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SPONTANECUS PNEUMOTHORAX
I.

Introduction

Pneunothorax may be of endogenous origin, that is, air may leak
from the lung through the visceral pleurs into the pleural space, or
it may be of exogenous origin, air may reach the pleural space through
an opening in the chest wall and parietal pleura. Clinically, pneumo-
thorax of endogenous origin is met in a great variety of curcumstances,
the most important of which are: (1) traumatic, e.g., following
bronchoscopic examination, intra-tracheal anesthesis, automobile ac-
cidents with broken ribs pwncturing the lung, violent artificial re-
spiration, attempts at anesthesia of the stellate ganglion, severe
coughing spells associated or not with infectious disease like whoop-
ing cough, influenze, stc., needling of the lung, ete., (2) rupture
of congenitel sub-pleural vesicles, congenital sub-pleural cysts,
emphysematous "valve vesicles! or scar tissue vesicles, (3) rupture
or perforation of tuberculous lesions of the lung, (4) a lorge mis-
cellaneous group including neoplasms of the lung, infarcts of the
lung, abscesses, etc. Pneumothorax of exogenous origin is most
frequeﬁtly the result of deliberate injection of air into the pleural
space for the treatment of pulmonary tuberculosis. The ternm in-
duced pneumothorax is preferable for this type of pneumothorax and

not artificial pneumothorax which has, however, the advantage of being

time-honored and generally understood. Therapeutic pneumothorax is

also a convenient and accurate term. In case of hydrothorax or cases
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without hydrothorax indpced pneumothorax may also Be used for diag-
nostic purposes to secure better visualization of the lung and pa-
rietal thoracic wall. Pneumothorax of exogencus origin is freguently
due to external violence such as bullet wounds. Here air may reach
the pleural space from without as well as from within, that is, from
the wounded lung. It is obvious, therefore, that the term traumatic
pneumothorax is applicable both to pneumothorax occurrihg from ex-
ternal violence and pneumothorax occurring from internal damage to
the lung and visceral pleura,

Although the adjective spontaneous is not accurately descrip-

tive, the term sponteneous pneumothorax has from long usage come to

/through an opening or openings, the result of disease or congenital
or acquired defect of the lung or pleura and not dve to external
violence.

The lung may partially or completely collapse . The opening or
openings through which air passes from the lung into the pleural space
may be feQ or many, §mall or large, close promptly with collapse of
the lung (closed pneumothorax), remein temporarily or permanently
patent (open pneumothorax), or periodically permit air to enter the
pleural space but not to return into the lung (valvular pneumothorax).
The absence or presence of pleural effusion, the nature and the amount
thereof, will depend upon the lack of infection of the pleura or its
degree at the time of rupture of the lung or subsequently in the case

of persistert fistulae. In sporttaneous pneumothorax in the tuberculous,
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infection of the pleura is the rule. In spontaneoyg Pneumothorax of

epparently healthy persons, even though the collapge of the lung nay
recur frequently or be persistent over several or many years, infec-
ticn of the pleura does not occur because the lung is healthy; rupture
has been due primarily to anatomical imperfectiong and not to active

disease {infectious process).

II.

Classification

Spontaneous pneumothorax may be most usefully divided into;
I. Spontaneous pneumothorax in tuberculous persons
II. Spontaneous pneumothorsx in epparently healthy persons

. Simple pneumothorax
Recurrent pneumothorax
Persistent pneumothorax
Tense pneumothorax

. Hemo-pneumothorax

e o N

II1.

Spontaneous Pneumothorax and TUbeTCulOSiS

It is not planned to give here a full discussiop of spontaneous
pneumothorax in tuberculous persons, but merely g Sumnary of funda-
mental differences between this dramatic eplsode in tuberculous persons
and previously apparently healthy persons.

It was formerly thought that spontaneous PReWmothoray wes nearly
always due to an active tuberculous infection of the lungs

In 1932
Fishberg expressed the general opinion when he wrote thet gg per cent
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of all spontaneous pneumothoraces were due to tuberculosis. Additional
experience gained largely through the wide spread use of artificiul
pneumothorax in the treatment of tuberculosis and recognition of the
value of the x-ray in the study of chest disease, would indicate that
these figures were too high at the time and are certainly too high to-
day after the reduction in both mortality and morbidity rates. It is
most important to appreciate that spontaneous pneumothorax often oc-
curs in persons who never have had tuberculosis, as evidenced by nega-
tive tuberculin tests, good history and negative chest x-rays, do not
have tuberculosis at the time of the lung collapse and subsequently
never develop tuberculosis.

