. The
apparatus is simple. FoORLANINI, SAUGMANN, and DBRAUER have
constructed such apparatus. They are, in principle, communicating
bhottles or tubes, of which one contains sublimate solution, 1}w.
other the ]1i:|,1'U§_r"=-]| to be itlju:;t.{!:]_ I’-I'i.' ]Il'kl]i':lll.lltf or alr pressure
(RicHarpson's rubber inflated bag), the gas i1s pumped into the
pleural cavity by a puncture needle, which 1s connected with the
apparatus by a tube.

1 |
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Fic. T1.—-Nitrogen apparatus by I'1g,
FoRLARIXL,

. -=Nitrogen apparatus
(Breslan model).

[t 12 advizable !nmamhh by use of the X-rays or otherwise, to
ascertain that the pleura 1s mobile. Solid ple nral adhesions make
pnenmothorax impossible.  Ope must therefore seek with the
needle for the free pleura guided by the manometer reading.

[n econclusion, by way of ‘nl]]rplc*ll]l']ll to what 15 said on p. 141
about the application of artificial pneumothorax, T must deal briefly
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with the technique and the apparatus used. MurpHy's original
nitrogen apparatus (¢f. first edition of this boolk, p. 67) has been modi-

ed in various ways and improved. Fornaxisi, Braver, O. Fraxg,
BaveMmany, Dexere, and Higrern, instrument maker in Breslau,
have constructed very useful apparatus (ef. figs. 71-75).

The apparatus consists of two glass receptacles (eylinders or
bottles), in which the nitrogen gas can be placed under pressure
of a column of fluid ; they are connected with each other and with
a manometer as well as with the puncture needle by means of
rubber tubing. The only essential difference between them is the
way 1n which the pressure 1s obtained under which the nitrogen is
injected. Fornaxint and Savemaxy obtain the required increased
pressure by means of a hand-blower ; Braver, whose apparatus
consists of two bottles of which the one contains water, the other

gas, places the water receptacle higher in accordance with the
desired pressure. The apparatus of DENEKE and the DBreslau
model are bandier. In them the veceptacle for the liquid 1s
fastened to a slide bar which enables the receptacle to !J(? pushed
up higher, and at the same time the pressure thus obtained to be
read. DENEKE’S apparatus (fig. 73) is a double one. On one side
is a receptacle for nitrogen, on the other side a similar arrangement
for the reception of oxygen. DENEKE uses the oxygen for experi-
mental inflations on the first application of pneumothorax, by
which bhe hopes to aveid the risks of an embolism caused by
nitrogen gas. ; SN
SauGMANN's apparatus, which we use in my clinic, is prepared
for nse as follows: First both cylinders are half filled with a solu-
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tion of sublimate. In order to charge it with nitrogen you remove
on the one side the cotton wadding filter, whilst to the other the
blower 1s adjusted. By the blower now the fluid of the right
cyvlinder is driven over into the left, which is intended for the
reception of the
nitrogen. Here it
15 retained by
compression  of
the tube. 'Then
the compressed
tube of the left
evlinder 1s con-
nected with a
evhinder of nitro-
gen, and by very
careful  opening
of this cylinder
and removal of
the compression
stop-cock, gas is
allowed to flow
slowly in, until
the solution of
sublimate of the
left side has been
all passed over
to the right side.
The eyvlinder is
closed and the
tube released
again. Now the
right side is again
armed with the
blower, the left
with the filter
and the con-
nected svstem of
pipes with the
puneture needle;
now the appara-
tus is ready for
use. The cotton-
wadding filter
Fia, T4.—DeExExrE’s apparatus. and the pll!]t:tlll'n
needle must be
sterilized by the dry process; liguid in the needle easily hinders
the functioning of the manometer when the pleural fissure is being
investigated. The connecting tube is cleansed by boiling.
For the puncture it is well, especially with nervous patients, to
apply a local anwsthesia or morphia in sufficient quantity. For the
local anwesthesia an intracutaneous pomphus and an infiltration of




PULMONARY TUBERCULOSIS 175

the subplenral tissue is sufficient. Loecal anwmsthesia is specially
necessary in cases when one is not sure of finding parts free from
adhesions, and, in consequence i1s obliged when moving the needle
to and fro to pass the pleura several times.

The puncture needle to be used must be very thin and have as
short a point as possible, so that on passing through the visceral
plenra the lung may not also be pierced. A very IquLLilL-.'I.I needle

ik 3 LR B L ¥

SAUGMANN 1n the shape
of a Potain trocar. If
1t gets obstrueted it can
be cleaned in loco by a
stilette and ean, in
doubtful cases, be con-
nected with an aspira-
tion spray.

The needle invented
by DENEKE (fig. 76G) has
a short cutting, not |
piercing, point, and is Z'
closed at the end, while | |
just above the point “
there is an opening
5 mm. long. DBy the Bt 7 B
end being closed the
needle 1s  prevented
from being obstructed
by skin or portions of
adipose tissue.  The
absence of a sharp
point 1s intended to
lessen the danger of in-
jury to ﬂlcllllif" whereas
the lateral cleft as in
the KJIER - PETERSEXN
model makes it easier
for the gas to low into
the "'-:'Pf-‘“in.;{' in the Fro. 75, —SAUGMANE'S nitrogen apparatus.
pleura. Owing to the
blunt end of his needle DENEKE first culs through the skin with a
Frawk spring lancet, such as is used in examinations of the blood.

It has been sought to avoid the difficulty of seeking out the
pleural opening by denudation of the pleara. For this purpose a
short eutaneous incision in one of the mtplr_oktml spaces 1s sufficient,
which can be performed with local anwmsthesia (BrAvER). The
pleura is laid bare for about 1 sq. em. and then pierced with a thin,
blunt metal catheter. The advantages of this method are, that
the eondition of the pleura can be ascertained, whether adhesions
are to be expected, and that it is known exactly when the point of
the puncturing instrument will reach the opening in the pleura.
The disadvantages of the method are, that on the withdrawal of

i
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the puncture needle part of the gas easily escapes. Thervefore
when this method is used a deep emphysema often appears.
Another drawback is that if the place chosen proves unsuitable, a
repetition of the cperation at other points is undoubtedly more
trying to the patient than the ordinary puncture.

Generally speaking, it does not matter which part of the chest
wall 1s chosen for the puncture, as long as the neighbourhood of
the heart is avoided. A place will naturally be selected where
physical examination has led us to expect that there are no
adhesions.

Here we are greatly assisted by the use of the N-rays. With
their help a site will be chosen where the lung appears to be free
from foci; the immediate proximity of the heart and of the
diaphragm is to be avoided. If auscultation at this spot also
denotes the absence of focal symptoms (rhonchus, heightened

Fig. T6.—DENEEE'S puncture needle,

breath sound) then we have found a suitable place for the puncture.
Then the patient will be placed in such a position that this place
becomes the highest point of the thorax. The object of this is
that the first air vesicle prodnced in the opening in the thorax may
vemain in contact with the point of the needle and not move to a
higher point.

SaucMANN regulates the position of the needle by water
manometer on his apparatus. With some practice and exaet
obedience to the directions of SavcMaxy, the method of puncture
is also reliable and free from danger.

Before the puncture the stilette is removed from the needle
and the opening closed by the cock. In the apparatus the gas
receptacle 18 closed by a compression stop-cock, the tubing leading
to the water manometer is opened and thus the manometer is
bronght into connection with the needle. If the puncture is now
made, the manometer will vary according to the position of the
point of the needle. If the needle discharges freely in the pleural
opening, then, if there are no adhesions, a small air vesicle will be
formed at this place, and immediately the negative pressure of the
respiratory movement can make itself felt. The water manometer
then shows distinet fluctuations, which are very characteristie, the
differences of level are from 6 to 11 and more centimetres, and their
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lowest point, round which they hover, 1s higher on the side of the
manometer which 1s in connection with the needle than on the
other side.

If the point of the needle comes into contact with adhesions,
the respiratory fluctuations cease or are only quite minimal. If
the needle has already penetrated as far as the lung, then fluctua-
tions also oceur, but they attain at most to 2 to 3 em. and have also
this characteristic, that their lowest point 1s the same as that of the
manometer when at rest, so that there is no negative pressure.

If there are no negative fluctuations there 1s still the possibility
that a major vessel may be punctured. The manometer rises
slowly. Then this is regulated by suction aspiration by means of
a syringe. If the needle is in the lung, frothy blood is drawn out :
if 1t is in a blood-vessel then blood is obtained, and if there are
adhesions the piston of the syringe springs back.

Now it happens fairly often that the point of the needle lies
between the pleural layers and yet no fluctuations oceur. In such
a case one must work with a shghtly increased pressure, then
immediately a slight pneumothorax sets n and with it the
characteristic fluctuations of the manometer.

When the point of the needle has reached the free pleura, then
the tube leading to the gas receptacle is opened; then on each
inspiration gas flows in for a time, later the pressure is increased
by means of the blower or by raising the other eylinder.

In orvder to avert the risk of embolism caused by gas, DENEKE
generally lets in first 10 to 20 c.cm. of oxygen slowly and with
observation of the fluctuations of the manometer ; if any occur he
adds immediately 50 to 100 c.em. of oxygen. Unly then does he
inject nitrogen; in the first application 400 to 500 c.em. are
sufticient.

Later applications are then very simple. The gas receptacle
is filled completely with gas, and placed at the same time under
the pressure of the column of water of the other eylinder, puncture
with the gas receptacle shut off, and the water manocmeter cpened
at a place which has been previously ascertained to be in the region
of the pneumothorax already formed. When the pleura 1s reached
the desired negative fluctuations 1n the water manometer will at
once appear. Now the water manometer is closed and the gas
receptacle opened. Then the gas flows mn antomatically till the
columns of fluid in both eyvlinders are at the same level, and if
it 1s desived to inject more gas, the necessary increased pressure
can be obtained by means of the blower.

When the needle is removed, especially when the pneumothorax
15 under a ceriain amount of pressure, 1t often happens that air
flows out throngh the opening made by the puncture, and under
certain eircumstances an extensive deep emphysema i1s produced.
In order to aveid this, it 1s advisable, when removing the needle, to
compress the opening of the puncture and to exert a continuous
pressure for about twenty-four hours by the adjustment of a
glycerine pad.

12



178 STRGERY OF THE LUXG

BIBLIOGRADPHY,

(PERATIONS 0N THE LuUNG.

Macewex. * Cavendish Lecture,” West Lond. Med. Jouwrn., July, 1906,
Mureny. Jowrn. of dmer. Med. Assoe., 1895,

SoxNENBURG., Verhandl, d. dewtsch. Ges, §. Chir,, 1891,

QuiNcke. Grenzgebicte, 1901, (Siehe weitere Literatur in der 1. Aufl,, p. 116.)

ARTIFICIAL PNEUMOTHORAX,

Braver, L. * Erfahrungen und Ueberlegungen zur Lungenkollapstherapie,”
Beitr. =. Ktinik, d. Tuberkulose (Lit.-Verz.), vol. xi, 1909.

“Die chirurgische Behandlung der Lungenkrankheiten,” Jalreskurse f.
drztl, Fortlildung, Febroary, 1910.

Braver, L., and SeexerLEr, L. * Die Technik des kiinstlichen Pneumothorax,”
Beitr, z. Klinik. d. Tuberkulose, vol. xiv, 1909,

“ Klinische Beobachtungen bei kiinstlichem Pneumothorax (102 Falle),” ibid.,
vol. xix, 1911.

Bruxg, 0. * Ueber Folgezustinde beim einseiticen Pnenmothorax,” ihid., vel. xii.

Dexgre, Th., * Der kiinstliche Pnemmothorax, seine Technilk und seine Erfolge,"”
Zeitsehr. f. drztliche Forthildung, vol. viii, 1911, No. 18.

Forpasmxr. “ Die Indikationen und die Teehnik des kiinstlichen Pneumothorax
bei der Behandlung der Lungenschwindsucht,” Therapie d. Gegenwart,
November and December, 1908,

*Ueber den kiinstlichen nachtriiglich doppelten Pneumothorax,” Dewtscle
mwiedd. Woclenselr., 1911, No. 3, 6.

“Apparate und Operationstechnik fiir den kiinstlichen Pnevmothorax,”
thed., 1911, No. 50,

Fraxg, 0. (Wien). * Apparvat,” Wien, klin. Woelenschr., 1911, No. 26.

Graerz. * Einflugs des kiinstlichen Pneumothorax anf die tuberkulize Lunge,”
Beify. z. Klinik d. Tuberkulose, vol. x, pavt 3.

Jrssen, I, “ Ueber den Liinstlichen Pneumothorax in der Behandlung der
Lungentuberkulose” Wiivzh., Ablandlungen, 1911, vol. xi, part 7, pp.
145-165,

Lemke, A. F. (Chicago). * Pulmonary Tuberculosis (52 Fille von Pneumo-
thorax).” Jowrn. of the Aner. Med, Aszsoe., October 14, 1899,

Lanit.  Thése Paris, 1907.

Muerray., “ SBurgery of the Lung” Chicago, 1898, and Jowrn. of the Admer. Med.
Asszoe,, July-August, 1888,

NirscH. * Die schwachen Stellen des Mediastinum,” Beitr. z. Klinik der Tuber-
frulose, vol. xviii, 1911, p. 1.

BavcaaNy.  “ Behandlune der Lungentuberkulose mittels Liinstlicher Pneumo-
thoraxbildung? Klinischer Yortrag, Beilieft. z. Mediz, Klinik, 1911,
No. 4 (104 IFalle).

ScaMIpT, A. (Halle). * Erfahrungen iiber kiinstlichen Pneumothorax bei Tuber-
kulose, Bronchekiasien und _.-"n_!;]:}ir:|.l..io:Jﬁkl'mth]leilml,:" Miinel., med.
Waochenselr., 1907, p. 2409,

Torriek and Marmin, * Traitement chirurgical de la Tuberculose pulm,” Mogio-
graphie elinigue, No. 59, March, 1910, Paris, Maizon (Literatur).
WenLaaxy (Marraes). Klinische Erfahrungen in der Behandlung mittels
kiinstlichem Pnevmothorax,” Bruns Heitr., vol, xviii, pp. 81-116,

EXTrAPLECRAL THORACOPLASTIC.

Friepricn, P 1. “ Die operative Deeinflussung einseitiger Lungenphthise durch

totale Brostwandmaoebilisierung und Lungenentspannung,” Advele. £ Elin.
i ."r., 14904, P pLE

“Die chirwrgische Behandlung der Lmngentuberkulose,” Referat fiie den
Internationalen Chivuvgenkongress in Briissel, 1911,

* Statistisches und Prinzipielles zur Frage der Rippenresektion ansgedehnten
und besehriinkten Umfangs bei kavernoser Lungenphthise und bei
Haemoptoé,” Miincl, med, Woelensele., 1911, Nos, 89, 40,



PULMONARY TUBERCULOSIS L7,

Rone,  * Eine nene Methode zur Verengerung des Thorax bei Lungentuberkulose
und Totalempyem nach Wilms? Miinch. med. Woehenselir,, 1911, No. 47,
). 2489,

H.-u:l-:malulr-::u. F, * Die chirurgische Behandlung der Lungentuberkulose,” Ver-
handl, des V1, Internat, Tuberkuloselkoneresses 1908,

Correspondenzblatt tiir Sclhweizer devzte, Ko, T, 1912,

TigcrnL, M. * Operative Lungenstauung und deven Einfluss auf Tuberkulose,”

_-111'}}.‘,!', kelis. Chiv., vol, xev, 1911,

PEEVENTIVE SEVERANCE oF THE CosTAL CARTILAGES,

Bacmersrer, A, “ Die mechanische Disposition per Lungenspitzen und die Ent-
.l-'.l_.e'lll,mg der HEril..'.-:u|:111_||!||;-;|'E;u|n:-'.|;-,|” Mt qwns den {':'J‘rr!-?fl,ri"';!'i'a'r'ff, vol, x:';iii,
1911, pp. 588-637, and Verl. d. Kong. f. inpeve Medizin, 1911, p. 290,
Freoxp, W. A, * Der Zusammenhang gewisser Lungenkrankheiten mit primiiven
Rippenknorpelanomalien,” Breslan, 1859.
“ Ueber primire Thoraxanomalien, &e.,” Berlin, 1906, Karger,
“ Zuar operativen Behandlung gewisser Lungenkrankheiten,” Zeifschr. fiir
eEper, Patlhol., 19086,
Hagrr, K. * Zur Frage der chiruvgischen Behandlung der beginnenden tuberku-
lizen Lungenspitzenphthise” Miinchk, med. Wochensclir., 1907, No. 44,
P 2176,
Hexscaex. Arch. £ ke, Chir., vol, xevi, 1912,
Kavscr, * Resektion der 1. Rippe wegen beginnender Lungenspitzentuberkulose,”
Dentselie med, Woelenselr., 1907, No, 3 and DPenizel, l"f.'r'r.-ffﬂugi‘._
1912,
LENORMANT., Presse médicale, 11, November, 1911 (Kritische DBesprechung der
Frage].

Monr, L. Referat auf dem 39, Chirwrgenkongress, Arel. f. Hin, Clir., vol. xeii,
1910, p. 1016,
SeiperL, H. * Ueber Chondrotomie der 1. Hippe bei in ginnender Spitzentuber-

kulose,” Miineh. med. Woelenseltr,, 1908, No. 25, p. 1521,

HAMORRHAGE OF THE LUNG.

SUPPLEMENT TO THE CHAPTERS—PULMONARY
SUPPURATION AND PULMONARY TUBERCULOSIS.

NATURALLY, surgical treatment is out of the question for slight
hemorrhages of the lung, and those due to passive hyperemia
i the case of cardiac r'lu fects, after embohic infarets, in hwmor-
rhagic diathesis, in neoplasms; finally, those due to perforating
aneurisms of the aorta and ]mhmm.tn artery.

Heemorrhages cansed by traumse have been discussed.

Acute pmlum hemorrhages demand surgical treatment, and
also shght but frequently recurring ones. DBoth endanger the
patients owing to the loss of blood, and also by the possible
formation of foci, due to aspiration, in healthy parts of the lung.
These hemorrhages proceed from the surfaces of ulcers of the
lung, especially from tubercular cavities, and also from simple
chronic abscesses and bronchiectases. Jn callous thickening of
the tissne contraction and retraction of the eroded vessels is made
difficult. Acute abscesses and gangrene ravely lead to profuse
h@morrhages. The hmmorrhages from cavities of long standing
often occur repeatedly and I}LLUIHL specially {ng(.nulh, even t]m
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first of them, when as often happens, aneurisms of the small
pulmonary arterial branches have been formed. Hmmorrhage
seemns rarvely to occur from the pulmonary veins, probably because
of the slight internal pressure.

It is well known how important bodily vest, and especially quiet
breathing, is for the arrest of hemorrhage. Quietude of the lung
is best attained by collapse by means of artificial pneumothorax,
which at the same time rednces the current of the blood. For it
to take full effect there must be no pleural adhesions. It has been
apphed successfully by Fonrraxini, BRaAUER' and others. Frizp-
RICH reports a case with extensive adhesions, in which repeated
hemoptyses endangering to life, were permanently removed after
plastic operation on the thorax.

SCHLANGE® once treated cavities directly ; he resected 6 to 8 em.
from the 3rd rib, by removal of the adhesions, mobilized the apex
of the lung as much as possible and pressed downwards and padded
the cavity thus formed with iodoform gauze; by this means the
cavities collapsed.

In a similar way bronchiectatic cavities could be compressed
from without.

Anenrisms may also be formed and lead to hmmorrhages in
simple chronic abscesses ch non-tubercular origin ; fresh abscesses
canse hmmorrhage more readily when there 1s gangrene at the
same time. In these ecases, which—when locally diagnosed—
generally in themselves call for pneumotomy, h:lmmrllmge 18 an
urgent indication to open up the cavity and to plug it, and perhaps,
if possible, to ligature the blood-vessel directly (KOorTE).

When hmmorrhage oceurs from cavities, which have already
been opened up from Ullt"-:-liif_‘ the tamponade will take place directly
from the opening, perhaps after having previously enlarged the
fistula by thmluﬂ-umtcn but it must be remembered that by so
doing fresh blood-vessels may be injured, which in the indurated
tissue have little inclination to retract, and may perhaps, if they
are veins, lead to an embolism *

'Cf. Braver and SPENGLER, Beitrage zur Klinik der Tuberkulose, 1911,
vol. xix, Case 73, p. 254 ; Case 81, p. 273 ; Case 102, p. 831, Onee, however (Case
7 P 5'{:1- hy way of val*]ltiﬂn, immediately after the application of pneumo-
thorax, and then on the second application, hwmorrhages oceurred, so that no
further application was tried.

* BeHLANGE, ** Verhandlungen des Chirurgenkongresses” 1907, p. 80.

20 Quincke, Mitleil aus den Er:mr..f;fbmnn vol. i, p. -.i.r._ Case 11.
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CHAPTER VIIL
ACTINOMYCOSIS OF THE LUNG.

THE rav-fungus can get into the lung in two ways, either
divectly by aspiration, when prickles of corn, ears of barley, or
pieces of earious teeth serve as hosts, or HEB(}IIﬂ}IIIIJ’ by the in-
flammation spreading from the maﬂplmﬂuq along the vertebral
column and the thoracic wall to the lung. In accordance with
this, Poxcer distingnishes between a hlmmhmpuhummn and a
pleum -pulmonary form of pulmonary actinomycosis. But actino-
mycosis may attack the lung from other adjacent organs, for
example, from the liver, or may, in exceptional cases, occur by
way of embolism through the blood channel. According to the
statistics obtainable at present more than one hundred cases have
come under observation.

The anatomical modifications caused by the disease of the
lung by the ray-fungus consist of peribronchitic and pneumonic
foei of granulation with disintegration and formation of cavities,
as well as induration and contraction in the vicinity, which can
be recognized from without on the thorax. The induration may
affect large portions of the lung, in which the pulmonary tissue
15 changed into a fleshy mass devoid of air or finally completely
atrophied through fibrosis.

When the disease spreads to the pleura, the formation of
adhesions and indurations ensues, and also at the same time
pleuritic exudations may be formed of sero-fibrinous furbid or
purely purulent nature. IFrom the pleura the process continues
relentlessly to the thoracic wall, spreading in the shape of in-
filtrations and indurations. The proliferations of granulation
rarely spread to the diaphragm, pericardium and mediastinum,
The infiltrations of the thoracic wall may finally soften and give
rise to the formation of fistul®, from which only a little grayish-
yellow watery pus, with the characteristic granules, is evacuated.
By the coalescence of several fistulie, atonic ulcers, covered with
flaceid reddish-yellow granulations, may be formed.

The local clinical i-}]l'lptDI'IlH can be easily deduced from the
anatomiecal changes. On the lung we find symptoms of the catarrh,
the infiltration with contraction and formation of ecavities, and in
more advanced cases the changes described in the thoracie wall,
Its course is almost always chronie ; the duration of the disease
varies from several months to several years. The symptoms due
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to the disease of the lung and pleura, for example, cough, shooting
pains, shortness of |}J'.L:1.T.-|1,, are associated with increasing lﬂ,llm
and emaciation, fever and night-sweats. The sputum is mucoid
and purulent, or sanious and mucoid like raspberry jelly, and rich
in cells which have undergone fatty degeneration. It may also be
putrid, as in the case of gangrene. Sometimes there is such an
abundance of actinomycosis granules in the sputum that it crunches
in the mouth like sand. Finally, in the form of a chronic septic
py®mia metastases oceur in other organs or the patient dies from
amyloid disease.

The diagnosis of pulmonary actinomyeosis can only be made in
the initial stages, when, attention having been roused by the con-
stant absence of tubercle bacilli, on the examination of the sputum
the well-known fungus glands are noticed. The fact that the
process rarely makes itself seen in the apex (MoossruGGER, Lixprt,
SHIoTA), but generally below the clavicle and laterally behind, 1s
to be noted, and a doubtful focus of infiltration persisting for a
long time at the base of the lung must always arouse suspicion of
’I,Ltlncll‘:}t.ﬂ'als. On the propagation of the process to the thoracie
wall, swellings therein, combined with contraction, suggest the
diagnosis. A softened swelling on the thoracic wall may suggest
an empyema necessitatis, without the puncture confirming this
supposition. Sometimes, even before the bursting of the fistulae,
it 1s possible to obtain some fluid from suspected places by explora-
tory puncture, and from it to make a certain diagnosis by the
evidence of the characteristic granules.

An X-ray photograph may, under certain eircumstances, start
the diagnosis on the right track. A diffuse shadow, broken by
darker spots in sharp contrast to the other lung well filled mih
light, 1s, as the accompanying photo shows, characteristic to a
certain extent.

Hax has also pointed out that with the bacterioscopic examina-
tion of the sputum it is possible to make the diagnosis even when
there are no granules present, because GRaM'S process of staining
allows the fnn”m:% threads to be clearly recognmized, the nature of
which can v;nlh’ be demonstrated by anaerobic culture and the
inoculation of animals.

InticH and Finkx draw attention to another, but not constant
symptom, namely, the appearance of sputum similar to that of bron-
chitis fibrinosa. DBut the X-rays are the most indispensable aid to
diagnosis, for the actinomycotic foeir and the indurative processes
surronnding them give fairly distinet shadows, so that it may be
possible to recognize even small initial stages.

Besides pulmonary tuberculosis it 1s l]f)h&-lblL when the disease
has spread to the thoracic wall with extensive dense infiltration, to
confuse 1t with a sarcoma—osteosarcoma of the ribs, of the sternum
or shoulder-blade; the bursting of the fistule removes all doubt.
Pulmonary carcinoma also comes into question, and, when the
process spreads along the vertebral column with neuralgic pains
and kyphotic h{*:lll:l{_t, spondylitis.  Finally, a mycotic infection of
the lung with similar symptoms, streptothrixmycosis, is described.
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The prognosis is a very melancholy one, although with the often
unusual chronicity of its course (up to ten and twenty years) one
might, @ priori, expect success from an early energetic treatment.
The conditions are, however, as in actinomyeosis of the imtestines, in
so far LlnfL'-.mll.LlJiv that it is difficult, indeed impossible, to recog-
nize the imitial stages,” which admit of radieal surgical treatment.
However, if it is pmali}l{‘ to male an early diagnosis and to operate
at a time when the disease can be still Juulh L]lLlllIlHLI]i.H‘d, and no
further metastasis has taken place, then in a case of really primary
pulmonary actinomycosis a complete cure may be achieved, as, up
to the present, eight cases described in the literature show.
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Fic, 77, —Actinomyeosis pulmonis dextr, (CRAXWELL],

Thus, for example, in the case of a patient of KAREWSKI, a severe
and extensive disease has remained completely cured for seven years.
And this fact alone justifies and demands, considering the otherwise
absolutely deleterions course of the terrible diseasze, an operation in
every case at all suitable. OpoKIN mentions seven more cures.

