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F ) Agpfinition

Empyema of the chest is a pleurisy with purulent effusion. This
implies a collection of purulent fluid in the pleural cavity or interlobar

spaces.

II. Btiolo
1

According to Boyd, infection may reach the pleural cavity in
three ways:
l. By spread from neighboring organs
2. By introduction from without

3. By the blood stream

l. By spread from Neighboring Organs. Most of the empyemas are

due to spread of the infection from a pneumonic lung. The pneumonia may
be 2 lobar pneumonia, in which case the infection of the pleura follows
the pneumonia, and is due to the pneumococcus. This type is frequently
referred to as the "metapneumonic" type. The "synpneumonic" type of
empyema is that type of empyema which accompanies the: streptococcal pneu-
monias which are so frequently associated with influenza, and less common-
ly with measles and other exanthemata. In the streptococcal empyemas it
was repeatedly found that the primary lesion was a subpleural abscess.

The same is true of some cases of pneumococcal empyemas, but whether this

holds for the majority of cases it is difficult to say.

Although the lung is the major neighboring organ from which in-
fection may spread, there may be other primary sources of infection. An
abscess in the mediastinum, an infective process in the chest wall, a sub-

phrenic abscess, a liver abscess, suppuration in the gall bladder, and
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even inflammation in more distant organs may be followed by empyema.

A small percentage of empyemas are tuberculous and associated
with a tuberculous lung underneath. Abscess of the lung is also a pri-

mary disease which gives rise to empyemas, in addition to the usual lobar

or bronchial pneumonias. Empyema occurs in about six per cent of the
2
cases of pneumonia, and the pneumococcus causes from fifty to sixty per
3

cent of all cases of empyema.

2. By Introduction From without. A perforating wound of the

chest is likely to be followed by an empyema. This cause is rare in

civil practice.

3. By the Blood Stream. In exceptional instances empyema may

apparently begin as a primary condition. These cases are due to spread

by the blood stream from a focus elsewhere. This may occur following ton-
sillitis, appendicitis, acute otitis media, or puerperal sepsis. It may
develop in the course of one of the infectious diseas;s,but probably in
these cases pneumonia is an intermediate factor. - An empyema may develop
in the course of a bacteremia, but in this case it acts as a fixation

abscess, and the prognosis becomes distinctly more favorable.



IIXI. BACTERIOLOGY

The usual organism is a pneumococcus (Type I, II, or 1V), strep-
tecoccus, or a staphylococcus. Occasionally there is a mixed infection.
The bacteriological findings vary in different seasons and in different
years. Often, during the fall and winter months, the pmneumococcus may
be the chief organism found, and will run a straight series of Type I
variety. A year later during the same season the prevailing type may be
Type IV. In the spring seasons the prevailing organisms most often
are either a streptococcus or a hemolytic staphylococcus a.ureus.4

The influenza, typhoid or colon bacillus may be the infecting
agents in exceptional cases. The tubercle bacillus, usually with mixed
infection, is occasionally met. Actinomycosis of the lung may be accom-
panied by an empyema, and anaerobic streptococci are encountered on rare

5,6

occgsions.

The types of empyema complicating pneumonia; given in the order

of frequency are:

Massive or general
Interlobar
Sacculated
Bilateral, and

Necessitatis.



IV. MORBID ANATOMY

An empyema is usually preceded by 2 slight exudation of serous
fluid, which later becomes puruleat. Abundant inflammatory exudate is
deposited on the parietal pleura and lung, and pus accumulates between the
twoe. Allen has recently offered the suggestion that blood in the pleural
cavity causes the onset of the empyema, the blood arising from the gran-
ulation tissue. This purulent exudate may be large enough to cause a
tremendous loss of nitrogen in the body. The usual site of a subpleural
abscess is the convex surface of the lung, in which case a diffuse empyema
results. . The abscess may be located in a fissure, in which case an
interlobar empyema will result, or it may occur on the medial aspect of
the lung, where one or more pockets of pus will form retrosternally be-
tween the lung and mediastinal pleura. The pus pocket may accumulate
between the diaphragm and the luang and extend either out into the costo-

phrenic angle or upwards as a partly median collection.