Between July 1937 and April 1944, 992 patients were discharged
from the National Jewish Hospital in Denver. Among those patients
classical spontaneous pneumothorax due to ulceration of a caseous
lesion through the viscerasl pleura oécurred only once in the course
of an active progressive pulmonery tuberculosis in the absence of an
accompanying artificial pneuwmothorax. Spontaneous éneumothorax oc~
curred only six times as the result of the rupture of en emphysematous
vesicle in a lung in which the tuberculosis was well controlled
(Kaufman). According to Powell, about 6 per cent of the fatal cases
of tuberculosis at the Brompton Hospital at London died with pneumo-
thorax. At the Montefiore Hospital, New York, spontaneous pneumo-
thorax constitutes about 3 per cent of the immediate causes of deaph
among tuberculous patients. Fishberg says: "In many hospitals for

the tuberculous we meet with cases of sudden death during the night.
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Some of these are due to copious internal pulmonary hemorrhage, but
in most the cause is pneumothorax, which killed before aid could be
summoned by the patient." Watson and Robertson (1928) estimate that
spontaneous pneumothorax occurs at some time in 2 to 4 per cent of
all cases of pulmonary tuberculosis.

In the tuberculous, spontaneous pueumothorax may develop as the
result of (1) ulceration into the pleural space of a progressive le-
sion, (2) tear of the pleura by the pull of an adhesion between lung
and chest wall, (3) rupture of a sub-pleursl vesicle which may or may
not have developed as the result of healing of a localiéed tuberculous
lesion. 1In the latter case, the tuberculous lesion may be completely
obsolete and the lungs otherwise entirely free of active or inactive
tuberculosis. It must not be forgotten that spontaneous pneunothorax
may develop in a tuberculous person by a mechanism of non-tuberculous
origin, rupture of an emphysematous bleb or tear of adhesions.

Finally, spontaneous pneunothorax occurs in the tubefculous in-
frequently on the seme side as an induced (artificial) pneuﬁoﬁhorax
as the result of (1) wound of the lwg at initial treatment or during
refills, (2) tesr of adhesions, (3) ulceration of a caseous lesion,
(4) rupture of an air vesicle.

Occasionally, a valve-like tuberculous endo-bronchial lesion may
lead to an obstructive atelectasis of the whole lung, that is, air
passes out of the lung easily but slowly and with difficulty or not
at all into the lung, Brantigan, Hoffman and Proctor (1942) point

out that in induced pneumothorax after a closed pneumonolysis, endo-
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bronchial lesions may produce a check valve type of obstruction that
results in rapid re-expansion of the lung and loss of the pneumo-
thorax space, Under gimilar conditions, endo-bronchial lesions may
cause complete occlusion and atelectasis. Bronchoscopic examination
is therefore indicated in (1) all cases of recurrent pneumothorax as
well as all cases of persistert pneumothorax, (2) cases of artificial
pneumothorax when the lung re—expands‘with great rapidity and col-
lapse is maintained with great difficulty, (3) cases of artificial
pneumothorax when the lung after cessation of refills shows no indica-
tion to re-expand, (4) cases of spontaneous pneumothorax developing
during the course of artificial pneumothorax and in which the col-
lapsed lung gives the appearance of being atelectatic, (5) cases

in which following rapid re-expansion of the lung after an induced
pneumothorax, it seems necessary to collapse the lung again and yet
repeated attempts to do so have been unavailing.

Symptoms and Physical Signs of Spontaneous Pneumo-
thorax in Tuberculous Persons

A£lthough the features of the episode itself are highly charac-
teristic and diagnosis easy, since spontaneous pneumothorax may occur
at any moment in the course of pulmonary tuberculosis, when disease
is much or little, rapidl& progressive, quiescent, arrested, or long
since healsd, when death seems inevitable shortly, or recovery just
around the corner, symptoms and physical signs will vary with the
setting.

The onset is sudden with pein of more or less severity in the
side of the chest, back or shoulder, with great anxiety, shortness of

breath, tachycardia, signs of shock, pallory cyanosis, clammy skin,
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falling temperature and blood pressure. 1If death does not come
guickly from shock and embarrassment of respiration and circulation,
the patient rallies and within twenty-four hours begins a septic
type of fever. The pleura is heavily inoculsted with tubercle ba-
cilli and often with organisms of mixed ircfection. & tuberculous
pyo-pneumothorax or mixed infection pyo-pneumothorsx is the rule.
Physical signs vary with extent of collapse of the lung, presence
or absence of interstitial emphysema, height of intra-pleural pres-
sures and displacement of mediastinal structures. Physical signs
in spontaneous pneumothorax in tuberculous persons are fundamentally
the ssme as in spentaneous pneumothorsx of non-tuberculous perzons.
{(Fig., 1)

In a less unfortunate few, the infection of the pleura is not
overwhelming, the perforation ic small and soon heuls. Constitu-
tional symptoms severe at first gradually subside, & large effusion
fills up the side, the air in the pneumothorax space is ultimstely
absorbed, a pleural effusion is left, which recvires aspiration only
if pressure symptoms develop. With the passage of time, the fluid
is absorbed and the lung re-expands wholly or in part. Some medi-
astinal displacement and retraction snd limitation of movement of
the chest wall on the affected side may remain. If the invelvement
of the lung was not too extensiva, its long continued collapse may
lead to its healing and recovery will be complete.