The indications for the operation and the nature of the same do
not require any detailed discussion. Fistulee which are present and
superficial abscesses must be opened wide; the indurated tissue
must be extirpated. Allowance must be made by ample costal
resection for access to the pulmonary focus and for the possibility
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of the cicatrization of the injured pulmonary parenchyma. Puru-
lent ecavities in the lung must not be drained, but, in accordance
with the rules which hold good i the tleul;ment of all chronie
abscesses, the surrounding tissue, in fact, everything diseased, must
be ruthlessly excised. Very advanced cases will not call for opera-
tions ; in their case any surgical measures which may be necessary
will have more of a symptomatic importance.

If the patient comes into the hands of the surgeon, which will
only rarvely happen, before the thoracic wall is affected, then the
foe1 must be laid- bare by costal resection, and, as far as possible,
resected from the surrounding pulmonary parts. ILnicH recom-
mends injections of sublimate (three to five injections of a 25 per
cent. solution), especially into the infiltrated surroundings of the
focus of disease. RYDGIER made successfully parenchymatous injec-
tions of 1 per cent. solution of iodide of potassium (two to four
injections every eight days) ; ZURAKOWSKI, injections of 1 per cent.
solution of copper sulphate, combined with the internal administra-
tion of this remedy in 1 per cent. solution ; Baracz, intravenous
injections of colloidal of silver; and Wynx has even treated one case,
it is stated, with I?IDHItL"J{-‘ results, according to WriGHT'S opsonic
theorv. Much more important, however, both as a prophvlactic and
also as an infernal remedy after an npemtmn 15 10dide of potassium
or iodide of sodium, which, given in large doses (2 to 6 gr. per
day and more) is undoubtedly most lepl‘ul here as the case of
actinomycosis of other organs.

That prevertebral and pericesophageal foei of actinomycosis will
be able to be surgically treated, 1s certainly within the bounds of
possibility. The X-ray photograph helps in the diagnosis. Access
must be gained to the field of operation by resection of the processus
transversi of the vertebree with the articulated ends of some ribs
(eosto-transversectomy according to MENARD).

A disease of the lung akin to actinomycosis, but far less frequent,
streptothrixmycosis, has, up to the present, only once been the
subject of a successful operation, and Lizk has recently reported the
opening up of a streptothrix-abscess in the right lower lobe, with
successful results.
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CHAPTER IX.
PULMONARY FISTUL.E.

Puraonary fistule are formed less frequently after injuries,
more frequently after an operation or the spontanecus bursting of
purulent foci of the lung or empyems communicating with the
lung. The mucous membrane of the open bronchus may either
pass directly into the outer skin, or be connected with the outer
epidermis by a move or less extended surface of epitheliaiized pul-
monary parenchyma. The epithelium covermmg the defect in the
lung then starts from the bronchial mucous membrane, and is for
the most part transformed by metaplasia into pavement epithelium.
In both eases it 1s a question of lip fistule. In other cases the
mucous membrane of the bronchus is separated from the skin by a
nmnu]atmg channel or a granulating cavity, giving off little secre-
tion, which shows no tFII{IE’IICj" to cicatrization.

In the case of these pulmonary fistulse, we may suppose that the
original proecess is completely cured. In contradistinction to these
are the fistule, 1n the case of which the original process is only par-
tially healed. The latter are of less interest to us, as their treat-
ment coincides with that of the original trouble, and has been
already sufficiently discussed elsewhere.

To the pulmonary diseases which may lead to the formation of
fistule belong tubereulosis, actinomyecosis, hydatids, abscess, gan-
grene, and bronchiectasis. To these must be added empyema per-
forated in the direction of the lung and outwards, also chronic
inflammatory processes of the vertebral column or of the medias-
tinal lymphatic glands which have penetrated into the lung and
also ontwards (tuberculosis).

Sometimes the external openings of the fistula are far away from
the pulmonary focus. Ten cases of gastric pulmonary fistule have
also been deseribed ; as a ranty, a gall-bladder fistula of the
bronchus.

If the fistula i1s long, narrow, sinuous, then the secretion is at
once remarked; 1t mmmt lmnv ver, be lewgnuud at once as a
pulmonary fistula. If it is, on the ulhcr hand, easv of access, more
or less straight, if the outer opening is near the cavity communicat-
g with the bronchus, then the characteristic signs of the pul-
monary fistula are clearly to be seen: the entrance of air on
inspiration, and the exit of the same on expiration, on coughing,
especially on somewhat prolonged compression. In fits of conghing
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the most varied sounds may be produced by the outgoing air. Many
patients are more or less aphonic, like those on whom LJ"LLthnm?
Las been performed; the cough, too, may be toneless and feeble.
Probing of the fistula sometimes produces irritation causing congh-
ing, and even violent attacks of sutfocation. The attempt to prove
the existence of a fistula by injection of liquid, which is then expec-
torated, should be considered as hazardous.

When pleural and pulmonary fistule exist simultaneously, the
diagnosis of the latter can easily be made in the following way.
The patient must make as deep an expiratory breath as ]_J[J'*'iHllJlL
upon this the external fistula is closed so as to be air-proof, with the
moist hand ; let the patient take deep inspiratory and expiratory
breaths, and towards the end of the expiration remove the hand.
Then there escapes from the fistula, when the hand is removed, a
distinetly perceptible strong current of air,

A rational treatment of the pulmonary fistula cannot be imagined
without consideration of its origin. 'The knowledge of the condi-
tions which lead to the formation of fistule is also decisive for a
suitable prophylaxis.

The origin of the pulmonary fistula is to be songht m the exces-
sive distension of the defect in the lung which is bc;,nmmrr to form
a cicatrix. It is also due to the fixation of the pulmonary pleura
to the insufficiently yielding thoracie wall, or to an induration in
the surroundings of the 1:111mm:|.ui.' cavity. It is also favoured by
the lack of mobility of the other fixed organs in the vicinitv, as
well as by insufficient expansibility of the rest of the lung-—either
because it is cramped by thick pleural indurations, or its expansion
is hindered by an abnormal adhesion to the thoracic wall. This
distension of the pulmonary cavity in which cicatrization has begun,
this tension on all sides towards the periphery, also makes its
influence felt in the mechanical expansion of the adjacent bronchi
and those opening into the cavity. So that the width of the bron-
chial lumina must not be considered straight away as an indication
of the magnitude of the perished pulmonary substance.

There is no doubt that a pulmonary fistula presents some dis-
advantages for the patient and that the endeavour to remove 1t 18
ju%tlficd. This i1s quite clear in those cases in which a large sup-
purating hollow space has been left ; in this case the secretion from
the fistula is in itself a great evil, rlmte apart from the fact that the
secretion may be evacuated per vias naturales. Such cases should
be operated on, if a complete cure is possible. In cases in which,
owing to the nature and extent of the primary process this appears
impossible (tuberculosis, extensive bronchiectasis, multiple ab-
scesses), the fistula should not be touched: in this case 1t 15 a
welcome outlet for the secretion from the opened cavities or neigh-
bouring cavities, which otherwise wonld stagnate in them, and
then easily give rise to the dissemination of germs of infection
into other branches of the bronchial tree.

In the case of the primary atfections which can be operated on,
when spontaneous bursting, insufficient operation or induration of
the lung after the {Jp[‘l:!..t-ilf?}tl have delayed the cure, the same rules of
procedure hold good as in the case of chronic abscesses.
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Ample resection of the ribs, extirpations of the indurations near at
hand, detachment of pleural adhesions are all indicated. When the
purulent secretion is not very abundant it might even be advisable,
s0 far as freshened healthy pulmonary tissue 1s available, to reduce
the defect in the lung to some extent by suture. In any case, if
the plugging is necessary, drainage should be abandoned as soon as
possible.

We come now to those cases in which there has been a complete
cure of the primary process. In these cases the seeretion is generally
moderate in amount ; the fistula is, however, harmful to the patient,
in so far as cold air proceeding from it may give rise to a condition
of rritation 1n the bronchi; on the other hand, patients suffering
from pulmonary fistula, like those on whom tracheotomy has been
performed, are less capable of earning themr hving because they
cannot sufficiently compress the contents of the i]umn and the
abdominal pressure also can only be used to a hmited extent.

The principles of treatment founded on the origin of the
pulmonary fistule and already frequently alluded to, also hold good
in essentials here. The pulmonary parts which are covered with
granulations must be freshened up. 1In all eases, when severe
bronehitis is not present—and such periods will be chosen for the
operation—the freshened and sufficiently mobilized pulmonary tissue
should be unhesitatingly sutured over the open bronehus which is
to be eclosed. The Hlltlllt’-‘ 1s secnrely closed when no air-bubbles ave
forced through it, the pulmonary suture can also be made secure by
a union of the indurated thickened pulmonary pleura and by
drawing up the diaphragm to the thoracic wall.

I should like strongly to recommend that the ndurated
thickened pleura in the nmmediate neighbourhood of the fistulae
should not be sacrificed straightaway, not even when it is possible
by DELorME'S process of decortication' to mobilize the lung
enveloped by indurations. In such a case | retained round the
fistula a piece of the thickened pleura, two fingers thick and
spindle-shaped, then eut round the fistula and closed the wound
by a strong suture, which was well supported by the thickened
pleura. In another case the soft parts of the thoracic wall cut
round in this way offered, together with the costal periosteum,
splendid security for the pnhnmmr}' suture.

Subpleural gangrenous foci of the lung, abscesses and caverns
which burst into the pleura and have given rise to general
empyema, often lead to operations for fistule.  If it is desired
to cause the lung to dilate, even if only partially, the fistula must
first of all be closed. In l.|1i.=; case my method mentioned above
is exactly the right thing; it can be followed immediately (in
favourable cases at least) by the decortications.

However, as I have already urged elsewhere, I do not consider
it right to resect more ribs than is absolutely necessary—especially
not in the ease of young people. Not only because of the fear of
severe scoliosis, but much rather because of the risk of permanent

| DELORME, Rev, u’-r Chiir,, 1901 (see chapter, ** Technigque,” p. 62).
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atelectasis and contraction of a whole lung. This i1s best avoided
by the surgical closure of the pulmonary fistula early in the

proceedings.
Such an operation 1s of course a g undertaking ; therefore it

is justifiable to try simpler methods first with the smaller fistula,
such as cauterization, the freshening up of the soft parts over the
fistula and suture, and plastic covering by means of skin flaps.
ABRASHANOW, in a case of pulmonary abscess after injury by
stabbing, 1n wluch, after plastic operation on the thorax a fistula
was left behind, enlarged the fistulous channel and implanted
therein a flap, taken from the latissimus dovsi. In the course of
three weeks he achieved a cure, a strong scar being left behind.

But such palliative measures are not snitable in the case of
ectatic bronchi; the possibility of retraction must be obtained n
their case by costal resection, &e.

When a main bronchus is in communication with the fistula,
an attempt must be made to suture the bronchus after its denuda-
tion. (For technique, see p. 67.)

In exceptional cases it may be necessary to sacrifice a large part
of a pulmonary lobe (F. Txlm[ﬁl*; The patient had a il'&-l.lll-:l. 80
large that retrogressive respiration was possible.
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CHAPTER X.

TRENDELENBURG'S OPERATION ON EMBOLISM
OF THE PULMONARY ARTERIES,

EumpoLnisys in the pulmonary arteries are very various, accord-
ing to the calibre of the obstructed vessels and the nature of the
obstruction.

Only a very small number of the pulmonary embolisms can
be operated upon. All embolisms in any way infectious in character
are excluded from the first, as they lt]lg’llt involve more than purely
mechanical disturbances of the blood-stream ; all embolisms, too,
which are on the further side of one of the two main branches
of the pulmonary arteries.

Only in the case of an embolism in the trunk or its main
branches does surgical removal, TRENDELENBURG'S operation, come
into the realms of possibility. In these cases the material forming
the embolism originates in the veins of the lower extremities; the
thrombi represent effusions from a major vein and the ramifications
opening into it; it is very doubtful whether they have ever com-
pletely obstructed the lumen of the vessel at their point of origin ;
the thrombi of the branches may often have fixed the thrombus
of the principal trunk hke roots for a long time, although it was
washed by the blood-stream, so that it may have attained a certain
fixity, until at last, by active or passive movements of the lower
extremity, the lateral thrombi were loosened or torn away and the
tree-shaped entire thrombus may be carried away by the stream
of blood.

Among the “ marantic” thrombi under consideration those due
to general chronie wasting in cases of phthisis, nephritis, carcinoma,
relatively seldom lead to the larger pulmonary embolisms ; this is
more frequently the case in puerperium, in cases of anwmia, large
abdominal and pelvie tumours, and after fractures of bones. Dis-
turbances of the eirculation and cedema in one or both of the lower
extremities may sometimes be produced, even without venous
thrombosis, by the other determiming conditions : on the other
hand, the tedema may be very slight, in spite of thrombosis, pro-
bably just because the obstruction is not complete. Precisely in
such cases large embolisms are easily formed, because movement
i1s not so anxiously avoided and becanse the partial obstruction of
the stream of blood favours thewr formation : after the removal of
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abdominal tumours the stream of blood has just become very
plentiful.

Liarge pulmonary embolisms, originating in this way, are much
more suited for operation than those in which valvular defects or
chroniec myocarditis have played their part in bringing about dis-
turbance of the cireulation, partly becanse the weakened heart more
easily succumbs to the attack, and also because very frequently
other material suitable for the formation of embolism is present in
the periphery.

From the size and form of the protracted thrombosis depend the
amount of obstruction in the c,uncnl. in the pulmonary region. A
thick short thrombus from, say, the iliac vein may very quickly
block a main branch of the pulmunary artery, or, at the point of
bifurcation by obstrueting the current in both main branches, may
quickly lead to over-distension of the heart and death. On the
other hand, tree-shaped thrombi 10 to 20 em. long and only 5 mm. in
diameter may often remain caught in the aunricle and on the tr-
cuspid valve, and only pu,hudu with the free floating end into
a branch of a pulmonary artery without reducing the lumen to any
considerable extent. Then the first attack of cardiac trouble may
be followed by a pause of relative ease of 10 to 20 minutes, and only
when the further end of the thrombus has detached itself from the
tendinons cords is it driven on by the stream of blood, and enly in
proportion as the thrombus is folded and coiled up does the
obstruction become more complete. So the massive embolisms of
the pulmonary arteries offer diversities in course and duration of
the attack causing death, diversities which only now, when there
1s the possibility of surgical help, will gain greater importance and
need to be studied in detail.!

Very sudden cases cannot, of-ecourse, be operated upon, but
those which last from twenty to thirty minutes, when the patients
are already in the hospital, may be, especially when, owing to the
condition of the patient, one is luvlnluﬂ for the pmhlblllt}, of an
embolism and pays the greatest attention to the first premonitory
symptoms—after change of bed, renewal of bandages, &c. It must
also be remembered that not everv attack with cardiac symptoms
15 necessarily due to pulmonary embolism (see p- 195):

The symptoms are as follows : Sudden collapse, not infrequently
accompanied by painful feelings in the cardiac region, sometimes
with a loud ery: the colour of the face sallow, the I]p&. white, some-
what eyanotie, the jugular veins and some subcutaneous veins
abnormally full ; eold sweat, rigor mortis; the extremities white
and cold, the pulse feeble, irregular, sometimes absent, the
breathing frequent and strained; the pupils become enlarged and
fixed, stupor passes into unconsciousness ; after a few gasps death
ensues, partly from paralysis of the heart dilated with excess of
blood, l:n.Llil'«. from an insufficient supply of blood and oxygen to the

O Karn Buxeer, © On Embolisin of the Pulmonary Avtery,” Inaug. Diss.
£ Analysis of Thivty-seven Cases,” Kiel, 1895,
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brain. The enlargement of the heart on the right can generally

be ascertained by percussion ; sounds are ineonstant and not at all
characteristic. The length of the attack varies, as already stated,
from a few minutes to thirty even fortv minutes and more.

At first TRENDELENBURG'S idea was to remove the thrombi
from the pulmonary artery by a suection apparatus working from

the right ventricle, but as this was unsuccessful he procee ded boldly

to open up the pulmonary arterv. Iixperimental research had
already proved that it ecould be done.

FIG. T8.—Front mediastinum laid bare (from CorxiNg’s Anat. Topogr. Atlas).

In order better to understand the operation some short topo-
graphical notes mayv be given first.

The pulmonary artery lhes behind and laterally from the left
sternal margin., The ostinm pulmonale lhes behind the sternal
insertion of the 3rd rib, the bifurcation of the pulmonary artery
on the upper margin of the second costal cartilage. The trunk of
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the pulmonary artery thus lies in the space between the upper
margin of the 3rd and lower margin of the lst rib. If the left
half of the thorax is opened by removal of the 2nd and 3rd ribs
after the collapse of the lung the contour of the pulmenary artery
is seen, enveloped in plulm and pericardinm (often difticult to
recognize owing to embedded fat, but still to be discovered by
feelingl. The pericardium here protrudes npwards, a point of the
pericardium reaching up to the starting
point of the left subclavian artery. On
this part of the pericardium the left
phrenic nerve passes down obliquely to
the apex of the heart. If the pericardium
i1s opened here the two large aortic and
pulmonary vessels are seen, close together
and firmly adherent to one another.
Owing to the pericardinm passing from
the back of the great arterial vessels
directly to the two auricles, there is formed
behind the vessels a hollow space like a
cleft, the sinus pericardii; this makes it
possible to penetrate on the left side close
to the pulmonary and without any resist-
ance to come out again on the right near
the aorta. "This fissure 1s so wide that
in the case of an adult one can easily put
one finger through. Thus both arteries
are encircled above their orifices.
TRENDELENBURG proceeds 1n the
following way. He makes a transverse
ineision 12 cm. long on the 2nd nb and
adds at the beginning of 1t a vertical in-
cision, which extends from the lst to the
srd rib. The triangular flaps of cutan-
eous muscle thus formed are bent back
and now the rib is resected from the
sternum for a length of 10 to 12 em.
When the intercostal space is confined a
relatively shorter piece may be resected
from the 3rd rib. The pleura is opened
Fig. 79.—Pilot catheter up the whole extent of the incision and
e sl kept wide open with blunt tenaculi. The
lung retracts and the pericardium now
lies bare, the contour of the large vessels can be recognized.
The pericardium is raised above them with two small foreeps and
an incision is made longitudinally. In doing this attention must be
paid to the phrenic nerve. It can be fnmdud by keeping as far as
possible in a medial position. The two margins of the ineision in
the pericardium are raised with clamps or supporting threads and
kept apart.
Now the two great arteries are exposed and a specially con-
structed hook-shaped probe can be introduced from the left round
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Fig. 80.—Site of operation with pulmonary artery opened up (from SAUVERBRUCH
and SCHUMACHER'S ** Surgery of the Thorax ).

13
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the vessels. By twisting movements the head of the probe slips
through the sinus per ricardii and appears again on the right near the
aorta. The mampulation of the probe is easiest if you keep as
near as possible to the heart, as the sinus pericardii 1s the widest
at that point.

Now a rubber tube is fixed to the head of the probe and drawn
round the vessels by pulling the probe back. By means of it
the vessels ean be compressed without injury, and at any moment
released so as to give free passage to the current of blood. The
compression takes place about the level of the valve.

R EL
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Fia. 81, —Thrombns forceps. Dilating foreeps. Fic, 83.— Clamp forceps,

Before the pulmonary artery is opened, TRENDELENBURG advises
that the wall should be freed ‘from the visceral membrane of the
pericardium, so that it is not in the way later on when the suture
of the wall of the vessel takes place. * Now the ecompression
takes pl.u e, the operating surgeon makes an incision in the artery,
dilates in the longitudinal direction of the vessel, quickly inserts
a curved polypus forceps, searches for the embolus in the trunk,
and, if necessary, 6 to 8 em. down in the branches of the artery
1nd draws out the embolus. The wound in the artery is, without
delay, so compressed by a eurved clamp forceps that the forceps
is in a marginal pnmtmn relative to the artery, and the margins

of the wound in the ar tery project beyond the branches of “the
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forceps some millimetres.” The adjustment of this clamp forceps
is made easier by a small weak-springed forceps, the branches of
which are pmv]{lvd at the top with small hooks projecting out-
wards. If this is introdunced into the wound, closed and then
opened so that the little hooks hold the ends of the aperture,
by this means the margins of the wound are brought together
and may at the same time be slightly raised. After this temporary
closure of the incision, the tube is at once released and now the
blood flows into the Iung again, past the compressed wound.
This ends that part of the operation, which must be performed
as rapidly as possible, and the margins of the wall of the pulimonary
artery projecting above the clamp can be quietly sutured with fine
silk. Then the clamp 1s removed, anv part of the suture which
may not be air-tight made secure by button-sutures, the peri-
cardinm closed by a few sutures, and flaps of the thoracic wall
turned back and sutured. The nstruments used by TRENDELEN-
BURG are reproduced here.

That it 1s possible to perform the operation without these
instruments has been shown by KrUGER, who, with an ordinary
bulb-headed probe, introduced a tube throngh the sinus pericardi.
Instead of the clamp forceps, he inserted two KicHER's clamps
in the wall of the lung about 3 mm. apart, in a longitudinal
direction corrvesponding to the ends of the incision to be made.
Broad clamp forceps with shding eatch served for the provisional
compression of the margins of the incision. Buf the hmmorrhage
from the pulmc:-uan mturv seems to have been very considerable,
and the suture of the wound in the vessel very difficult.

According to experience up to the present time there are two
considerable difficulties which make the success of the operation
doubtful.

The first is that it is only possible to interrupt the current of
blood in the large wvessels for a short time without danger to life.
Laswex and Sievers have proved by experiments on animals that
rabbits at least only bear the compression of the vessels for forty-five
seconds to two minutes. How long human beings supported it, in
the operations performed up to the present, cannot be stated. "The
consequence is that the removal of the thrombus will always be
more or less incomplete. The cases operated on up to the present
have shown this: in the post-mortem examination a number of
medinm-sized and major branches of the pulmonary artery were
always found obstructed by smaller thrombi. Such peripheral
thrombi, however, as we Imm'., are not cinu:l,lv threatening to life.

The second diffic qulty lies in maintaining absolute asepsis. The
greatest possible rapidity in undertaking and finishing the operation
will always be essential to its success. Under these conditions,
however cautious and calm the operating surgeon may be, as
experience shows, mistakes in this respect are almost unavoidable ;
the consequences are mediastinitis or pleurisy, both favoured by the
unavoldable acenmulation of blood in the field of operation.

From the beginning, too, the symptoms may be difficult to read.
There 1s no time for prolonged examination and exhaustive con-



196 SURGERY OF THE LUNG

sideration. Very often an embolism oeceurs in the case of patients
in whom nothing previously indicated the existence of a thrombosis.
In such cases it cannot be expected that the right diagnosis should
occur at once to the mind. On the other hand, there are cases in
which the elinical diagnosis was undoubtedly embolism, and in
which, on post-mortem examination, no embolus was found. Buscn!
has eollected ten cases clinically diagnosed as embolism of the lung,
in which there was a possibility of an operation being performed;

four of these proved on autopsy to be cases cf mistaken diagnosis.
He also reports two cases of ahsr}luttly certain embolism of the
lung from the clinical point of view, in which life was preserved by
the use of internal remedies. Such cases are known to all ex-
perienced surgeons. They warn us to be cautious !

The figures as to the mortality from embolism of the lung vary
very much. LoTHEISSEN found -‘;".. deaths out of 61 cases of
embolism = 834 per eent., ALBANUS 10 out of 23 = 43°5 per cent.,
GrEpeLE 11 deaths out of 14 ecases of embolism = 79 per u;nt.
and WypeEr 8 out of 12 = 66 per cent. These great differences
are probably partly due to the one having included cases quite
slight and not coming under consideration here, whilst the other
only made the diagnosis when the symptoms were pronounced and
severe. In any case, about 17 per cent. at the least, are not mortal,
a clear warning not to operate too quickly.

Attempts have been made to clear up and avoid these various
difficulties to which all patients hitherto operated upon have been
sacrificed. Attention must be specially divected here to the ex-
periments of Laswex and S1EvERS, the object of which was, on the
one hand, to explain the cause of death oceurring some time, more
or less long, after successful operation, and, on the other hand, to
find some means of making it possible to compress the major vessels
for a longer time.

Theoretically, two important centres of life come into considera-
tion, through tlw injury of which the deleterious effect of the in-
terruption of the circulation may be caused, the medulla oblongata
and the heart. The paralysis of the centre of respiration was the first
to be considered. LaEwWEN and SIEVERs, however, were able to
prove coneclusively that the centre of respiration alw ays recovered,
as soon as the heart fully resumed 1ts activity. DBATELLI'S experi-
ments are also to be construed in the same sense; he proved that
anmmia can be supported by the central nervous system much
longer than is ever necessary for the compression of the major
vessels.  Therefore mjury to the heart must be considered as the
decisive cause. It 1s due to various factors, partly chemical, partly
mechanical in nature. LarweEN and SIEVERsS suppose that the
cardiae cells are poisoned by carbonic acid, for the blood flowing
into the heart after the compression is removed is saturated with
the maximum amount of CO,; they are also of opinion that pro-
ducts of decomposition from the parenchymatous cells are formed
by the stagnation of the blood, which also becomes poisonous to the
cardiac cells.

U Busen, Centralbl, f Cleir., 19089,
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- The mechanical disturbances to be considered, according to
LAEWEN and SIEVERS, are the cessation of the suction exercised by
the thorax owing to the arrest of vespiration; transverse sectional
inerease of the pulmonary eirculation on the left side in consequence
of pneumothorax and paralysis of the vasomotors. A more important
cause 1s the overstrain of the cardiac muscle. _l’l.t- the moment of the
compression of aorta and pulmonary artery the following condition
oceurs. Both ventricles are filled with blood from the auricles in the
normal way. Now if the contraction of the ventricle takes place, it
meets, provided the aurieulo-ventricular valve is intact, with an insur-
mountable obstacle. As the ventricle cannot discharge its content
in any direction, an enormous output of strength is demanded from
it, considering the inelasticity of its content. On the next systole the
auricle presses a fresh, if smaller, quantity of blood into the relaxed
ventricle ; a fresh strenuous, but futile, effort at contraction of the
ventricle ensues. The cardiac muscle cannot stand the strain of this
unwonted demand, it relaxes, its wall becomes overstrained and a
relative insufficiency of the auriculo-ventricular valve is caused.
This, in a certain sense, improves the condition of affairs, as the
ventricle can now discharge its content to some extent into the
anricle.  But then this blood is driven continually to and fro
between ventricle and auricle and to 1t 1s added a certain guantity
of the blood flowing from the vena cava. The overstrain of the
heart continunes and i1s shown in a considerable inerease of volume.
The contractions become feebler, and finally become muscular
seintillations. Undoubtedly this overstrain of the cardiac muscle
must be looked upon asa serious injury to the heart.

The carbonic acid gas 1ma~>mlmrr of the heart may be overcome

by artificial respivation, or, better, by ventilation of the lung with
oxygen by means of lli:etllﬂat-mn. Artificial respiration must

be begun the moment spontancous respiration ceases, By LlliH
means the blood in the lung is kept permanently arterial. Then,
after compression of the arteries, a certain quantity of blood 1‘1
driven to and fro between the left auricle and the lung, in this way
arterial blood ean reach it. In experiments on animals this can be
recognized by the bricht ved colouring of the left auricle.

