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FOREWORD

This treatise on the therapy of pulmonary btuberculogis by pneumo-~
thorax and phrenicotomy represents a subject comparitively new, but which
has enjoyed rapid progress and endorsement by tuberculosis therapeutists
both in this country and abrosd.

An attempt has been made to correlate and organize the veiws and
results obtained by prominent asuthorities now at work on this phase of tuber-
culous therapy. Reference has been limited to English literature with only
oceasional reference to foreign works.

This work does not represent an obscure specialty to be performed
only by skilled surgeons. On the contrary, an attempt has been made to show
how the general physician mgy profit by a more complete understanding of the

subject. -
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INTRODUCTION AND HISTORY

The therapy of pulmonary tuberculosis dates back to our earliest
record of man. Xach era and each generation has secen some changé or some
new method that has offered hope-—only to be found wanting and cast aside.
Some  few fragments of usefulness have still beeh retained from the multi-
tude of theories and experiments performed, and together they furnish a
base upon which modern’thﬁrapy rests., It is staritling that when these

Yextracts éf miilions of minds™ are analized they are found to approximate
very closely the ways that nature attempts her healing., Those that diverge
from nature have proven the most useless, those thail aésist her the most
useful. Thus it seems that unraveling the secrets of nature is our way:of
solving the problem of ?herapy,‘and it is along these lines that modern
therapy is_progreésing. »

At pressnt we are not ready to, and can not cast aside the accepted
and proven worth of treatment by rest, immobilization, fresh air, clean,
pleasant surroundings, gcod vitalizing foods, protection, and nursing. These
afe'nature's means of healing and are to remain. DBut, we can further improve
upon these in various ways, whether it be chemical, physical or mechanical.
The problem today is to find and select these ways. Many have been advanced,
to0 many to be of any use, and a general weeding would be an endeavor worth
while. The chemical phase is in its infancy and has, as yet, offered but
possibilities. So also is the mechaniecal, but it seems as though this phase
offers more for the immediate future.

If we observe the process of healing in pulmonary tuberculosis, even

in advanced stages, we can not help but notice nature's various wgys of
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checking, and pre#enting the spread of the diseasé. What does this fundi-
mentally consist of? An attempt to put thé disecased part at rest and limit
mobility! There is a decreased amount of thoracic movement, the production
of fibrosis, and adhesions tc limit the constant movement, and an altered
chemical condition rendering the individual unfit to carry on strenuous

exercise. 16, 9

¥hy not help n&tgres efforts and complete her attempts whenever it
is possible? This is exactly what the mechanical phase of modern therapy
aims to do. Simply to put the diseased part at rest as an adjunct to the
generally accepted methods of treatment. 42, 202 9 vyarious methods have
been divised in relatively late years in order to do this, some very complex
and mejor, others relatively simple and minor, but all with the same purpose,
(i.e.), to put the affected lung at rest, or in other words to collapse or
partially collapse the diseased lung. This idea is not new as the principle
was suggested in the works of Hippocrates, and others of ancient times have
made casual comments on the possibilities of surgery of the thorax., Nothing
along this line was ever attempted, or if émtempted was never pub into prac-
tical use until what we would call "modern times"™. ¥o doubt due to failures
in atbempts at surgery of the ‘thorax when tuberculosis was ﬁhe pathology

the opinion that any mechanical interference of tuberculosis was considered

ill-advised and meddlesorme. Rla 42 Hot until the late eighteen hundreds

was this popular opinion overthrown, and even today many believe that by so
doing, is to invite complications.

Compression therapy in the trestment of pulmonary tube:culosis can
therefore be said to be & modern procedure, both along surgical lines and in
the treatment of selective cases of pulmonary tuberculosis.

To James Carson of Liverpool should be given full credit for having

laid the entire foundstion upon which the entire structure of modern pulmonany'
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compression therapy is built., He urged the production of Artificial
pneumothorax as early as 1821 and pointed out the theories and reasons
for doing so.

Forlanini of Pavia 1882 also proposed the use of artificial
pﬁeumothorax and made its use practical.

| De Cerenvilie, 1885 of Lausanne, was the first to undertake the
relaxation of the lung by a thoraceplasty operation upon the overlying bony
cage. His work was based upon empyema studies in which he noted that in
these casses and in pleural effusions the tuberculous lesions in the lung
were limited presumably by the compression that the fluid exerted ﬁpon the
diseased lung.

Other men of later date have added their experience and results
along the same line and thus made the field more stable.' Among the most
notable are Freund 1858, Quinke 1888, J. P. Ehrphy 1898 of Chicago, Ill.,
Brauer of Hamburg 1907, Stuértz 1911 who first proposed and practiced
phrenicotonmy, Alvarez of Oviedo,Spain, 1913, and Jacobaeus of Stockholm -
1913. ZEBach of these men were pioneers in the field of fhoracic surgery and
each brought forth some new phase and put it into @?actical use.

Today many notable men have been added to this'list, proving that

the foundations are secured and tThaid theré is & decided usefulness.

The Meaninz of Pulmonary Collapse

Pulmonary collapse as the word suggests is a deflation of a lung,

‘either partial or complete, by mechanical intention in order to prevent

movement and activity of that part, with the hopes of arrssting or curing
lesions therein. Many means to accomplish this are now in use, the explan-

ations of each will be given in brief.
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1. Artificial Pneumothorax means the collapsing of a lung either partially

or totally by the introduction of air or gas within the thoracic cage, thus
© changing the intrapleural negative pressure 1o a positive pressure or to
that equal to the pressure within the bronchiji

2. Thoracoplasty is the resection of portions of the ribs on the affected

-usually para~vertebral and including the upper ten ribs with from 3.5 cm.
to 13 cm. resection of eacﬁ frqm above downward. This operation allows the
scapula to fali inward upon.thé diseased lung, thus compressing it.' Wilms
‘uses the parastérnal ribs and costal cartilages for resection in selective
cases.

3. Phrenicotomy is the intentional production of diaphragmatic paralysis
on the affected side by cubting and extracting a portion of the phrenic
nerve where it lies over the scalenus anticus muscle in the neck. This
operation allows the~diaphragm 10 ascend on the affected side and thus

compress the lung on its base.

4. Pulmonary Regection is the actual cutting out of portions of the diseased
lung by open operation. This operation has been performed by Tieffier and
Jessen several times but it is not generally accepted by other surgeons.

5., Direct Cavity Drainagze 1is the aspiration of tuberculous cavities

directly through the thoracic wall, This procedure is not popular however.

6. Intra Pulmonary Pneumolysis is the direct cutting of pleural adhesions

by instrument through the thoracic cage so thal other means of producing
collapse might be successful, This operation has been perfected by Jacobaeus
of Stockholm and is often referred te as Jacobasus'! coperation.

7. Ligation of Pulmonary Artery combined with phrenicotomy is the ligation

of the lobe branches of the pulmonary artery in order to produce shrinkage

of the part affected. Phrenicotomy further aids in the compression.
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8. Intercostalectomy is the resection of the ihtercostal nerves of one

side in order to prevent thoracic breathing. It is usually combined with
phrenicotony.

These are the chief surgical procedures tg collapse the diseased
lung as practiced today. Hot all of them have been accepted as worthy and
sound in principle, and time will, no doubt eliminate a few. Qhere are
three, however, that in their short existance have proven their worth and
are 0 remain as & valuable'ad@ition to the therapy of pulmonary tuberculosis.
These three are; thoracoplasty, pneumothorax and phrenicotomy. Thoracoplasty
is now generally accepted as the treaxient par—excellencevfof late and
apparently hopéless cases 10 and very little argument is needed as far as it
itself is concerned. Its indications and results have been established
relatively satisfactory to all; Artificisl pneumothorax has slso esﬁablished
itself and there is no question but what it is to remain as one of the chief,
iﬁ not the chief, procedure in tuberculous therapy. There are many men who

42, o )
, 9% although it is generally

42, 45, 32

advocate its use in preference to thor&cdplasﬁy,

conceded to have a place in selective cases only.