The inflammatory exudate consists of fibrim, serum and polymor-
phonuclear leukocytes. In the course of time fibroblasts invade and
lay down connective tissue, so that the affected portion of the lung may
be covered by a thick layer of dense fibrous tissue, which may attain a
thickness of one inche. A similar deposit is also laid down on the par-
ietal pleura. This thick inflammatory exudate plays an important part
in preventing the proper expansion of the lung following the removal of
pus; to insure lung expansion, Dakint's solution is used because of its
decorticating action, which results in the bringing away of the deposit

in fragments.
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The pus varies somewhat with the infecting organisms. In pneumo-
coccal cases it is thick, creamy and yellowish or greenish in coler,while
in streptococcal cases it is usually thinner and more watery and contains
flakes of fibrin. Tuberculous pus is also thin and contains masses of
caseous material. If the pus has a fecal smell, infection with the colonm
bacillus may be suspected. Anaerobic organisms give rise to a putrid
empyema.

The effect on the lung of the purulent exudate is of great impor-
tance. The lung is lifted up on the fluid, and becomes more and more col-
lapsed, nnfil it may form a small compressed mass at the hilum. Moreover
a purulent fluid exerts a much more deleterious effect onm the lung sub-
stance than does a serous collection. There may be necrosis and destruc-
tion of the lung tissue at the site of pressure, together with an inter=-
stitial inflammation which results in fibrosis and contraction, and this

also interferes with lung expansion.

Unless the purulent material is removed soon after it has accu-
mulated the lower portion of the lung in contact with the fluid becomes
firmly adherent to the chest wall and mediastinum. The lung becomes
firmly anchored by the rapid organization of the adhesions which prevent
the lung from re-expanding even when the fluid is removed. The longer
the purulent material is allowed to remain the more certain it becomes
that the lung will not be able to reexpand. If the empyema has existed
for several months the parietal pleura forming the sac becomes greatly
thickened and in places may become eroded. In moderate sized effusions

after the lung has become adherent the fluid is then completely walled
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off and really constitutes an abscess. The effusion may remain indefi-
nitely, the patient eveantually succumbing as the result of septic absorp-
tion, amyloid disease, brain abscess (from the lung abscess), or the
empyema may rupture externally or into a neighbering cavity, such as the
esophagus, a bronchus, or the peritoneal cavity. In many §ases the puru=-
lent material is gradually absorbed. Following absorption of the pus
calcium salts in the form of plates are frequently deposited at the base

of the cavity.

prolonged compression of the lung by a purulent effusion is one
of the commonest causes of unilateral fibrosis of the lung. Empyema also
has a crippling effect on the diaphragm. The diaphragm becomes swollen,
thickened and stiff. As the result of inflammatory changes it looses its
elasticity and becomes rigid; later it becomes atrophied, the tissues
undergoing fibroid changes and becoming hardened. If the effusion is
large the weight of the fluid may flatten the diaphragm or cause it to
become concave in shape and at times produce a tumor below the costal

margin.



Y. PHYSIOLOGY OF OPEN PNEUMOTHORAX

Experimentally, Graham has shown that the mediastinum of man
offers only a slight resistance when the pressure in one pleural cavity
is made equal to that of a column of water ten centimeters high. Hence,
in the normal individual when an open pneumothorax is created on one side,
both lungs are compressed, since there is practically an equilibrium of
pressure throughout the thorax, and respiration is maintained by both
lungs. 0f course, factors which tend to immobilize the mediastinum,as
adhesions and post-inflammatory thickening, change these relationships by

making a more rigid partition.

In order to show the effect that an open pneumothorax would have
on an empyema arising in pneumonias of pneumococcal or streptococcal ori-
gin, it would seem advisable to discuss the pathology of the two types of
pneumonias. This will bring out the reason for the careful avoidance of

an open pneumothorax in the acute stage.