The artificial breathing must be continued until the spontaneons
breaths have regained their pecfectly normal rbythm and no
terminal, sasping breaths oceur any more.  Often these measures do
not suffice to bring about a powerful action of the heart, on which
all the rest depends. In these cases good results have been attained
by heart massage. This depends very much on the way in which
the massage is applied. Removal of the content of the ventricle by
massage at regular intervals has proved to be the best method. But
what holds good for the little heart of a rabbit cannot be appled
without more ado to the human heart, if only for mechanical
reasons. Prus! has suggested another method. He puts the fingers
of the right hand into the thorax, grasps the heart with them, the
thumb resting on the sternum, then by pressing the heart against
the posterior wall of the sternum its content can be cantionsly and

! Prus, Wiener fin. Woelenscle., 1900, Naos, 20, 21.
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yet amply pressed out. ARABIAN! recommends yet another method.
He takes the heart in both hands, after opening up the pericardium,
pulling it slightly forward. Both thumbs arve placed on the right,
the fingers on the left ventricle and then rhythmically compressed.
He has achieved very favourable results with this method, for he
sueceeded in bringing permanently back to life seven out of thirteen
dogs, whose hearts had been stopped by the administration of
chlovoform,

Warming, by applying hot cloths, seems to have a good effect.
The compression of the ventricle must be done very carvefully and
the coronarv arteries must not be compressed. As soon as the
first sportaneous contractions oceur, the massage must be abandoned.
Fibrillary twitchings in the arrvested heart, on the other hand, denote
irreparable disturbances, they are the forerunners of the rigor mortis,
Whether the injection of 02 c.em. of a 10 per cent. solution of
adrenalin into the left ventricle of the heart, according to LAEWEN
and SIEVERS, would be of any use must be left undecided.

The question how long the massage should be continued, before
being abandoned as useless, 1s answered by the statistics collected
of v. Cackowie, showing that in individual cases in human beings
the first spontaneous contractions, which led to re-animation,
occurred after five minutes. The longest period of perisystole,
after which a human heart was successfully stimulated to lasting
activity, is given as ten minutes. Within this space of time, in
eight out of nineteen cases, permanent results were attained. After
ten minutes, no lasting success has been reported.

The cases operated upon up to the present time, according to
TRENDELENBURG'S directions, show that the fulfilment of his idea
lies within the bounds of possibility. If no permanent result has
been achieved as yet, still the progress made up to the present time
is most encouraging. The first patient died during the operation
(TRENDELENEURG). In the second case (SIEVERS’) the patient
(female) was kept alive filteen hours, and in the third case (TRENDE-
LENBURG) thirty-seven hours. The fourth case (ARUGER) may 1n
a certain sense be described as a permanent success of the method,
for Kri'cer's patient (female) stood the operation very well;
unfortunately, she died five and a quarter days later from pmulent
pleurisy.

Armed with modern instruments (TRENDELENBURG'S pocket
case of surgical instruments and insutflation apparatus) and
acquamted with the experience gamned from the experiments on
animals, one will always be ready, when the symptoms are con-
clusive, to make the attempt to save the patient from an otherwise
certain death.
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CHAPTER XI.

THE TUMOURS OF THE MEDIASTINUM, THE
PLEURA AND THE LUNG.

Maxy tumours, which have their origin in the mediastinum, and
not less those originating in the pleura, cannot be straightaway
distinguished from the tumours of the lung ; they often in the course
of their development spread to the lung, and also viee versa. There-
fore 1t seems to me better to gather together all these kinds of
tumour in one chapter and discuss them from the standpoint of the
surgeon.

Dermoid cysts of the mediastinum—more corvectly described as
teratomata—come into closest connection with the lung in cases of
progressive growth. They originate 1n the anterior mediastinum in
front of the major vessels, In the course of their development they
exceed the limits of the mediastinum and streteh up into the root of
the neck or laterally far over the sternal margin. Then they not
only displace the surrounding organs but they adhere to them,
burst, especially when they become purnlent, i the direction of the
bronehi, or, if fistulous, ontwards.

They are mostly single-chambered, rarvely multilocular cystic
formations with the usual contents of the simple dermoid eyst or of
the complicated teratomata with their wonderful histological samples
of organic rudiments of all kinds (feetal inclusion LIlII}LTf}t]]*LLcL_}
They vary in size from that of an apple to that of a man’s head.
Althongh they are generally found as congenital formations in young
people 1t is not unknown for them to attain to a size which makes
them clinically noticeable for the first time at a later age.

The ﬂ}m])tr:m‘a are not wvery characteristic. l’llﬁ} are dull
retrosternal pains spreading to the back and shonlders, stridorous or
short breath with oceasional worse attacks. The dermoids tend to
become purulent, and then, of course, the pain becomes more intense
and there is acute swelling. Theyv may, under certain circumstances,
be felt from the root of the neck. When they burst into the
bronchi epidermoidal cells or hairs arve found in the expectoration.
There i1s also displacement of the heart and the intrathoracic trachea,
compression of the lung, communicated pulsation, neuralgic troubles.
The X-ray photograph is very important for the diagnosis. The
statisties include about sixty ecases, of which twenty-two were
operated upon ; sixteen survived the operation.



200 SURGERY OF THE LUNG

On account of the difficulties of aceess and the numerous
adhesions in so dangerous a part, the surgeon was, for the most
part, obliged to be satisfied with partial excision and drainage of the
cysts. Therefore, in half the cases, fistule were left behind.
Teratomata, being tumours, should, whenever possible, be totally
extirpated, as has been done up to the present four times with the
best result : once by Bastixenni (1893), by v. Eisenssrra (1903),
by MaperLuxe (1904) and by MogresTiy (1910). When the tumour
does not clearly indicate, by pronounced growth towards one side of
the thorax, the manner of the operation, MADELUNG recommends
that the necessary access to the tumour should be obtained by

Fic. 84,—Primary sarcoma of the left pleura (GAREE).

severance of all the ribs on one side of the sternum, which should
then be bent back.

Of non-malignant tumours of the mediastinnm, on which it may
be possible to operate, the following are deseribed : Fibromata,
congenital lipomata (KroxLEIN and AUvVRAY), a one-chambered
eyst (Liassann), also the thymus hyperplastica and the endo-
thoracic gummata and the rarve echinococcus. In the differential
diagnosis aneurismi of the aorta must always be taken nto
consideration. -

The malignant tumonrs—ecarcinoma and sarcoma—in the media-
stinum generally start from the larger bronchi or the bronehial
glands on the hilum. The malignant Honerix's lymphoma and the
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primary sarcoma of the lymphatic glands are the most important,
then come the metastatic tumours. The prospect of successful
surgical treatment in these cases is very slight, for when they
begin to give trouble they have already become unfit to operate
upon.

Twmours, which start from the pleura, are not frequent; only
about fifty cases are described. They are endotheliomata (twenty-
nine cases) and diffuse sarcomata; in these cases an operation will
hardly come into question ; they are always of bad prognosis.

Lipomata of considerable size, which grew partly inwards and
partly outwards, have been operated upon by GUSSENBAUER,
CzErNY and others.

Then there
are the tu-
mours of the
pleura, elinic-
ally mild—
fibrosarcomata
ana Imyxosar-
comata--which
may grow to
an  enormous
size, but
which, never-
theless, thanks
to their being
very loosely
connected with Fia. 85, —Extirpated tumours (¢f. X-ray picture, fig, 54).
their sur- (Aceording to GARRE.)

roundings, can

be removed by operation. Such cases, seen on the dissecting table,
are described by Kanrner and ErpixcEr (18582), by Bravx (1908),
and first extirpated sueccessfully by Garrii and Kicarp,

They sometimes filled nearly the whole of the side of the thorax
and weighed up to 6 kg.

Important for the diagnosis is the gradually increasing dulness,
the ceasing of the respiratory sound, the absence of symptoms
of a disease of the lung, the stnking sensation of resistance on
percussion by touch. In my ease a pronounced hypertrophic
pulmonary osteoarthropathy was present, the disease having lasted
a year. Under certain circumstances the diagnosis can be made
certain by the nse of trocars ; the X-ray picture is also valuable, one
15 reproduced here of my case, together with the extirpated tumour
(figs. 84 and 85).
~ Histologically it was a spindle-cell sarcoma. According to
Brvse these large sarcomata of the pleura are acecording to thewr
structure nenromata and neuro-fibromata, which have a tendency to
become spindle-cell sarcomata or malignant fibrosarcomata.

Besides these, as we have said, relatively mild forms of sarcoma
from a chinical point of view, the sarcoma appears in the pleura also
as a thick, indurated mass of tumour, which soon causes metastasis
in the glands, lung and liver. They are not suitable for operation.
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An interesting tumour of independently proliferating plasma-
cells, of malignant nature, a plasma-cystoma, 1s described by
Krose; he gives notes on six silar cases.

Primary tumours of the lung are very rare and still more rarely
occasion operations. Up to the present, an operation on account of
a primary tumour of the pleura or lung has been performed fourteen
times. SEYDEL, for example, among about 11,000 autopsies only
found thirty-one cases of primary pulmonary tumours, against
135 metastatic ones.

In the literature preference is given to the description of
such rarities,
most of them
are of noclinical
importance
whatsoever.

There are,
for instance,
fibromata mul-
tiple seattered
over both lungs
(RINDFLEISCH),
chondromata,
from the size of
a hazel-nut to
the size of a fist,
osteomata as
small scattered
tumours, or
diffusely dis-
H{-]IlliI]:lt{H]. 0or
with ramifica-
tions, a&s o
special rarity
an osteoma as
large as a fist
(VIRCHOW)—

B more frequently

F1c. 86.-—Anpgioma of the lung (opened). (According to the 'U_Ste'}“m_ 12

HEDINGER.) combined with

tubercul osis;

angioma (Turrikr, Hepinaer), finally dermoid cysts (eight cases ?)

are sald to occur in the lung itself. An operation was performed

by PEAN on an enchondroma, by Tvrriek on the angioma ; both
were only incomplete extirpations.

BatrksTEN deseribed in 1904 a cystadenoma proliferum of the
lung.,

As polypous proliferations there are also in the bronchial tube
non-malignant tumours, as, for example, a pedunculated lipoma,
which oceluded a larger bronchus (ScHROTTER). These seriously
disturb the breathing and produce collapse of large sections of the
lung ; this is to be noted in regard to the symptoms of earcinoma of
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the lung and the bronchoscopic diagnosis (see below).  Thus
SpiEss (1910) tells of a very interesting case of a high degree of
dyspnwa, coughing and threatening attacks of suffocation in a
woman of 74, when the diagnosis of carcinoma of the lung was in
question. After unsuccessful tracheo-
tomy, SrIEss found at last with the
]HT}]’]L‘.IL“.‘-}L:IEIH! a i?ll]]_‘!,'!'ll,lh' Hii.l[:ll_l;‘ﬂ. 011
the bifurcation, this closed up the
right bronchus.  With the aid of the
bronchoscope 1t was extirpated, it
was 4 cm. long and 1+ em. thick,
wias placed on a thin pediele, and
proved to be a flaccid enchondroma
covered with cdematous mucous
membrane.

Finally, amyloid tumours are
described 1n the trachea and bronelh Bie: 31 S Frdonculueed lipoie.
(BAansex), as well as gummata of (According to SCHROTTER.)
the lung (SHINGU, which I must not
omit to mention. Primary malignant tumours deserve more con-
sideration on the part of the hospital surgeon.

The primary carcinoma of the lung is more frequent than has
been supposed hitherto; I could only find some 130 cases in the
literature. Nevertheless, hitherto it has been relatively seldom the
object of an operation (nine cases; LExHartz, KUTTNER, GARBET,
Kitamumernn). As was only to be expected, the results were by no
means good; only in one case, in which LENHARTZ removed a
carcinoma of the upper lobe of a man of 31, was the patient after
the lapse of a year free from relapse
and fit for work.!

Primary cancer of the lung oceurs
three times as frequently in men as
in women; the right lung 1s preferred
in a striking manner. The combina
tion with tubercular processes of the
lung 1s specially noteworthy—a point
which, moreover, is likely to obscure
the diagnosis in many cases, One
appears justified, as SEvpeEL does,
in assuming a causal connection
between eancer and tuberculosis.
Here I will only remind you of lupus =R . .
{:a]{:lilf}ljl:l.l [}f III:]“.‘[J\I_].‘AL: ]]IL]]IH"I]I- l;l.t :rl":.l]llf']I-I‘|‘-1'I:'l|_:|!::li::_:if't:I|:!";"rj Illlhl:::ll'.':}]::il:-l
ary tumours, combined with pul-  ing to Guisez.) :
monary tuberculosis, only four were
sarcomal, all the other eighty-eight cases were carcinomata (Patho-
logieal Institute, Munich—SEvDEL).

I HEmnexHAIY observed, when making an extensive resection of the lung on
acconnt of bronehieetasis. in the wall of a bronehiectatic eavity o carcinoma nodule
of the size of a small hagel-nut, as a secondary condition.
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Almost without exception—in 90 per cent. of the cases—the
carcinoma starts from the bronchi, and at that point where the
bronchus entering the lung divides into two and three branches.
It appears as a nodulated eircumseribed tumour and 1s easily recog-
nizable in the bronchoscopic picture (fig. 88), or it infiltrates long
stretches of the walls and grows diffusely into the pulmonary tissue.
Histologically, it is generally an adenocarcinoma, proceeding from
the glands of the submucosa—more rarely a pavement epithelium
careinoma.

Anatomically, various forms may be distinguished according to
size and method of development. Sometimes there are more or
less numerous tumonrs, from the size of a bean to the size of a hen's
egg ; starting from the bronchi, sometimes the tumour takes in
a whole lobe, or even a larger portion. In other cases 1t surrounds
the hilum, as big as a man'’s fist ; less frequently it appears as dense
infiltration similar to pneumonic hepatisation.

The tumours are sometimes cartilaginous and bard, sometimes
soft and elastic and have a greyish-yellow surface of incision; in
the centre there is often a softening, which leads to the formation
of cavities.

The diagnosis presents no small difficulty. At first the pul-
monary carcinoma causes only vague trouble, such as a feeling of
oppraession, pains in the Iﬂm,la shght irritant conghing, or, in the
superficial forms, gives rise to pleuritic symptoms. 'T'he 1nost
maportant aids to diagnosis arve the early appearance of lack of
breath and a blood-stained serous pleural extravasation. Iioss of
strength and cachexia may soon arouse suspicion of a malignant
process, but it must be L]]lli]lcl'-].-"(}d as striking that in many cases,
even when protracted in their course, not the slightest signs of
cachexia are apparent.

By the surrounding or compression of a main bronchus a partial
or complete atelectasis of a large pulmonary section is caused, which
is betrayed by retraction of the chest-wall or inspiratory slurring,
as well as by auscultatory phenomena. For a long time there are
no bronchial sounds, only when bronchial ramifications arve pro-
liferated, or, above all, on the disintegration of the tumour, do there
appear with bronchitis or bronchorrheea also signs of the formation
of cavities. The sputum may be very varied, its only charac-
teristic is the admixture of polymorphous epithelial and large fatty
granular cells. The repeated careful examination of the sputum is,
therefore, very important. In consequence of the degenerative
modification of the tumour, the sputum i1s often blood-stained.
According to HavmprELN 1t contains non-pigmented epithelium in
dense groups or sepavated, of peculiar polymorphous shape and
various size, with distinet contour and distinet nucleolus. The
evidence of glyeogen in the epithelial cells may, under certain eir-
cmmstances, be turned to good account in diagnosis.  Greater
importance is, according to the experience of LuxuartZ, to be
attributed to the appearance of fatty granular cells which arve
distinguished by the brilliance of the inner cells and are present in
large quantities (under certain ciremmstances also in the puncture
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fluid). Large detached portions of the carcinoma have only twice
been found in the sputum.

When the malignant growth attacks the pleura, in half the cases
exudative pleurisy is the result ; the extravasation mayv be serous or
fibrous, but is generally hssmorrhagie in character. One often finds
an obliteration of the pleural cavity. By the exploratory puncture
of the exudation of the suspected pulmonary focus many minute
particles of tissue, or the so-called granular cells, have often made
the diagnosis certain.

As ILIJ.“".L]\ frequent complications may be mentioned venous
congestion in the neck, eyanosis, paralysis of recurrent laryngeal
nerve, likewise remittent fever as a result of retention of secretion,
or broncho-pneumonie infiltrations. As in the case of malignant

Frg. 89.—Carcinoma starting from the hilum of the lung, (According to P. KRAUSE.)

mediastinal tumours, here also a pronounced eosinophilia of the
blood is observed (Kappis). DMetastases appear relatively early ;
the disease may last from a few months up to two and a h: alf years.
[n recent times diagnosis has acquired in X-ray p]mLufrJ.Ipln
and in X-ray exposures valuable aid in ascer taining the position and
extent of the focns. When the tumonr has attained a certain size,
the X-ray picture shows a lack of easily pervious tissue in con-
sequence of the substitution or the compression of the parenchyma
full of air. According to the extent of the tumour there arise,
according to OTTEN, KrAvuse, ARNSPERGER, generally two main
types of shadow pictures: a morve bulky infiltration of a pulmonary
lobe, most frequently of the upper lobe, or an nfiltration of the
primary bronchial carcinoma, starting from the hilum; a third
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form, consisting of diffuse spot-like infiltration of both lungs in the
conrse of the bronchial tree, 1s, mcm‘ﬂin;‘ to OTTEN, very rare.

That, moreover, by careful clinical observation and the applica-
tion of all plm:.lml "methods of examination, especially careful
examination of the sputum and the use of X-rays, it is possible
to make a certain diagnosis, 1s proved by the fact that according
to MiUSER in twenty-four observations out of LExHARTZ's division
in all cases the diagnosis of primary pulmonary earcinoma was
made with certainty during life.

Of the secondary pulmonary forms of eancer those due to
metastasis have of course no surgical intevest. Of those carci-
nomata due to propagation from the surrounding parts, the cancers
of the mamma {ransmitted through the thoracic wall must be
mentioned here, as they have been the object of surgical treatment.
We will return to them later on.

Whether pulmonary carcinomata can be operated or not, is, as
SEYDEL says, not at all certain. This is comprehensible, because
90 per cent. start from the root of the lung, because they undergo
metastasis early, and because, in spite of all the progress that has
been made, an early diagnosis can hardly be arrived at.  Of fifty-five
cases SEYDEL only finds four suited for operation.

LENHARTZ operated on five cases and was successful in one. In
a desperate case he excised a diffusely infiltrating carcinoma bit by
bit, without finding with certanty where the healthy part began;
but he succeeded by systematic ray treatment into the open wound
in healing it up; after a year the patient was still quite capable of
earning his living and without any signs of a relapse. IHe died two
and a half years “after the operation.

All other operations—even a total extirpation of the lung by
KimurL—remained unsuccessful.

As vegards the sarcomata of the lung, we must distinguish the
extraordinarily rave primary sarcoma (there are thirty cases known)
and the much more frequent lymphosarcoma. The latter has
attracted special interest by baving been observed to be endemie
among the workers in the "'mhnmbug mines and is brought into
causal eonnection with the inhalation of arsenic dust. The l}-'mplm-
sarcoma starts from the bronchial glands and the peribronchial
tissue, pr::ulifcmtes further along the bronchi, and often forms
several large tumour nodules. Among 600 to 700 miners, in nine
years, there were 150 deaths from this form of pulmonary sarcoma.

The primary sarcoma, on the other hand. is generally formed
of one nodule which takes in a lobe of the lung or a whole lung.
The clinical symptoms of the pulmonary sarcoma are nfltumlh
somewhat similar to those of the carcinoma. Of diagnostie value
is the stridor, exceptionally loud in the ease of a hmp]msmcmlm,
and which 1s to be attributed to swelling of the bronchial glands.
It is often accompanied by enlargement of the veins in the mamma
and signs of compression of the nerves. Pleurisy more often occurs
with the sarcoma than with the carcinoma. In the pleuritic
exudation, which 1s generally serous and hamorrhagie, but which
may be purely blood, diagnostic value should be attached to the
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so-called giant vacuole cells. These cells are ten to twelve times
as big as leucocytes, and contain several vacuoles (E. FRaxKEL).

Not only the local eondition, but also the more frequent process
of metastasis, the rapid loss of strength and anmmia will make the
possibility of a radical extirpation in the case of a sarcoma appear
still less likely than in the case of a earcinoma.

Accordingly, a sucecessful operation of primary sarcoma of the
lung has not yet been published, but the large sarcomata which
have been removed from the thoracic cavity in the last few years
(by Frrri, GArri, MarriN, Ricarp) all started from the pleura
or mediastinum.

Whereas primary pulmonary tumours have up to the present
only seldom and recently been operated upon, tumours which have
spread from the thoracic wall to the lang have for a long time
and frequently been successfully operated upon and removed. The
method for maintaining difference of pressure has caused a con-
siderable mnerease 1n the number of these operations in recent times.
It is generally a question of chondromata or chondrosarcomata
of the thoracic wall, of mixed tuinours, such as fibro or chondro-
myxosarcomata, or also of metastases from earcinomata of the
mamma, which from the thoracic wall have attacked the pleura
and lung.

Thus, in the year 15853, KRoxLEIX resected the thoracie wall
and the lung for sarcoma 1n the ease of a girl of eighteen. On that
occasion a sarcoma nodule was excised with the scissors out of
the lung collapsed by pneumothorax, and the pulmonary wound
closed by some catgut sutures. After four years a fresh pulmonary
sarcoma about as big as a fist with part of the lung, had again
to be extirpated, also successfully.

Three years later the girl was perfectly healthy. This repeated
suceessful resection of the lung is indeed unique, and at the same
time an encouraging example of what is possible in the surgery of
the lnung.

HerreEricH went further. In the case of a sarcoma of the
thoracic wall and the lung, after lizature of the hilum he extirpated
the middle and lower lobe—thus performed a regular pneumectomy.
After the detachment of the bronchus and the vessels for the upper
lobe, partly with sharp, partly with blunt instruments, the large
vessels and the bronehi for the middle and lower lobes were liga-
tured round a point and fixed with two large clamps and strong
catgnt. A residuum of pulmonary tissue which remained attached
to the stump was sutured over the transverse section of the bronchi
and vessels, so that the stump of the hilum received a serous cover-
ing. The ensuing gap was loosely plugged with sterilized gaunze, as
the soft parts did not suffice to cover it.

If 1n this case the severe operation was not subsequently justified
by a favourable result, still this extirpation of the lung remained
of importance to the technique of the surgery of the lung.

Recently, aided by the method of maintaining difference of
pressure, extensive resections of the thoracic wall have been per-
formed with the best results. Whereas formerly in fifty-one such
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operations, there were seventeen deaths, SAUERBRUCH, KUTTNER
Hackir, Horrmany, REsINGER and GARRE have cured cases
without any accident (WERNER). The defect in the pleura is
immediately plastically covered with a thick skin-flap, in which
above all attention must be paid to an air-tight closing suture.
A button suture close together and low down is made on the
lower surface of the margin of the lobe without going through
the cutis and the margin of the gap in the thorax ; over this follows
a closely adjusted suture of the cutaneous margin.

Therefore the prospects are favourable for curing the carcino-
mata and chondrosarcomata attacking the lung from the thoracie
wall ; as to whether the cure will be permanent or not we cannot
say at the present time.

The operation on tumours of the mediastinum and the lung is
considerably simplified by the method of maintaining difference of
pressure.  While able to survey freely the pleural cavity with the
lung inflated as much as desired, it permits of a free examination of
the extent of the tumour and unhindered manipulation. YWhen it
seems desirable, a preventive arrvest of hmmorrhage can also be
carried out ; the vessels of the hilum are, according to SavERBRUCH,
to be temporarily compressed with a thin rubber hgature, or with
FriepricH's hilum forceps.

The apparatus for maintaining difference of pressure 1s not abso-

lutely necessary for the operation. Before its invention tumours of
considerable size were successfully extirpated from the thoracie
cavity, and I, myself, have had such cases. Only then the lung
must never Iw allowed to retract completely, as long as the phlm*n
1s open. It 1s drawn up forcibly to the aperture in the thorax.
The thoracic cavity is protected hj. warin wet compresses, while the
field of operation is left free.

The nature of the operation on the lung is determined by the
extent and loeality of the tumour. As we have seen above, 1t may
be a question of a total extirpation of a lung, in which the main
difficulty 1s a reliable treatment for the hilum of the lung (¢f. General
Technique on this point).

If the greater part of a lobe 1s attacked, then this must be extir-
pated after previous hgature of the vessels; a possible residuum of
parenchyma is utilized for sewing over the stump. Smaller tumours
are best cut out of the parenchyma ; this ean be done almost blood-
lessly with two Dovex stomach clamps, or with the erushing forceps
constructed by ScHUvMacHER., The inecisions are better made with
straight strong seissors than with the kmife. A deep pulmonary
suture and a continuous fine pleural suture finish the operation
(e.f. on this point “* Healing of Pulmonary Wounds and Technique of
the Pulmonary Suture,” pp. 68 and 69).

When the operation has left a surface wound of the lung, this
may be advantageously fixed in the field of operation of the thoracie
wall with some sutures. When the pulmonary suture 1s smooth,
and closed awr-tight, there 1s nothing to prevent the simple cloqmg
of the thorax.

The question of the drainage of the pleural cavity after such
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operations has been very fully discussed. My point of view 1s to
abstain from drainage whenever possible. When one is certain of
the asepsis, then an extravasation into the pleura need not trouble
us. A single puncture on the third or fourth day removes it per-
manently. In a third of the cases a considerable sero-sanious
extravasation, with fever, quickened pulse, and difficulty in breath-
ing, occurred. This is due principally, no doubt, to slight infectious
intra-operationii, and to 1'l.llt1*-:L}_:l1.1(3h secondary htuumrllmrru and
mechanieal and thermal irritations of the plmtm, as is unavoidable
in every operation.

When it is impossible to prevent infection, or when the
mechanical conditions are unfavourable, it would be foolish to
abstain from drainage on principle.  Then the valve-drain of
THIERSCH or of Tlhh—l*‘l.- comes in useful (see fig. 42, p. 69). In all
doubtful cases a small safety valve should be left open. Kvery
endeavour will, however, be made not to leave a wide opening in
the pleural cavity, either l.ur closing a gap in the pleura, which 1t 1s
impossible to suture, by a ]‘11"!.-‘3';!1’.. operation on the lung (other
organs, too, can be used for the purpose, diaphragm, pericardium),
or, in the case of large gaps in the thoracie wall, by mobilization of
the adjacent bony parts of the thorax, and the covering of the gap
by a skin flap from the vieinity, so as to make the opening as small
as possible. In extensive resections of the lung it must never be
forgotten that the cavity formed must be able to shrink and dis-
appear by the development of the remaining pulmonary tissue,
approach of neighbouring organs, and, above all, by a sufficient
mobilization of the rigid circle of ribs.