Twenty years ago, in the vast majority of instances spontaneous

pneumothorax in tuberculosis was fatal within a few months if not
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days or weeks. Today the skilled thoracic surgeon ssves many of these
patients. Much will depend upon the treatment given or not given by
the first doctor to see the patient after the perforation has taken
plece. Treatment is directed toward relief of pain, shock, anoxia
and a struggling heart. Aspiration of air from the pleural space
either periodically with the pneumothorax apparatus or continuously
with water seal and cannula between the vibs is life-saving, for the
moment, at least. The general practitioner and the general surgeon
must realize, often do not, that tuberculous pyo-pneumothorax is a
different disease from non-tuberculous pyo-pneumothorsx, Recovery
is greatly influenced by the general condition of the patient, the
extent of tuberculosis in the other lung as well as the collapsed
lung, the degree of soiling of the pleural space, the size of the
perforation, the development of a permanent broncho-pulmonary-pleural
fistula, the presence and degree of interstitial emphysema. If the
fistula is large the rapidly accumulating pleural effusion loaded
with tubercle bacilli and other organisms is drained through the
lung, threatening bronchogenic spread, exhausting the patient with
the unending cough and profuse expectoration. In this much-dreaded
complication of pulmonary tuberculosis, nice judgment is needed to
know what to do and when té do 1t. 1In selected cases, & small
catheter between the ribs will provide external drainage, stop
bronchial drainage and tide the patient over the crisis. Thoraco-
plasty is usually inescapable, life-saving, not always successful.

Differential diagnosis is summarized in Fig. II.
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Iv.

Spontaneous Pneumothorex in 4pparently Healthy Persons

4. 3Bimple (benign, idiopathic or temporary) sponteneous pneumo-

thorax mey be defined as preunothorax oceurring suddenly in previously
healthy persons. The incident is accompanied by little or no fever,
pleural effusion is infrequent and when Present very small in amownt.
Physical signs are summerized in Fig. I. The lung re-expands in two
to six weeks, recovery is complete and without residual 111 effects.
The cther lung as well as the re-expended lung show no evidence of
active pulmonary tuberculosis. The sputum is negative for tubercle
bacilli, the tuberculin test is frequently negative. Finally, during
subsequent years, active pulmonary tuberculosis develops in these
patients no more frequently than in any other similar group. The
prieumcthorax is produced by leskage of air into the pleural space
through one or more small openings between lung and pleura due to
rupture of one or more emphysematous blebs (bullae, air vesicles,
ete.) or to tear of the lung by unususl strain or adhesions between
lung and chest wall., Some of these bullae are doubtless due to
congenitel defects of lung or pleura. (Ross and Fullerton, 1939.)

Generel Instructions for the care of patient with spontaneous

pneumothorax of non-tuberculous etiology. The petient should be

hospitalized promptly. If fever is present or dyspnea marked, abso-
lute bed rest is imperative. Later, the patient may be up and around

the ward quietly until the lung re-expands. Straining at stool,
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lifting heavy objects, swkward positions, severe coughing paroxysms,
ascent above 4000 feet in a plane should be avoided, Re-expansion

of the lung may be checked by fluoroscopic examination at appropriate
intervals. The possibility of pulmonary tuberculosis must not be
overlocked. The sputum should be searched by all approved methods
for tubercle bacilli, x-ray films of the re-expanded lung as well as
the other lung should be serutinized with great care for minimal le-
sions of tuberculosis. A tuberculin test should be done.

Treatment of simple pneumothorax. In these cases the lung .

usually re-expands promptly, often with astonishing rapidity in a
few days or at the most in a few weeks. Occasionally, air may be
aspirated from the pneumothorax space at short intervals (daily or
every few days) and re-expansion of the lung thereby hastened. TFor
fear of enlarging the opening into the pleural space or encouraging
its persistence, aspiration of air must be undertaken cautiouvsly,
small amounts of air (200-500 cc.) only withdrawn at one sitting and
high negative pressures avoided. In any form of pneumothorax,
leaks (fistulae) may be discovered by the simple procsdure of with-
drawing small amounts of air with the aid of the pneumothorax apperatus
in reverse and carefully noting whether the expected increasingly
negative intra-pleural pressures are maintained (no lesk) or slide
back toward neutral. The test may re-open a healing fistula,