There is considerable difference in the pathology and clinical
course in the two types. Pneumococcus empyema 1s almost always a compli-
cation of lobar pneumonia and it is usually not recognized until after the
acute stage of pneumonia has passed, and at a time when much of the exu=-
date in the lung has disappesred, so that the vitel capacity is greater
than it was during the acute stage. Bowever, in the hemolytic strepto-
coccus infections, a massive pleural effusion occurs early in the disease.
The pathology of the hemolytic streptococcus infection can be deseribed
as follows: There is extreme dyspnoea during inspirationm, resulting in

cyanosis. Many of the patients lose their voices completely. There are
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two main types of lesions that have been described, although these are
frequently combined. The first type, called interstitial broncho pneu-
monia, is characterized by a great change in the walls of the bronchioles
and in the adjacent pulmonary tissue. This results in a collapse of the
lung to which the obstructed bronchi lead, together with the formation of
firm nodules of consolidation about the terminal portions of the bronchil
There is also extreme vascular engorgement and hemorrhage about the nodul-
es of consolidation. The bronchial walls become infiltrated with mono=-
cytes and thickened. The formation of new blood vessels and the connec—-
tive tissueAproliferation add to the thickening and deformity of the wall.
In addition, the adjacent alveoli become infiltrated with mononuclear
cells, the capillaries are distended, and epithelium is proliferated and
desquamated intothe alveolar cavity. This results in a plugging of the
alveoli adjacent to the bronchi with blood, epithelial cells, and mononu-
eclear cells. The pleural exudate begins as a thin greenish-brown fluid
containing streptococei, disintegrated leukocytes, and fibrin shreds,but
it soon becomes more purulent. The inflammatory exudate is rapidly
organized, and as a result of connective tissue growth, the alveolar walls
the bronchial walls and interlobular septa become thickened. The rapid
organization of the thick layer of fibrin covering the pleura results in
the formation of thick red granulation tissue on the pleural surface,and
adhesions between surf;;es in econtact with each other become permanent in
a very short time. Large portions of the inflammed lung may become
necrotic. The second type of lesion described in these streptococcic
infections, called lobular pneumonia, although giving the same clinical

symptoms is different on section. No firm peribronchial nodules are
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present. Instead there are patches of comsolidation in which the alveoli
are filled with blood and leukocytes and large numbers of organisms.
Widespread necrosis occurs with final destruction of areas of lung sub=-
stance. Hemorrhage occurs about these areas and there is pleural effu-
sion, but with no organization of the exudate. This lobular pneumonia
may occur independently of the interstitial broncho pneumonia or together

7

with it. They are different expressions of reaction to the same infection.

The important points brought out in the pathology, which should
be remembered in treatment are the extent of involvement of lung tissue
in the streptococcus cases, the involvement of the bronchioles with suf-
ficient exclusion of air to produce cyanosis and dyspnoea, and the ten~
dency to rapid organization of the pleural exudate. In contradistinec=-
tion, there is less disturbance in the air intake with less cyanosis and
dyspnoea in pneumococcus cases, and there is also much less rapid organi-

zation of the pleural exudate.

An open pneumothorax in an acute case of streptococcus empyema is
clearly contraindicated, since it would result in an additional element of
difficulty of respiration in a patient already so dyspnoeic that he is

cyanotic and suffering from air hunger.

Grzham estimates that a thoracic opening of 5x10 oms. is the
largest for which compensation can be theoretically established in the
average human adult even for short periods if the mediastinum has normal
mobility. This is based on the average vital capacity of 3700 c.c. 2nd

hence would obviously be greater in an individual having a larger vital
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capacity. It should also be remembered that what appear to be very large
openings in the chest wall are actually much smaller because of the pre=
sence in the incision of a lung which has been delivered out, gauze spon-
ges, and fingers of the operator, all of which tend by their plugging to
reduce the size of the opening and consequently the amount of air which

is sucked in during an inspiratiomn.

The size of the opening compatible with life would be dimimished
in individuals with a small vital capacity, or where there is a greater
demand for oxygen. This ocecurs where there is obstruction to the passage
of air to the lungs (tracheal or bronchial stenosis), where the available
breathing space of the lungs is reduced (pneumonia dnd pleural effusions)
where there is interference with the normal aeration of the blood and tis-
sues (heart disease with acidosis), where there is interference with the
normal action of the respiratory muscles (fatigue and prolonged surgical

anesthesia), and where the level of metabolism is raised.