As in the case of injuries, so here, the possibility of a hamo-
thorax owing to secondary hemorrhage, or a tension pneumothorax
owing to insufficiency of the pulmonary suture, or of the bronehial
closing, must never be lost sight of. Puncture and aspiration—
repeated, 1f necessary —generally remove all threatening dis-
turbances.
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CHAPTER XIIL.
PULMONARY ECHINOCOCCUS.

TuE echinocoecus is found, next to the liver, most frequently
i the lung, 7 to 12 per cent. of all cases. In Australia,
according to THoMAS, pulmonary echinococcus is very frequent.
Its favourite site is the right inferior pulmonary lobe, in which it
oceurs as often again as in the left lung. It is usually isolated, and
may develop 1 the loose pulmonary parenchyma in a relatively
short time to considerable size. The fibrous capsule surrounding
it, which consists of degenerated connective tissue and compressed
pulmonory tissue, is very thin; so it often happens that the para-
site by perforating the bronchi discharges its crystal clear contents,
together with its daughter-cysts, outwards. In this way, as we
could constantly observe in Mecklenburg, where echinococei are so
plentiful, spontaneous healing may take place, but there 1s, on the
other hand, the great danger that, owing to this sudden flooding of
the bronchial tree, the patient may suffocate. BSuch perforations
are accompanied by very troublesome irritant coughing, which often
lasts for weeks, even months ; after a hamoptysis, large quantities
(1 1b. to 1 1b.) of “Ltw—(:DIGul'Ld watery sputa are evacuated, in which
are usually found whitish or vitreons membranes, which histologi-
cally present the characteristic stratified structure of the chitinous
investing membrane of the eysticercus. Whole secondary cysts, as
big as a cherry, may also be expectorated ; echinococcus tenaculi
are very rarely absent from the sputum. After it has burst, signs
of the formation of a cavity are rarely observed, because, owing to
the absence of a rigid fibrous membrane, the pulmonary tﬁaue
quickly expands and the cavity collapses.

Bursting into the bronchi, however, does not always lead to the
complete expectoration of the 11:4,1':1.t;it.e. It is not nnpossible that
the unilocular hydatid does not die out after the rupture, and, after
cicatrization of the fissure, may fll up again; if secondary cysts are
present 1t 1s a lucky chance 1f all are conghed up ; one single one left
bebind will cause a relapse.

The bursting and evacuation fairly often occur into the free
pleural sac. Violent pleurific pains, exudation mmediately demon-
strable, perhaps symptoms of collapse, and, in consequence of the
resorption of the echinococens fluid, an extensive urticaria, are the
classical symptoms. Fever is absent or only slight. The pleurisy
slowly disappears, the pains continue for a long time, the exudation
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1s fibrous, il the cysticercus does not become purulent. The cysti-
cercus may also develop primarily in the pleura (twenty-six cases)
and there also perforate.

E.and M. Vincent ascribe pleural echinococeus to the forma-
tion of specially thick indurations of the connective tissue (pachy-
pleuritic échinococeique).

The bursting of the pulmonary echinococcus through the
diaphragm 1s unusual, whereas, on the contrary, a lnd.lt]{l of the
top of the liver often perforates the right pleural cavity or even the
lung after adhesion with the dt'i,pln*drfm. These conditions are
difficult to diagnose, sometimes impossible, unless bile is mixed
with the echinococeus fluid evacuated into the bronchi, or if already
previously a tumour of the liver has been diagnosed.

The diagnosis 1s generally difficult, for the hydatid enclosed in
the pulmonary parenchyima does not betray itself by any char-
acteristic symptom. Small and centrally placed cysts generally
remain without symptoms. In the case of large hydatids, the
patients generally complain of a feeling of tension and of lack of
breath. With the spasmodic fits of coughing and the bronchitis,
slight, but irregular, increases of temperature occur, which are
probably to be interpreted as the result of the congestion of
secretion in the compressed bronchial branches. The sputum has
sometimes a disagreeable smell, and 1s, like the bronchicctatic
sputum, globulated.

According to the aspeet of the symptoms DIEULAFOY has
recently distinguished three stages of the disease: the initial
stage of the usuail}' still latent cysts, which with its irvritant cough
and sanious sputum, when the physical symptoms are indefinite,
suggests to every investigator the diagnosis of initial tubereulosis,
especially when there are also symptoms of pleurisy. In a country,
however, where hydatids oceur frequently, this possibility must
always be seriously taken into consideration. SCHMEDEN considers
the absence of night sweats in the case of pulmonary echinococcus
as important for its differentiation from phthisis ; this does not
acree with my observations. On the other hand, the sudden
appearance of the pluurisy is worthy of notice and, as SCHMEDEN
msists, the fact that the patient can lie on the diseased side
without discomfort.

The second stage of the advanced tamour 1s characterized by
the appearance of a dulness, which, when the vesicle is situated in
the lower lobe, appears as a curve convex above, but generally
produces quite irregular areas of dulness with unu}'a,sed breath-
sounds, among which normal breathing and full pulmonary sound
or even intensified respiration may occur, whereas, if the eyst is
sitnated on the surface, it also makes its presence known by
pleuritic friction and less frequent fine rile. We must also
mention those symptoms which arve caused purely mechanically
by the progressive, space-restricting growth of the eyst—the
distension of the thoracic wall, the displacement of the heart, the
diaphragn and the other organs.

In the third stage the symptoms of the bursting of the cyst or
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the suppuration come into the foreground, and then the expectora-
tion of the amber liquid with ifs scolices and chitinous investing
membrane, nay, even whole daughter-cysts, which can be micro-
scopically :'[Jstmgmaheﬂ, as well as the urticaria which sets in on
the bursting of the evst, are characteristic points not to be mistaken
mn -f]I.l*TI]ﬂ%]H.

The diagnosis 1s Just as easy at this stage as 16 way be difficult in
the initial stages, especially as an urgent warning must be uttered
against having resort to a diagnostic exploratory puncture here as in
echinococcus of the liver, on account of the danger of pleurisy and
general poisoning.

Very welcome, thevefore, is the progress made in several
directions during the last few years in the diagnosis of echinococcus.
As far as the increase of eosinophile cells in the blood is concerned,
this has no great value for purposes of diagnosis, for, according to
RosELLo, this occurs as long as the parasite 1s alive, and also,
according to SEELIGMANN, occurs in the same way in all other
diseases due to worms in human beings. Quite apart from this,
the ascertained presence of eosinophilia when pulmonary echino-
coceus is suspected offers no certain differentiation from several
other complicating affections of the lung, such as asthma or simple
bronchitis, which, as 15 well known, may cause a similar modification
in the state of the bloaod.

Much more important appears to be the method of fixation of
complement first discovered by CREping, the efficacy of which has
been confirmed by many writers (WEeIsBErG, IsragEn, MEYER,
KREUTER, &e.), according to which the serum of hosts of hydatids
with hydatid fllid and the alcoholic extract from the hydatid cyst-
wall reacts positively. The technique of the reaction is exactly
the same as that described by WassErMaxy for the sero-diagnostic
of syphilis. BSome people deny this, but KREUTER, nevertheless,
considers the reaction can be used in practice; his criticisin runs
as follows :(—

“The echinococcus produces in the human organism specific
antibodies, which with alcoholic extract give fixaticn of
vr_'mul}lum{:ni.

“The reaction cannot as yet be absolutely relied on, as it fails
in individual cases when echinococcosis is certainly present, and
as hosts of tape-worm sufferers from syphilis and leprosy react to
echinococeus antigen.

“Still it is an exceptionally valuable adjunet to our diagnostic
remedies. DBy mmproving the method, increased usefulness may
be expected.”

If the diagnosis of hydated disease is generally settled in this
way, only the X-ray picture can, as a rule, decide the exact position
and size of the eyst in the lung, and it is specially its rounded form
and clear contours which strike the eye. According to whether
the sac 1s full, or not, you see a sharply defined, rather dark
uniform shadow, or a sharply defined dark ring, the inside of which
15 abnormally ];n"h t ; the first picture corresponds to a cyst which is
full, the last to an emptied sac, the wall of which, according to its
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thickness, appears in varying degrees dark, the cavity, filled with
air, appearing light. Sometimes by the use of X-rays the differen-
tiation from an LLl‘Ilﬂ{}LULLllb of the liver, so diffienlt to diagnose,
may be successful.

The prospects of spontaneous healing are not favourable. It
may occur owing to the parasite which has perforated into the
bronchi being coughed up, or after bursting into the pleura, if no
secondary eysts are present, or finally, owing to the death of the
cysticercus with inspiration of its contents, or caleification of its
capsule. This is, however, unusual. Generally the sufferers die,
either on the bursting of the cyst (suffocation pleurisy) or as a
result of the suppuration of
the cyst, or the accompany-
ing complieations ; broncho-
l}mmnmnia, foetid I.'nu_‘:m,hltla.
pulmonary gangrene and
empyema. It is, therefore,
perhaps comprehensible that
TERRIER and REvyMoxD do
not consider the bursting
into the bronchi as the pre-
liminary to spontaneous
healing, but consider an
operation most urgent.

Of internal treatment one
cannot really speak—up to
the present there has been
no possibility of any causal
therapy except by surgical
measures. Statistics of the
medicinal expectant therapy
oive a terrible rate of mor-
tality, namely, HEArN gives
out of 125 cases 64 per cent.,
T'HOMAS Gl per cent. out of
208, MapeLuxa, 315 per | 8
cent., BECKER 25 per cent., =
VeGas and CRANWELL 52 Fig, 20.—Pulmonary echinococcus (lateral expo-
per cent. sure according to ALBERS-SCHONBERG).

Puncture, with or without
subsequent injection of something which kills the hydatids, (such
as sublimate 1 per cent. or formol 1 per cent.) 1s an extremely
dangerous proceeding. Out of 36 such punctures PAsQUIER counts,
for example, five deaths immediately after the puncture, three a few
hours after, and four during the next few days, and on the whole a
mortality of 63°8 per cent.

Mavpn reported 11 deaths out of 16 cases treated with puncture ;
others also report sudden deaths following the puncture.

The same reasons which forbid the puncture of the cysticercus
in the liver and other organs of the abdominal eavity are also valid
in the case of pulmonary echinococcus. They are, apart from the
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uselessness of the procedure when secondary cysts are present, the
dangers of poisoning by resorption of the fluid, dispersion of the
cerms, plenrisy, secondary suppuration and Imulmlrlmgv of the lung.

Surgical treatment has then, thanks to the much better results
obtained during the last dLL:L:lL, gained more and more ground.
Compare the following fizures. In my collection of 99 cases, in
which the hydatid was laid bare by incision, 78 recovered, that is
about S0 per cent. GIUMBELLOT gives the latest statisties collected,
223 cases, of which 194 were cured and 29 died; that gives a
mortality of 13 per cent., and 87 per cent. of cures after operation.

The operation is relatively simple, when it 15 possible to locate
the eyst aceurately and—this is most important—when 1t is not too
deep down n the pulmonary tissue. An exploratory costal resection
15 first made and then enlarged as required. Posapis makes a
temporary resection. Then fnllmn pneumotomy. The presence of
extensive pleural adhesions may make this considerably easier.
Then 1t 1s only necessary to cut through the pleura and pulmonary
tissue slowly in layers to the wall of the cyst. They may, however,
make the investigation more difficult, if the thoracotomy is intended
for the purpose of exploring, when the localization is uncertain.
In more than half the Lclf-:{*l-: there were no adhesions ; 1n the non-
infected eysts as many as T2 per cent.

When the pleura is free the lung must be fixed for the incision
and the parts around sutured, in order to avoid the infection of the
thoracic cavity. Should the echinococcus not be found at once after
thoracotomy, the lung must be examined with the hand. This is
easily and quickly done by the method of maintaining difference of
pressure, but requires care when operating without the apparatus ;
then the pnewmothorax 1s produced slowly and the lung meanwhile
is fixed at the opening of the thorax.

Only after the most careful closure by suture of the other free
pleural sac by a back-stitch suture may the cyst be incised and
evacuated ; this holds good not only for the infected but also for the
non-infected cases. 1 was obliged to perform the operation at two
different times when there was an insecure, easily rent suture on
the right upper lobe. Omne must be guided by circumstances:
generally the opening up and the removal of the parasite can be
performed at the same time.

Some surgeons inject 1 per cent. formol into the denuded sac,
with uncovered pleura before the opening up to kill the germs.

The membrane of the hydatids is easily detached ; the fibrous
adventitious capsule can only in exceptional cases be peeled off the
pulmonary parenchyma without risk, and as a matter of fact this is
not necessary. The defect 1n the lung grows visibly smaller by the
expansion of the contiguous collapsed pulmonary tissue, to which
the thin fibrous capsule enveloping the cyst offers no resistance.
Indeed, I am of opinion that under favourable Luuunatanceﬂ 1}
primary adhesion of such a cavity is possible and therefore in a
case of pulmonary echinococcus, without complications, I would
venture the primary closure of the evacuated cavity with a suture.
Thus, for example, Warrner achieved a splendid and prompt
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success by injecting into the sae emptied by puncture after
thoracotomy 1 per cent. of formol according to DEvE, removing
the cyst five minutes later, making sutures and closing the thoracic
wall over them.

CrayWELL and VEGas, out of their 23 cases of aseptic pulmonary
hyvdatids, operated on 18 with drainage and five without drainage
with primary closure ; of the last, however, two patients sucenmbed
to pneumonia. They, therefore, only advise primary suture, when
dealing with a relatively small evst with thin, not indurated or
inflamed inspissated wall. GuiMBELLOT reports only one death out
of 21 eases of primary suture.

GERULANOS succesded four times, after laying hmv the lung,
in uniting the two pleural layers by suture. Then an incision was
made in the lung, the cyst opened up, evacnated and most carefully
cleansed. After mmserting a drain, he sutured the pulmonary wound
very carefully round it to "the incision in the thorax. If the patient
is told to cough and press and the secretion is removed daily from
the cavity with a syringe, then the walls quickly close together ; on
the fifth or sixth day the drain can be removed.

It does not seem to me right to lay down any rules here. The
operator decides best in each case on its own merits,

When for any reason an immediate suture does not seem
advisable—primarily, of course, in all infected cases—the sac of the
cyst is sutured into the wound in the thorax, a loose tampon
inserted or drained. Healing often results in a short time, if no
fistula 1s formed.

In hydatids placed centrally, the location of which in spite of
the X-ray photograph cannot be diagnosed with any amount of
certainty, the operation is rendered much more difficalt. Hememor-
rhage is especially to be feared when an inecision is made.

I..'H-\J-., therefore, recently objects to any operation on these
central cysts, but, from numerous statistics and investigations,
comes to the coneclusion that only the large cortical or parapleural
hydatids, whether closed, open, or having perforated the pleura,
should be handed over to the surgeon, and the small central para-
bronchial ones should be subjected to the expectant treatinent, and
the spontaneous bursting into the bronchial tree should be awaited,
as an operation in these cases is risky and dangerous and ”(.-I‘.lt‘lﬂ.”j-"
qun,e useless. Washing out the I'ﬂ,ﬂaud cavities with anything
whatsoever 1s not to bz, attempted ; secondary pnenmoma, risk of
suffocation and 1mmediate mortal embolism would be the
consequence.

As in all cases of extensive pneumotomy, the operation involves
some direct and indirect dangers. These are hmmorrhage, septic
pleurisy, bronchopnenmonia, wmnd.m pneumothorax, and, in the
case of large and dilated hydatids, the formation of a fistula 1tu.L]xe
cases), which necessitate a second operation.

I have already spoken of the results of operation, which abso-
lutely justify strongly recommending surgical treatment for echino-
coceus of the lung as soon as it 1s recognized. Any delay involves
great risk to the patient.
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CHAPTER XIII.

FOREIGN BODIES IN THE LUNG AND IN THE
BRONCHL

ForeiGy bodies reach the lung either through the chest-wall
(bullets, knife wounds) or t]nnufr]l the larynx or a wound resulting
from tracheotomy (broken pieces of cannula). Only rarely do
objects from the msophagus perforate into the lung.

Bullets, and similar foreign bodies, penutntmﬁ into the lung,
when they are more or less aseptic, become encapsulated and heal
up permanently without reaction.

In this way foreign bodies may remain in the lung for decades,
without any important symptoms.

Thus MaNET reports the case of a patient who for fifteen
years went about with an iron blade piercing the lung from top to
bottom. The pulmonary tissue, enclosing the meI-rn body, was
perfectly healthy and had plmlﬂeﬂ it with a thin-walled sheath.
In the same way VELPEAU saw a man whose lung contained a long
piece of a foil, which went straight through the thorax and one end
of which stuck 1n the middle of a rib and the other in the body of a
vertebra ; the middle portion situated mm the lung was covered with
imcrustations of lime.

But fairly often these foreign bodies give rise later to phenomena,
the bacteria which penetrated with the foreign body, which at first
took no effect, becoming virulent and having serious consequences.
Sometimes the foreign bodies are coughed up ; they may also, after
having apparently healed up ulthnut reac Lmu L"Ill’.]."il‘l"LI' life by
vaseular erosion.

They are generally easily localized by the use of NX-rays. This
makes the operation, which may be necessary, easier. The latter
15 only indicated when the injury itself ummacil.Lt.elj leads to
phenomena dangerous to life or when an infection (pulmonary
abscess, gangrene, empyema) follows. Otherwise an expectant
treatment is 'a.dnpl;eﬂ Subsequent operations are necessary when

vascular erosion, already mentioned, or secondary infections oceur.

[;HH[HTUWIJH: H succeeded in removing a H-‘iﬁl‘l.’n?] bullet from a
patient aged 22. On the sixth day after the injury he had to be

operated on Iur septic pleurisy. The bullet lay to the left in the
drd intercostal space. After enlargement of the resection the
surgeon could feel the bullet in the lung ; he made an incision here
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and applied 2 tampon to the wound cavity, after removing the
bullet and the necrotic pulmonary tissue.

KRorTEwEG extracted from the lung of a man of 23, wounded in
South Africa, a splinter of a lyddite shell, on ’I.u:mm!, of repeated
hemoptysis, about half a year after the injury. When the shell
burst a few paces off the splinter pierced him on the right in front,
between the 2nd and 3rd rib in a medial direction. Patient
suffered from lack of breath during the first few hours, and a few
days later coughed up maladorous hl:md otherwisze, except for an
uncomfortable lmlmg_, when he took a deep ]Jl]‘.{ELT.-h ne had no
symptoms. About three months later, however, hamoptysis
occurred, which was repeated and {wcm-_:iuuud the operation.
KorreEwEs first resected the 2nd rib, and, in attempting to reach
the pulmonary scar, opened up the free pleural cavity. He there-
upon suspended the operation and fourteen days later removed with
some difficulty the splinter and some hts of clothing. The patient
recovered. The splinter was 4} em. long, 1{ cm. thick and
weighed 42 g

Bodies entering the bronchi in the natural way are very
various. For practical reasons it is well to arrange this medley
into different groups.

(1) Round or flat bodies (bullets, eoins).

(2) Irregular, pointed, jagged bodies (bits of bone, &ec.).

(3) Bodies that can swell (beans, &e.).

(4) Ears (of corn, spikes of grass, &c.).

Foreign bodies penetrate more frequently into the right bronehus
than into the left, which is due to anatomical Lundlimuu (ef. fig. i',I]].
The position of ‘the patient, too, when the object is :l‘"-ip]l?ﬂ 15
immportant. According to their size and surface they penetrate
more or less deep. Hars of corn, &e., owing to their shape, may
move rapidly and pierce the pulmonary parenchyma. Jagged
bodies will soon come to rest. Round bodies are more likely to
injure a bronchus than those of irregular shape, especially when
they subsequently swell.  Apart from the position of the foreign
body, the total or partial obstruction of the bronchus by it, the
q}lnpmlnﬁ are influenced by the fact that the body 1s movable or
immovable.

As regards the symptomatology of the foreign body in the
bronchi, we must distinguish between the initial stages and the
subsequent condition.

The immediate symptoms, apart from local pain, are : weaken-
ing or suppression of the breath sounds and the respiratory
movement i the corresponding part of the lung.  There may be no
dulness ; if it is present it may be caused by atelectasis and also by
an mflltmtmn (which may very easily 'D('{:Lll} The voeal fremitus
and the respiratory expansion of the thorax is reduced. If there is
any sputum it 15 sometimes partly sanious. DMoreover, more
severe hmmoptysis owing to vascular erosion 1s not at all rare.
RiviNGTON reports lmt} -four cases. Purring and whistling or
rattling sounds (shivering according to ]]T.Il[ YTREN) In one half
of the interscapular cavity arve of -‘-:[!E'C:l'ﬂ mnportance.  Want of
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breath must also be mentioned. Especially in the case of foreign

bodies which can still move about, attacks of coughing and

suffocation, choking movements and vomiting, twitchings, even

attacks of unconsciousness, oceur. In rare cases, when the bodies

are very mobile, owing to dyspneea which would otherwise

set 1n, the patients adopt an unnatural position.
Lieft

Right

Beromelsi

Arterigsns
pulmonalis

F1G. 91.—The air-passages and their ramificatlions projected to the posterior
thoracic wall,

All these symptoms, except the first attack of conghing and
suffoeation, which can scarcely be absent during the passage of the
foreign body through the glottis, may be either lacking altogether
or very shight; in this way the diagnosis may be rendered very
difficult if the anamnesis is insufticient, especially when, as not
infrequently happens, the pain is in the gastric region.

In very many cases then the use of X-rays, which has become of
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more and more importance during the last few years for the diagnosis
of foreign bodies in the air-passages, may satisfactorily solve the
difficulty. It is eclear that in this way at least all metal foreign
bodies due to aspiration, which are in the trachea or bronchus,
can be demonstrated; more important than the demonstration
of the foreicn body is the determination of its shape, size and
position, as well as its prospective position in the bronchial
system, which 1s made more and more possible by more exact
anatomical knowledge and the profound X-ray studies of the
organs of the thorax by HonzixecHT, DE LA CaMpP and Krarr.

Fia. 92.—Pin in a bronchus. (According to GOTTSTEIN.)

If the so-called stereo-tubes are also used, we can, with the help
of the Rontgen gange of depth, read on a secale both the depth
and also the lateral vertical distance of the body to be determined.

As regards non-metallie foreign bodies, the bone due to aspira-
tion certainly casts a shadow, but generally not sufficiently large or
intense to differentiate it from the other parts of the skeleton.
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Nevertheless, in this case, as in that of other foreign bodies of this
kind, the demonstration mayv be successful secondarily by the use
of the X-rays. Thus, for example, a swelling pea may completely
obstruet a bronchus, and so cause collapse or obstruction n the
part of the lung in question, in which condition, on the one hand,
modifications in the type of breathing, &e., on the other hand, the
formation of shadows i front of the screen, may be observed.
When the foreign body has been located there for some time,
naturally the surrounding infiltration noticeable in the XN-ray
picture, the formation of eicatrices or abscess, give us the necessary
information.

Far more important,
however, for the diagnosis
of foreign bodies which
have been aspired than
the use of X-rays and the
physical methods of exam-
ination mentioned before,
as well as laryngoscopy,
has bronchoscopy become
so brilhiantly developed by
Kinriax during the last
decade. When discussing
therapy we will enter more
fully into this.

Whereas the foreign
bodies which reach the
lang through the chest
wall bave a tendency to
become encapsulated and
toheal up without reaction,
those bodies which have
passed in in the natural
way generally lead, sooner
or later, to serious results.
Only one case (BLUMEN-
"I"".-"l:l'.] iFE known in “'}'I'il::h Fia, EJ.';'I._—I:"uruEgIJ 'IHH]:.' in the lung.

a pece of a tracheal

cannula due to aspiration, and which after pulmonary symptoms
had persisted for two months, healed up. In most cases, unless the
foreign body is coughed up, or removed by operation hLleLh purn-
lent iJI‘DI’IEhlUH, pneumonia, bronchiectasis, abscess, or gangrene, is
the result. Pulmonary suppurations caused by foreign bodies are
generally putrid in character (¢f. Chapter VL., p. 115, “ Abscesses
caused by the Presence of Foreign Bodies”), and very often have
the unfavourable prognosis of chronic abscesses. They are fre-
quently multiple and spread over large portions of the lung. The
sangrene may also be ecombined with bronchiectasis.

In the ease of transformations of the lung not clearly to be
accounted for, according to F. A. HorrFymany, one must think of
foreign bodies when one finds: “ (1) Circumscribed bronchopneu-
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monia and bronchiectasis in the right inferior lobe ; (2) signs which
denote the formation of an abscess without any cause being ascer-
tainable; (3) in older people, especially when there is a peculiar
condition of somnolence, as in the cases observed by HAMBURGER
and HeEcKER, which appears inexplicable and when the respiration
is curiously affected.” In many cases the use of X-rays will clear
up the difficulty.

[t is well known that foreign bodies, after causing trouble at
first, may often persist for years without cau.»:iu;,; any trouble—as in
a case of STADELMAKN'S, for six whole years, till gangrene or
abscess with empyema suddenly appeared, or, as in the case reported
by IKinnian, when a needle which had been in the body for ten

F1G. 94.—Bronchoscopy in a recumbent position. (According to BRiNINGS.)

years suddenly gave rise to heemoptysis and had to be extracted. A
foreign body due to aspiration may also cause chronic bronehitis for
years and thus rouse suspicion of the presence of a tubercular process.

HoFMEISTER mentions a case observed by Mackexzig, who
reports the spontaneous expectoration of a it of bone which had
been lying in the bronchi for sixty vears. When ears of corn are
aspired the abscess often breaks out through the wall of the thorax,
when the foreign body i1s cast out. DBut as these bodies can com-
|llI-IEJ‘-I ly easily HFIF'- through the lung, if there are either no or
imsuthicient pleural adhesions, they may lead to pneumothorax (Ast,
ZUPPINGER). Ple urisy has also been observed after the aspiration
of 1'."|'|"if,.:'| ||“|“[!H :|r||i lrm'-. !Hllllllll'l. |||." .'I,[[:I'il]lllL"ll Lo 'IH'["‘;iiHl:"'u
bronchopneumaonia. + have already mentioned elsewhere that
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foreign bodies (beards of corn, carious teeth) may also aet as host
of the actinomyeces penetrating into the lung. It is of interest to
note that the actinomyees fungus reaching the lung throngh the
instrumentality of a foreign body, as shown by SCHLECHTENDAHL'S
case, does not necessarily develop specific characteristics.

A child, aged 3, after aspiration of an ear of corn, died of
pulmonary gangrene. In the pus in the immediate vicinity of the
ear actinomvees were discovered by the aid of the mieroscope,
whereas they were absent from the more distant bronchi and
cavities, and also, entra vilam, actinomyces were never observed,

:"‘:l"'.'l'l"l]tf‘lf-:‘--i,_]:-llhll:':-!'lii'l'_‘v.' Iil'[i]]ﬂlllllk'£?4IHEH had not rlu".'q-|ujn-|]. and
the pvogenic micro-organisms, which had evidently entered simul-
taneously, had held the field against the less virnlent actino-
mvyces,
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When we consider the not infrequent unfortunate consequences
of foreign bodies which have not been removed (hmmoptyses), and
the most unfavourable prognosis of operations on the secondary
pulmonary suppurations caused by them, the necessity of an earlier
active therapy needs no stronger argument.