But, saﬂisfactory as these two are, they are not without their’short>
comings in cértain particular group of cases. Due to this fact paralyéis of
the diaphragm by phrenicotony has been in recent years pushed to the front
with the idea of cvercdming these faults. So many satisfactory results have
been reported from its use that today there is a question in many prominent
men's minds_as to whether it is not a Dbetter procedure than artificial pneumo-~
thorax. Certainly it has its place along with pneumothorax and thoracoplasty,
that fact has been established, but when it should be used, and in what types

of cases it should be used, is the conbraversy of today.
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This paper can not deal with the whole subject of thoracic surgery
in the treatment of pulmonary tubereulosis asg the field is too large and t00
complicated by various methods and opinions of authorities. It is necessary
then to limit, or choose some part of it which presents a problem to the
surgeon, therapeutist and patient. |

The question of the procedures of artificial pneumothorax and
phrenicotory furnishes a subject applicable to discussion. Thevremainder
of this paper will therefore be devoted to these two methods, their comp‘
paritive worth, and their ﬁeneficial results and failures will be presented
according to the opinions of authorities who are at work ftodsy on these

problems.
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ARTIFICIAL PNEUMOTHORAX

Artificial pneumothorax has won for itself an accepted place
in the treatment of pulmonary tuberculesis. In the pgst decade it has
enjoyed widespread popularity and its literature has accumulated rapidly
to vast proportions. There has arisen on the one hand a feeling of
péssimism as to its sssential usefulness and on the other, a tendency to
constantly extend the accepted indications for its employment. %0,9,5%a,51
Being a new procedure, there is a diversity of opinion concerning all
phases of the subjeet, but today these have become of minor details rather
than of the subject at large and ariificisl pneumothorax is gradually be-
coming fitted into its proper place along with other methods of.like nature.

Technique: In defining artificial pneumothorax it was said that
it was & deliberate introduction of either air or gas within the pleural

cavity in order to bring about a collapse of the diseased lung. Since 1898

when the procedure was Ilntroduced into this country by J. B. Murphy of

Chicago 49 the technique has gone through several changes. Murphy made &
small slit through the skin and subcutaneous fascis and then inserted a
trocar and cannula until the rib was struck, at which time the stilgtte was
withdrawn, the gas turned on and the trocaf plunged through the pleura. The
amqunt of gas ranged from 50 to 200 cubic inches depending on the reaction of
the patient. He kept the lung compressed to its full degree for from three
to six months, meking fresh insertions every six to ten weeks, He practiced
high pressure collapge in all patients and did not attempt an accurate

measurement of intrapleural pressure.
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Various modifications have been suggested. 49,56,13 mne rollow-
ing is the accepted method of today:~5l

It is useless to describe the apparatus and its mechanism in
detzil as there are many varieties in use at different institutions. All
the apparatus in use employ a system of fluid displacement between two
communicating glass vesselé or jars for the admission, egress, and measure-—
ment of the air or gas. Connected between the jars and the needle is a
mancmeter which registers the amount of pressure in the pleural cavity,
thereby indicating the degree of collapée that is desirable. Finallj a
hollow needle or canmula is attached suitable for insertion between the
pulmonary and parietal pleura, Bottles and manomeber are graduated 50 ﬁhatA
all readings of the amount of gas introduced and the pressure produced are
direet. Bither pure nitrogen or pure air may be used. It was originally
thought 49 that nitrogen was superior because of its inertness and theor-
etical advantages of slower absorption., Rist and Strohl %0 in 1920 made a
corplete study of pleural gases and their behavior and came to the conclusion
that air was as satisfactory as nitrogen and that in selected cases oxygen
itself proved efficient, especially with pleural effusiouns. 51

The patient is prepared in the same way as any entering an
operating room for minor surgery. The thorax is washed and antiseptics
applisd, PFive tenths t0 one per cent procaine solution with adrenalin is
used as a local anesthesia. 51 ne ascertain when the needle has entered
the pleural cavity, the plunger of the needle is observed; when it suddenly
moves toward the lung, the pleural space has been entered. The reason for
thig is that the negative pressure within the cavity exerts a suction éqtion

on the plunger. The manometer will further indicate that the needle has

entered the pleura.
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The amount of air to introduce depends on several factors. (1) The
freedom of the pleural space from adhesions; (2) the capacity of the chest;
(3) the condition of the opposite lung; (4) the character of the disease and

its associated sympitoms,

Pull compression of the lung with high positive pressure isgs not
practicsl today. -~ The more sciemtific studies * have proven that it is
dangerous'both to the patient at the time and to the course of the disease,.

x 4%,16,50,40 From the above conditions it is therefore impossible to state

a rule for tﬁe amount of air introduced., The sdministrator mst use his
Judgement and knowledge in each case. 42 Howevér, in most cases when pneumo-
thorax is at all indicated, 250 to 450 cec. of air may be given. 51 The latter
gstatement is not supported by some who advecate the introduction of small
amounts of air over the site of the lesion only, terming this procedure

7,13,27,14

"selective collapse." By 1this method enocugh air is introduced %o

collapse the 1esion‘and to produce & 40 per cent collapse of the healthy part,
leaving a negative pressure of 0 or -l after each inflation. The advantage

they claim is that it (1) ﬁinimizes respiratory disturbances, prevents circu-
latory distress, throws less work on the other lung, and can be uéed bilaterally.

13 This procedure is not accepbted by all and is criticized by maqy,ll’16’42

1,51,%8a
who have studied the physiology of the thorax and compressed lung. ° Its

very recent use prevents a gathering of statistics fto make any comparison. It
no doubt, has its place in certain select cases b the concensus of opinion is
that it can not supplant the complete collapse. 16,1,3,42,11

The length of time that collapse should be maintzined varies with the
pathology of the lung. 21,51 p 384 Binger,42 & in his experience divides his
cases into three groups: (1) cases with total collapse; (é) cases with partial

collapse; (3) cases collapsed for hemoptysis. Collapse in the first group

should be maintained at least btwo years as there is no definite way of telling
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when healing is complete. The second group should be refilled indefinitely
a8 complete healing is never assured. Th the third group it should ﬁe
gontinued only as long as blesding is defindtely arrested. 4 a

It is now generally agreed that collapse should extend over a periocd
of years, depending on the severity and type of lesion. Long standing active
cases with extensive cavitatilon should be treated for at least 2 years and
then terminated only when the fluoroscope and symptoms show that arrest has
taken place. 3§me men advocate treatment for life in fthese cases.QO’gg’ﬁl
sa&ing that discontinuance causes rapld retrogression and if fibrosis has
taken place there is a constant pull on o0ld cavities tending to open them
again., The less advanced lesions may be terminated sooner, governed always
by symptoms and the fluoroscope. x 16

The number and ambunt of refills vary with almost every case as
the activity of the individual, his thoracic capacity and rate of absorption
vary. & a Also the kind of pulmonary collapse mekes & difﬁefence in the
number and intervsal. Pherefore the patient should be watched each day and |
treated accordingly. Generally speaking, however, it mgy be said that the
treatment should be given on alternate dgys for the first two or three injec-
tions and then the interval gradually increased by a day or two up to one
week, The seven dgy interval is usually maintained for two or three weeks;
then a ten day interval working up_to intervals of two wseks which ig main-
tained from then on. 51 It should be rarely necéésaxy t0 give more than
500 cc. at one time.

The proper method is to wateh the patient and keep the lung

collapsed as the progress indicates,with frequent use of the fluoroscope.

Anatomical and Physiological Effects

Intra Pulmonary Tissue Changes: As is well known, tuberculosis in

any vart of the lung heals by fibrous encepsulation. In bringing this about
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individual resistance plays the greatest part, next and equally important
is the functional rest of the diseased part. £l Rest is the keysbtone of
successful treatment of tuberculosis of any organ and the more complete

the better the result.

Compression therapy by artificial pneumothorax causes partial or
complete rest of the diseased lung, not only grossly but histologically
which is the ultimate of expectation. Normally the lung is an organ that

ig in constant motion, the reason of which is to better é?iate the blood

B3
and promote circulation into the general system. This activity tends

to rid the lung'of all contémination elther bvaay of the circﬁlation,‘
lymph, or bronchi. Therefore any disease process and its toxins are
dissiminated through the general circulation to ultimately be overcome by
bodily resistance, or to galn a footheld when this resistance has been
overpowered.

By compreseing the lung the blood supply and lymph drainage is
curtailed,1’51’21’42 therefore the toxie produets of a tuberculous lesion
are less liable to enter the body and can become localized where the resisge
tance is better able to promote healing. If has not been definitely de-

termined whether this stasis of blecod and lymph is primafily responsible

for the production of the most desired histological change, i.e., fibrosis.

Gardner 2l sgys that fibrosis is perhsps the result of pressure or the

action of retained metabolic products which afford a toxic irritant to the

areclar tissues. At awy rate blood and lymph stasis and fibrosis are present

in the collapsed lung, each phenomena acting favorably toward the healing.
of the lesion. OCaseocus foci become encapsulated and pneumonic processes
tend to become organized, The co-adsptation of cavity walls, if maintained
for a sufficient length of time, may insure effective healing. 2 About

uncollepsed cavities is thrown a more or less thick fibroms envelope, which
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acts as an effective barrier against further extension of the destructive

process. This process continues until the lesion is healed, abt which time
, ) L . X i 21,561

gcar tissue and fibrosis becomes partially absorbed.