In a closed pneumothorax it is only necessary to increase the
respiratory effort sufficiently to create enmough negative pressure to take
in the desired amount of air for proper aeration of the blood,which is the
tidal air, or 500 c.c. at rest. In an open pneumothorax, air enters both
through the thoracic opening and the glottis, and if the opening is con-
siderably larger than the glottis enough air may enter into the pleural
cavity to prevent the acquisition of the +tidal air, and death from
asphyxia will ocecur. When an open pneumothorax is converted imto a clos-
pneumothorax, particularly if this be done at the end of expiratiomn, the

amount of air enclosed in the pleural cavity is very much less than the
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amount required to prevent the inspiration of the necessary amount of
tidal air, and there is, therefore, very little dyspnoea. This is brought
out clinically, since an adult can heve as much as 2000 c.c. of fluid in

his chest without producing severe dyspnoea, as long as he remains at rest.

An open pneumothorax alse results in heat loss, danger of infec-
tion and disturbances of circulation. Graham gquotes Sauerbruch as having
shown in the dog, unanesthetized, a fall in body temperature of two de-
grees after one~half hour following a pleural opening, and rise again 1.6
degrees within an hour after closing the opening. Obviously, repeated
aspiration of large quantities of air with each inspiration over long per-
iods will carry innumerable bacteria into the pleural cavity. The distur-
bances of circulation are probably due to the changed pressure relation-
ships which interfere with the normal return of the venous blcod to the
heart.

Greham showed the danger of early open drainage by experiments on
dogs. In a series of dogs that had been subjected £§ early open drainage,
the dogs had a higher mortality and were more sick than their controls
that had empyema but were left alone. Presumably, the harm is produced

by the open pneumothorax, the effects of which have been discussed.

If, however, the acute stage of the disease has passed and frank
pus is present in the pleural cavity, there is little danger foom an open
operation for the purpose of securing free drainage, for the following

reasons, as stated by Graham.

l. "There is less danger of creating an open pneumothorax



2.

3.

4.
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because there is likely to be a circumscribed abscess
shut off by adhesions from any communication with the
free pleural cavity so that during the operation the

pleural cavity, properly speaking, is not entered.

Even if an open pneumothorax is created the patient is
in much better condition to withstand its harmful
effects, because (a) the subsidence of the active pneu-
monia has the effect of making the area of the air-
inlet to the lungs much larger than when many of the
broncicles and much of the lung parenchyma are blocked
by the pneumonic process, so that the pleurzl opening
is incapable of producing the same amount of harm,

(v) the presence of adhesions and the inflammatory thick-
ening and induration of the mediastinum tend to make it
less mobile, (¢) the patient's need of oxygen is less
because of a more nearly normal mataboligﬁ, (a) the
respiratory compensation is more efficient since, owing
to a diminished toxemia, the respiratory muscles will

not become so easily fatigued.

The patient is in better condition to withstand whatever
shock there is conmected with even so slight an oper=-

ation as pleural drainage.

There is probably less risk of creating a septicemisa

from absorption of organisms from the fresh operation

wound."
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If in some particular case it is decided to institute early
open drainage, in spite of the dangers of an open pneumotherax, it is
obvious that only a small opening should be made during the active stage
of pneumonia. This is especially true in a streptococcic pneumonia,since
there is obstruction to the air passages and the vital capacity is great-
ly reduced by the plugging of the bronchioles, the exudate limiting the
expansion of the lung, and the exhausted condition of the respiratory mus-
cles. There is also an increased demand for air due to the increased
general metabolism. Because of all these factors, the ability of the
patient to compensate for a thoracic opening, even if very small, may be

so poor that he will succumb to an openiag of any appreciable size.

By applying this principle of avoiding an open pneumothorax in
the acute stage of the disease, the Empyema Commission was able to reduce

the mortality to 4.3% from 48% at Camp Lee, Virginia, during the war.