The following therapeutic measures may be considered :—

() Bloodless.

(1) Alleviation of expectoration by position and external
manipulation as well as by emetics (apomorphin).

(2) Extraction of the foreign body with the assistance of
bronchoscopy.

(6) Surgical.

(1) Liow tracheotomy.

(2) Interthoracic tracheotomy immediately above the
bifurcation (MiLToxN).

(3) Bronchotomy from the posterior mediastinum.

(4) Pnewmobronchotomy.

MurpPHY recomimends, according to the procedure of WEisT in
recent cases, to hang up the patient by the feet and during expira-
tion to press f{JlLlhl\ on the breast.

Adult patients can be placed right across a bed with the upper
part of the trunk hanging down, the hands resting on the ground,
and told to make violent expiratory movements, while the inspira-
tion is cautious and gradual. Such attempts will be made as soon
as possible after the aspiration, before the foreign body has become
fixed. The application of cocaine to the larynx might make the
passage of the foreign body easier. If the foreign bodies are very
irregular in form, such experiments will not be made in the case of
weakly people (especially old people), on account of the danger
connected with the passage of the object through the glottis.

Then bronchoscopy plays its part. The method elaborated so
admirably by Kirniax and his pupil Bri'NinGs renders excellent
service. In the last edition we had to say: “The method is too
new for i1ts indications and contra-indications to be determined,’
but now, by reason of the hundreds of brilliantly sucecessful cures
by the r:n.pmt we can hardly name a contra-indication. Out of 303
patients, from whom a foreign body was extracted with the aid
of the bronchoscope, according to v. EICKEN, 233 were completely
cured. 'The technique is not easy, and here, as in all these things,
individuality will play a considerable part, and many failures will
certainly not be published. Still the method need not remain
solely in the hands of the specially trained laryngologist, but the
instrument, bronght to such high technical perfection by BRUNINGS
in the last few vears, should now be in the hands of every surgeon.
Bronchoscopy has also aided us in diagnosis in an unexpected way.
I would remind you, apart from the discovery of “ unsuspected ”
foreign bodies, of bronchial carcinoma, bronchial fistulme, bronchi-
ectases, parabronchial echinocoecus, &e.  Naturally, therapy has not
remained umnfluenced by this.

BriNiNGs™ new broncho-electroscope consists mainly of three
parts: (1) The tubular spatula, that is, a short, thick tube, sloped
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off in front and somewhat broadened, through which (2) the per-
forated sliding tube can be pushed deep down into the bronchus of
the inferior lobe to anything which requires removal. The sliding
tubes arve provided with a toothed
spiral spring which works on the side
of the tubular spatula, and by means
of a toothed spring can be fixed in
any position required. The tubes
can be inserted at any depth required
without the distance of the source
of light or of the eye from the upper
opening of the bronchoscope having m

1, 97, —Tubular spatula (a) and
Fia. 96. —Brismxas’ bronchoscope, sliding tube (b).

Instruments made by Fischer in Freiburg-i.-B,

to be altered in any way. Several of these tubes of various lengths,
with a diameter of 5 to 12 cm. are sufficient in practice.

As source of light BrUNINGS uses, instead of KIrRsTEIN's frontal
lamp formerly used, a hand-lamp, which, closely connected with
the system of tubes, has a perforated adjustable reflector; through
the perforation the instruments remain under the control of the eye.

15
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The bronchoscopic surgical instruments are simplified 1 corre-
spondence with BRUNINGS tubes of different lengths, and his method
of adjustment, by the construction of an extensible forceps, to
which the various forceps can be screwed. The chief types of these,
as can be seen from the accompanying illustrations, are : (a) The
vulsellum, for solid foreign bodies with irregular surface (bones);
(h) the bean-forceps with its toothed branches with apertures for
soft bodies; (¢) V. Eicken's needle-forceps; (d) the forceps for
hollow bodies, grooved on the outside, with which tubes of very
various calibre can be seized from within by opening the forceps
wide : and (¢) the double scoop for exploratory excisions.

P fs o i Pl

Fic. 99.—Supplementary parts of the surgical instrument.

There is an upper and a lower method of bronchoscopy. In the
upper the tube is inserted in the natural way, that is, through the
mouth into the larynx, the trachea and the bronchi; in the lower
it is pushed through an incision made by tracheotomy, which 1s
either already in existence or has been made for the purpose of
bronchoscopy. In general the upper method will always be tried
first and, with a little practice, will generally achieve its end. By
tracheotomy the distance to be traversed is shortened by about
15 em., a great advantage with regard to illumination and the use
of instruments.

As regards the position of the patient during the examination,
it 1s necessary to decide each case on its merits. In many cases a
sitting position is uncomfortable because a good deal of saliva flows
past the tube into the trachea and causes continuous coughing ; in
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other cases, however, especially with bronchiectases, it 1s desir-
able, indeed unavoidable., Kinnrax ])t{‘fl’l-: a recumbent position,
especially lying on the side, but the patient must lie in such a
position that the place where the foreign body lies is highest and
the head lowest.

General anmsthesia is only necessary with children; with adults,
however, it 1s generally dispensed with, and absolutely in the lower
method of bronchoscopy. lLiocal anmsthesia is sufficient here and
pharynx and larynx should be first painted with a 20 per cent.
solution of cocaine and adrenalin, In a sitting position, controlled
by means of a mirror, and later the bronehi, especially the seat of
the foreign body, should be anwmsthetized with the endoscopic
cocalne spray.

If the attempts to remove the foreign body by superior broncho-
scopy fail, or if one is not in possession of a bronchoscope, then
low tracheotomy must be performed without delay.

Mohile foreign bodies, which
otherwise, by striking the vocal
cords, produce spasm of the
glottis, coughing and suffocative
H.Lt&lf_.lah which are very danger-
ous for weakly 111:11?1{1u¢1|*-..
children and old people, are
often expectorated immediately
after the opening of the air
passages, especially when, ac-
cording to CoLLET, both sides
of the incision in the air passage
are fastened by two sutures to
the eutansous incision, so that
there is a wide opening which
can be left without a tube, and
throngh which foreign bodies,
which otherwise come into con-
tact with the tube, can easily b
be eoughed up. Viscid mucus  Fic. 100.—Seizure of a foreign body with
in the bronehi and inthe vieinity the aid of the bronchoscope {extension of the

; .+ left bronchng). (v, Bickes.)

of the foreien body, which

hampersits movements, is wiped

away with a feather brush or sucked up with a Niinartox catheter,
We may recall the original method of GArreL, who drew a nail in
the |l"ht bronchus to ihL tracheotomy wound by means of a strong
magnet. BURK succeeded 1 extracting a serew from the left main
Im‘.-n(_‘.hus, which could not be located in spite of indirect broncho-
scopy, by means of an electro magnet. In the case of foreign bodies
which may swell, like beans, too much time must not be lost and
tracheotomy must be performed as soon as possible, even foregoing
the npper method of bronchoscopy (NEHRKORN).

If, however, the foreign body i1s firmly lodged in the mucous
membrane, and is not L{Jtl"hul up, an extraction with forceps or
similar instruments, controlled by the eve alone, is permissible,
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from the tracheotomy wound. The practitioner, especially if he
has performed tracheotomy according to Cornpner’s method, will
probably be able to see as far as the bifurcation of the air passages
with a simple funnel-shaped ear-speculum, whereas a short broneho-
scope tube ntroduced through the wound will render the surgeon
excellent service. The field of operation is nearer to the eye than
with bronchoscopy, it is better lighted, the determination of the
position and shape of the foreign body and the manipulation with
the forceps are much easier. Whether in the case of irregular
bodies which have penetrated deep down and got firmly wedged
in, we should abstain altogether from tracheotomy, we will leave
open. The prospects for the removal of these bodies are naturally
not specially good ; still, considering the magnitude of the opera-
tions which would have otherwise to be considered, this relatively
simple operation might well be tried first.

If by tracheotomy the foreign body cannot be extracted either
at once or soon afterwards, and it is not expectorated, we have

Fia. 101.—Feribronchial suture. [Aeccording to TIEGEL.)

to decide whether to leave nature alone or to attack the foreign
body directly through the chest wall.

After using the bronchoscope in vain, the method carried out
once successfully both by Huskr and by Mogrgis, of feeling along
the ramifications of the bronchus with long alligator foreceps,
working from deep tracheotomy under constant control with the
X-ray screen and extracting the body, calls for little imitation.

With the expectant treatment, with Iuck, an inflammatory
softening in the vicinity may make the foreign body mobile again,
so that later 1t 18 expectorated, or we can again make attempts at
extraction with more suceess. On the other hand, we shall by this
means expose many patients to the danger of serious pulmonary
lesions with their less favourable prognosis. Generally speak-
ing, in the case of round smooth bodies, as long as no threatening
symptoms arise, we may anticipate, with more probability than in
the case of iwregularly shaped ones, that they will scarcely be thrown
up spontanecously.

In such eases, and also in urgent ones, attempts have some-
times been made to extract the foreign body by means of mediastinal
bronchotomy.  Attempts to open up the main bronechi, or the
trachea immediately above the bifurcation, from the anterior or
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posterior mediastinum, have not, as vet, given very favourable
results,

Mirntoy, in the case of a patient on whom tracheotomy had
been performed, and who had a piece of cannula in the right
bronchus, after vain attempts at extraction, made an interthoracic
tracheotomy on account of fever and feetid sputum. After sawing
through the sternum in the median line, he succeeded in ex-
tracting the foreien body, but the patient succumbed soon to
mediastinitis, in consequence of insufficient tracheal suture.

Fiz, 102.—A, ScEwanrz's method of pecforming bronchotomy from the posterior
mediastinnm,

In fact, everything depends on a secure, air-tight suture. We
owe to TieGEL an expernmental study on the bronchial suture,
according to which radical sutures on the bronchus or trachea do
not answer to the demand put upon them. The peribronchial
suture (fig. 101), made with the finest silk, proved efficacious and
air proof. He tried to hasten fibrinous adhesion by painting with
Livcorn’s solution. The peribronchial suture becomes much more
secure when covered with a small piece of pulmonary tissue.

Judging by the successes of KiNig one micht strengthen and
secure the bronchial suture by a fascia plastic.

For the examination of a bronchus TIEGEL says :—

“A good approach to the bronchus is obtained in human beings
by an incision in the 2nd intercostal space, beginning from the
parasternal line, and taken as far back as possible. After opening
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up the pleural cavity (under the apparatus for maintaining increased
pressure) the 3rd rib, after two-fold acupressuve, 15 =evered as far
back as possible, and turned back. After forcing the ribs apart and
insertion of the rib-retractor, the opening is sufficiently large, then
the superior lobe, after detachment of any adbesions that may be
present, is pressed into the inferior anterior portion of the pleural
cavity, by means of which the bronchus, passing obliquely from
upper median to lower lateral, expands, and the whole hilum
revolves slightly. The bronchus lying behind the vessels 1s thus
raised and is easily accessible from the wound in the thorax.”

As far as [ know the method has not vet been applied fully to a
living person. Bronchotomy from the posterior mediastinum has,
however, been intro-
duced into practice ac-
cording to a method
developed as early as
1905 by A. BCHWARTZ
at the suggestion of
Quiisvu. IDDuxcan and
SCHIASS0 have sucecess-
fullv operated in this
Wiy,

AXNSELME SCHWARTZ
recommends the follow-
ing technique : Bending
back of an H flap with
the base at the margin
of the shoulder-blade,
severing the 5Hth, 6Gth,
Tth, and Sth nbs 4 cm.
from the transverse
process  and  bending
back outwards. Blunt
dissection of the parietal
pleura towards the ver-
tebral column (fig. 102).

_ : b On the right and lett the

116, 103.— Right bronchus laid bare, (According to anatomical topographi-

A, BoHWARTE. ) Cer B ke

cal conditions are differ-

: . ent. On the right side

you find beside the vertebral column the wsophagus, and above,

crossing 1t, a branch of the azygos vein. At this point you cease

removing the parietal pleura. The plenral sae, together with the

lung, is drawn forward with a tenaculum. The vagus nerve can

be seen for a certain distance and close to it in the angle of the
azygos the right bronchus can be felt (fig. 103). '

On the left side you very quickly reach the thoracic aorta. Yon
push the mediastinal membrane away from it till you come into
the vicinity of the aortic arch, push the vagus aside, force the lung
torward with a blunt tenaculum. Here also the bronchus, which
by its consistency is easily recognizable by touch, can be drawn
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forward. As on the right, so here, the posterior membranous part
presents itself in the incision (fig. 104).

Finally comes the question of pneumotomy. This is useful,
above all, in cases in which the foreign body has penetrated far into
the periphery of the lung, or when it 15 wudg:*d in a branch of the
third dLgrec

Thus BARDENHEUER suceceeded in loosening and promoting the
expectoration of a firmly wedged foreign body (set of teeth) in the
lower bronchial tree from a [:IlLuumlnﬂIth(}tmm before secondary
symptoms had appeared.

GOELTZ sncceeded in removing a trouser button located in the
vight prinecipal bronchus by pnenmobronchotomy, after vain
attempts at extraction.
He opened the thorax
below the clavicle by
bending back a semi-
circular flap of cuta-
neous musele and bone.
Thelungwas completelv
collapsed and the button

could be plainly felt. A
small ineision was made
in the lung, the foreign
body removed, and the
thoracic wall closed
without suture of the
pulmonary wound. The
patient preserved his
life.

HoOFMEISTER, for the
first time in 1904, made
use of bronchoscopy as
an aid in performing
pneumotomy. A shirt
button, mspired eight
months previously,
could be diagnosed by o
means of the broncho-  Fic. 104.—Left bronchus laid bare. {According to
scope, but on account A, SCHWARTZ.)
of the laree amount of
suppuration and the risk of hemorrhage 1t could not be removed.
HorMmelsTER therefore proceeded, after denndation of the focus
by pneumotomy, to prepare the way to the injured bronchus by the
bronchoscope tube, pushed the tube into the incision made for
pnenmotomy and removed the foreign body through the ineision in
the thorax. The patient died subsequently from abeesses on the
brain.

K1nLiax advises, in the ease of foreign bodies which are inacces-
sible when pneumotomy has to be performed, to proceed as follows :
to use the bronchoscope with 5 mm. tubes as far as possible, and
after the bronchus in question has been recognized by the discharge
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of purnlent secretion, &e., to insert into this a catheter which can be
manipulated from the opening in the thorax, so that pnenmotomy
should not be performed in vain and without result.

All these operations are, naturally, only indicated when
bronchoscopy promises absolutely no more hope of success, and
then an operation will only be performed when, by the X-ray
picture or the hmnc]mscnpe, the site of the forelyjt lmd}, has been
already accurately ascertained.

If patients are only brought to us when, after the imspration of
foreign bodies, the above-mentioned ﬁuumda.w conditions have
arisen, then we can only hope to gain anything by the mere
removal of the object if the secondary processes are not yet in so
advanced a state that spontaneous healing would appear to be
impossible.  Otherwise the transformations of the lung—abscess,
gangrene, bronchiectasis—must themselves be treated Hlll*flL'ILl]}
As abscesses caused by foreign bodies are frequently chronic in
character the operation must be as radical as possible and performed
according to the principles already explained. The corpus delicti
will not ;1]1'“1\5 be found on opening up the purulent focus, it may
be at some distance from it. Turrier collected eleven pertinent
eases ; four patients died, only two were considerably better, the
others remained uncured. For the operation on abscesses cansed
by foreign bodies see p. 117.

Here we may add a s-,lmlt note on bronchohithiasis. These so-
called “pulmonary stones” are mostly concretions of lime, which
are most frequently formed in cavities or bronchiectases. Desides
foreign bodies, clots of blood, pulmonory sequestrum, indurated
secretion, give rise to deposits of salt of caleum. In the few cases
described a chronic tubercular pulmonary process was almost the
sole eause.

The stones (concretions) singly, or sometimes occurring in large
numbers, are coughed unp, they are small, rarely as much as 1 em.
in diameter, sometimes pointed, so that not infrequently they occa-
sion severe pulmonary hemorrhage.

The symptoms are vague. Thm; can be seen certainly in the
X-ray picture, but are 111?1}' mtmpwtu‘[ aricht until a particle has
been conghed up.
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CHAPTER XIV.
HERNTA OF THE LUNG.

By herniz of the lung are to be understood only those protrusions
of the lung through a defect in the bony or muscular thoracic wall,
which are covered by skin.

They may be classified as congenital, traumatic, and spontaneous
hernize of the lung.

In the first the hernia is not congenital, but only the gap in the
thoracic wall. A few weeks or months post partum under the
influence of the respiration, especially by secreaming and coughing,
the rupture is caused at the weak llI’lLL and is covered {ml_v h_*,
membrane. Here we may mention a ease of Pornvas’ in which, in
consequence of a deficiency of the pectoral muscles, as well as of
a piece 4 cm. long of the 4th rib and the abnormal shapes of the
drd rib, a pulmonary hernia developed spontaneously in manhood.
Congenital protrusions of large portions of the lung, as in the case
of very late formation of the sternum, are due to ectopiz.

Traumatic pulmonary hernie are due to the rending or destrue-
tion of the thoracic wall without solution of mntmnlt_r, of the skin.
In this case the protrusion of part of the lung may take piace
mmmediately after the tranma and thus often give rise to a
subcutaneous emphysema owing to a simultaneous rent of the
lung ; or the deep-seated injury heals up at first, and only later on,
in lhﬁ course of months, under the influence of violent expiratory
movements, 1s the l]:LlIIId. (consecutive pulmonary hernia) formed at
that part of the cicatrix which 1s least capable of resistance. The
lesion may even only affect the intercostal museular system.
Fractures of the ribs with severe dislocation of the fractured ends
and extensive rending of the intercostal muscles often give rise to
the formation of herniz. Detached rib fragments may then be so
completely absorbed, that congenital defects of the ribs may be
simulated. By the pressure of an intercostal hernia the neighbour-
ing ribs may be worn away.

A penetrating injury of the thorax, and also an operation on the
thoracic wall, may be followed by the formation of a pulmonary
hernia (scar hernia). Kven by repeated punctures of the plenra a
gradually extending sear has been formed (TREVISANO).

In the region of these traumatic or surgical ruptures the pleura
is generally adberent ; in men they are generally observed on the
anterior thoracic wall.
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Spontaneous pulmonary ruptures are generally due to pressure
from within. In this case the muscles of the thorax are generally
injured by a disease of the lung (arteriosclerosis, f-lulrh:,sunfl and
chronic bronchitis), inasmuch as they are stretehed by the enlarged
lung, by continual conghing, and difficult l!h!ltld,l.]nl'!. In this
respect, those parts of the anterior chest wall which are only
covered by one layer of intercostal museles, namely, the Gth to the
Uth intercostal space, arve specially endangered. Moreover, spon-
taneous pulmonary hernie often oceur in the superior opemng ol
the thorax down in the supraclavicular fossa between scalene
muscles and sternocleidomastoid, where little resistance 1s offered
to the protruding piece of the lung.

Fic. 105.—Tranmatic pulmonary bernia.  (Aceording to VULPIUS.)

Also over-exertion on one or several occasions may cause a
sudden rupture at the predisposed places in an otherwise sound
lung and thoracie wall ; for example, lifting something heavy in the
cases of Mexor:, CLoguier, and URsacH, or violent pressing in the
case of a primipara (BoErRHAVEN). There is nothing to prevent
these forms being attributed to traumatic hernmime.

We must also reckon among spontaneous pulmonary hernie
those in which the defect in the thoracie wall 1s caused by purulent
foet 1n the lung and pleura which have perforated ontwards, or an
inflamed supeérficial uleer due to pressure in the case of a pulmonary
abscess without direct }_11‘{1}_1;[;{:[[&}11 of the process to the rib {[[(JL‘I[-
SINGER).

Spontaneous pulmonary hernie have, at least at first, a slit-
shaped aperture. Adhesions may often be lacking.

e
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The symptomatology of pulmonary herniwe is generally pro-
nounced, and makes the diagnosis easy. A more or less {]I.Llllllv
geribed tumour is seen of various size and round in shape, which is
generally covered by intact skin, but also, as we have observed, may
be covered by an external sear. It is immediately noticeable that
the tumour changes in volume during respiration, and that it swells
up on expiration. This 1s specially the case during violent cough-
ing. During inspiration 1t is reduced in size, and during pnﬂnnged
peaceful hm.tthuw may disappear, or even sink below the level of
the thoracic wall. Ounly when the portion of the lung in the hernial
sac is atelectatic or indurated are variations of volume absent
during respiration. The skin over the tumour is movable; it is
soft and elastic in consistency ; it is compressible and except in a
few cases (adhesions) reducible ; it is often erackling to the touch.
After the reduction the round or slit-shaped aperture of the hermia
can generally be felt in the wall of the thorax. On expiration,
Efip{*t}l:l]ly during coughing, the lung presses against the finger. In
SONE Cases th{\ museular fissure through which the hermia had
passed was no longer to be felt after the reduction. The percussion
of the tumour gives rise to pulmonary sound, or, when the air 1s
partly absorbed owing to a long period of quiet breathing, to a
tympanitic sound. On auscultation sometimes, according to the
amount of air in the hernia, vesicular breathing or crepitation can
be heard. A pulmonary rupture may not be permanently present ;
many herniw only appear rarely under the influence of violent
coughing or great exertion (intermittent pulmonary hernim). The
pulmonary rupture may also be incarcerated. In the VoGLER case,
Vurrivs noticed that by raising the arms manual replacement could
be effected (ef. fig. 105).

The troubles caused by a pulmonary hernia consist in local
pains on breathing and in fits of coughing. They are pronounced
at first, especially when a rupture takes place suddenly. Later on
they may disappear altogether. In cases of concurrent bronchitis
repeated hemoptyses have been observed. In any case a hernial

rupture prohibits violent exertion, limits the earning power of the
patient, and lessens his enjoyment of life.

The therapy of pulmonary herniwe has hitherto been mainly
limited to bandages with pads. Undoubtedly they should be tried
ficst. More suitable than devices of the nature of trusses for the
retention of the rupture (fig. 106) would appear stuff corsets with
spring pad. At the same time the cough which may be present
should be combated by the treatment of the bronchial catarrh or
lung trouble.

In a number of cases, mostly traumatic or congenital, the
healing of the pulmonary ruptures has also been achieved in this
way. IEven in a case of hernia which could not be completely
reduced a cure followed.

In other cases no cure was achieved. Sometimes the bandages
slipped, or were not applied by the patient, because they incon-
venienced him.

If unsuecessful then an operation must be attempted.
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VuLrius was the first to attempt an osteoplastic closure of a

large hernial aperture in the thorax.

After the dissection of a large flap in the soft parts and denuda-

\

Fic, 106.—Bandage and truss in a case of pulmonary hernia,

tion of the very thin sac of the hernia, the rib which formed the
upper margin of the aperture of the hernia was cleft longitudinally
for some distance, placed obliquely over the defect, and sutured to

Fie. 107, -Plastic covering in a case of pulmonary
heenia,

the next rib stump. The
analogous transplantation
from the lower rib in order
completely to enclose the
defect in the thorax with
a lattice, could not be
performed on account of
theoverhanging perishable
pleural sac of the hernia.
S0 a complete cure was
not achieved. Still, 1n
similar eases it would be
well to follow n the steps
of Vunrivus,

Hernial apertures 1n
the neighbourhood of the
sternum  could easily be
covered with a peduncu-
lated periosteal bone tlap.
Also by implantation of

free portions of periosteal bone, or by Kixia's fascia-plastic, a
gap in the thoracic wall could be closed.

Ly |, PRSSp——— S A x

TUrrFIER and REGNIER in one case closed the hernial aperture

by simple suture.
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With the assistance of the apparatus for maintaining difference
of pressure, radical herniotomy might be performed, when, after
freshening the hernial aperture, the neighbouring ribs might be
brought near to one another by the percostal or pericostal suture
(see p. 70). The operation itself can be looked upon as without
danger.

(Quite peculiar conditions were noticeable in a case of
WicHrMANN'S, who, mn the case of a trombone player, removed
by operation a piece of collapsed lung below the trapezius, without
fin ding a conmnunication with the t.lmm.uu cavity.

Tll{.fi are not a large number of cases. AULER, up to 1892,
collected altogether 51 cases which had been observed. About
40 more cases have been described since then, so that a total
number of 90 cases are known.
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CHAPTER XV.

PULMONARY EMPHYSEMA.

SURGICAL TREATMENT OF RIGIDITY OF THE
THORAX,

Tue transformations of the costal cartilage in those suffering
from emphysema, which were pointed out as early as 1838 by
W. A. FreEuxsp, have lately acquired increased consideration owing
to the later works of this inquirer and of other writers. The
proposal made at that time by FREUND to operate on the transformed
cartilage, in order to alleviate the sufferings of the patients, has now
in many cases been put into practice. In order rightly to appreciate
the importance and applicability of this operation, 1t would seem
advisable to make a few introductory general remarks on the subjects
of emphysema.

Habitual difficulties of breathing, which often made it difficult
for the persons concerned to get about and do their work, but which
often did not interfere for a long time with the continuance of life,
were still at the beginning of the last century deseribed as asthma ;
outside the medical profession this word 1s still used now and then
for conditions of chronic lack of breath ; in medical phraseology,
however, with increased knowledge of the processes of the disease,
the mode of expression has been changed. The word asthma is now
only applied to paroxysmal (even if babitual) want of breath, less
frequently to the attacks due to heart trouble, prineipally to those
connected with the respiratory system (bronchial spasm, angio-
neuroses of the bronchial mucous membrane), and to attacks of
somewhat obscure genesis (toxic, reflex or other origin).

For the majority of the cases of habitual lack of breath formerly
deseribed as asthma, which were caused by transformations of the
respiratory system, the term pulmonary emphysema became usnal
after LaENNEC had demonstrated that in many of these cases there
was a transformation of the lung which he termed (substantive)
emphysema, and which was characterized by permanent increase in
volume and loss of elasticity, here and there also was accompanied
by atrophy of the pulmonary tissue. In correspondence with the
trend of opinion of the day this pathological anatomiecal transforma-
tion of the lung was used as the name of the diseased condition,
which was certainly often, but not always, accompanied by the
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transformation named, of which, however, 1n the less common cases
1t was the sole or the principal cause. As in many other cases, this
description of disease, based solely upon pathological anatomy, leads
to much confusion, and has made it more difficult to understand
the diseased conditions in question.

The elinical condition of these patients is clearly characterized,
almost typical, and a common name was a practical necessity ; so
instead of asthmatic the term “emphysematic ” is used, but every
doctor knows that in the emphysematous patient a number of
other disturbances and anatomic changes are present and important
in the description of the disease—Dbesides LEENNEC'S * emphysema
on the lung.”

The increase of volume in the lung, recognizable in life by the
depth of the inferior pulmonary margins (compared with the normal
average), 18 not in itself a sign of ]_}illlll{}['lctl}' emphysema, but often
only “the expression of an improved development of the lung
though respiratory exercise, analogous to the hypertrophy of f-]ﬂmlu.
and muqcle*‘-}, the anatomic expression of the inereased powers of
the respiratory organs; it 1s often accompanied by a better
development of the thorax and the respiratory muscular system.