Like all rules, these have their sxceptions and in some cases
healing does not take place., Hspeclally, where there is sdhesions Lo the
pareital pleurs, the cavities may be held open by a mechanical pull that

23a,

prohibits coadsptation.

Gross Changes The gross lung presents a small contracted mass,

semi-solid, confined o the hilum of the lung. Fibrous tissue is seen in
great abundance around the old tuberculous lesions and cavities, next to the
bronchi and in radiating strands from the bthickened pleurs. The sponzy
alveolar tissue is absent. Tortuous bronchi snd blood vessels with thick
walls transverse the specimen; the bronchi are often dilated and filled with
caseous matier or semi-fluid exudate; the arteries are often thrombased and
narrowed by endarterites. 2l,1 The tubercules ars dry and seen to be firmly
encapsulated by fibrous tissue which either just surrounds them or grows
through and through them.

Adhesions to the pareital pleurs slter this picture in which case

the lung is not fully collapsed and strands of adhesions exbend irregularly

-

S53a
from the chest wall to lung mass.

Effects on Heart and Mediastinum

In consequence of the positive pressure or & pressure equal to the
atmosphere on the compressed side there exists some changes in the heart and
mediastimm, The lung on the opposite side s%ill has its negative pressure,
therefore a positive pressure on one side of the mediastinum and a negative
pressure on the other produces opposing forces exerted on the central structures
which is the heart and mediastinum. %When the latter is not fixed by‘adhesicns

it is displaced toward the affected side. During inspiration the negative
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pressure in the unoperated side expends itself in sucking the mediastinum

and heart toward that side., On expiration these structures are pushed back

to the other side. We have produced, then, a pendulgm motion which is termed
"medigstinal flutter." With high pressure and 4 thin mediastinum the dis-
placement may be extensive producing an embarrassment to the conbained vessels,
heart, and the good lung. Symptoms such as dyspnea, possibly cyanosis,
tachycardia, low blood pressure, and occassionally cardiac pain may occur.
55,29,51 With atmospheric pressure these symptoms are not observed and the
mediastinal displacemsnt produces no untoward effects either at the time of

- s s ' 19
injection or in the healing process.

The opposite lung: It has been stated,5l(5auerbmch} that; the

uncompressed lung enlarges as a result of emphysematous and hyperplastic
changes, a8 much in some cases as one third normal size, due to & compensatory

-
hypertrophy. Also the uncompressed lung moves more than it did before, 1, 51

- and therefore lymph and blood flow are increased in the goo&‘luﬂg.

Effects of Respirabtory Sas Exchange

With pneumothorax there is z marked reduction of respiratory surface
as one lung has been practically rendered functionlaess. One would expect that
the tension of oxygen in mixed arterial blood to be proportionsiely diminished.
This has been proven not to be the case except when there is oo great pogi-
tive pressure on the diseased side or when the pneumothorax is open. ‘

From experiments and clinical studies it has been proven that while at
rest(%ith a unilateral pneumothorax the factors of gasebus exchange, alveolar
carbon dioxide tension, respiration and tobtal ventilation of the lungs were
normal; also tiat the reaction to inspired carbon dioxide was normal up to the
point at which the respiration is trebled or sometimes quadrupled, but beyond

. 51,37a
that point the limit is reached where dysprnea becomes evigent. ’
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It is recognized then that a patient with induced pneumothorax
suffers no discomfort as long as he remains within moderate limits of
activity. Just why there is nob more embarrassment is explained simply
by theé fact that the human body was sndowed with about eight times as
much lung tissue as it needs for ordinary purposses, the remainder serving

. . N . 51,53,%7a
as a reserve in times of great exerition. Also the compensatory

hypertrophy of fhe good lung with its increased blood supply aids in the

ventilation.

Indications for Artificial Pneumothorax

As has been.béfére stated, artificial pneumothorax should never
be assumed to be a substituile for routine hygienic treatment. It is only
after general treatment has apparently railed that the ﬁrocedure is resorted
to and then only after a carefﬁl obsefvation of the patients condition, the
type of pathology present, the age of the diseass, complicafions present,
and the condition of the opposite or good lung. All of these factors must
be considered and wéighed by men who have had experience and judgement born
from that experience.

When J. P. Furphy 49 did his work on thoracic surgery he selected
only those cases of apical ilesions or those having monolobar lesions, the
opposite lung being free from disease. He did not consider late and chronic
cases to be worth the effort as so many fallures resulived. No doubt he had
not ohbtained the keen judgement necessary in these cases, for today the
chronic and advanced cases are considered the most logical for pneumothorax.
In his time with the limited experience along the line of thoracic surgery,
general statements could easily be made as to the type of cases suitable
for collapse. Todgy it is not so easy nor desirable for it has become recog-

nized that sach case is a problem in itself and all factors must be considered.
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Just how long a trial should be given roubtine treatment in a given
case depends on the clinical judgement of the physician.l6 However, if at the
end of two to six months, if there is evidence from physical or x-ray examine
ation, of advancing infiltration with caseation and softening, a more drastic
scheme of tréatment is to be considered. 43 If the progress is rapid or if
ites advance is not checked by absolubte rest, and if the comparitively good
lung remains in statu guo, pneumothorax should be definitely considered. >

In one group‘of cases it has become accepted by all that the indic-
atioms for preumothorax ars perfectly clear. 5 Symptoms are so severe and the
involvement of one lung so extensive that it appears perfectly obvious that a
collapse of the lung is the only measure likely tc forestall an sarly and fatal

.. 5, 51
iggue,

This group has been termed the last resort group.
It is not with this group that we are particularly concerned, however.
It is those mid-way between the early and very late that requires the most
) . 51, 43 '
careful consideration,

As in all branches of surgery there is & diversity of opinion regard-
ing the choice of these cases, and there should be, as every case presenis a
, 43,16
different problem and should be handled accordingly. ?

Some of the most accepted standards will be given, howsver, along with
possible exceptions.

In reviewing the literature and the opinions of various authorities,
it cantbe set down as a general prineciple that the chief indication for treat-
ment by pneumothorax is unilateral disease that is progressive in spite of

. 12,51,43 51
hygtenic rest treatment. Burns and Peters classify the pathology

as follows:

1, Acubte bronchopneumonic or pneumonic, where the disease is confined to one

lung, and progressive in spite of attempted hygienic roubine.




page 16

=N

2. Chronic Phthisis, the lesions being chronically infiltrative, with or

without cavitation., Depending upon the amount of scar tissue that has been
. laid down there are subdivisions often referred to as fibreid, fibrocaseous,
| fibrocavernous., Pneumothorax is indicated here if thesge lesions are pro-
gressing and all other conditions are satisfactory.

They class one type of case as an indication sven thoﬁgh it is not
progressive, or even though adhesions are present. This type is the long
standing case of fibrocaseous-cavernous phthisis, with thevother lung éompetant.
Here the patient is incapacitated because of cough, sputum, fever, and loss of

resistance.

3. Chroniec Bronchopreumtnic Tuberculosis. This type is usually infiltrative,

caseating and ulcerating, and experience has shown that if allowed to go on
will doom the patient to invalidism.

4, Cavitatﬁonz thin walled. This is the type that spreads through the lung
t;ssue without the fairly marked surroundiﬁg‘infiltration and caseation, and
the type. that.yields very sabisfactorily to compression as the thin walls
approximate easily. ALl authoiiﬁies agree that this type of pathology is a

certain indication.

5, Chronic Pulmonic Puberculosis Chronic caseaous pneumonie magy become con-
vérted into massive fibrosis or it may soften and cavitate with varying rapidity.
The progress in this %y@e is slow as the éonsolidation\resists compression.
Repair takes place by a gradual resolution and fibrous replacement of the
pneumonic process,

6. Basal Tuberculesis Indications here as in other lesions vut results not so

o,

satisfactory because of diaphrgmatic adhesions.
A~ 7. Hemorrhaze. In cases of repeated hemorrhages that resist control by ordin-

ary meéthods. Also acute hemorrhages with sympitoms of exsesmguination.
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. . . 1,45,18,42
The great majority of men today accept this classification

but it is the time when to perform the operation in these cases that the
opinions stand divided. At present there is a plea to perform early opersa-
tions in such cases before complications such as adhesions, pleurisy,

5,45,58,12

tuberculous empyema, elc. develope. Of course this is the ideal

way but the patient does not always present himself so early, nor has ordimary
rest treatment proved itself a failure until the moderately advanced stage

has set in. All agree that to wait until there is no hope or to wait untii

80 many complications have set in that opération is doubtful, is the height

of fo?;ly , but all do agree that the patient should h#ve hygienic treatment
first and pneumothofax when this fails. A4ll in all it requireé keen judge-
ment in every case and & thorough kncwiedge of the pathology in every case

to be able to say jﬁst when is the time to operate.