VI. DIAGNOSIS OF EMPYEMA

A. History (Symptomatology). The onset of a purulent effusion

may be abrupt as in the case of a serous fluid. When empyema occurs &s
a complication of one of the acute infections, notably pneumonia,the
exudation of the purulent fluid may be very rapid, and a considerable
amount may accumulate as early as the fourth or fifth day of the disease.
Rarely, it has an insidious onset and is not suspected, either because

it develops during the course of other diseases or supervenes upon a pre-

existing serous effusion.

However, in every caee of pneumonia, empyema should be suspected
if symptoms develop after the crisis or after the time the crisis is ex-
pected. Delayed resolution is rare, and should not be considered until
empyema is ruled out. Certain complications in children simulate empy-
ema because of septic symptoms. Otitis media, pericarditis and endocar-
ditis are the chief ones. In the severe streptococcus pneumonia a mas-
sive pleural effusion may develop within the first few hours after the
initial symptoms of cough and pleural pain, and the physical sigans resem-
ble an extensive lobar pneumonia. The diagnosis must be made on the his-
tory, the probabilities, the septic symptoms, the physical signs, aspir-

ation by a needle and the roentgen ray.

The septic sypptoms are very important as an aid in the diagnosis
of empyema. Following the subsidence of the pneumonia recovery is not
complete, but malaise and astheniz persist and it is noted that slight
fever occurs, particularly at night. The patient gradually becomes

more septic with higher fever and marked leukocytosis. A pulse rate
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which does mot drop following crisis should meke one suspicious of em-
pyema, Sweating at night is common. In children, clubbing of fingers
ocours early and there is rapid weight loss. In the aged fever may be
slight or absent. In the streptococcus group the symptoms are more in-
tense and even delirium comes on rapidly. Convulsions may occur in chil-
dren. There is anemia, pallor, exhaustion and rapid emaciation. Pain
in the affected side of the chest, dyspnoea and cough and expector:tion

are some of the symptoms which are not always marked.

Every case of empyema must be jndividualized and carefully and
patiently studied. Each will show some variation, such as character and
virulence of the infection, condition of the patient, or associated
complications, such as bronchial fistula, pneumothorax or pulmonary
abscess. Age is an important factor.

cases are reported of two or more encysted purulent effusions
within one pleural sac.a In one cawe, the purulent effusion occurred
in the right chest, one in the right posterior sub-apical region, the
other between the right side of the pericardium and the pericardial as-
pect of the right 1 ung. In another case, there were three loculi in
the right chest, namely at the apex, in the axillary region, and at the
base, together with an empyema necessitatis pointing between the verte-
bral column and the vertebral border of the right scapula. The three
separate cavities and the subcutaneous collections were all drained

through separate incisions. Both of the above patients recovered.

.

To further complicate the diagnosis, cases of bilateral empyema
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occur, both sides becoming involved at or about the same time. Most
authors agree that empyema is bilateral in less than five per cent of
the non-fatal sporadic cases. In 603 cases of autopsies of empyema
cases, Dunham found that 43%, an unusually high figure, were bilateral.
Hellen states that 7.7% of all empyema cases are bilateral. Tod that
2.0% and Tholt 3.0%. The majérity of these casses occur, according to
Curtis and Bowman, during the early decades of life, and males are affect-
ed in 65 per cent. Graves reports that it is frequent in children
under ten and in adults beyond middle life. In Keyes! series of 44 cas-
es, the de;th rate was 19.5%. He pointed out that it is most frequent-
ly met with in association with broncho-pne unonia, for example, during

10
the influenzal epidemics of 1917-1919.

Be. Physical Examination.

1. Inspection. An individual having empyemaz is apt to reveal the

evidences of a chronic suppurative process, such as fever, sweating,
loss of vigor, some emaciation and anemia. Acute ca;es will not show
these signs. Clubbing of the fingers is marked in chronic empyema, and
some of the most extreme grades of this condition are encountered. The
clubbing of the fingers may develop very rapidly and instances have been
recorded in which the condition was apparent within two or three weeks.
It has been noted also that the clubbing disappears with the removal of

the pus from the pleural cavity.