A decrease n mspuatm power is, however, characteristic of the
emphysematic subject : he is short of breath when he exerts himself,
in advanced cases even on slight movement, and only after some
time recovers vespiratory equilibvium ; the breathing is more
superficial, on the slightest provocation more rapid, the vital
capacity is below the average, chiefly because he can only attain
the normal maximal position for expirvation with great muscular
effort or even not at all. Certainly the inerease in “the volume of
the lung and the decrease of its elasticity tends to produce these
disturbances, but, as a matter of fact, we find connected with them
a more or less pronounced decrease in the plability and elasticity
of the thorax, which, in advanced cases, increases to rigidity. Often,
but not always, the form of this Llﬂld thorax Lmle-.p:Jl]ds to an
inspiratory position of the ribs which has also become permanent,
especially of the upper ribs, and 1s, as FREUND has demonstrated,
connected not only with structural change and ealcification, but
also with increase in the length of the 1st and 2nd costal cartilages.
It is clear that these modifications in the pliability and elasticity of
the thorax will act as a much greater mechanical hindrance to
the respiratory changes in volume of the contents of the thorax
than the loss of elasticity in the lung. IEnergetic action on the
part of the respiratory muscles may at first compensate for slight
modifications in the mobility of the thorax, but they can do nothing
to eounteract the higher degrees of rigidity, and perform their
functions, therefore, less and less, and so in the end succumb to a
certain degree of atrophy due to inactivity. 'The obstruetion of the
«costal respiratory movements may be compensated to a certain extent
by freer diaphragmatic breathing, but this also is inereasingly
obstructed as the rigidity attacks the lower half of the thorax.
S0 by continunous over-exertion in many cases fatty degeneration
may be cansed in the diaphragmatic muscles, as has been observed
by FREUND
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In many cases, as we know, the condition deseribed above
follows on frequent acute or chronic bronchial ecatarrh. Their
intercurrent appearance increases the troublesome symptoms or
makes them more noticeable. On the other hand, some emphy-
sematous subjects have no catarrh whatever in their anamnesis, only
later on do they develop catarrh and suffer therefrom.

Some emphysematous subjects, especially those with catarrh,
bave more or less extensive pleural adhesions, which may also
impede the respiratory movements.

Lioss of elasticity with more or less increase of volume develops
also in the lung in consequence of venous hvpem:mm in the case
of valvalar defects or myoearditis. This *“ pulmonary rigidity ™
(Bascn) is more or less concealed by the condition of the lung
known as brown induration. It has the same effect then as
Lapnyec's emphysema and is not always clinically to be clearly
distinguished from it.

After long illness emphysematous subjects very often suffer
from an enlargement of the right heart, which at first compensated
for by l]:,pmtmphy, leads later to the insufficiency of this part of
the heart. As well as these cardiac qjmptmm others not in-
frequently make their appearance, which are certainly independent
of the respiratory system, but are due to myocarditis and arterio-
sclerosis, dﬂ‘wL]ﬂp gradually and are often not to be distinguished
with certainty from the disturbances due to the respiratory system.

Thus we see in the emphysematous subject a whole series of
concurrent disturbances, which are m part in more or less close

:ausal relation with LAENNEC'S pulmonary emphysema and the
rigidity of the thorax, in part only usually occur concurrently with
them. In the individual case the part played by each one of these
disturbances in the development of the diseased condition is very
various and must be specially considered. To this is due the very
varied opinions and theories as to the cause of ** pulmonary
emphysema ” ; it arises in very different ways.

The part which the modifications of the thorax play in the
difficulty of breathing varies greatly in degree; having been for a
long time underestimated, they have been recently overestimated in
many quarters, or rather too much generalized. Without going
into the question whether the modification of the thorax or the
emphysema of the lung are primary, or whether both occur in co-
ordination—whether the structural and longitudinal modifications
of the cartilage are primary, or (according to Lorscuke) secondarily
conditioned bjl,' kyphosis of the vertebral column—whenever they
occur the modifications of the ribs and cartilage certainly play a
large part in the respiratory trouble. The experiment, demanded
by Frevxsn, of alleviating these mechanical disturbances by division
and excision of the cartilage, has been proved to be justified by
many expernments on human beings. Owing to the variety of the
pathogenesis and of the LDI]lPlI(:"Ltlﬂl't"i the unly question will be to
ascertain in the individual case that the changes in the cartilage are
present and that the other causes of the want of breath are really
i the background.




PULMONARY EMPHYSEMA 241

In the case of the rigidly dilated thorax, by the division and
excision the transition from the rigidity of the upper half of the
thorax to a mean expiratory position and—by formation of artificial
articulations—a lasting increase of mobility will be obtained.

As already mentioned above, however, the thorax may also
become rigid in a medial position without dilatation; we see this
often in c:lden people, sometimes also in younger ones for nnknown
reasons, sometimes perhaps in consequence of extensive adhesive
pleurisy. This condition develops slowly and only shows how
pernicious are its effects when intercurrent catarrh supervenes.
When the troubles are severe and permanent the experiment seems
justified in such cases also, of rendering the rigid thorax mobile by
simple division of the costal cartilage from about the 2nd to the 6th
rib on one side or on both ; not as in the first case to improve the
expiration, but rather to make fuller inspirations possible.

RESPIRATORY MECHANISM.

Before we go more fully into FreEuxD's theory of the rigidly
dilated thorax and its foundation, it is necessary to make a few
introductory remarks on the mechanism of the thorax.'

The ribs are connected with the vertebral colummn by articula-
tions, which, as GEGENBAUR says, function as a physiological unity,
in which the cervical portion of the rib turns on its longitudinal
axis.  As this physiologically uniform articulation has an oblique
position, which inereases according as the transverse processes of
the dorsal vertebra tend in a downward direction, so on each
levatory movement of the ribs revelving in that articulation a
lateral movement of the ribs is also cansed. This increases aceord-
ing to the measunre of the obliquity of the costo-vertebral articulation.
The arrangement therefore permits of a change in the cirenmference
of the thorax.

The ribs themselves, owing to their cartilaginous ends, form
very elastic clasps. The true ribs 1st to 6th fasten their cartilage
direct to the sternum ; the costo-chondro-sternal articulation forms
a slightly flexible joint.

The 1st rib cartilage 1s more strongly connected with the
sternum—here there is a synchondrosis—it is also broader and
stronger in make, and 1s shorter than the others (on an average
48 em. long in adults, in exceptional cases 2°2 em.). By angular
flexion the course of the cartilage deviates from that of the ribs,
increasing again below. When the ribs are raised the cartilages
must be twisted, and that in increasing measure corresponding to
the more oblique divection of the costo-vertebral articulation.

The mechanism of respiration is as follows: The inspiratory
muscles lift the ring of ribs out of the oblique position. The more

' The rest of the chapter is given in gwﬂ.l,:rl detail and provided with a
complete 'inh]mrll’r.pln in the 4th volume of “The Results of Burgery 'uul
Orthopedia.” (GargE).

16
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the level of the ribs approaches the horizontal, the more is the costal
cartilage turned on its axis.

We have then here latent elastic powers in the skeletal frame of
the thorax which counteract both the inspiratory musecular activity
(1st costal cartilage) and active expiration (2nd to 6th ribs), the
other ribs Tth to 12th, are funectionally rather connected with the
diaphragmatic breathing.

The costal eartilage is hyaline, of yellowish eolour and generally
finely granulated npa{‘ltma Lhmwﬁ in the cartilages due to age,
which effect this elasticity more or less, are sometimes seen in the
3rd decade, but regularly in the 4th and 5th. They consist of
vascularization and the formation of medullary space. Senile
degenerations of the cartilage are characterized by the appearance
of asbestos-like macules and amber-coloured induration.

I need not say much about the museular powers which are
brought into action in respiration, because they do not take a
prominent part in the question which interests us. Iieaving aside
the diaphragm as well as the auxiliary respiratory muscles (scaleni,
sternocleidl, serrati muscles for inspiration, latissimus dorsi,
triangularis sterni, and the abdominal museles for forcible expira-
tion), then for normal quiet inspiration the external intercostal
muscles come nto consideration, they raise the ribs; for normal
expiration the internal intercostal muscles.

To go in detail mnto the part played by the diaphragm in
respiration is impossible here. We could only remind you of the
close connection of this muscle with the “false” ribs and of the
transmission of the abdominal pressure by contraction of the
abdominal muscular system to the diaphragm. On active lIl‘-]-_ZI]lzL—
tory contraction of the diaphragm, the thorax 1s enlarged n its
inferior aperture, the pleural cavity lengthened, the wmplmnu:taw
cavity broadened. On expiration the diaphragm is pressed up
according to the force with which the contracted abdominal
muscles press on the abdominal organs—the pars verticalis rises
straight up.

The costal and diaphragmatic respiratory mechanism work
synchronously, and may, as regards intensity, combine in various
ways and work for one another.

Not to be nndervalued, anumllx pathologically, is the effect of
suction which a powerful mspiration exercises upon the venous
blood (specially in the cava, the auricles, and the right ventricle),
and on the other hand the pressure of the diaphragm on expiration,
on the powerful venous plexus of the abdomen. Indirectly by pro-
moting and by hindering the venous circulation, the arterial circula-
tion 1s also affected—the pressure of the aorta, for instance, increases
on each deep inspiration.

The shape of the thorax changes with inereasing age. The
child’s thorax is barrel-shaped with almost uniform transverse
diameter, with almost horizontal upper aperture (Ist rib), and large
epigastric angle. In the course of time the transverse diameter
increases more than the depth.
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PATHOLOGY OF THE RIGIDLY DILATED THORAX.

We come now to the pathology of the rigidly dilated thorax.
The respiratory mechanism makes clear the importance of the
elasticity of the costal cartilages for the normal working of the
thorax. As long as the cartilages retain their normal elasticity,
respiration works well. If the cartilages become rigid by calcifica-
tion, they can no longer follow the normal movements of the ribs—
the consequence is the rigid thorax.

It would, however, be unpardonable, and a complete mis-
understanding of the other important factors of the respiratory
mechanism, 1f every rigid thorax were attributed to modifications
of the ecartilages. The stiffening of the costo-vertebral articula-
tions, as has often been observed by v. Sarnis in arthritis deformans,
moreover the round back due to spondylarthritis deformans,
according to LorscHKE due to sinking of the ribs, causes rigidity
of the thorax. Such senile and presenile 10[:113 I]LL(' not be com-
bined in any way with emphysema.

On the other hand, Frrusp, as previously mentioned, has
drawn attention to a pec:u]iar form of the rigid thorax, which, in
his opinion, is due entirely to transformations of the cartilages,
namely, to a peculiar yellow fibrous degeneration. By the loss of
elasticity of the costal cartilages and simultaneous lengthening of
the same, the thorax is fixed in the position for inspiration, ¢.e., the
rigidly dilated thorax.

The permanent inspiratory position of the thorax causes acute
dyspneea, alveolar emphysema, with all 1ts anatonneal and clinical
characteristics. W.A. FREUND summed up the important results of
his anatomical investigation in the following words : ** From about
the sixteenth year up to advanced age the costal cartilages may
hecome fll}‘r{}ll'-:- and of a dirty yellow Lu]nm', and by distension and
the formation of cavities in every direction, become deformed and
more voluminous, more dense, brittle, and unelastic.

“This degeneration may be local, usually at first in the 2nd
and 38rd costal cartilage (most frequently on the right side) and
spreads gradually from there over the whele thorax, but may
remain confined for years to certain parts of the thorax, and give
rise to peculiar malformations, sometimes scoliotic in appearance.
This is most frequently observed in young people. Or all the costal
cartilages are attacked at the same time, which is most frequently
observed in older people. The costal eartilage which has increased
in volmme, placed between two movable bones, naturally presses
these apart, whereupon the rib, owing to the well-known arrange-
ment of its posterior articulations, is obliged to adopt the 1nspiratory
movement. The sternum, according as the affection appears on one
side or on both, is pushed up forwards either in a straight or oblique
direction. When these movements and those of the sternum have
attained a certain limit defined by the mechanical arrangements,
the cartilage becoming larger will produce a condition of tension mn
the whole of the thoracie region, and finally over a smaller radius
bend more outwards. This explains why after division of such a
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degenerated costal cartilage, the rib, having become free, springs
back into a position akin to the expiratory one.”

FrREUND has proved the enlargement of the yellow fibrous car-
tilage by a pumber of careful comparative measurements. The
irregular distension and deformity 1s easily recognized, and the
N-ray picture leaves us in no doubt on this point. The differences
are clearly seen in the comparative pictures in figs. 108 and 109 of
normal and degenerated cartilages. But there are ample proofs of
the lengthening, too, in the works of FrEUND, as early as 1859.
We cannot go into details; according to the total vesults the average
length of the normal cartilages is 4°3 cm., that of the vellow fibrons
one 59 cn.

b3 cm

Frs. 108, —=Mormal thorax. Parasternal longitudinal section from a plaster caszt,
Transverse and longitudinal zeetion of & normal costal cartilage of the average lengih
of 4:3 cm,  (According to W, A. FrEuxD.)

The lengthening of the cartilages is eminently calenlated to force
the ribs into the inspiratory position, and when the transformation
of the cartilages is universal the breast-bone is pushed forwards and
upwards. In this way the superior aperture of the thorax is
enlarged—the angle of the ribs of the vertebral column increases
from 30” to 40", The inferior aperture of the thorax is also widened
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in accordance with the inspiratory position, and the epigastric
anle 15 inereased from 90° to 140°. The thorax becomes barrel-
shaped.

The next result is the modification of the shape and position of
the diaphragm. It is flattened, for it has to bridge over a wmuch
wider space. [ts costal parts are HE-]mI':Hc-ﬂ from the nmbs, the
musecular parvts show fatty degeneration, and form an angle of 90°
with the costal parts, the lowest position 1= taken up.

There has been no lack of eritics who have cast doubts on the
theory of the primary transformations of the thorax in eases of
q-ul]ﬂl}.'m*ln:i_ Thus Horeavenr, in a number of valuable works on
the respivatory mechanism and the pathology of emphysema,
oceupies himself with the mflation of the lung. He falls back

8]

f'.' il.- ? o
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3 5¢m

Fic., 109 Rigidly dilated thorax. Parasternal longitadinal section with flattening
of the diaphragm. Transverse and longitudinal section of a vellow fibrous cartilage,
with ira'._'j;.'ll:ll' distension  and j_“'l'l"'l‘:'llljr![l" 1[u]:1a'~il.-i (average length 55 ecm.).
(According to W. A. FReEUsD.)

upon LicHTHEIM'S classical works on  atelectasis of the lung
and the reasons of the incomplete “ emptying ** of the lung. He
shows In a series of :-\||t-|'i]||v|]l\:- with Honzxecar how i most
people it is only in inspiration that deep breaths are taken,
whereas expivation 15 by no means deep.”



246 SURGERY OF THE LUNG

In a large number of people experimented upon, on the
contrary, the expiratory rising of the diaphragm was much less on
deep inmthm-r than on quiet breathing. In other words, the
lung and each “of its alveoli contains more air at the end of the
expiration on deep breathing than on quiet breathing.

In a whole series of people experimented upon this imperfect
expiration was carried so far that the dm.phmgm which on inspira-
tion had sunk deep into the abdominal cavity, rose on expiration
much less towards the centre of the thorax, consequently remained
much farther from it, than is the case when quiet breathing
prevails during inspiration. So in these cases at the end of the
expiration, when the lung ought to be as relaxed as possible, there
was more air in the ltmg than there was at the end of inspiration
during ealm breathing by the same person. Horsaver therefore
insists that the therapeutic aim should be the reduction of the lung,
distended by the pathologically increased residuum of air. This,
he says, 18 best attained by the raising of the diaphragm, which i1s
achieved more quickly and adequately by systematic exercise of
the contraction of the abdominal muscles than by operation.

The function of the diapbhragm certainly plays an important
part in the pathology of the emphysema. FreEuxp has by no
means neglected this cause; he has only looked upon it from
another point of view.

In a new work from the Gittingen Pathological Institute
SuMiTa submits FREUND'S theory to searching eriticisin, based on
a systematic series of investigations. He looks upon the transfor-
mations of the cartilages, which FREUND considers characteristic
of the rigid thorax, as 11{:thmg_f but signs of disturbances of nutrition
and of growth (anmmia, disturbances of the circulation and
nutrition consequent on primary alveolar emphysema and as a
result of faulty functional stimuli of growth). He disputes the
theory that the transformations of the cartilages described can
produce rigidity of the thorax ; it 1s rather due to transformations
of the condition of the lung or indivectly to the tonic muscular
contractions caused by viclent breathing when the conditions of
respiration are changed. Sumrra here 1s probably referrving to
the theory laid down by Bour and Horsaver of the dilatation
of the lung beyond the measure of ‘““mean capacity”. He also
looks upon the rigidly dilated thorax as a secondary symptom.

SuMITA’S representations certainly offer many points of attack ;
still the objective results of investigation given in the work are
valuable and may incite others to clear up the quesiion in dispute.

The unfavourable attitude of the medical men towards
Frreuxn's proposal to operate on the emphysematons thorax was
no doubt mainiy due to the variety of opmions as to the cause of
emphysema. Generally speaking only secondary importance was
attached to the modifications of the thorax, which SumiTa, too,
has recently emphasized in his work. Therefore the resection of
the eostal eartilage was considered a priori as meffectual.

Meanwhile, however, clinical observations have proved the
better ventilation of the emphysematons lung after opening up
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the 1’I§:1{1 costal ring. The quﬁtmu of the etiology of the emphy-
sema is nof LerLln affected, 1t is also not settled by surgical
successes. The literature on this subject 18 endless, it would not
be of any assistance to us to go into it in detail. We may be
content to leave to future investigation the full discovery of the
remote causes.

Moreover FREUND has mnever generalized his theory. He
believed he had succeeded in proving that one out of the group
of emphysems was due to primary inspiratory rigidity, and for
this one alone he proposed surgical treatment.

WiLms supported the theory that the rigidity 1s due to the
respiratory muscular system, with increased tonicity of the corres-
ponding nerves. The investigations, conducted from this point of
view, showed, according to “D. SCHENKER, degeneration of the
intercostal muscles with numerical increase of nuclei in cases of
severe emphysema and rigidity of the thorax—in less severe cases
muscular hypertrophy. These results do not controvert FREUND'S
theories.

Recently LoescHKE has brought forward for discussion another
etiological cause for the thorax of emphysematics, that is the
kyphotic flexion of the thoracic portion of the spine by deforming
spondylarthritis.

According to his investigations the whole thorax is hardly ever
in the inspiratory position, but some of the ribs actually in the
position for maximal expiration.

He points out that a flexion in the thoracic portion of the
spine would in itself alone be sufficient to lead mechanically to a
rigid thorax. The upper half of the thorax bends forwards. The
attachment of all the ribs to the sternum causes the ribs below
the point of flexion also to be forced into the expiratory position.
If the kyphosis continues increasing (perhaps solely as the result
of the respiratory mechanism) the upper ribs are so raised in their
vertebral articulations that they adopt the position for inspiration.
Such a rigid thorax, with the upper ribs in the position for inspiration
and the lower ones at the same time in the position for expiration,
15 known as characteristic of tubercular spondylitis. LoescHKE
believes these conditions to be also found in a similar way in the
case of emphysematics with round backs.

After fifty autopsies, he finds the most frequent canse of the
round back to be a gradual disease of the vertebral column with
atrophy of the intervertebral dises, shrinking and collapse of the
vertebral bodies—the spondylarthritis deformans. It appears—
this is true also of emphysema 3 » 2nd or 3rd decade ;
with inereasing age it becomes more frequent.

Another cause which contributes to the rigidity of the thorax
is the not inconsiderable shortening of the wvertebral column
consequent on (the) ravefying ostitis.

The compensatory lordosis in the lumbar portion pulls up the
thorax, tarns it slightly ontwards and so simulates—as [LOESCHKE
he iu-.w,*-s—tiw imspiratory position of the costal angle.

The position of the sternum, too, the eurve of the costal arch
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above its level and the formation of the infundibular thorax,
Liorscuk e attributes to the same mechanical malformations, cansed
by spondylarthritis deformans. Whenever there was kyphosis of
the vertebral column, the post mortem always revealed a rigid
thorax and pulmonary emphysema (there are, however, vicarious
and acute emphysemas with no modification of the uutleml column
and a maobile thorax). Undoubtedly LoEscuke’s nvestigations
deserve the fullest consideration—FrEuND "ILLI'IUW]{‘:]”{‘F; this too.
But without being able to refute FrEUND's well- ,r_:mund{td theories,
they show us other reasons for the appearance of the secondary
cmphysema.

it [/

Fic., 110, — (e} Normal non-rigid thorax of a woman of T, (4':] 1'.'11.'111ml.jcr thornax
(zpondylarthritis deformans).  (According to LoEscHEE.)

liven in these * kyphogenous ” forms of rigidity of the thorax,
LoEscHKE does not consider the surgical mobilization of the
vertebral column, according to FreEUxD, to be without hope, pro-
vided that all ribs fixed in the inspiratory poesition are divided in
the cartilaginous part. In order not to make any mistake, he
recommends the division of all ribs above the vertex of the
kyphosis.

Certain other forms of emphysema are thus etiologically ex-
plained ; the secondary vmplnhunm with {]1011{11{3‘leltJll"—-|‘l- ll“l'-ﬂ‘:.’
dilated thorax (FrEuxD) remains as a special type of disease. Tt is

clearly delineated clinically and pathologically and anatomically
corroborated.
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DIAGNOBSIS.

The diagnosis has been more cleavly defined than before by
voN DEN VELDEN, who had remarkable opportunities for observa-
tion ; in the brief diagnostic notes I may be permitted to follow
vON DEN VELDEXN'S representations closely. . ;

Among subjective symptoms must be mentioned slight in-
convenience on violent mspiration, dyspnoea on exertion, constant
irritation, exciting cough and chronic catarrh. Objectively, the
first point to be noted is the barvel-shaped thorax in the position
for inspiration. Ribs running almost horizontally, epigastric angle
large (well above 90°, even up to 1407}, hardly mereased on
1espnmtmn

Stethography and spirometry can also be of great assistance in

diagnosis. The rvespiratory curves of the ll-fldh dilated thorax
have character-

1stic forms.
Spirometyry
shows a consi-
derable decrease
in the wvital
capacity of the
lungs. Whereas
the normal
figures are 3,500
to 4000 c.c.
(in a recumbent
position 500
fewer),when the
thorax is shght-
Iy rigid the
volume 18 re-
duced to 2,400
¢c.c., and 1
it fi the most severe

Fic. 111.—(«) H.J'gidl}' dilated.  (#) Normal thorax, (Drawing forms to I“;'“D

from plaster casts by Hauseaass.) c.c. and less
(minimum S0
CoCi).

It is specially important to get a clear conception of the condi-
tion of the costal cartilage. The accentuated arching forwards and
bending downwards of the degenerated cartilages, the thickening
and irvegularity of the same (perichondral deposits) may be deter-
mined by the tonch.

])Mrmmm by means of the flexible so-called Carlsbad needle may
be of ='1£-*1I: assistance. Whereas the normal cartilace offers an
elastic l-t-"wl‘-:-t:i.m,i. to the needle, none is offered by the yellow fibrous
cartilages ; the needle remains fixed and comes across ecaleification
or slips easily into the cartilages full of cavities. All the cartilages
may be degenerate; the most frequently affected are the 2nd
o 5th cartilages. The affection may be on one side only (right
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side preferred), then the sternum is pushed to one side (asymmetry
of the thorax).

An X-ray photograph of the five first cartilages gives valuable
vesults (ef. fig. 112). First the irvegular contour of the cartilage
attracts attention (perichondral incision); then a broadening, and
finally, more or less infiltrated turbid foei in the substance; costal
cartilages projecting bent down in a short radius; veins of the
neck and thorax congested; Sannr's marginal zone of capillary
venous dilatation at the insertion of the diaphragm ; cyanosis,
lateral compression meets with no elastic resistance from the ribs,
the thorax is unyielding.

Fic. 112, —X.ray picture of a thorax 31 weeks after the operation. Right side
operated npon (pseudo-arthrosis). Left side not operated upon, with the eharacteristic
modifications of the cartilage, |Combined pieture according to Vox pEX VELDEX.)

Respiration difficult, strained inspiration, with little movement
without lnmbar raising of the ribs, often with tension of all anxiliary
muscles, raised shoulders and arms propped up; expiration pro-
longed, stridorous, with tension of the abdominal muscles; the
;-pi;.mﬁt-:ril;; angle and the lower aperture of the thorax scarcely
pEsened.
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Cough, sometimes an irritant cough, or in paroxysms, generally
with some (not characteristic) sputum. Percussion and ausculta-
tion reveal the characteristic signs of emphysema: hollow note,
heart dulness diminished, the lower margins of the lung deep
down (in front, Tth or 8th, at the back, 12th rib), indefinite
breathing, generally drowned by bronchitie sounds.

Observation of the movement of the diaphragm on the X-ray
screen shows clearly that it is flattened and 1ts ontward movements
are reduced. The angle of the diaphragm may rise to 90°; the
arching of the dia-
phragm on expiration :
15 very much reduced. :
The examination of
the mobility of the
diaphragm 1s of the
createst importance.

Very instructive
comparative figures
showing the mobility
of the ribs can bhe
obtained by placing
figures showing the
difference  between
the circamference,
depth, and transverse
diameter at different
levels of the thorax,
side by side with the
normal quotations,
and compare the in-
elination of the upper
aperture (normal,
about 407}, the width

Rigid Thorex

hfth(?ep_i;_g:m_tri'cﬂllglﬂ Fia. 118.—Mobility of the diaphragm with rigid and
on respiration (nor-  with normal thorax. Distance covered in a recumbent
mal, 807 to 120-1407) position |||/, in an upright position : - - = X-ray pie-

r i g tures by vox DEX VELDERN.
I'he rigidity of the ;

whole thorax can be ;

clearly felt by an attempt at compression with widely opened
hands; the difference from the elastic spring of the normal thorax
is unmistakable.

Von pEN VELDEX has given a detailed account of these con-
ditions in his monograph. It also contains good X-ray pictures.
I have combined these in fig. 112, so as to assist the reader in his
criticism.

Symptoms of disease in the cireulatory apparatus—I am only
speaking of those cansed by emphysema—are seldom lacking. The
immediate effect of impeded movement of the thorax and insufficient
diaphraginatic action on the eireulation is soon shown in modifica-
tion of the heart; the persistent chronie bronchitis and violent
bodily work are caleulated to produce this rapidly, or to increase it.
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The right ventricle is overburdened. Its enlargement can, in the
worst cases, be demonstrated by percussion, and generally by
orthodiagraphy. The venous pulse in the neck, the epigastric
palsation, the cvanosis, the over-filled veins, &e., are all signs of
disease with complications, which vary according to the severity
and continuance of the rigidity of the thorax, with the nnavoidable
chronie bronchial ecatareh.