998517 4ho advocate the late treatment and combine

There are some
pneumothorax with intrapleural pneumotysis (severing of adhesions) as practiced
by Jacobaeus but this operation is complicated and as yet little undersitood.

It does offer, however, a solution to those cases that can not be collapsed
by pneumothorax because of adhesions.

These indications ag given are general bubt fairly well decided upon.

Exceptions are as often as the rule and each case must be the governing factor.

Contraindications

Ag with the question of pneumothorax, indications, the problem of
when not to produce a lung collapse in a given case depends very largely on
the Jjudgement of the physician. Contraindications for one‘type of patient
may not, and often does not, hold true for all types with similar conditions.
Therefore, if appears‘that no set of rules can be set to govern the selection

42
of all cases that are not without a great many exceptions. However, some
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working guide is desirable and a few contraindications have come to De
extablished and genérally accepted.

Pirst, it must be emphatically stated that @neumoﬁharax is reserved
for cases that have not respénded to ordinary treatment. 43,42 Thig implies
then that it is contraindicated before other means have been tried.

Acute Stages: The acute miliary form ig unfit, because the disease

has advanced to both lungs and the collapse of one would lessen the breathing
surface and respiratory exchange to such a degree that by so doing would only
invite an earlier exitus. For the same reason an acute broncho pneumonic
spreading to the opposite lung would be contraindicatad.sl In short all very
acute progressive disease involving both lungs make pneumothorax a contra-
indicaﬁioﬁ.

The opposite lung: One mey notice the fregquency of the statement

fhat pneumothorax is indicated in certain forms, "provided the opposite lung
is free from disease". This involvement of the opposite, or "good lung" in
early days was considered a distincet condraindication for the production of
artificial pneumcthorax,49 and even today there are many who stand by this
belief., It is granted by éll, however, that in acute progressive cases the
involvement of the second lung is a contraindication. However, it i1s becom-
ing more and more realized that disease of the good lung in most cases wheve
pneunothorax would otherwise be indicated is a factor of small importance.
It can not be disregarded, however, and in some cases is a contraindication,
when other faetorsnaccompany‘it.

A great difference of opinion exists regarding this subject. Most

.42 ;
authors use conservatism when pathology éxists, but & few all but dis-

19

regard it. . Emerson, states; "that on the contrary, pneumothorax applied

to the most involved lung in extensive bilateral tuberculosis is frequently
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of great benefit. Davies +17 says that activity in the opposite lung is
not a bar, vut must be latent. He also adds that a cavity or scattered
foci are contraindications., Peters and Burns 51,40 disregard old hilum
changes such as calcification, likewise, if physical signs are negative,
they éay no attention io accentuation, prolongation and diserets beading of
the pumonary trunks as they appear in the x-ray. The only point of actual
significance is the demonstration of actual parenchymal lesions progressive
with symptoms of toxemia. In last resort cases they disregard doubtful
lesions and give the pneumothorax.

Most authorsl’sl’le ste. agree that cavitation\in‘the opposite
lung is a bar to lung collapse én the worse side. Emerson 19 gisregards
this idea and his results egual those of the average thoracic surgeon of
todeay .

It has been advanced 1,51,19,21,52a that by collapsing the worse
lung in a bilateral involvement theslesion in the "'good lﬁng" tends to heal
spontaneously because of the increased resistance produced by removing the
worst source of infection.

The trend of opinion is at least progressing toward the thoughf
that prneumothorax is becoming more indicated in bilatersl lesions provided
there is enough inftact respirafary exchange. This latter détermining factor
has been put into practical use of late by experimenters.”37a by estimatiﬁg
the vital capacity of both or of the better lung before operation Thereby
making it possible to fombell the degree 6f.lung surface remsaining after
cqllapse and whether it is sufficient to carry on ordinary gaseous exchangs.
S&a,57a, They maintain that the vital capacity shoudd not be below 50 per

cent of the normal in order o be on the sdfe side., They also advocate

vital capacity reading at intervals during collapse in order 1o estimate
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o, any progress that a lesion in the good lﬁng may be making. 3Barlow and
Krarer 7, Cubler 15, Hennell ard Stivelman27 advocate a procedure termed
"seleebive collapse™ in cases of bilateral involvement whereby lesions in
both lungs are partially compressed, leaving the remaining healthy tissue
to carry on respitation.
Both of these procedures, the estimabtion of vital capacity,. and
selective collapse mgy do much in solving the problem of the opposite lung.
There the opposite lung is diseased and its function reduced by
other lesions such as bronchitis, bronchiectasis, ashma, smpyema, abscess,
gtc., contraindication te compression in the good.lung is established., All
authors reccgnize this.
It must apéear from the above that no definite rule of procedure
can be established covering the selection of ordinary cases, In each instance

one must balance one set of factors agalinst another and then render judgement.

Influence of Tuberculous Complications

It is accepted as a general principle that any measure tending to
improve the general resistance will indirectly tend to exert a beneficial
. . . 51 - . .
gffect on tuberculous complications elsewhere. Therefore in most instances

pneumothorax exerts a favorable influence instead of being an exciter of

5
complications.
As a general rule thberculosis elsewhere is not a contraindication
unless it is in some way functionally incapacitating the paiient.51’16
16 s 42 | .
Davies 7. ard Ringer  in g review of the subject state that laryngeal

tuberculosis is not a coniraindication, bub that intestinal tuberculosis

-~ is. They further imply that these must be weighed by the practitioner
7

s

before passin finel Jjudgement.

-~ Dther Conbraindications: Besides tuberculous lesions and their

complicating factors, the presence of obther types of disease must also be
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considered, Davies 16 considers abumnisuiria, Glycosuria, intestinal
stasis, and a poor Lemperment as bad risks. He points out that treabment
will be a failure in those who refuse to cooperate or neglect having refills
when they are due.

All of these factors must be considered in order to give a good
prognosis or to make the treatment worthy of the reputation that it has

established for itself.

The Advantazes of Artificial Prneumobhorax Treatment

In order to discuss the advantages of any treatment an under-
standing of those procedures %o which it is being compared is desirable.
However, it is not within the scope of this paper 4o discuss the mechanisms,
etec., of every surgical form of therapy. Conseguently, let the conclusions
of present day workers suffice.

Beside phrenicotomy and pneumothorax, all thoracic surgical pro-
cedures are deforming, and when once accomplished their results on the human
frame are permanent arnd beyond recall. (1)

"Artificial pneumothorax in contradistinction is painless, non-de=
forming and non—shocking.55’42 As compression is produced gradually at many
settings, it avoids the dangers of acute circulatory and respiratory upsets.x
Also, as accummlated toxins are only gradually squeezed out of the lungs
into the general circulation, and as the operation of pneumothorax, per se,
does not lower general resistance, there is leds danger of "lighting up"
tuberculous:focli in the condralateral lung and elsewhere. Iung compression
is greater in pneumothorax and what small respiratory movements occur are
normal and not paradoxical % (1) |

Pneumothorax can be released when the lung is healed, therefore,

respiratory funetion is not permanently lost. This is important in case
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pneumonia, pleurisy or any other disease of the opposite lung should occur.
All that is necessary in these cases is to withdraw a part of the air from
the treated side temporarily in order to create more lung surface and there-
by increase the vital capacity.

Another advantage is that pneumothorax can be performed quickly
in an emergency, and can be done in the home provided the physician in charge
has veen sufficiently trained to administer it.

These advantages have led %o the adoption of almost all elinics
of & working rule that thoracoplasty or other more majof and deforming
operations should never be employed when satisfactory pneumothorax is obitain~

x 55
able, or until after pneumothorax has besen tried.

The Disadvantages of Artificial Pneumothorax

As in every type of therapy that has its fine points and a favor-
able record in the majority of instances, pneumothorex has likewise its disad-
vantages which must be considered as possibilities in evary case before
treatment is undertaken. There are pumerous asccidents that can occur in the
course of treatment, and ther are also numserous complications that may arise
at any time. Consequently, one disadvantage, in some opinions, is that the
patient must be constantly watched over his year or years of itreatment by
trained phycians in order to prevent or éorrect such accidents and’complicationse
There are many patients whe dislike being the object of many oper-
ations over a period of years and consequently a few, instead of reporting

(1) may skip several

for thelr refills every two to three, or five to six weeks
or fall to present themselves again until fresh symptoms arise. Then, if he
returns, most likely the lung has se-expanded and become firmly adherent to
the chest wall making further collapse impossible. Or, the physician may

have voluntarily terminated treatment fthinking the disease checked, to have

the patient return later with a "lighting up™ of an old lesion.