On inspection the affected side bulges and the intercostal spac-
es are widened. The side moves less freely with respiration. Tenderness

on pressure is commonly present. Displacement of the apex beat is apt
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to be marked. If the empyema has existed for some time, the small sub-
cutaneous veins on the affected side may be very noticeable. Edema of
the chest wall is frequently met with. In some cases pulsation of the
chest wall is noted ov;r the area overlying the empyema. For the most
part, pulsating empyemas are left-sided. Although pulsation is synchro-
nous with the cardiac systole no satisfactory explanation is given to
show how the cardiac impulse is transmitted through the effusion. There
is an absence of Litten's diaphragm phenomenon, which is not of great

significance.

lLess frequently a localized tumor is seen on the chest wall
caused by the burrowing of the pus through the thoracic parietes. This
is the so-called "empyema necessitatis". A fistula may be formed by
the complete perforation of the chest wall. An empyema necessitatis is
of ten pulsating in character. When an empyema necessitatis develops it
almost invariasbly appears on the anterior or lateral chest w;ll, some~

where between the third and sixth interspaces.

In children, the heart is more markedly displaced to the opposite
side, especially in right-sided effusions. When the effusio; is small
the ri bs are approximated owing to the lack of expansicn of the affected
side, but when the effusion is massive the ribs of the affected side are

separated.

2. Palpation. There is increased resistance, edema of the inter-

costal spaces, which one may not suspect until he applies pressure with

his finger-tips, and local tenderness on deep pressure in chronic cases.
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Tactile fremitus is reduced or absent, and the liver and spleen are de-

pressed.

3. percussion. There is flatness from fluid and compressed lung,

beginning at the base posteriorly. This may extend to the clavicle and
to or beyond the midline, merging on the right side with the liver dul-
ness, and on the left side with Traube's semilunar area, which is only
obliterated by large effusions. Movable dulness is rather rare, and

suggests pneumothorax.

In‘some cases one can demonstrate "Ellis' S shaped line". In
moderate effusions with the patient sitting erect, the upper limit of
dulness rises from the spine to the axilla and then falls to the sternum.
When reclining the line slopes continually from the spine downward, and
is due to the position of the root of the lung.11 It may also be possi-
ble to demonstrate "Grocco's paravertebral angle of dulmess."™ A trian-
gle of relative dulness with the apex upward along the spine on the oppo=~
site side of the effusion, the space being two to eight centimeters in

width. Tt is distributed to bulging of the mediastinum or collapse of

the lung, and is absent in pneumoniz.

The liver dulness extends much farther below the margin of the
ribs than in ecases of serous effusions. This is due to the greater
weight of the fluid which not only flattens the convexity of the upper

surface of the diaphragm but may even cause it to become concave.

Skodaic resonance may be elicited above the level of the fluid,

this is important in differentiating from pneumonia.
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4. Auseultation. The same variations in the character of the

breath sounds occur in empyema as in serous effusions. The breath sounds
may be faintly heard or entirely absent. Above the fluid the vocal
resonance is increased if the lung is condensed. Occasionally, and
especially in children with large effusions, the breathing may be loud

and bronchial in character.

The transmission of the whispered voice through a serous effu-
sion and the absence of such transmission in case pus is present

(Bacelli's sign) is of no great value.

sacculated effusions give irregular physical signs wﬁich vary
with the position of the fluid. In cases of pyopneumothoreax, tympanitic
resonance will be found above the fluid level. Succussion splash is an
important finding and amphoric respiration and the coin test should be

elici ted.

In children the diagnosis is more difficult because of the great-
er resiliency of the chest wall, the greater mbility of the heart, and
the greater ease with which the vocal and respiratory sounds are trans-
mitted. As in adults the history suggests an empyema. The character-
istic sounds are bronchial breathing end exaggerated vocal resonance over
the apex or upper part of thechest and absence or diminution of the vocal
and respiratory sounds over the lower part with dulness to percussicn.
Care must be taken to compare the two sides, because in the child, loud
sounds may be heard at the base of the affected side, but they are always
louder and clearer om the unaffected side. Light percussion will elicit

the dulness in the child when heavy percussion gives a resonant note.
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In large purulent effusions the physical signs are adequate, but
in encysted or interlobar types where the diagnosis is in doubt, repeat-
ed x-rays should be made, supplemented by exploratory thoracentesis,for

without these aids a positive diagnosis may be impossible.