In the above T have confined myself to the pronounced symp-
toms of the rigid thorax. It 1s not the place here io diseuss the
mitial symptoms and the gradual development of the disease
extending over years. T'he diagnosis then requires specially careful
consideration of individual symptoms and a right appreciation of
apparently unimportant things, such as can only be accomplished
by modern methods of medicine. Anvone who wants information
on the subject will find the most important directions in YON DEX
VELpEN'S book. When we remember that the prospects of the
snceess of an operation are most favourable just at that period
when the emphysema is not fully developed, and degeneration of
the diaphragm and dilatation of the heart are still lacking, the
great importance of the early diagnosis is clear.

THE OPERATION (CHONDRECTOMY).

FrEvsD recommends the excision of wedge-shaped pieces from
the degenerated cartilages in order to mobilize the rigidly dilated
thorax.

Naturally, great eare must be taken to avoid pneumothorax ;
the pleura is very thin and easily torn in the case of emphysematics.
The operation is relatively sumple. Often an operation on one side
1s sufficient. The eartilages of the 2nd to the 5th ribs are resected
for a length of about 3 cmn. It is only rarely necessary (on acecount
of incomplete results) to mobilize the other side.

With an incision running parallel to the sternal margin and
blunt dissection of the pectoral fibres the four costal cartilages are
laid bare and removed with a sharp curette or LUER's forceps.
It must, however, be remembered that the posterior perichondrinm
must be removed, which is certainly difficult because of the
proximity of the fragile pleural membrane and must be performed
with the greatest care on acecount of the danger of pnenmothorax.

When the perichondrium is retained, regeneration oceurs in a
relatively short time and with it a fresh production of ankylosis of
the rvibs. This has been several times anatomically determined.

kritcrr makes the resection of the cartilages easier by making
an incision, 2 mm. from the margin of the cartilage, in the nter-
costal musecles up to the plenra, and then from the opening in the
muscle pushes the pleura away with the first finger and grasps the
cartilage from behind up to the upper incision. The rib-scissors
can then be easily adjusted from outside to avoid the mammary
artery, and the cartilage with its whole investment removed.

In order to ensure the formation of a psendoarthrosis, SEIDEL
has recommended the implantation of a muscular flap from the
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pectoralis, and Max Horrasany covers the amputated stumps with
the dissected posterior lavers of the perichondrinm. AXHaUsEX,
on the other hand, destroys the layer of perichondrinm capable of
regeneration with the Paquelin cautery, which, experimentally at
least, was successful. DIRCHER canterizes the places with concen-
trated earbolic acid and Kroare with fnming nitric acid.

Every operating surgeon 1s aatnmkhul how, after the division
of the 4th costal l"l]il]d”l‘ nnmediately the respiratory movement
of the thorax, a
rising and sinking,
which was not
present before, be-
oins. At the same
time the divided
ends draw to-
gether. The
thorasx qI[J'[.'I-ll‘h'l.{]:Il.‘
an expiratory posi-
tion, to w hwh
hitherto, even with
the help of auxili-
ary muscles, it has
not attained.

Manvsurgeons,
including SEIDEL,
TUuFFIER, GoTT-
STEIN, STILCH,
have also resected
the 1st costal car-
tilage. Thisis not
necessary, nay, the
mechanism of the
thorax seems «
priori unsuited to
it, because it 1s
just the costal ring
which acts as the
director of all the
movement of the
thorax. In prac-
tice, however, it
has been proved
that when the 1st
U:.lrliil'ilgc 15 rigiﬂ it Fia. 114, —Chondrectomy with interposition of muscular
has no influence flape. (From SAvERBRUCH and SCHUMACHER'S ‘' Burgery of

. . the Thorax.")
on the expiration
either.

When one is desirous of enabling the overstrained, but still
elastie, lung to retract, the thorax must be rednced by the removal
of the larger cartilages and pieces of the ribs. Max Horrmanx
resected 4 em. from three ribs and considers this was not without

e L
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importance in the great success he achieved. BIRCHER removes
the whole cartilage. Further experience 1s needed to decide this
point. _

By way of dressing, most surgeons are satisfied with simple
sticking plaster. I'RIEDRICH recommends the fixation of side of
the thorax operated upon by strips of adhesive plaster and sheets
of india-rubber.

Anwsthesia of those patients with the labile heart and the
diseased lung is rightly dreaded. Whenever possible local anses-
thesia must be tried. The danger lies in broncho-pneumonie
processes after the operation, much less in complications due to the
heart.

RESULTS OF OPERATIONS.

Out of fifty-seven cases operated upon, four succumbed to the
operation : one man from pulmonary cedema (chloroform), one
woman (Harras, six hours post. op. with unusual and inexplicable
symptoms).

As the immediate result of the operation most surgeons report
with astonishment how with the division of the last of the four
costal cartilages the thorax at once becomes mobile and the side
in question shows clearly respiratory rising and falling. At the
same time the side operated upon sinks about 1 em. below the level
of the other side of the thorax. The thorax is certainly reduced in
its eircumference, but is considerably more mobile. FEwven the day
after the operation most patients feel much freer, only the pain in
the wound hinders them at first from making full use of their newly
attained power of respiration.

But, objectively also, the ventilation of the lung is considerably
improved. This can be clearly seen after the wound has healed,
but only to 1ts full extent after some weeks. The type of breathing
approaches the normal, the individual breaths are deeper and fuller,
they are not so frequent. The difference between the expansion
of the thorax on expiration and on inspiration, which, before the
opening of the thorax, was 2 and 1 cm. respectively, has risen to
5 and 3} cm. respectively.

The inferior pulmonary margins, which were almost immobile
before the operation, have become mobile up to 2} em. after the
operation ; a sign, therefore, that the diaphragm contracts more
easily. In severe cases certainly an increase of the muscular power
of the diaphragm cannot be expected.

The spirometer shows in a striking manner the inerease of the
vital capacity of the lung; it may rise to 100 per cent. and more ;
indeed 1n one case it rose from a minimum of 400 c.c. to 2,000 e.c.
(FravcexuemM), That was certainly a rare case of rigidity of the
thorax in a young man of eighteen with well developed museular
power, and no degeneration of the diaphragm.

Expectoration is easier. Attacks of bronchitis, from which the
patient suffered throughout the whole year, become much less
frequent, are often much milder, and not nearly so paintul.
Asthmatic attacks become much raver, or do not oceur at all;
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the patients are refreshed by sleeping peacefully at night, which
they could not do before. They become much more capable of
work. Thus cases are reported of completely broken-down mnvalids,
who afterwards could resume their work as stokers, porters, lock-
smiths, skippers. Observations, lasting in many cases over three
years, have shown that the result is permanent—both subjectively
and objectively. SEIDEL proved by measurements the spontaneous
further increase of the expansions of the thorax in the course of
two and a half years.

It cannot, of course, be expected that far-reaching transforma-
tions of the lung (atrophy of the tissue, initial bronchiectases, &c.)
will improve or even retrograde.

Less perceptible, and not to be measured in absolute figures, 1
the influence of the mmproved condition of the thorax on t-ht-
circulation, especially on the heart. The disappearance of the
cyanosis, the decreased dilatation of the veins in the neck, the
mmproved distribution of the blood, and, above all, the less frequent
pulse, are the best proofs of the restoration of the functions of the
thorax as regards aspiration and pressure.

Only a small proportion of those operated on received after-
treatment. There is scarcely any doubt that by physical alter-treat-
ment, by appropriate breathing exercises under medical supervision,
the results would be still better, and more certain to last. There-
fore vox pEN VELDEN rightly demands this after-treatment for
every patient operated upon, so that he may learn how to make
use of and increase the power of costal respiration which has been
restored.

This can easily be done by systematic regular breathing exer-
cises at home (breathing throngh the nose without tight clothing,
intemperate, pure air). Under certain circumstances the patient
must be removed for some time from all influences harmful to
the respiratory organs; if need be, he must change his occupation.
On the medical side, besides the chronic bronchitis, the conse-
quences of the venous congestion and disturbances of the circula-
tion in the abdominal organs specially require therapeutic measures.

In individual cases a spontaneous improvement sets in later.
Thus GorrsreiN discharged a patient three weeks after the opera-
tion very little better ; after six months he saw her again, and was
most surprised at the excellent result, which f-,hmwd objectively
!LI‘EU as regards function an increase of the vital capacity from 2,000
to 2,500, and a much greater mobility of the lower pulmonary
margins.

Are the improvements lasting? If you can speak of a per-
manent result after a period of observation of three years, then it
may be said the improvement was lasting in the case of a small
number. In others, after months the thorax became rigid again.
In these cases the reason was the renewed production of 'mlq. losis
of the ribs at the site of operation. The operation was therefore
probably imperfectly performed. Fverything depends upon per-
forming the chondrectomy in such a way that a pseudoarthrosis 1s
left at this place. As a matter of fact, many post-mortem results
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have confirmed both the regrowth (KiérTE) and the formation of
good cicatrices of connective tissue, which allow, if not of the
normal springy function of the thorax, still of a sufficient torsion of
the ribs (voN DEN VELDEX).

The results of the operation will enly be permanent when the
perichondrium posterins of the cartilage 1s removed. If 1t 13 left,
then an ossifying perichondritis develops, which proliferates round
the ntercalated cicatrix in the shape of a sheath, and holds the
mobilized ends like a vice.

INDICATIONS FOR OPERATION.

We have already mentioned that there have been failures. It
is not, however, difficult to show how in the said cases the eon-
dition of the patient, and, above all, the respiratory trouble were
incorrectly diagnosed.

Among these, according to vox pEN VELDEN, are to be reckoned
“farlures in bronchial asthma and in conditions resulfing in a
dilated, but not a rigidly dilated, thorax ; also cases in which, with
HJ]II})I]L"LH‘{I tilqvmm the rigid ﬂ]lltut.llt}ll n[ the thorax only ph},'ed
a subordinate part in the w hn]c diagnosis,’”’

Certain important points must be considered as special eontra-
indications for an operation in the case of FREUND'S emphysema.
Complications of the lung alimost always oceur in E*lupl]?q{*umtl:a
so that in spite of slight bronehial catarrh an operation may be
performed. Only severe feverish bronchitis, or bronchorrheea, or
bronchopoenmonia, as well as bronchiectases of (:{}nﬁitlernhle
extent, are contra-indications. Bronchial asthma in itsell 1s
no contra-indication in so far as it 1s really econcurrent with a
rigidly dilated thorax. 'The cure of this neurosis 13 not, however,
to be expected ; considerable improvement bas often been recorded.

It 1s of the greatest nmportance to form an opinion as to the
circulatory system. In case of pronounced cardiac insufficiency the
operation should be abandoned, when preparations of digitalis arve
unable to avert or lessen the compensatory disturbances. In eases
of aneurismm or severe arteriosclerosis the operation is better
abandoned. :

Age 15 no reason for abstaining from the mobilization considered
necessary. The oldest patient operated on was seventy-two, the
voungest eighteen.

The surgical mobilization of the thorax should—here all writers
are 1n ameuuent—‘wcmﬂmg to the advice of FrEUxD, not be
delayed till eardiac complications arise, and, as we should like to
add, should take place before the diaphragm’s power of contraction
has been seriously injured. LAMBERT points out as a further
reason for an early operation the danger of ankylosis in the costo-
vertebral joints, which with rigid cartilages would result in an
“ankylose pantothoracique.” An attempt has been made to make
the indications more precise by means of the spirometric figures.

iut these are only relative. Age, too, gives no basis to go upon.
The most important indication is the condition of the costal
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cartilage ; 1f it has really become inelastic through asbestos-like
degeneration, so that it keeps the ribs in the horizontal (inspiratory)
position, then the only way to avoid ankylosis of the ribs, and thus
to improve the mechanism of the respiration, is to remove a portion
of these cartilages.

Of the greatest importance iz the right selection of the cases,
that 1s to say, chondrectomy shounld be confined to those forms of
emphysema in w hich the thorax is kept in the inspiratory position.
It is a matter of indifference —this has been proved by experience—
whether the calcification of the cartilages (yellow atrophy) is to be
considered as primary and the clupln sema as secondary or wvice
versa—a seientific question not yet settled.

It must not be forgotten that the operation is to remove the
rigidity of the thorax. Whether and to what extent the peculiar
transformations in the pulmonary parenchyma due to the emphysema
are indivectly affected is beyond our discernment.

In Sl}]t{-" of the precise and clearly formulated indications given
by FREUND in his first publication, they were exceeded. Ths led
to the first failures.

It seems to us, as a result of practical experience unp to the
present, that, in course of time, these indications may possibly be
added to. Iirst, QUINCKE wishes to extend chondrectomy to the
thorax, which has become rigid in the medial position, with a view
to infproving the l!lFs]_)Ilﬂt-IGI'l (see p. 241), and then LoEscHKE
believes that improvement might be expected from chondrectomy
in the cases of emphysema described by him which are due to a
round back. This seems very likely in consideration of the
mechanical conditions.

In one peculiar case painsin the ribs, especially in the cartilages,
were the sole reason for Baver performing chondrectomy. It
was the case of a young girl with a symmetrical forward
flexion of the nppermost costal cartilage, with unbearable pains on
moving the arm, which increased during work. FEmphyvsema was
not present. The X-ray picture showed nnthlllﬁ abnormal. After
resection of the 2nd to the 4th costal :ut,tlacrec; the pains dis-
appeared. The cartilages were softened LLl]tltL“} to hquefaction,
cellular proliferation in ‘the vieinity.

The fact that several cases have been known, in which easier
respiration and better health continued, in spite of a renewed pro-
duction of ankylosis of the cartilage, made FRIEDRICH wonder
whether the reduction of the volume of the lung alone was not
perhaps in itself responsible for part of the success. GoTTsTEIN
also urges an extension of the indications to include all kinds of
emphysema ; especially cases which may be hereditary, in which
the emphysema begins to develop in youth, appear to him suitable
for an operation.

Monr clearly formulates the contra-indications for chondrectomy,
by saying; ** No operation should be performed in cases of dilated
and rigid thorax due to an abnormal tension of the inspiratory
muscles (tonic rigidity), for example, in case of dyspnwea following
bronehitis, in case of an attacl of asthma, and in case of nervous and

17
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cardiac asthma, by which the thorax is kept permanently in the
inspiratory position. Moreover, no operation should be performed
in cases of rigid thorax accompanied by a contraction of the thorax
in the case of paralytic thorax and rigidity due to age. Both show
symptoms of modifications of the cartilage.”
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AcTixomyces, fungus, foreign bodies acting as host for, 223
Actinomyecosis, pulmonary. 181

—, diagnosis, 182

- — —. by X.rays, 152, 183

— — from malignant disease, 182

— — from tuberculosis, 182

—, drainage of puralent savities contra-indicated, 154
. prognosis, 183
» spreading to pleara, 181

—, sputum in, 182

—, symptoms, 181

— , treatment, surgical, 183, 154

Acby, on bronchial tree, 21

Air, amount admizzible to plenral eavity without danger, 22
—, aspiration through oblique wound in injury of pleura, 75
Air-embolism following artificial punenmothorax, 148
Afe-pazsages and ramifications, diagram showing, 219
Air-pressure @ inerease, in lung surgery, 35-38

maintenanece of difference, in lung surgery, 29.53, 81, 207, 203
— — — —, acute dilatation of stomach following, 54
— — —- —, asepsiz under, 53
— — — —, avoldance of accumulation of earbonic acid in blood, 55
— — — —, disadvantages and dangers, 5356

- — — —, interruption, 53
— — — —, risk of long operations under, 55
— — — —. when to be kept at low level, 55

-— in openiong pleura, G4

Alligator forceps in extraction of foreign bodies from bronchi, 228
Amyleid tumours in trachea and bronebi, 203
Anmsthesia (general), when to be preferved to local in surgery of thorax, 80

(lacal), alone necessary under lower method of bronchoscopy, 227
-, in lung surgery, 57

- —, position of intercostal nerves in relation to, 57-50

—, preferable in chondrectomy, 254
method of, under bronchozeopy, 227

—, vomiting in, under maintenance of difference of pressure in lung surgery, 53
Angmsthetie (general), choice of, in surgery of thorax, 60

Anmsthetic oxyzen mixture, method of giving, in lung surgery, 42, 43

Angioma of lung, 202

Aorta, arch of, 13.

Arteria pericardiaco-phrenica, 13

Arteries, intercostal, anterior, 6

-

—_ pﬂ.-al,erinr, <

(pulmonary), compression, danger of, 196, 197

— — of, how long endurable, 195

—, embolizm of, treatment by Trendelenburg’s operation, 189-193

—, ligature in operating for brovehiectasis, 180-132

—, ligature of branches to promote shrinkage of lung in ecases of abscess, 109
—, right and left, ramifications, 129, 130

—, topographical anatomy of, 191, 192

—, subeclavian, 14
Artery, mammary, internal, 4, 5

— — average distance from breast-bone, 4, 5

Artillery shot wounds of lung, 75
Azepsis under maintenance of difference of pressure in lung surgery, 58
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Asthma, limitation of conditions formerly denoted by, 238
Auler, cages of pulmonary hernia, 237

Azygos, 14

— easily injured, 14

Lacillus fusiformis present in putrid sputum, 93
— — and spirille, associated with pulmonary abscess, 90
Bacmeister, production of anomalies of thorax, 160
Bardenheuer, pnenmotomy, 231
Bayer, indications for chondrectomy, 257
— prevention of collapse of lung at operation, 26
Bier's suction apparatus, application in progressive mediastinal emphysema, 82
— — — in discharge of pus from pulmonary abscess, 107
Blood. frothy, extravasation, indication of injury to lung, 76
— in pleural eavity, danger of, 77
—, leugoeytes in, increase in pulmonary abseess, 95
—. venous, effect of poweriul insgpiration on, 242
Blood eirculation in pulmonary abscess, 95
Blood-pressure in pnenmothorax, 23
Hlmd-w.ir;:ﬁls,lygImmmr}', operations on, to contract lung in pulmonary tuberculosis,
y dad
Elumenthal, foreign body entering lung through bronchi becoming encapsuled, 221
Brain, abscess, following operation for bronchiectasis, 134
Braper, nitrogen apparatus for avtificial pneamothorax, 173
— retraction of lung, by resection of ribs, 152, 153, 154
Braner's cabinet for increasing air-pressure in lung surgery, 35-38
Breast-bone. See Sternum
Breathing, amphoric, 98 :
Bronchi, abzcesses and gangrenons foei, position of patient in operation for, 60
—, amyloid tumours in, 208
—, foreign bodies in, 217-257
— — — classification, 218
— — —, symptoms, immediate, 218, 219
— — — — gometimes absent, 219
-, formation by bifurcation of trachea, 19
—-, lateral and venteal, 21
Bronchial suture, 228, 219
— tree, normal, orthographieal distanee photograph of, 20
Bronehiectasis, chronie putrid abscess of lung and, 114
—, chronie simple abzcesses of lung and, 112
— due to foreign bodies, 234
—, treatment, sargical, 127, 128
— — -—, Iollowed by brain abscess, 134
— — —, ligature of pulmenary artery in, 130-132
— — —, promotion of pulmonary atelectasis in, 138, 129
—- — —, results unsatisiactory, 133-134
Eronchio-carcinoma, 208, 204
Broneholithiazis, 232
Broncho-pnenmonia due to foreign bodies, 221, 222
, pulmonary abscess developing from, 89
Bronehoscope, Briinings', 224-236
—, surgical instroments for, 226
— —, tubular spatula and sliding tubes for, 225
Bronehoscopy, 226G
— a5 aid in poenmotomy, 231
, method of anmsthesin under, 227
——, position of patient under, 226, 227
—, upper and lower methods, 226
ironchotomy from posterior mediastinum, 229, 230
- , method, 230
-—, mediastinal, in removal of foreign bodies, 228
3ronehus eommunicating with pulmonary fistula, suture of, 185
, peduncolated lipoma in, 806, 205
, right, penetrated by foreign bodies more frequently than left, 21, 215
-, suture, during resection of lung, 67T
Briinings, bifurcation of trachea, 16
bronchoscopa, 224, 225.236
Bruns, method of promoting shrinkage of lung in cases of abscess, 109
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Bullet, extraction from lung, 217

— — — apparatus for, 75

Bullet-wounds less dangerous than knife wounds of lung, 7
Bullets, penetrating lung becoming encapsuled, 217

CAXCER (primary) of lung, 203
— — —. complications, 205
— —, diagnosis, 204
——— h_y Merays, 205
— — —, invading pleura, 205
— —, point of origin, 204
— — —, question of operation on, 206
, sex distribution, 203

— — —, sputum in, 204
Cannula, tracheal, drawn into Iung by aspiration, becoming encapzuled,
Carcinoman, Exl:lrpﬂ.tmn of lung for, 66
Carlshad needle, flexible in diu;{umsiﬁ of rigidly dilated thorax, 249
Cavam mediastinum superius, 11
Chondrectomy for rigid dilatation of thorax, 252
— —, after-treatment of patients, 255

- —— — _ contra-indications, 257
....... . indications for, 266

— — — —, local anmsthesia preferable, 254

— — —, method, 252, 253

— —, precaution against pneamothorax, 252

— — — —, results, 2b4
—— vo S tcst.ed by spirometer, 254
Cimnﬂmmn I.-u]mmmu 202
{.-I.ln:rudic-t.am_v. linear, technigue, 162
(]I.'Lr'lstuwit:ich, removal of bullet from Jung, 217
Clamp foreeps for use in Trendelenburg's operation, 194
Collet’s method of tracheotomy, 228
Corn, ears of, acting as hosts of actinomyees penetrating lung, 223
Cough in pulmonary hernia, 235
— in rigid dilatation of thorax, 251
Cranwell and Vegas, operation results in pulmonary echinococens, 215
Crescenzi, healing of loss of substance in visceral pleura, 85

Z1

DerorsE’s process of decortication of lung, 65, 187
Deneke, apparatus for artificial pneumothorax, 173, 174

-, injection of oxygen and nitvogen in pneumothorax, 141
— puncture needls in artificial ponenmothorax, 175, 156, 177
Dermoid cysts of mediastinum, 199
— — pulmonary, 202
Devé, operation for pulmonary echinoeoeccus, 215
Diaphragm, T
—, arch of domea of, T

, function of, in pathology of emphysema, 246

-, mobility, with rigid and with normal thorax compared, 251

—, part played by, in respiration, 242

—, wounds in, complicating Iung injury, 78
Dleu]dfﬁ_‘. pulmonary echinococens, 211
Dittrich’s emboli, 92
rogs die from pnenmothorax more easily than rabbits, 27
Doyen’s bellows, 30
Dracger'zs combined mask apparatus, 42, 43
Drainage-tubes, pliable metal, for plenral eavity, 63
—, with valve, for pleural eavity, 69
Dyspncea in pulmeonary injuries, relief of, T8

Ecnmxococeus, pulmonary, 210-216
— —, causes of death from, 213
—. —, dingnosis, 211, 212
— — — by serom method, 212
— — — by X.rays, 212, 213
—, mortality, 213
—, operation for, methods, 214, 215
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Echinococens, pulmonary, puncture contra-indicated, 213
— —, rupture of, 210, 211
—-, Gltages of, ‘,!ll
Electro-magnet, extraction of steel and iron substances from bronchus by, 227
Elsberg's intrateacheal insufflation apparatus in lung surgery, 49-51
Embaolism and pulmenary abseess, 00
— of pulmonary arteries, diagnosis, difficulties in, 195, 196
— — —, mnortality, 196
- —, symptoms and course, 1N
— — —, treatment by Trendelenburg's operation, 189-198
— —, — — =, cases suitable for, 190
Emph} %ema, 14
—. in injuries of thorax and lung, T6
—, mediastinal, in injuries of lung dangerous, 76, 77
— -, progressive, treatment, S2
— of cellular tissue in artificial pnewmotherax, 146
—, pathology of, 245
— -, function of diaphragm in, 246
—-, pulmonary, 288
— —, concurrent symptoms of, 240
— —, followed by rigidity of thorax, 238, 230
— —, transformation of lung following, 2498, 239
. rigidity of thorax in, Loeschke's theory as to, 247, 248
traumatie, treatment, 73
Em(ﬁcmfl complicating ﬂI.mra.t.mn for pulmonary abscess, 126, 137
Endarteritis obliterans oceurrving in healing of stabs and wmmdi of lungs, 85
Engelken's pnenmatic cabinet for increasing air-pressure in lung-surgery, 88, 39

Fazcra endothoraciea, 3
Fell, apparatus for reducing aiv-pressurve, 30, 40
Fibroma, ulmmmr}',iﬂﬂ
Fischer's divector for use in intratracheal insufflations, 50
Fistula, bronchial, maintenance after operation for pulmonary abscess, 118
l istulz, pleural and pulmonary, co-existent, 186

-, pulmonary, 185-1588
— —, bronehi communicating with, 153
— — , origin of, 185, 186
. , breatment, surgical, 187
Foreeps, dilating, for use in Trendelenburg's operation, 194
—, for compression of lung, 63

, for hilam of lung, 63

—, for lung fization, 63
—, Luers, E'i""

See alzso Clamp forceps, Thrombus forceps
Foreign bodies in air passages, localization by X.rays, 220, 221
—_ == =, Femmoval, 224

— — -, by I)mnuhmup}, 224
—_—— — — . by mediastinal brenechotomy, 228
— — — — —, by posture and manipulation, 224

——— h\ tracheotomy, interthoracic, 229
-— in lung and bronehi, 217-232
— — — causing abscess, 221
— -— —, removal by pneumotomy, 231
in upper air P-"I*:h:l”L:-i, removal at late date, after inspiration, 232
- — — — — — by forceps after tracheotomy, 237, 228
— — — — — —, by tracheotomy, 227
— — more often 111Imleu;1 into right bronchus, 21
- pulnmnau absecozses due to, 252
-— hﬂ{h' in long, X-ray 1"” ture of, 221
Forlalini, dur.'lt.mn of maintenance of artificial pnenmothorax, 145
—. introduction of artifieial pnenmothorax by, 136
, nitrogen apparatus for artificial pnenmothorax, 172
-, on artificial ponenmothorax, 171
. treatment of pulmonary abscess by artificial pneumothorax, 108
1‘rm=lu, and li-eek double hemothorax, 83
Freund, W. indications for chondrec tomy, 256
— pnt.hﬁ]of!,j.’ nf |'igiﬂ]_1.' dilated thorax, 243, 244
—, preventive division of costal cartilages in pulmonary tuberculosis, 158
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Freund, W. A, rvesults of pulmonary emphysema, 298
Friedrich, Plasbif.: operations on thorax, 168, 167
—. retrachion of lung by resection of ribs, 152, 153, 155

GancrenE, pulmonary, 90, 110

— —, sat up by foreign bodies entering lung from bronchi, 221, 222
— —, spubum in, 93

Gerulanos, danger of pnenmothorax on rigilt side, 27

—, operation for pulmonary echinococeus, 215

Greszner, iodoform injections in pulmonary tuberenlosis, 158
Goeltz, pnenmobronchotomy, 231

Gottstein, indications for chondrectomy, 257

—, results of chondrectomy, 2535

Green and Janeway's pnewmatic cabinet for increasing air-pressure in lung surgery, 38
Guimbellot, operation for pulmonary echinococcus, 214, 215
Gunshot wounds of lung, T4