The treatment of cases in which the lung again collapses spon-
tanecusly after partially re-expanding, which may happen more than

once, is discussed under Recurrent. Pneumothoraz.
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B. Spontaneous pneumothorax which recurs after complete re-expansion

of the lung is called Recurrent Pneumothorax. Although, in the vast

majority of instances the lung re-expands spontaneously and collapse
does not recur, in about 10 to Z0 per cent of cases, collapse of the
lung does recur one or more times after short or very long intervals
of time, usually on the same side, occasicnally on the other side.
Rarely, collapse of both lungs occurs simultaneously, infreguently
collapse of the lung is persistent. (Bittorf, one patient with lung
still collapsed after 25 years; Perry, one patient with lung still
collapsed after 20 years.) In 1938 Trudeau said he had a patient who
had had spontaneous pneumothorax 12 times on the left side and 16
times on the right.

Since recovery is unilsteral cases is certain, opportunities at
the post-mortem table to study with exaetitude éhe method or methods
of production of this form of pneumothorax have only rarely been af-
forded. Up to 193% Kjaergaard could find reports of only 6 autopsies.
However, x-ray study (fluoroscopy and roentgenography), thoracoscopic
observations end thoracotomy have yielded individually or collectively
in a small number of cases valuable information in the form of rup-
tured blebs, bullae or vesicles and pleural edhesions presumably tear-
ing the lung. One way or enother the exact site of perforation has
been demonstrated in life many times.

Just as repeated or continuous traction on the edges of sny
wound will delay or prevent its healing, so in persistent or recurrent
pneumothorax, closure of a pulmonary-pleural fistula, especially one

located near adhesions, will be delayed or prevented by respiratory
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diaphragmetic movements transmitting traction through the collepsed
lung by means of adhesions to the diaphragm on the one hand and zd-
hesions to the chest wall on the other hand. After severing pleural
adhesions & low positive pressure induced pneurothorax will permit
the lung to contract or relax and close the fistula with consequent,
healing. If pleural adhesions cannot be severed, temporary phrenic
nerve psralysis and resultant rise of the diaphragm may relax the
lung sufficiently to permit healing of the fistula. (Fig. 3.)

In the cases in which x-ray or thoracoscopy demonstrstes a
single emphysematous bleb, probably responsible for collapse of the
lung, or pleural adhesions, surgical intervention (thoracotomy) to
excise the bulla or sever the adhesions (at thoracoscopy or thoracotomy)
would appear justified in spontaneous pneumothorax which repeatedly
recurs., Although the number of cases so treated, reported and wnre-
ported, is small and lapse of time short since these methods of treat-
ment have been undertsken, and finally, even though the probability
of recurrence more then twice is not great, surgical approach to this
problem seems logical and justifiable in the type of case described
in this paragraph.

Chemical pleuritis. In cases of recurrent pneumothorax in which

presumably respensible vesicles (blebs or bullas) or pleural adhe-

sions have not been demonstrated by x-ray or thoracoscopy, thoracotomy
mey still be tried in the hope of finding responsible and correctable
lesions. When thoracotomy has been unsuccessful or much more frequently

in place of any surgical procedure, the production of an aseptic or
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"chemical pleuritis" has been tried in the hope of producing ade-
quate and persistent adhesions between lung and pleurs sufficient to
prevent repeated collapse of the lung. The list of chemical irpi—
tants instilled into the pleura for this purpose includes hypertonic
glucose solutions (30-67.5 per cent), hypertonie saline, 0.5-1.0
per cent silver nitrate, glycerine, formaldehyde, oil of turpentine,
gomenol in olive oil, lipiodol, mineral oil, India ink, ete, Some
of these preparations have been tried only experimentally, Parti-
culate matter sdeh as plain or jodized tale, powered or in suspen-
sion, has been used for the same purpose. All chemical installa-
tions are usually painful, sometimes extremely 80, often unavailing,
and are frequently accompenied by more or less severe though tran-
sient constitutional symptoms and pleural effusions. Their ultimate
effects are wnpredictable. .