It is never possible to predict when tuberculosis ig cured and
is a very trying gquestion to the physician to tell when to terminate the

(1)

treatment.

In some cases great discomfort is complained of after termination
of treatment which is often the result of incomplete re-expansion of the
lung. %When a lesion heals, scar rissue forms and later shrinks. A4s the
chest cavity is larger than the shrunken lung that is expected to fill it,
various changes océur in an abttempt to compensite. The hemithorax flattens,
the ribs crowd together and the diaphragm rises, the heart and mediastinum
shift toward the affected side and the relative normal portions of both
lungs become emphysemabous. A partial pneumothorax will contioue to exist,
and as the absorp&ion of air persists an abnormal negative pressure will be
created. The resplt is dyspneca and pain and cardiac embarrassment. 4lso,
by the consbant tﬁg on lung tissue old cavities or lesions msy be reopsned
and the infection started anew. (1) (55)

Serous and Purulent Effusions

With the exceptions of pleural adhesions pleural exudates are by

. 51,5
far the commonest and troublesome of the complications that may arise. 28

Not all types are of significance and have been discovered only by fluoros-
3la,51 p404 ‘ ' Sa 40

cCopY » Some surgeons report as high as 70 per cent of cases

while others have met with it less frequentl;;r.m Boonshaft reports 47 per

cent.

Various repgons are given for this complication. Some believe it
due to infection during operation, but effusiens occur, nevertheless, when
strict asepsis has been carried out. Without going into the discussion of
etiology at great length, it may be szid that the possible avenues of infecw-
tion, or dischargingthe bacillii into the pleura are:

1. Direct extension of a tuberculous focus from lung to the

visceral pleura, with or without caseation.
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2., Rupture of an adhesion at its attachment to such a focus.
5. Retrograde lymphatic extension.

4, Hematogenous infection.

Lilienthal 51 believes the first to be the more common method of infgction.
Fagenolisa congiders the nitrogen a foreign body which irritates the pleursa,
cansing an inflamatory‘réaction.

Bullodk and Twichell 5a state that when the pleural surfaces are
fogether the exudates are normally absorbed, but when they are apart the
exudates accumulate and fhe absorptive power of the pleura at the same time
becomes less, thereby producing an effusion. Bettman 8a has demonstrated
this in laboratory with India ink injections.

Effnsions, by depositing adhesion-~forming fibrin, cause the lung
to gradually expand and adhere to the chest wall in spite of attempts to
mainbtain compression with increasingly high air pressure. 55 Pleural
effusions arse in themselves toxic to the patient and sometimes rupture into
the lung and spread infection there.55 The secondary adhesions that result
render the lung unfit for further collapse and then‘more drastic surgical
means must interfer. All forms of effusions may occur, simple pleurisy,

pleurisy with effusion, pleurisy with infection, and tuberculous empyema.

With the improvement in technique and better selection of cases

43,14 50
less complications are being seen. Forriss reports only 18.9 per

cent with effusion, Cole léenly 15 per cent, Singer 4Bin his conclusion on
complications says that; "fortunately serious complications are relatively
rare; mogt of them being of no importance."
Adhesions
One great disadvantage in the treatment by aftificial pneumothorax

is that the presence of adhesions makes collapse almost impossible in those

cases which need it the most. "Pleural adhesions are the rule in chronic
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pulmonary tuberculosis and are practically always present at the time that
the pulmonary lesion has reached the moderately advanced stage." 51 ne
moderately advanced stage is the stage where pneumothorax is most indicated.
Matson et al Sogconclude that forty per cent of failures with
pnenmothorax treatment are due to pleural adhesions, |
What should be done in these cases where collapsé,is otherwise
indicated? Attempts at forcefully breaking them loose by high air préssures

has been done, but with disastrous results in some cases and failures in
most. Barlow and Kramer 7 éuggest partial or selective collapse under these
conditions, but others point out that adhesions are over the lesions, and
thereby the diseased part is not collapsed.

In 1913 Jacobeaus of 3tockholm divised an ingenious technique %o
sever adhesions using a thoroscope, & systoscope-like arrangement through
which he divided adhesions by a galvano-cautery. Since then others’have done

1,31,40

Likewise. Matson °+® being the leader in the field today has made

the operation practical, but it requires skill and training and keen judge-
ment. The procedure offers a solution Ho this problem of pneumothorax
treatment, but must be worked out better as yet.

Phrenicotony has been proposed by xﬁany? 40 gither in conjunction
with or separate from pneumothorax. Karny good resulits have been obvtained in
this way, and will be spoken of later.

When neither of these methods are suavséhl thoracoplasty must be

40 '

resorted to.

Qperé.tive Aceidents

Besides the dissdvantages of complications arising in a few cases
o .

accidents during treatment do occur and may be serious or fatal.

Gas embolism magy occur accidently by intsoducing air into a vessel;
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by the use of very high pressure, especially where therse have been thick
sdhesions conbaining new vessels which have become opened by the high
pressure?ﬁ ps6l Or high pressures, or even moderate pressures, mgy in
rare cases collapse the lung and loesen a blood clot which forms an embolism,
Matson S%a reports 4 cases, 2 of them fatal, among 12,000 inflations; also
15 cases of pleural shock. Cole 14 reports “geveral® in his experience.
The warning here is to beware of hasite, high préssures, pleural adhesioné,
and practice carefulness, |
Pleural shock is another accidenturesembiing‘gas embolism the
gause of which is spebulaiive, but occurs more often in aprehensive types
of individuals. It mgy be due to pleural reflex aéting'on the vagus nerve.
QOther accidents that have happened, but rarely, are ;Junctue of
he lung, punéture of the heart, hemoth@rax, puncture of the pepitoneam,
surgical emphysema. |
These accidents and untoward occurrences are to be feared and
guarded against, but their occurrences are relatively rare and can not over=-
weigh thé indications for pneumothorax.40
We may apply here the words of Woodcock: "There are dangers in
cormection with the production of artificial pneumothorai, but the greatestm

and about this let there be no misteke--~ is the negléct in which it is heid.®

Clincial Results

Immediate: The mechanism of favorable effects has aslready been
touched upon, a summary of which would include, the formation of fibrosis,
a collapse of cavity walls reducing exudation, a decreased blood and lymph
circulation reducing toxemia, and most important, a total rést of the diseased

organ., =
33a

A gain of weight and strength is the rule. Among Mabtson's
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235 satisfactory collépse cases, 87 per cent gained weight during the treat-
ment.

Usually there is a corresponding improvement in subjective symptoms
as well., The sense of'lassitudé and fatique lesgsens, the appetite and energy
return. 4z A decrease in cough snd expectoration may be noted immediately
if the collapse in complete. Of 235 cases reported by Hatson the spubun,
previously positive, became negative in 70 per cent during treatment.

In a small percenbtage of ecases, cough, vague pains in the chest
due Ho chronic pleurisy, continuence of temperature may persist, bub only
in a very small group are these symptoms, if not‘banished, made less severe.
42 33a

These favorable results are the rule in the ideal case, the per~
gentage being reduced in those guestionable cases and those which a complete
ecollapse is prevented by adhesions.

Matson s5a in his report of 600 cases exemplifies this statement,
as can be readily seen from his figures:L Pever, of 235 cases comprising the
sgtisfectory collapse group, 77 §er cent became afrebrile. Of 245 cases of
partiazl ¢ollapse, only 24 per cent became afrebrile. In the no-free~space
grcup,(adhesions present), of 120 cases 30 per cent became afrebrile.
Sputum, of 235 satisfactory cases 70 per cent became negative of tubercle
bacillus, Of the 245 partiasl collapse cases, 25 per cent became negative.
Of the 120 no-free~space cases, only 15 per cent became negative. Weight,
Of the 235 satisfactory cases 87 per cent gained weight, among the 245
partial collapse cases 73 per cent gained. And of thes 120 no~-free-space
only 69 per cent gained weight.

Bemarks made by other authorities indicate that they also have

experienced like results. 5’59’42’1
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It is clear, therefcre, that the most brilliant results occur

in those selected cases where complete collapse is made possible.

Later Clinical Results

The collection of statistics and reports of final results in

cases treated by pneumothorax alone is quite difficult and unsatisfactory.

55 The reasons being that; each individual case presents a separate pro-

. blem; that some are early, others late; that complications were present in

gome, not in others; some were left alone, others interfersd with by other
methods, and the the pre-~ and post-operative care at each sanatorium differs.

Recognizing this fact I shall, however, mention the results reported
within the last decade which may give one an insight into the value of the
procedure as 1t is practiced today.