— — —, [atal, T4, 75

— — — —, from hsmorchage, 75

HaMmorxEUMOTHORAX, absorption of air and bload in, 83
—, traumatic, 75
Hemoptysis in injuries of lung, 76
Hemorrhage, fatal, in gunshot wounds of lung, 75
—, pulmonary, 1549
— —, treatment, 150
— secondary, following operation for pulmonary abscess, 126
Hoemothorax, double, absorption of air and blood in, 83
—, following operations for tumours of lung, 200
—, trammatic, 75
—, treatment, 81, 52
Hamm, diagnosis of pulmonary actinomycosis, 122
Heart and eireulation, effect of vigidly dilated thorax on, 251, 252
—, dizplacement in artificial puenmothorax, 140
—, enlargement on right side in pulmonary emphysema, 240
—, injuries ef, complicating pulmonary wounds, 78
—, posttion in diaphragm, 7-11
Heart-maszsage, in Trendelenburg's operation for pulmonary embolism, 197, 193
Heavt-muscle, overstrain following compression of pulmonary arteries, 197
Helferich, operation for pulmonary sarcoima, 207
Henschen, technique of linear chondrotomy, 162
Hernia, pulmonary, 233.237

-, congenital, 233
— —. coughing 10, 283
— —, pain in, 235

—, spontaneous, 234
— = symptoms, 255
— —, trammatic, 235, 234
— —, treatment, 236
— — — by bandages, trnsses, or corsets with' spring pads, 235
, operative, 236, 287

— — — (radical), 287
Hofbauer, pathology of emphysema, 245, 246
Hofmeister, bronchescopy as aid in pnenmotomy, 231

Trcich and Firsed, diagnosis of pulmonarcy actinomycosis, 182

Inspiration, powerfal, effect on venous blood, 242

Insuffiation apparatus, intratracheal, in luog surgery, Tlsberg’s, 49-51
Intercostal ineizion for denudation of pulmonary focus, 61

Intercostal museles, 3

— space, 2

Intestines forced into pleural cavity in pulmonary i1|jl1|'it!‘i, 73

Intubation apparatus for increasing air-pressure in lung surgery, Kuhn's 46
e —, Yolhard's, 47, 48

Iodoform injections in pulmonary tuberculosis, 158

JonxEesco, injury to plearal eavity, 14
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KAREWSKL'S cabinet for increasing air-pressure in lung surgery, 33
Killian, bronchoscopy as aid to pnenmaotomy, 251
— method of bronehoscopy, 224
— position in bronehoscopy, 227
Knife wounds more dangerous than bullet wounds of lung, 77
Kinig, F., treatment of traumatic emphysema, T8
Kirte, aveidance of pleural infection in lung surgery, 121
Iorteweg, extraction of splinter of Ivddite ghell from lung, 218
Kreater, serum diagnosis in pulmonary echinococeus, 212
Krinlein, operation for pulmonary sarcoma, 207
Kriiger, method of Imtir]le:,t.mn}r 259
- on Trendelenburg’s operation, 195
Kuhn's intubation apparatus for inereasing air pressure in lung surgery, 46
Kiilbs, iodoform injections in pulimonary tubereulosis, 158
Kiimmel, separation of lung from hilum, GG
Kiittner, gunshot wounds of lung, when fatal, 7
Kyphosis of thoracie portien of spine i eansation of rigidity of thorax in emphysema,
247, 248

LaEsxeEc, pulmonary emphysema, 238, 239
Laewen and Sievers, compression of pulmnn::r}' avteries, 195, 196G, 197
Lambert, indicatiens for chondrectomy, 256
Langer, incisibility of skin of chest, 6
Latissimnus dorsi museles, 8
Lawrow, pulmonary wounds combined with those of other thoracic organs, 83, 84
Lawson, extirpation of tubereular foeus from lungs, 163
Lenormant, classical treatment of wounds of lung, 79, 80
Ligamentum pulmonale, 14
Lipoma, pedunculated, in bronehus, 202, 203
Liver, pulmonary absecss deriving from, 90
Loeschke, eticlogy of rigidity of thorax in emphysematics, 247
Lotsch’s mask apparatus for increasing air-pressure in lung surgery, 44
Luer’s foreeps, 252
Lung, abscess of, 87-134
— —, acute, putrid, 110
— — — ——, question of operation, 111
- — —, gimple, 1049, 110
. —, after-treatment of operated cases, 125
-— — chronie, putrid, and bronchiectasis, 114
- — — — —, indications for operation, 115
< -— —, results of operation, 115
—, simple and bronchiectasis, 112
— — — —- —, indications for operation, 113
. —, cicatrization, 104, 105
— — — of wound after operation, 125, 126
—, cirenlation of blood in, 95
. , conditions of lu!ﬂ,.]illgr 103
—— in upper and lower lobe compared, 106
- —, courae of, 103
, developing from pneumonia or broncho-poenmonia, 39, 90
— —, diagnosis, 101, 102
— , by explorvatory puncture dangerons, 99, 100
— — —, by X-rave, 08, 00
y from suppurating pleurisy, 102
— —, due to foreign bodies, 221, 2332
— — . embolic, 90
—_ -, starting-points, 90
. etiology and pathogenesis, 8891
- —, evacuation bw opening up, 107
. expectoration in, 94
- , how to promote, 106
, formation of cavitiez, 94, 95
. peographical distribution, 90, 91
— —, metapnenmonic, cured by oper 1.L|fm 96, 47, 25
— —, nicro-organisms associ ted with, €
, paths of mf::-r tion, 59, 90
, putrid, 88, 89, 90
s symptoms, 91-101
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Lung, abscess, tolerance to, 104
-, treatment, 106-109
— — — surgical, 107
— — — —, by formation of artificial thorax, 107, 103
- —, by removal of ribs, 107
— — — —, complications after operation, 126, 127
— — —, maintenance of permanent bronchial fistula after, 118
— — —, plugging after operation, 125
- -, principles for operating, 118
— — — —, prophylaxis of pleural infection in, 119, 120, 121
_— —, reduction in amount of sputum, 124, 125
— — — — results and indieations, 117-132
_——— tenlnuquc 119-154
ahsuess cavities, auscultation and percussion, 95-95
— —, symptoms ui 05, 96
— —, in upper lobe thickened by tubercenlosis, 100
—, apex of, 16
-, artillery shot wounds of, 75
— , atelectasis of, promotion in operation for bronchiectasis, 128, 129
—, eancer of, complications, 205
— —, primary, 203
, collapse of, at operations, prevention, 25, 26, 25
— —, below trapezius, removal of portion, in case of pulmonary hernia, 237
— —, in pneumothorax, 22, 28, 25
—, compression of, foreeps for, 68
==, cuts and stabs in, method of healing, 84, 85
—, decortication, 65
—, extirpation of laft lower lobe, X-ray picture two years after, 127
—, total, GG
. fixation of, forceps for, 63
— — and invc:a-tignt-iﬁu before operating, G5
— [nmpgn bodies in, 217-232
— .= —, aseptic, he-t,ummg encapsuled, 217
- — gausing pnenmothorax, 222
_—— = cutermg by bronchi abscesses, and gangrene following, 221, 222
_ - , localization by X-rays, 217
—_— E}'Iﬂplﬁlﬂﬁ delayed for years, 222
-, gunshot wounds, 73, T4
—, hernia of, 233
—. hilum of, 18, 16
— —, forceps for, 63
., injuries to vessels of, 84
— —, seen from back, 18
, structures passing through, 16
— —, topography, 139, 130
—_— — — ampothant, 19
—, injuries of, 72
— —. diagnosis, T6
— —, penetrating, T2
—, Hite, TG
—- —, subcutaneous, 72
— — —,; treatment, 73
— —., sympioms and complications, T8
— —, treatment, 78
—, prolapse of tissue of, 7
— resection, 207
— —, suture of bronchus during, 67
—, rupture of, T2
, symptoms, 73
— —, treatment, 7Y
—, sarcoma of, 206
— —, primary, 206
—, separation from hilum at D]_]crﬂ.Liml, G
—, shape of, 16
—, shrinkage by means of ligature of pulmonary arterial branches or of weins in
treatment of abscess, 1083
—, stab-wounds of, penetrating, T4
—, stabs and wounds, :,m{,nmplmate:i method of healing, 85
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Lung, transformation following emphysema, 238, 230
—, tonmonrs of, 199.209
— —, operations on, 207, 208
— — —, hemothorax or pneumothorax following, 209
— — —, guestion of drainage, 209
, wounds of, combined with injuries to other thoracic organs, 53
— —, combined with those of other thoracic organs, treatment, 84
— —. infection, 77
- — , treatment, elassical, 79, 80
: -, expectant and operative compared, 80
— and pleura, front bonndaries, 8, 9
Lung-cavities, due to abscess, to be treated as rvigid-walled, 119, 123, 124
Lungs, lobes of, 18, 19
— —, abnormalities in, 19
—, margins of, 16
— —, inferior, 17
— —, posterior, 17, 18
—, position in diaphragm, 7-11
Luschka, sinus phrenico-costalis, 14
Lyddite shell, fragment, successful extraction from lung, 218
Lymphatic vessels and pulmonary abscess, 90
— wvessels, thoracie, 6
Lymphosarcoma of lung, 206

MacEwEN, avoidance of pneumothorax at operations, 26, 27
—, reduetion of ppenmothorax in opening plenral eavity, 64
—, removal of tubercular lung, 66
—, total extirpation of lung for tuberenlosis, 164, 165
Malignant disease, diagnosis of pulmonary aetinomyecosis from, 182
Mask apparatus for increasing air-pressure in lung surgery, Draeger's (combined), 42, 48
— - — — . Lotsch's, 44
— — -— — —, Mayer and Davis's, 41
—_— — — . Schoemaker's, 41, 42
— — — — — — Steinmann's, 45, 46
— = — — —. — Tiegel's, 39
Matas, forcing-pump to adjust air-pressure devised by, 30
Mayer and Davis's mask apparatus for inereasing air-pressure in lung surgery, 41
Mediastinum, 7, 8
—, expansibility, 149
—, futtering of, 24, 25
. cause of death in pnenmothorax, 25
—, [rvont aspect of, laid bare, 191
—, position in reference to unafiected lung in pnenmothorax. 23
—, posterior, bronchotomy from, 229, 230
—, tumonrs of, 199.209
— —. malignant, 200
== —, non-malignant, 200
—, weak spots in, 149
Melton, interthoracie tracheotomy, 229
Meltzer and Auner's method of artificial vespivation, 47, 48
Meyer, W., suture of bronchus during resection of lung, 67
Meyer's universal differential pneumatic cabinet for reducing air-pressure in long.
surgery, 38.55

Mohr, contra-indications for chondrectomy, 257
Mucons membrane, pulmonary, suppuration, 87
Muller, W., collapse of lung in operation on ribs, how prevented, 25
'I'LIurph].r, canse of death Pneunmi.]mr:lx, 95

-, introduction of artificial thorax by, 137
—, reaults of extirpation of tubercular foeus from lung, 163
Murphy's nitrogen apparatus in artifieial pneumothorax modification, 173
Museles, thoracie, 2

-~ =, transverse anterior, 5

NERVE, phrenie, risk of cutting through in Trendelenburg's operation, 13
MNerves, intercostal, 6
. position in relation to loeal anesthesia, 57-59
— — — — — — point for injection, 59
— sympathetic, position, 11




B
(=r]
=1

INDEX

Hitrogen, in artificial pnenmothorax, advantages, 172
—, injection in artificial pnenmothorax, 141, 142
Nitsch, weak spots in mediastioum, 149

O'Dwyer tube, 30, 46

Osteoma, pulmonary, 202

Osteoplastic closure of hernial apertures in thorax, 236

Oxygen and anmsthetics in lung surgery, administration by Roth-Draeger’s apparatus,
86, 37, 58

—, injection in artificial pnenmothorax, 141, 172

PavscH, boundaries of pleura, 12

Pectoralis musele, major, 3

— —, minor, 3

Pericardium, portions covered by pleura remaining uveovered by lung, 14
Perichondrinm posterius, removal essential in perichondrectomy, 256
Porthes' apparatus in discharge of pus from pulmonary abscess, 107
— treatment of punlmonary cavitices due to abscess, 124

Pilot catheter with rubber tube for use in Trendelenburg’s operation, 192
Pin in bronchus, X.-ray picture of, 220

Plasma-cystoma, mediastinal, 202

Pleuwra, 8

— and lung, front boundavies, 8, 9

—, boundaries of, localization, 11

—, drainage, air-proof h;; tampon traversing ehest wall obliguely, 69
—, infection, prophylaxis in surgical treatment of pulmonary abscess, 119, 120, 121
—, injury of, aspiration of air through obliqua woeund in, T8

—, invasion by eancer of lung, 205

—, left, sarcoma of, primary, 200

— . mediastinal, 13

—, protection from infection after resection of ribs, 64

—, pulmonary, actinomycosis spreading to, 181

—, tumounrs of, 199-209

— —, removable by operation, 201

—, visceral, 19

— — , healing of loss of substance, 55

Pleure, apices of, 14

Pleural adhesions, artificial pnenmothorax in cases of, 143, 144

— — in pulmonary abseess, in relation to operation, 120

----- —. emphysema, 240

— —, pneumothorax not present in, 76

— — production in operating for abscess of lung, 121

— cavity, amount of air admissible to, without danger, 22

— —, blood in, danger of, 77

— -, dizscharge of fluid into, under artificial pneumothorax, 148

— —, domes of, 14

]

— —, drainage of, G8
— -, injury to, 14

— —, intestines forced into, in pulmonary injuries, 78

— —, opening of, cantion necessary in, G4

— reflexes 1o artificial p'tmllllmt.lmmx, 146-150

Pleurisy after aspiration of foreign bodies, 222

—, complicating operation for pulmonary abscess, 126, 127
—, suppurating, diagnosiz of pulmonary abscess from, 102
Pneumatie cabinet for increasing air-pressure in lung.surgery, Brauer’s, 35-38
— — — — — -, Engelken’s, 33, 89

—_ - — » Green and Janeway's, 38

—_—— — — —, Karewshki's, 38

— — for reducing aic-pressure in lung-surgery, Meyer's, 83-35
——————— , Baunerbruch’s 30, 31, 51
Poeumobronchotomy in removal of foreign bodies, 231
Pnenmonia, pulmonary abscess developing from, 83, 90

—, septic, complieating operations for pulmonary abscess, 126
—, traumatie, reactive, 85

Pneumothorax, avoidance at operations, 26, 27

—, blood-pressure in, 23

—, cause of death in, 25

—, cloged, treatment, 83
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Prneumothorax, collapse of lung in, 22, 23, 25
—, dangers of, 22
, due to forcign bodies in long, 222
--, experimental, effect on dogs and rabbits compared, 27
-— following operations for tumours of lung, 209
— in roptures of lung, 76
— not present in plenral adhesions, 76
—, open, treatment, 83
—, pathology of, 22-28
—, position of mediastinum in reference to unaffeeted lung in, 23
, precantion against, in tzhr:u1|f]ruﬂ1n:um_g.', a52
- reduction in opening plearal cavity, 64
, right, more dangerous than left, 27
. with tension, removal, 88
— (artificial), accidents and complications in, 1406-150
- — —, prevention, 147
— —, aimsof, 171
-, apparatus for, 172-175
, eara in establishing important, 143
— —, compared with resection of ribs in pulmenary tubercnlosis, 156
, eemtra-indications, 150, 171
—— —, dangers, 171
. , dingrams exhibiting, 143, 144
, displacement of heart in, 140
. duration of maintenance, 145
— —, experimental, 139
, in treatment of hiemorrhage, 180
- — , indications for, 150
y injection of nitrogen in, 141, 143, 172
- — oxygen in, 141
- —, principle of, 187, 138
— ——, puneture needle in, 175, 176, 177
y resorption of toxins from collapsed lung in, 140, 149
— —, results, 151
— —, with pleural adhesions, 143, 144
— —, without pleural adhesions, 143, 145
— —, N.ray picture showing, 142
Pneumotomy in operations for pulmonary abscess, precautions, 121, 122, 124
— in removal of foreign bodies, 231
Posadas, operation for pulmonary echinococens, 214
Polmonary stones, SHea Broncholithiazsis
Puncture needle, Deneke’s, in artificial pneumothorax, 175, 176, 177
Cuesu and Lopguet, maintenance of difference of pressure in surgery of lung, 20
uincke, indications for chondrectomy, 257

RanpiTs, dogs die from pneumothorax more easily than, 27
Ray-fungus, mode of aceess to lung, 181
Respiration, artificial, apparatus for, 43
— —, maintenance in Trendelenburg’s operation for pulmonary embolisn, 197
— —, Meltzer and Auer's method, 47, 45
, difficulty of, in rigid dilatation of thorax, 250
- in pneumothorax with large opening, 24
— —, with small opening, 23
—, mechanism of, 241, 242
» muscular powers brought into action by, 242
—, paralvsis of, following compression of pulmonary arteries, 196
—, park played by diaphragm in, 242
Hhomboidei muscles, 3
Rib retractor, 63, 65
Ribs, 2 £
-, anomalies of 2
—, carfilage of, 242 i
, cartilages, division to prevent apical tuberculosis, 158-162
» Yellow fibrous degeneration in rigidly dilated thorax, 243, 244, 245, 240
—, connection with sternmm, 241
— with verbebral column, 241
, cortical substance, 2
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Ribs, number to be vesected in operating for pulmonary abscess, 120, 123
—, resection of, 61, 62
— —, in pulmonary actinomyeosis, 154
— —, in pulmonary fistule, 187
— —, in theracoplasty, 166, 168
, protection of pleura from infection after, G4
, retraction of lung by, in pulmonary tulm-nr ulosis, 152-15 _ll._I-
_— —_— cmnlﬁnql with artificial pneumothorazx, 150
— —, to ::or:tt"mt thorax, 170
=i three upper, difficultics in resection, 63
Rosenfeld, distinetion between sputum of pulmonary abseess and that of phthisis, 93
—, initial formation of pulmonary abscess, 103
Roth-Dracger’s apparatus for administering oxygen and anmsthetics in Inng-surgery,
36, 47, 38
Rouse, avoidance of pleural infeetion in lung surgery, 121

Sa.ﬁnma:ib:,;wmge extent of distance of internal mammary arvbery fvom breast-lone,

4.

SArcoms Uf lung, 2006

— —, primary, extreme rarity, 206

) ‘*l—""ﬂa-dmﬂ from pleara to thoracie wall, operations performed on, 207

oy P:nu.,n_'. of left plenra, 200

.‘:aucrhruch amount of intra-pulmonary pressure in lung surgery, 64, G5
llgﬂ.t-ulr_, of branch of left pulmenary artery in operating for I}much]e«ct 1sis, 151, 132

—, mq_,t.h{:[l of promoting shrinkage of ]l_ulg 1 eases of abseezs, 109
, promotion of pulmonary atelectasis in operating for bronchicctasis, 128, 129

—, retraction of lung by rescetion of ribs, 152, 156

—, separation of lung from hilum, GG

—, twofold thoracoplasty, 167-170

Bauerbrach’s cabinet for reducing aie-pressure in surgery of lung, 30, 31, 52

Sangmann’s apparatus for artificial pnenmethorax, 173, 175, 176

Scalene muscles, 14

Schmeden, pulmonary echinoeoccus, 211

Schoemalker's mask apparatus for inereasing air-pressure in lung surgery, 41, 42

Schumacher, topography of hilum of lang. 129, 130

—, topography of pulmonary hilum, 19

Behwartz's method of bronchotomy from posterior mediastinum, 229, 230

Berew, extraction from bronchus by electro.-magnet, 227

Bera-pnenmothorax forming after establishment of artificial ppneamothorax, 147

Serratus anticus muscle, major, 3

-— posticus superior and inferior muscles, 3

Sernm-diagnosis of pulmonary echinococcus, 2132

Sinus mediastino-coztalis, 14

— phrenico-costalis, 14

Spengler, retraction {:f lung by resection of ribs, 152

Spine, kyphotic flexion of thoracic portion ‘in relation to vigidity of thorax in

emphysema, 247, 248

Spirometer, testing results of chondrectomy by, 254

‘-;pwomct.r:,r i di: 1glmz,m of 1]=l'l:i dilatation of Lhurm{ PLELE)

Splenii muscles, 3

Sputum in cancer of lung, 201

—in pu.]mmw.:._} abscess, 91

— — . deposited in 1..hru- lavers, 92

—- — —, glastic fibres in, 92, 03

— — —. how differing from that of phthisis, 93

—_——— mi;:m.-u:ul}ir_'al examination, 92

e IRICEO-OrgADISMS present in, 93

— — —, variations in odour, 93

— in pulmonary actinomyeosis, 182

— in pulmonary gangrene, 93

—, reduction in amount after operating for pulmonary abscess, 124, 125

Stab-wounds of lung, penelrating, T4 .

Steinm ann’s mask apparatus for increasing air-pressure in lung-surgery, 45, 46

Sternum, 2

—, average distance of internal mammary arvtery from, 4, 5

—, connection of ribs with, 241

Stethography in diagnosis of rigid dilatation of thorax, 249

Stockum, van, avoidance of pleural infection in lung-surgery, 121
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Stomach, acute dilatation following maintenance of difference of pressure in lung-
surgary, o4
Stone-cutters’ disease of lung, evacuation, 52
Nireplococens puiridus associated with pulmeonary abseess, 00
Streptothrixmycosis, pulmonary, 182, 184
Sumita, theory of rigidity of thorax, 246
Suppuration (pulmonary). See Lung, abscess of
Suture {hrmw]]imn, 98, 240
-, percostal and pericostal, TO
, ulmonary, G639

TaLke, experimental healing of wounds of lung, 85
Themas, pulmeonary echinococcus, 210
'I'tmrmuplaaw in pulmonary tuberculosis, 165-171
- —, twofeld, 1GT-1T0
Thﬂl‘ﬁ.ﬂﬂ!ﬂmj, indications for, 81, 53
, position of patient for, 60, 61
-, prevention of |:-uu|1muhhur:m ak conclusion of, 70, 71
— ., gmite of, how determined, 51
-, temporary, when indicated, 63
Thorax, anomalies, production, 160
—= — gffect on lung, 160
—, artificial, 101
, bony frameworlk, 2, 3
~— — —, covering of, 8
—, cavity of, contents, T
— —, lefk side, after removal of lung, 15
-—, seen from nght, after removal of right lung, 10
—, conenssion and compression, T3
—, contraction, in treatment of pulmonary tubereulosis, 170
. hemlul a Ll‘lﬁlll’E‘:- in, osteoplastic clesure, 236G
; inner surface, covering of, 3
, mechanism of, 241
—, muscles of, 3
» position of heart and lungs in, 7.11
, rigid and normal, mobility of diaphragm compared in, 251
, rigid dilatation aceompanving emphysema, 238, 239, 240
— - di.;,gnn:hi\. 240. 252
— — — — by X.rays, 250
—_— — effect on un’.uhtory apparatus, 251, 2532
- — —, pathology of, 248.248
— -— —, symptoms and physical signs present in, 250, 251
— — —, treatment, surgical, 240, 241
— — — — — by chondrectomy, 252
—, rigidity in emphysema, Loeschke's theory as to, 247, 248
— —, in medial position without dilatation, 241
— of, theories as to, 246, 247
—, rigidly dilated and normal compared, 248, 249
, shape of, change in increasing age, 242
—, skin covering, 6
— — —_ incizibility, 6
. wallof, 1
— . blood supply, 4
- —, transverse section through, 4
Thrombus forceps for use in Trendelenburg's operation, 194
Tiegel, bronchial suture, 228, 239
— method of approaching bronehus for operation, 250
of promoting shrinkage of lung in cases of abscess, 109
- pliable metal drainage tube for plenral cavity, 63
— mask apparatus for increasing air-pressure in lung-surgery, 39
Toxins, resorption from collapsed lung in artificial pneumothorax, 140, 149
Trachea, amyloid tumours in, 203
, bifureation of, 16
— —, into two I.lmm'hi, 19
—, course and dimensions of, 19, 21
Tracheotomy, interthoracie, in removal of foreign bodies, 220
Trapezins muscle, 3
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Tren&elenhufgs -:tp-ai.a,t-:lrm on embolism of pulmonary acteries, 189-195
— — -— —, asepsis in, diffieull to maintain, 195
- :iesenptmn 192.195
difficulties in, 195
. —, heart massage in, 197, 198

— — — — —, maintenanece of artificial respiration, 197
————— , risk of cutting through phrenic nerve in, 13
Tuberculosis, putmouary abscess cavities in, healing of, l:h
- —, apical, prophylaxis, by preventive division of costal cartilages, 158162
— —, eavity in upper lobe thickened by, 100
—_—— d:agn-}.ﬁla of actinomycosis from, lﬂ‘?
— -, experimental production, 160
— «—, treatment, by immabilization of lung, 157
— — —, sorgieal, by artificial pneumothorax, 186, 137
— — — —, by contraction of thorax, 170

- e —, by extirpation of disonsed lobe, 157
— — — — — of tubercular focus, 163, 164
_ — —, hy iodoform injections, 158
— — — —, by opening of abscess cavities, 136
— — — —, by operations on pulmeonavy blood vessels, 155, 156
— — — —, by retraction of the lung by resection of ribs, 152-155
i —, by thoracoplasty, 165-171
— — — —, by total extirpation of long, 66, 164, 165
Tuffier, extirpation of tubercular fzeus from lung, 163
—, treatment of pulmonary eavities due to abscess, 124
— and Hallion, maintenance of difference of pressure in surgery of lung, 30

VAGUS-PULSE, appearance of, Gl
Vagus nerve, 13, 14
Veins, innominate, 14
—, intercostal, 6
—, pulmonary, ligature to promote shrinkage of lung in cases of abscess, 109
von den Velden, after-treatment of patients after chondrectomy, 255
— ., indieations for chondrectomy, 2506
. rigid dilatation of thorax, 250, 251, 252
Velpeau, encapsuled foreign body in lung, 217
Vena pericardiaco-phrenica, 13
Vertebral column, conpection of ribs with, 241
Volhard's intubation apparatus for increasing air-pressure in lung-surgery, 47, 48
Vomiting in anasthesia under maintenance of difference of pressure in lung surgery, 53
Vulpius, operation for pulmonary hernia, 236

WicHTMANE, removal of portion of collapsed lung below trapezius in case of pulmonary
hernia, 237

Wilhelm-Kolbs, retraction of lung by resection of rilbs, 154

Wilms, contraction of thorax in pulmeonary tuberculosis, 170

—, theory of rigidity of thorax, 247

Witzel, avoidance of pnenmothorax at operations, 26

M-navs, dingnosiz by, of cancer of lungs, 205
— —, of pulmonary abscess, 98, 49
— — —, difficalties in, 101, 102
— —, of pulmonary actinomycosis, 182, 153
— —, of pulmonary echinococeus, 212, 213
— —, of rigidly dilated thorax, 250
lﬂmhmlmn by, of foreign bodies in air-passages, 220, 221
— — —, In lung, 217
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