Although poudrage has been used successfully more than once, it
has two great disadvantages: it places irremovable particulate matter
within the pleural space and it hag occasionally caused a severe
pleﬁritis with such thickening of the visceral pleura that re-expansion
of the lung was impossible. Ross and Fullerton at post-mortem found
the pleura after poudrage the site of a formidable foreign body reac-
tion about one centimeter in thickness. The patient's own blood
(200-300 cc.) may be injected into the pleural space, as recommended
by W. B. Portér, and successfully tried by Watson and Robertson (1928)
and others. Unfortunately, this method is mot without danger. Or-

ganization of heavy deposits of fibrin on the visceral pleura may pre-
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vént re-expansion of the lung. (See discussion of Hemo- pngumothorax.)
The same objeetion, risk of visceral pleuritis and encasement of the
lung in an undistensible envelope, applies to the use of fifty per

cent glucose installations. The risks of this constrictive visceral
pleuritis may doubtless be minimized by resorting to chemical pleuritis
only in rare instances, making the injections when the lung is on the
way out, that is, not far from the parietal wall of the chest in its
re-expansion, and aspirating remaining eir rapidly and immediately fol-
lowing the chemical injection. In other words, in producing a chemical
pleuritis, it is vitally necessary to get the visceral and parietal
layers of pleura in contact at the earliest possible moment., Gomenol

is recommended by Matson, but has the disadvantage of being non-

absorbable. Scarification of the parietel pleura or rubbing the pleural

surface with gauge have received clinical trial but have not proved
satisfactory.

Occasionally, the lung re-expands partially and then collapses
again, This may happen more than once. For fear of aggravating the
leak, aspiration of air should be scrupulously avoided in these cases,
and resort had to induction and maintenance for several weeks of a low
grade positive pressure pneumothorax by injecting air instead of with-
drawing it, to assist healing of the leak. In a few cases, temporary
phrenic paralysis to relax the lung will close the leak. Obstinate
cases will have to be treated by thoracotomy as outlined previcusly.

To Summarize: Conservatism in the treatment of recurrent spon-

taneous’ pneumothorax is recommended. Many cases are not greatly

-————.
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inconvenienced by the episodes of collapse of the lung, and, there-
fere, no interference of any sort whatsocever is justified. The
cases most amenable to surgery are those with a single point of at-
tack: adhesions, & single bulla or very few emphysematous bullae.

C. Persistent or chronic pneumothorax are applicable terms when

collapse of the lung persists months without the lung showing any
or but slight inclination to re-expand. The responsible lesion is
most frequently a persistent fistula or persistent fistulae between
the lung and the pleural space. Fundamentally, these fistulae de-
velop in the same manner as the leaks that produce temporary pneumo-
thorax. They are simply larger and possibly for that very reason
remain patent.

Treatment is directed towards the healing of these openings,
after which the gases in the pneumothorax space are steadily and
rapldly absorbed with coincident re-expansion of the lung.

Endo-bronchial lesions causing obstructive atelectasis of the
collapsed lung and therefore preventing its re-expansion are usually
tuberculous in nature and, therefore, not responsible‘factors in the
type of persistent pneumothorax wnder discussion in this paragraph.
Nevertheless, bronchoscopic exsminations should be made in any case.

Various chemical solutions have been injected intrapleurally
in persistent pneumothorax as in recurrent pneumothorax, to cause or
to hasten healing of the fistulae by the production of an aseptic
pleuritis. In view of the uncertainties, frequest unfortunate re-

actions to these chemical instellations and occasional occurrence

|
4
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of a disastroug constrictive visceral pleuritis, it is preferable when
experienced surgical assistance is avsilable to resort without too

nuch delay to surger&. (See section of Recurreat Pneumothorax.) Al-
though chemical pleuritis may be used by an experienced thoracic surgeon
in carefully selected cases of Recurrent Pneumothorsx, it is definitely
contra-indicated in Persistent Pneumothorax., At open thoracotomy,
opportunity is afforded for excision of valve vesicles, severing of
presumably culpable pleural adhesions, the detection, excision or re-
pair of accurately identified fistulae.

D. Tense Pneumothorax is that form of pneumothorax in which a valve-

like fistula permits the development of high intra-pleural pressures.
The movement of the affected side is greatly restricted, the inter-
costal spaces on the affected side filled out, the percussion note

is hyper-resonant, liver dullness or precordial dullness disappesars,
the mediastinum displaced toward the opposite side, the diaphragm

on the affected side pushed downward, the breath sounds absent or
diminished. The patient is eymnotiec, dyspneic, in great respiratory
and circulatory distress. Constitutional symptoms are often present,
such as high fever and tachycardia.

Pulmonary interstitial emphysema progressing to nediastinal em-
physema, to retro-psritoneal emphysema and generalized subcutaneous
emphysema may or may not be associated with spontaneous pneumothorax.
They are more frequently associated with that form of spontaneous
pneumothorax which occurs during or in association with artificial

pneumothorax. dediastinal emphysema should always be suspected
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when subcutaneous emphysema is detected in the episternal notch or
above one or both clavicles. For complete elucidation of pulmonary
interstitial emphyseme (P.I.E.) and its reletion to pneumothorax,
the contributions of the Mackling and L. Hammsn should be studied.
Brisfly, damage to the pulmonary parenchymz permits a leakage of
air into the pulmonsry interstitial spaces. This air in peribron-
chiel, perivascular and septsl spaces works toward the hilus of the
lung and into the mediastinum. The x-ray will easily reveal air
under the skin and in fascial planes in the neck, thoracic wall, ete.,
Less easily recognized will be the evidence of air as air streaks
along the blood vessels in the lung, air in the interstitial space
between the pleural folds and the pericardium along the left border
of the heart and in the lateral view in the anterior mediastinum.