Hatson 558 in 1924 reported quite extensively a series of 600 cases
mostly of the advanced type,coverinz a period of twelve years, at the end of
which time he rgported: "Of 600 cases comprising this sfu&y, 480 recieved
actual pneumothérax treatment. Of these, 235 were satisfactory-collapse
cases and 48 pe# cent are clinicélly well, 18 per cent are arresited, and 22
per cent are de;d. Cf the 245 recieving'only a partial collapse, 1l per cent
are clinically well, 12 per cent are arrested and 58 per cent are dead."

He reported his most favorable results in the chronic fibrocaseous
type. - He also had faverable results in the actively advancing, caseous
pneuménic and caseous broncho-pneumonic ty§es provided a satisfacﬁbry collepse
was obbtained. Progression of disease took place in 4 per cent of satisfactory
collapse cases and 9 per cent in partial collapse. Gas embolism occured 19
times and was fgbal in 2 cases.

Spontaneous pneumothorax ocecured in 3 per cent and 3 were fatal.

@uberculous empyema oceured in 12 per cent of 480 collapsed cases.
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Adhesions were almost invariably present in those cases demand-
ing a pneumothorax.

Hig best results were in those cases where adhesions had not yet

formed.
Blanchets 1925, reports R00 cases trested during the years 1911
to 1922.
In 100 moderately In 100 advanced
advanced cases. cases.

Dead 24 97
Failing 6 1
Improved 23 1
Arrested i8 1
Working 29 0

lQO » 100

He lists his causes of failure:
Hoderately advanced, Advanced,
24 deaths, 6 failing 97 deaths

Ineffectual collapse 14 40
Bupture of Lung 4 | 20
Purulent siffusion 7 18
Hemoptysis 2 6
Intercurrant disease 2 4
Disease in good lung 1 9

30 97

The most comon cause of failure is seen o be the result of

adhesicons preventing total collapse.
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Horriss in 1923 reports two series of cases. The first comprises
thirty seven, 6 far advanced, 30 moderately advanced, with ths following

ultimate results:

Improved 2,7 per cent
Cured 5.4 per cent
Died 81 per cent
¥o record 10.8 per cent

The second series of 2B cases were of a later date, composed of 7

far advanced, 18 moderately advanced, with The following results.

Improved {treated) 52 per cent
Preatment discontinued 48 ~ per cent
Died 12 . per cent
Improved 24 per cent
Arrested 8 per cent
Unimproved _ 4 per cent

Adhesions in this series were quoted t¢ head of list as the chiefl
cause of failure.

Farrel and loore 20 report 109 cases., Of these 45 improved, 42

unimproved, and 22 died in the sanatorium.

Poters 40 1929, reports results of 700 cases grouped into two series. )

Pirst series, 275 cases

Clinically well 21 per cent

Desad 44 per cent

No free space 50 per cend
Second series, 427 cases

Glinicélly well é4  per cent

Dead 42 - per cent

Ho free space 28  per ceunt
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The second series were taken at & later date, showing improvementd
with added experience.

He also mekes comparison between complete collapse and partial
collapse, showing that with the complete there was 53 per cent well and only
24 per cent dead, while in the partial collapse 25 per cent were well and
44 per cent were dead.

43
Singer reporbs some interesting resulis. He divides his cases

into various stages.

Incipient cases:

Appgrently well 80 per cent
Not improved 20 per cent
Deaths —

Moderately advanced:

Apparently well 58 per cent
Improved 25 per cent
Not;impfoved 16 per cent
Dea%hs ; —

Advanced:
Apparently well 16 per cent
Hot‘improved 22 per cent

Eeaths 61 per cent

These results would indicate that pneumothorax is more beneficial
in the earlier stages, yet he states some startling cures are obtained in
the far advanged. "At least? he says, "the most hopeless sufferers are often
placed in theiposition of enjoying, in a wgy, the few remaining months or

yvears."
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Conclusions

In general, it can be seen that the results of sach authority are
as a whole, guite similar, each has practically the same relative percentage
and the same complications to deal with. All agree that results are better
with the earlier cassg free from adhesicns. Reports {rom foreign authorities
are very much like these given abtove, being better in some cases, not as
good in others.

The foregoing certainly affords convincing evidence that the treat-
ment of advanced ftuberculosis by artificial pneumothorakx is worthwhile. The
percentage of cures and improvements in othsrwise doomed invalids is too
high to argue on the contrary.

There 1s one great regret, however, in looking over the case:reports
and that is that the psrcentage of cures are too low in the far advanced
A7 stages. These cases are the ones who need the benefit of a promising cure
most of all. And, it is not the type of lesion present that makes results
discouraging, it‘is the inablility %o collapse the lung for reasons fthat ade-
hesions have formed, preventing that procedure.

It is agreed that if collapse could be complete in every case, the
percentage of cures would rise twenty per cent. S2a Is there then no way to
fully collapse the lung in spite of the presence of adhesions? Of course
thoracoplasty has proven itself valuable in these cases, but not for the
patient who can not afford to have it done, or to ebtain a specialist who has

had experience to undertake such an operation.

iz

Yatson 528 5nd Davies 1 and others 5,48

advise the cguterization
of adhesions and then collapse the lung totally by pneumothorax. Good results
have been obtained by these men trained in this specialized fechnique. Matson
reports a 74 per cent successful operation in a series of 100 cases, with no

‘complications folleowing. However, he makes a stabement that he would not
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o encourage those without experience to undertake such an operation, as it

is not without risks. His cases where only a few long slender adhesions were
present were to most successful.
- It remains to be seen, therefore, that the far advanced case with
dense pleural adhesions is still unsatisfactory for pneuwmothorax collapse.
Since Stuwertz in 1911 introduced phrenicotomy, this procedure has
been advanced a&s a valuable 2id to pneumothorax in these far advanced cases,
or as a procedure in itself without collapse by air. =Results are promising
and much work is being done along this line. A discussion of this phase,

both as an independent procedure, and as an aid to pneumothorax in the

treatment of advanced pulmonary tuberculosis.
o



PHRENICOTOMY

Phrenicotony was first proposed by Steurtz in 1911 to paralysze
the diaphragm on one side for severe unilateral tuberculosis.

He used the operation in cases where the lower lcbe was diseased
and resisted collapse 5y pneumothorax because of pleurél adhesions,

Sauerbruch in 1913 also proposed the operstion independent of

Steurtz.55

Anatomy

The following account of the anatomy of the phrenic nerve is
' 4 L. 508 ’ 9%

taken principally from the descriptions of Aycock , Martin ~, and Matson .

The phrenic nerve has its origin in the third, fourth, and fifth
cervical roots and occasionally some fivers come off the sixth, seventh
and eighth, and first thoracic roots. Its course in the neck is obliquely
dovmward and medially over the scalenus anbticus muscle under cover of the
sterno—maé%ei&, then beneath the subclavian vein into the thoracic cavity
where it passes along the sexbernal surface of the pericardium to the
diaphragm.

Aycock 4 in a éeries of 130 dissections showed that 65 per cent
of phrenic nerves showed anomelies, or received accessory fibers below the
ugual site of operative.

< 55 (quote) found that the phrenic nerve supplies the entire

Feli
motor inmervation of the diaphragm, except for a few fibers that arise from
the twelfth intercostal nerves.

Physiological Effects

Radigal section of the phrenic nerve and accesgory nerves cause

complete paralysis of the diaphragm on one side. Y% If not bound down by
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adhesions this part scon rises reducing the volume of the thoracic cavity

on the opsrated side, according to some authors, by from one-fifth to one-

15,5,35

fourth. Aycock5 sgys that there is a decrease of 400 to 800 cc.

of lung volume in the average case.

Frank and HMiller 6 sgy ‘there is a 10 per cent decrease of lung

volumne.
X . . 15 .
The average rise of the disphragm is 4 cm.  but m&y be as high
' 15,585,385
as 7 or 8 cm. if all accessory nerve fibers have been removed. 2995

This rise mgy ensve immediately or only after weeks or months with the

atrophy of the muscle. If the nerve resecticn is not complete the muscle
s . . . 15

retains its tonus and rises only slightly. After a total radical.

phrenicotory including section of the accessory nerves the tons is never
. . . . 20a 55

again regsined and function is not restored.

Small excursions simulating small respiratory movements of the

paralyzed disphragm may take place due t0o the tugging on the mediastinum

. o e . 15 N
. by the excursion of the normal side. Also paradoxical movements,

(Kienboch's phenomenon) in which the relaxed and atrophied diaphragm is
sucked upward by inspiratory effort occurs.ls

Paralysis of half the diaphragm eliminates its pistonflike action
with each respiratory cycle., The lung is thus at rest and its work is
diminisghed. Absorpticn from the pleurs is less, and the cough reflex is
less sensitive.‘ .