Largely as the result of coughing or straining, gas pressures build

- up in the mediastinum and impede the return flow of blood to the

heart through low pressure venous channels. The final effects of
interference with blood flow in capillaries and small vessels in the
lung and obstruction of return flow to the heart in the mediastinum
are great and increasing embarrassment of respiration and circula-
tion. The patient will die unless the emergency is recognized and
effective treatment promptly instituted.

hscent to high altitude would doubtless be quickly and completely
disastrous in this type of pneumothorax. On the contrary, prompt
placement in a high pressure chamber might give immediate relief.

{Boyle's Law - inverse relationship pressure and volume of a gas.)

L9
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Repeated aspiration of sufficient quantities of sir to restore
the mediastinum to normel position and to relieve pressure on medias-
tinal structures is often sufficient. In more severe cases, con-
tinuous relief of pressure may be secured by needle or cannula between
the ribs attached to a water seal. 4ir may be aspirated hazardously
by needle or syringe from the mediastinum in the episternal notch or
the first and second parasternal interspaces,

More simply and much more safely, relief way be secured by in-
cisions above one or both clavicles for spontaneous egress of air or
for aspiration of air by a small cup and suction. After the emergency
has passed, the lung usually re-expands. If it does not, the cause
of failure to re-expand znd thersfore the treatment are as outlined
wmder PersistentPneunothorax.

In any type of pneumothorax, cyanosis or any other sign of
atoxia, callsfor the prompt use of oxygen. In Tense Pneumothorax,
the inhalation of 100 per cent oxygen for 24 to 72 hours will not

i only relieve anoxia but will hasten the absorption of gases in the
interstitial spaces and the reduction of the volume of gas in the
pneumothorax space.

E. Simultaneous Bilateral Spontaneous Pneumothorax. Collapse of

1

f one lung by sudden change of intra-thoracic pressures may lead to
collapse of the other lung, In only 25 per cent of cases of spon-

i

taneous collapse of one lung does sudden severe effort immediately

procede the event. Conceivably, the additional respiratory burden

suddenly thrown upon the other lung may lead to rupture of emphy-
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sematous bullae or tear of pleural adhesions. Obviously, with col-
lapse of both lungs, ventilation and oxygenation are reduced to the
asphyxial point. Continuous aspiration of air from both sides of
the chest in the hope of partially re-expanding one or both lungs
with administration of 100 per cent oxygen may be life-saving. Death
comes swiftly in these cases, often before medical assistance can be
secured. Simultaneous bilateral spontaneous pneumothorax carries a
high mortality rate (Perry: 50 per cent death rate in 20 collected

cages).

V.

Spontaneous Hemo-pneumothorax

In Spontaneous Hemo-pneumothorax after perforation of the lung
both air and blood, often in considerable volume, leak into the pleural
space. The fundamental cause of this form of pneumothorax, a tear
of pleural adhesions or rupture of a bulla, is the same as in all other
forms of non-tuberculous spontaneous pneumothorax. In the one instance,
blood vessels are torn and,in the other, they are not. Ruptured bullae
have been found repeatedly in persons dead of hemo-pneumothorax. Bul-
lae have been demonstrated roentenologically during life in other in-
stances. Finally, the successive occurrence of spontaneous pneumothorax
and hemo-pneumothorax in the same patlent strongly indicate a common
etiologic factor. It is further significant that the walls of bullae,
usually quite avascular, are sometimes surprisingly vasculer. (Mazzei

and Pardal, 1934.) It has been emphasized by Hartzell in hig fine
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review of this subject in 1942, that even at éost mortem it has not al-
ways been possible to identify the bleeding point. During life it has
been impossible to determine whether the bleeding came from the Lung
and presumably the lesser circulation or from the parietal wall of the
chest and therefore the systemic circulstion. It is to be noted that
bleeding from the lung inlo the pleural space might come either from
& bronchial artery and systemic circulation or the lesser circulation;
in either case collapse of the lung might autometically stop the
bleeding. In the case of bleeding from torn adhesions, the hemostatic
influence of lung collapse would somewhat depend upon whether the
lung was entirely separated from the chest wall or only partly sepa-
rated from the chest wall or only partly separated with the tear lo-
cated at the base of adhesions still attached to lwng and parietal
wall of the chest. R. C. Matson, 1939, thinks bleeding from adhe-
sions comes largely from collaterals with the intercostal vessels.
The fact that the chest cavity is not often suddenly filled with pro-
fuse hemorrhage but that blood seems to accumulate slowly over hours
or several days suggests on the one hand that bleeding comes from the
low pressure lesser circulation, and on the other hand that respira-
tory movements of the lung and diaphragm by traction on the torn lung
or adhesions prevent healing of the bleeding point end favor continued
oozing of blood into the pleural space. After partial re-expansion
of the lung and absorption of part or all the blood in the pleural
space, spontaneous collapse may recur with fresh bleeding.