The positive pressure of the abdominal contents help elevate the
flacid diaphregm and thus compress the lung. Compression of lung tissue is
more complete at its base, bul apical compression and rest occurs likewise,
if adhesions do not interfere.%5’4’47

Due to the compression on the diseased side the capacity and work

5
of the opposite lung is increased =0
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Clinical Effscts

The -apparent and immediate effects following phrenicotomy have been
most gratifying both to the patient and physician. Particularly to the former
because his oublook on life assumes a brighter aspect. In most cases he ceases
to be tortured by the manifestations of the disease., He becomes less of a
social outcast and new hope arises within him. All of which tends to combat
the disease with which he is afflicted.

Within a week or ten days the temperature, pulse, cough, and sputum

. . . 55 plB3
amount and general condition are often markedly improved. The reducw=
tion in sputum is sometimes striking, 150 cc. to 200 cc. often being reduced

- 20a, .38 e s , L
as low ag 5 cc¢, - D'Brian reports that in 500 cases those with positive
spubum became negative in B2.2 per cemt of the cases. The great majority of
patients say that expectoration is msde easier, none say that it is worse.
Distressing cough is religved in most instances, due to relsxation of adhesions
t0 the diaphragm, and also to the fact that the abdominal muscles function

] X . 15,455
more completely in collapsing the lung.
Control of hemostysis has been very successful sven in the presence
, 48 |
of adhesions.

Remarkably few cases have been reported where unfavorable or distress-

ing symptoms resultfed, sometimes there ars gastric complaints at first but

. 4 - \ . .
according to Aycock™ these are mild and disappear in time. Dyspneoa appears
in a few cases at the time of phrenic resection bub passes away quickly. Ho
circulatory or cardiac symptoms have been reporied.

v . . . " 35 Col 14 0

Complieations are practically nil; Moore“ , UOie and others report

. 58 . = . .
none. O'Brien in a series of 500 cases reports 5 made worse by the operation.

{51 quote)

Ssuerbruch maintains that phrenicotomy tends to diminish

the tendency to effusion after a pneumothorax has been performed.
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‘proposed 4,58 and established by Pelix and Geotze.
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It can be concluded then that the clinical effects are guite
one-sided and all to the favor of the patient.

We can not say so much for pneumothorax or thoracoplasty.

The end results are the most vital, however, and here it is that
Phrenicotony often falls short of expectations, keeping the question of

whether %o do phrenicotomy, pneumothorax, thoracoplasty, still patent.

The Operation

The original operation was & simple section of the phrenic nerve
. . Bb
in the neck under & local anesthesia.

%hile this technigque resulfted in disphragmaitic paralysis in most
cases, many time no rise occured, or, if it did oceur, function was resumed

4,48

in the course of four t0 six months. In 1921 radical phrenicotomy was

55 (quote) They maintained
that the accessory phrenic nerve assumed the function of the cut maln trunk.
Today all surgeons perform the radical operabion or the Yphrenic exairesis®
‘gf Felixy55 which extracts the accessory as well as the main trunk, thus
insuring complete paraxygis.

Under local anestesia, incision is made about one inch above the
clavicle and parsllel to it, Jjust posterior 1o the sterno-mastoid muscle.
The nerve is anesthetized, dissected free from the scalenus anticus and
severed. The diztal end is wrapped slowly around a pair of forceps, and
gentle traction exerteﬁ until the nerve bresks. AL least 8 cm. of nerve
should come away in order to get the accessory nerve. %,48,46,51

The small wound opening is closed by primary union.

Some‘men use simple section as a temporary procedure in doubiful
cases and where the dpposite lung is diseased. 48 Others crush the nerve

. 48,35
for the same reason.
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Operative Dangers

P

Eatsonzé and Bettman® 11st the complications as (1} damage %o
vascular structures, (2) damage to important nerve structures, (3) and
severing the thoracic duct. Very few accidents have been reported, however,
and practically no deaths, In‘BOG cases Matson had none. Most authors
report the same reSult.BO’éa’%B

Indications

hen to do & phrenicotomy and in what type of case, is still some-
what of a debatable question among specialists in the field.

It was originally proposed for only lower lobe lesions, but today
it is becoming to be used in a wide variety of cases of pulmonary ﬁuberculoéi&,
apical as well as basal. It is also used alone, and in conjunciion with
phgumothorax or théracoplasty.

The variety of indications as listed by different authors who report
favorable results, point just to'one conclusion and that is that each case is
a §robiem in itself and that a few sets of rules can not govern., As in pneumo-
thorax, judgement must be practiced in e?eny case and the indication of phreni-
cotomy decided upon with the details of the patient's condition‘clearly in mind.

There is some contrdversy regarding the perference of pneumothorax
and phrenicotomy. The concensus of opinion is that phrenicotomy can not replace

pneumothor&x,55 particularly is this s0 in America. However, forsign workers

are more and more advocating the independent use of phrenicotowmy, Goetze, 56
in particular, sgying that it gives just as good results and is free from the

complications and accidents of pneumothorax.
5, . I . - . . .
Alexgunder 5 in his work has divided fthe indications into its inde-

pendent use and its use with prneumothorax and thoracoplasty. This outline is

in general followed by most surgeons in America today, especially HMoore.
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As An Independsnt Procedure:

1. In acute, highly fibrile, progressive, predominately caseous
types of tuberculozis, even though there is actively in the opposite lung
and when adhesions prevent & pneumothorax.

2. PFor chronic types of disease, in which adhesions prevenﬁ a
prneumothorax and in which thoracoplasty is feared because the patient's
general condition is oo poor, or because the better lung 1s too much
digeased.

S For those moderately or far advanced cases in which there is
no contraindication to artificial pneumothorax or thoracoplasty, but in
which phrenicotomy might be expected to sffect g00d results without the
prolonged treatment and complicating dangers of the one, and the hazards of
the other.

This use is becoming more and more to be used by many thoracic

35
SUTLEOns .

4, For those cases of early unilatersl tuberculosis which do not

respond to a contimuation of sanatorium treétment.

1

Alexander = advocates this use highly, pointing out that the "ecuring

time" is shortened, and that distressing symptoms are relieved. This idea is
supported by Moore 35, Aycock 4, Bridgeséa, and @elleséV.

These four indications are generally accepted, but today more has
been added and the good resulits obtained in all Types of cases seem t0 warrant

, 47

& more inclusive use. Welles  and others have found that good results are
obtained in upper lobe lesions more often than when cavities are at the base,
In g series of 271 cases he had Dbeneficial resulds in two-thirds, with no
complications or deaths.

Bilateral disease is recieving more treatment by this means than

formerly. L6147+48,38.
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Used Supplementary to Pneumothorax or Thoracoplasty:

This usé of phrenicotony is warmly sugported Ey many specialists,
Davies 16, O'Bri&nge,-ﬁlexanderl, and others, who report excellent results
and cures where failure Wouldbhave resulted had pnéumothorax been carried
out alone. They use it in cases where Qneumothorax is failing bécause Qf
adhesions, hemoptysis, effusion énd other ccmplioations, and especisally
where there are basal lesions. A4lso, they.use it supplimentary to a complete
and satisfactory preumothorax in many cases. Archibald 99, says there is
less complications, and that after expansion the shrunken iung better
accommodates itself to the altered thoracic cavity. éther advantages of the

28 9
58,208 .
? adhesions are

combination are that refill intervals are made shorter,
relaxed, complications are fewer, 1 and if the patient should discontinue
his air injectibns the partial collapse by phrenicotony remains,

By using the combination the advanced and wnsatisfactory collapse
cases, receive:nearhy'as;much‘collapse as those early and satisfactory cases
free from adhesions. The radical thoracoplasty operation is made unnecessary
in the majority of cases %nd therefore the far advanced case is no longer a
subject of shock and the hazards that accompany thoracoplasty.

In order %o receive and betiter Jjudge the indications of phrenicotomy
some actual results reported by specialists of today would be in order, both

from the standpoint of an independent procedure, and as an ald to pneumothorax.

Final Results of Phrenicotomy

Until very recent years the estimetion of finsl resulds of phreni-
cotomy operations has been quite unsatisfactory, due to the fact thal treat-
ment by this means alone was not considered sufficient énd therefore interfered
with by additional therapy. Recently, however, it has become more recognized

as an independent procedure and as an ald to unsatisfaciory pneumothorax cases,
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therefore several series of case reports have appeared. ‘The largest series
is reported by O'Brian o8 who has performed the operaticn on 500 patienis,
not select, but roubine. His statistics are as fo;lows:

0f the series reported 378 were operated on for cavitation., In
191 of these, or 50.5 per cent, the cavities closed. In 31.2 per cent,
they became smaller. Therefore 82 per cent of cavities were closed or
became smaller.