In all of Hartzell's 43 cases (40 collected, 3 added), tubercu-

losis was adequately excluded as a cause of the spontaneous collapse




—

page 21

and the associated bleeding. Once again, it should be emphasized

that perforation of a tuberculous lung leads to pyo-pneumothorax al-

most invariably and excessively rarely to hemo-pneumothorax. Hemo-
prneumothorax in tuberculosis occurs usually when the disease is obvious
and far advanced, and only very rarely then. However, a few instances

are recorded of severe bleeding into the pleural space in tuberculous

persons following artificial pneumothcrax. In 1919 Heise and Krause
reported a case of fatal hemo-pneumothorax following artificial
prneumothorax in a men with rapidly progressing caseous pulmonary
tuberculosis. Hartzell observed two patients with intra-pleural
bleeding after pneumothorax refills at the Cleveland City Hospital.
One patient made a good recovery, the other some weeks later aeveloped
spontanéous pneumothorag oh the same side with mixed infection em-
pyema. Weiner and Jackson report spontaneous bleeding and collapse
of a lung under treatment by artificial pneumothorax in a tuberculous
patient who had had thoracoplasty on the other side.

Of the 43 patients with hemo-pneumothorax, whose cases are re—
viewed by Hartzell, 14 died, 5 of these within twenty-four hours of
hospital admission and 4 more within the week. With only one excep-

tion, 21l of the 43 were men. In 41 accurately recorded cases, the

ages of 36 patients were between 20 and 40 years. In all 43 cases
and in the 1/ fatal csses, one side of the chest was not involved
significantly more often than the other. Hemo-pneumothorax is there-

fore a much more serious affair than simple pneumothorax. In the main,

the clinical picture differs in the following very important particulars:
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(1) the pain at onset is much more severeand (2) is occasionally re-
ferred to the epigastrium or right hypochondrium suggesting an "acute
belly", especially when accompanied by (3) nausea and vomiting and
(4) signs of shock, pallor, sweating and tachycardia. If the patient
rallies,fever is higher than with simple pneumothorax. The essential
diagnostic features are: (1) the sudden onset in a previously healthy
person, or in & tuberculous person taking artificial pneumothorax, of
(2) marked anemis {internal hemorrhage) angd (3) signs of hydro-
pneumothorax with the effusion more rapidly accumulating than would
be expected of an inflammatory exudate. Thae discovery of blood at
fhoracentesis clinches the diagnosis. A red cell count may be done
on the removed fluid and compared with a count on the blood mede at
the same time.

In the type of hemo-pneumcthorax here under discussion, infection
of the pleura does not occur, usually the temperature returns to nor-
mal, the blood is absorbed as well as the air in the pleural space
and the lung re-expands, recovery is complete. Occasionelly, the
blood clots in the pleural Space, masses of fibrin form on the vis-
ceral pleura and on the parietal pleura, the Iung cannot re-expeand,
fever continues, the patient remains very ill or dies. Only a for-
midable operation, thoracoplasty, can save the patient. Sometimes
the blood is more or less completely absorbed, and the lung completely
re-expands but with the passage of time heavy deposits of calcium ac-
cunulate in & thickened pleura in large plaques very conspicuous in
the x-ray film. A caleified pleural plaque is most frequently due

to a preceding hemothorax or hemo-pneumothorax,

|
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Treatment of Hemo-pneumothorax. Since death is due mainly to in- \

ternal hemorrhage and embarrassment of respiration and circulation,
treatment is directed towards relief of high intra-pleural pressures,
prevention of further bleeding and restoration of depleted blood vol-
ume. Since high intra-pleural pressures must have some hemostatic
effect and since the low blood pressure from hemorrhage must discour-
age further bleeding, nice judgment is required to decide when to

leave the patient alone and when to aspirate air, blood, or air and
blood from the pleural space and transfuse. In general, repeated small
transfusions when the red cell count and hemoglobin values are near

50 per cent are safer than not transfusing. The longer the interval

since the onset of the collapse and bleeding the safer the transfusion.