In 102 patients, on whom operation was performed preliminsry to
thoracoplasty, the cavities in 8 closed, making thoracoplasty unnecessary.

His results with cavities located at the base and apex were; 80 per
cent closed at base and 46.6 pér cent closed in apicai cavities.

The combination of phrenicotony and prneumothorax proved effective.

In these patients, 70 per cent of the cavities glosed, m&king other-
wise failures by pneumothorax satisfactory in 50 per cent of cases.

The table which follows shows these results:

Hesults of Phrenicotomy Alone and Combined with Pneumothordx

Potal Ho. Glosed, per cemt
Patients with cavities~—=phrenicotbory alone 102 62.7 * "
. . . and pneumothorax not
Patients with cavities-~ipossible ' 131 19,8 # ¢
Patients with cavities_-‘;gfgg‘;};n?g‘g‘éﬁg;h;g?’; 145 70.8 " "
(combined

As for the contra lateral lung:
In 120 patients the good lung was clear.
In 288 patients the better lung was disseased.
{a) In 26 per cent the disease in the contralateral lung healed.

{b) In 52.7 per cent the coniralateral side was improved.

Therefore a total of 78 per cent were benefited. In only 10 per

cent was there an increase of disease in the bebtter lung.
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Sympathetic nerves were injured four times, one patient died of
pneumonis, but other than this no complications or deaths were reported.
Two hundred and eleven patients are.at this time arrested,

@éllesév reports 3000 cases in which the operation was used in all
types of conditions.

His final results were:

Out of 271 where phrenicotomy was used alone, 175 or 64 per cent
were improved and 98 or 36 per cent were not benefited. This includes‘all
dezrees of improvement and all risks and types of failures, |

He adds that if all the hopeless cases were excluded, the number of
good results would be over two-thirds of the total.

Of the 300 patients 5 were made worse. T0 him the apical lesions
healed as well if not better than the basal. The cases in which phrenicotomy
waé used with pneumothorax proved satisfactory, although the theoretical
expectations were not fuifilled.

Moore 35

in an extensive report of 63 cases treated by phrenicotbmy
says that in selected cases one can expect improvement from phrenicotony alone
in 80 per cent.
Of 63 cases, 43 or 68,3 per cent, the expectations were fulfilled.
Bridges and Bly 48 report 60 cases daﬁiﬁg back o 1925 which do not
include those cases done preliminary to thoracoplasty.
In 20 cases the disease was unilateral.
In 40 cases the disease was bilateral.
15 of the unilateral are improved, or 75 per ceni,
ZZ2 of the bilateral are improved, or 55 per cent.
To date 8 or 20 per cent are desad.

46 ‘
Frank and ¥iller report 100 cases treated since 1926. 90 per cerb

of these were far advanced. 40 per cent showed improvemenbt; in 8 the sputum
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becane negativé, and in 8 the cavities .disappeared.

Used with pneumothorax 44 per cent showed a better collapse out of
the 54 thalt penumothorax ﬁaS‘uéed without success.

Better results were obtained in basgl lesiéns then apical, althaugh
fair results were obtained here slso.

These aubhors concluded that phrenicotony will pass through the
experience sccorded pneumothorax.

Cole and Johns 14 report 18 cases which have all improved. These
were all select. No complications and accidents occurred, and noﬁe were made
worse by the operation.

Many more such reports might ve listed from the literature, especially
from foreign authorities; Gostze, Fischer, Pribam, Hauke, etc., but the above
is sufficient o throw light on the subject and the results that are being
obtained toady. Howhere is there any unfavorable reports, and pracitically no

reports of the disease. being made worse by phrenicotomy.

Conclusion

Phrenicotony 1s a relatively recent newcomer to the list of surgical
treatment of pulmonary tuberculosis, but during its short life it has and is
proving itself to be a valuable ald in pulmonary rest and collapse therapy.
It is simply performed, free from danger and complications, and effective
both when used alone and in conjunction with other operations and mode of
therapy .

By its use in this latter way, new hope may be offered to those
suffers who, even though treated by pneumothorax, are at a standstill and
agonized by the manifestations of the disease.

From the foregoing results it may be comprehended how well the

expectations are being fulfilied in these cases, rendering a partially and
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PN

unsa%isfactory mode of therapy complete and satisfactory in the majerity of

D

cases, with all benefits to the patient.

Thus many cures and many cases are arrested, where otherwise their

Il

lives would have been shortened and the las% days stormy.

Used slone in select cases the bothersome refills by pneumothorax
aré gbolished as well as the complications and hazards of the latier.

Used in comnection with pneumothorax the ultimate of collapse ié
obtained in nearly every case regardless of adhesions, making the dangerous

®

and deforming thoacoplasty unnecessary.

. . . e e 4,46 ,4
Its more extensive use therefore seems to be well indicabed. 7?2 6,47

19,16,51,



GENERAL CONCLUSIONS

The foregoing account of the treatment of pulmonary tuberculosis
by prneumothorax and phrenicotomy presents a distinct advaﬁcement in the
therapy of that disease. An advancemen% not only to the medical pfoféssion
in controlling the ravishes of tuberculecsis, but also to the patient; hip=
self, in offering him new hope, a fresh outlook on life, and a possible
cure of his affliction that not many years ago was deemed hopeless and left
to the will of nature to either heighten his suffering or cause a prompt
exitus.

That this mode of therapy is & specialigzed one, and bul a part of
general treatment is granted, but not so specialized that the average well
equiped physician can not perform it when he has attained a sound fundimeﬁ%al.
knowledge of the science of tuberculosis, its manifestations and prognosis.

In the litergture these two forms of therapy (pneumqthorax anG
phrenicotomy) have been spoken of as "operative procedures", implying that
great skill and precise technigue are essential in order to carry them out.
Wnile these characteristics are of course, desirable in every physician, he
does not have to be a highly specialized surgeon in order to make use of and
perform these two modes of therapy when the diseasé so0 indicates their use.
Rather, must he be a man of Judgement, and a gtudent of tuberculosis, and
when the disease indicates a pneumcthérax or phrenicotomy, have it done, or
learn tq do it through experience as every other therapeutic procedure is
1eafned in the'general practice of medicine;

On the other hand a word of warning must be sounded as regards their
over-use., There would be some to plunge directly intc the use of a pneumo- -
thorax, withoup weighing the case first, and falling there, refer the case

to a spécialist for a Tinal thoracoplasty. HNeither form of therapy is without
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its dangers when not properly indicated.,

Collapse therapy is an aid to recovery from pulmonaﬁy tuberculosis
and should never replece general treabment by resit, fresh air, food, and
time. |

A nicety of Jjudgement, thesrefore, is the prime essential in the
use of both procedures.

Prneumothorax is admitted by all 18595 46 be the procedure of choice
when collapse is indicated. Some advocate its early use, others use it only
in labte cases, while still others use it only to partially collapse ﬁhe Iung.
¥ith each method good results were obtained because to these exgeriaﬁoed men
the individual case ssemed to warrant the method used. This is as it should
be, for every case is a special problem to bes treated as the pathology and
stage of the disease demands.

There are some authorities who use pneumcthorax and phrenicotomy
together in every case that requires collapse and their redsons for so doing
seem logical in all ways. Certainly it is not as drasiic a procedure as a
thoracoplasty and the degree of collapse in even greater. This combiné%ion
promises t0 be used more in the future and possibly supplant thoracoplasty,
makiﬁg the treatment of tuberculosis more satisfactory in the hands of the
"evaryday" physician.

Phrenicotomy used alone promises much, as can be seen from the
foregoing account. There are a few who concede it the place pneumo%horax now
helds. However, at present it is mainly used as an adjuvant to other opera-
tions, reinforcing them, so-~to-speak. Even with this use, it is most certainly
valuable when by its applicsbion an unsatisfactory collapse can be made

complete, and thus a relstively hopeless case converted into one with a favor-

able prognosis.,
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~ We might also add that by these two methods the patient can "afford

to get well™ whereas if he were subjected to thoracoplasity or allied me jor
operations the "cost of getting well" would never offer him ény stimulus to
- get back on his feet and "buck" the world.

It‘is interesting to speculate on the changes that will come in the
handling of tuberculosis of the Lungs. A time will no doubt come .when the
public will expect that the surgical methods which are proving so triumphant
shall\be available for poor and rich alike. The two subjects here~in presented
offer more toward ﬁhis goal than any other, while at the same time are as

effective when the underlying pathology are understood.
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