If other blood or plasma is not availuble, blood in the pleural
space may be withdrawn, air replacing it coincident with withdrawal
and this blood uged for transfusion. The patient must be under con-
stant observation and repeated blood counts and blood pressure deter-
minations made. The patient should be in an oxygen tent wmtil the
emergency has passed. Even more than in other forms of pneumothorax,
transport by plaﬁe to high altitudes is dangerous.
Summary

1. Hemo-pneumothorax is due to ruptured bullae or torn adhesions.

2. Reported cases indicate a much greater frequency among males

than females.
3. The essential diagnostic criteria are:
1. sudden onset in a previously healthy person

2. signs of hydro-pneumothorax
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3. rapidly accumulating effusion
4. signs of internal hemorrhage: shock,
pallor and anemia
4.  The acute onset with shock and pain in the epigastrium
resemble closely an acute abdomen.
5. When a patient has lost much blood, it is probably safer

to use repeated small transfusions then to do nothing.

VI.

Spontaneous Pneumothorax and Aviation

It is not intended here to discuss the surgical aspects of evacua-
tion of cases of traumatic pneumothorax, the result of bullet wounds,
etc., from combat zones, but merely to review certain physiological
principles and physical laws fundamental to the intelligent handling
in peace or in war-time of pneumothorax whether spontaneous, artificial
or traumatic.

According to Boyle's Law, temperature remaining unchanged, the
product of pressure and volume of an idesl gas is constant. In other
words, if the pressure increases, the volume of the gas decreases; if
the pressure decreases, the volume of the gas increases. This rela-
tionship for increasing pressures is shown in Table I.. A similar
table may be constructed for decreasing pressures. (Table II.)

Table I.

Pressure (P) 1 2 3 L 6

Volume (V) 12 6 4 3 2

PXy 12 12 12 12 12
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Table II.

Pressure (P) 1 500 .33 .25

Volume (V) 12 2 3% L8

PXy 12 12 12 12

Obviously, the volume of gas will increase with altitude, that
is, with falling barometric pressure. At 18,000 feet the barometric
pressure, 380 mm. Hg., is one half the sea level pressure and one
volume of gas will be doubled; at about 34,000 feet altitude the
volume of the gas is quadrupled and so forth. Geses in the body,
e.g., in & pneumothorax or in the intestinal tract, are saturated w;vith
water vapor at a pressure of 47 mm. of Hg., accordingly the change
with altitude in volume of gas in a pneumothorax may be calculated
by & formula in which the old pressure less the water vapor pres-
sure is divided by the new barometric pressure less the water vapor
pressure. It should be noted that the water vapor pressure is un-
changed by variations in atmospheric pressure. A man at sea-level
with complete collapse of one lung has a pneumothora; volune of aboub
3000 to 5000 cc. 1If we estimete the average barometric pressure at
Denver, altitude 5,280 feet, us 600 mm. Hg., the change in volume of

this gas in the chest may be calculated as follows:

Every 1000 cc. of gas at sea level will try to occupy a volume of

1240 cc. st Denver. Three thousand cc. of gas, if the intra-thoracic
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environment permitted, would assume the volume of 3720 cc. If the

" pneuncthorax was of recent development and the patient already in
some distress from displacement of the mediastinum, the expanding gas
in the chest might add greetly to his distress if not actually jeop-
ardize his 1ife. Doctors who live at sea level are learning not to
give a "refill" to a pneumothorax just before the patient takes the
train for higher altitudes. If a patient must be evacuated by air,
medical and nursing personnel must be instructed in the simple pro-
cedures, previously cutlined, to relieve increasing intra-pleural
pressures. A needle between the ribs, long enough to reach the

pleural space, not long enough to wound the Lung, is gufficient for

the emergency.
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Fig. I. Physical Signs Pneumothorax
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Fig. 11.

Previous condition of
lungs

Condition of lwmgs at
time of collapse

Subsequent condition
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Pleural effusion
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Surgery
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Differential Diagnosis

Tuberculous

Tuberculous

Tuberculous

Progressive disease,

usually

Severe constitutional

symptoms, fever, ete.

Pyo-pneumothorax the
rule

Rarely heals

Rare

Very rare

Usually necessary

Very bad

SPONTANEGUS PNEUMOTHORAY

Non-Tuberculous

" No tuberculosis, emphy-

sematous blebs or
pleural adhesions

No tuberculosis

Tuberculosis does not
develop

Constitutional symptoms
absent or slight

Little or no pleural
effusion

Usually heals

Usual

10 - 20 per cent

Elective if recurrent
or persistent pneumo—
thorex

Excellent
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Fig. 3.

Diagram to illustrate influence of the novements
of the diaphragm on the maintenance of a leak and
the effect of temporary phrenic peralysis in re-
laxing the lung and closing the leak.
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