C. Laboratory Examination.

l. Exploratery puncture. In a patient with the physical signs

of a pleural effusion and in whom there are septic symptoms, it is highly
probable that an empyema is present. The use of an exploratory needle
and bacteriological examination i s the only way to distinguish absolute-
ly between pleurisy with effusion and empyema, and to determine the char-
acter of the causative organism. This e xploratery puncture should be
done carefully and aseptically. The sixth or seventh interspace is the
posterior axillary line is used. A wheal is raised with one per cent
novocaine solution, and five cubic centimeters of the solution is slowly
injected with the syringe into the muscles and beneath the rib. After
waiting a minute or two a large needle with a ten cubic centimeter Luer
syringe can be introduced painlessly and a few cubic centimeters of pus
withdrawn. The pus is put intec a sterile tube for culture, and the punce

ture wound is sealed with collodion.

A negative aspiration does not rule out the presence of pus. Re=
peated aspirations may be required at different points. A roentgen exam-

ination is of great value when skillfully interpre ted.

2. Roentgen ray examination. The x-ray affords a means of diag-

nesis, and reveals the extent of the collection, the displacement of the
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heart and trachea and the condition of the opposite lung. Lateral as

well as anterior-posterior films are taken and both erect and horizontal
positions assumed. Fixation of the diaphragm, obliterstion of the costo-
phrenic angle, obliteration of the cardiophrenic amgle, disappearance of
the diaphragm and disappearance of the usual lung shadow occur. Unless
there is air in the pleural cavity the upper margin of the fluid level is
not horizontal. It reaches its hi ghest point at the posterior axillary
line and then curves downwards to reach the liver or cardiac shadows.
(Ellis* S shaped line on percussion). The x-ray is perticularly useful

in the diagnosis of small loculated collections or an interlobar empyema.

The most important appearsnce of the more uncommon types are:

Diaphragmatic collections. An elevated and fixed diaphragm,with

a lung lesion above, or a history of one. (pifferentiate from subdiaphrag-
matic abscess). The diaphragm and the collection have the same shadow
density. If the collection is complete, its shadow extends completely
scross as a band from mediastinum to chest wall. If'it is complete, a
portion of fixed diaphragm will be observed in addition, and the diagno-

sis is not so difficult. This type is rather uncommon.

Central or mediastinal collections. The shadow is always a con=

tinuation outward of the normal mediastinal shadow (Heart and vessels).
The apex is above, and the base below at the diaphragm. If on the right
side, it resembles a pericardial effusion. On the left side the great-
er part of. the effusion is likely to be overshadowed by the heart and
only the upper portion may be seen. It may resemble a dilated descending

thoracic aorta.
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Interlobar collections. The lateral view is the one safe and

sure means of diagnosis and localization end the appearance in the well-

known interlobar region is not easily mistaken.

Large areas of atelectasis frequently occur in chronic lung di-
sease, producing physical and roentgen signs which are distinguishable
from those given by pleural effusions. During febrile exacerbntions,.
empyema and lung abscess are often suspected, and the di fferential diag-
nosis may not be settled by exploring the chest wall with a needle, or
even exploratory thoracotomy. For the diagnosis twe procedures are sug-
gested by [orol.l2 In apical conditions roentgenograms are made in
inspiration and in deep expiration. If the abnormal shadow is cast by
an accumulation of fluid, it remains unchanged in the two phases of res-
piration; if cast by atelectatic lung, the shadow enlarges and "brightens
up* by taking in air during forced expiration. (Kreutzfuch's phenomenon).
If the shadow is located at the base of the lung, a film is made with
the subject lying orn the better side, for comparison with the film made

in the erect posture. Areas of atelectasis are generally inflated in

the upper lung.

3« Blood count, In empyema, a leukocytosis of variable degree is

always presént; sometimes it is very high (15,000 to 50,000 white blood

cells). There is a relative polymorphonuclear increase.

D. Differential Diagposis.

Empyema must be dif ferentiated from an unresolved pneumonia. In
empyema the percussion note is flat and tactile fremitus is absent. As

mentioned previously, unresolved pneumonia is rare, and it is a good rule
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to consider every case of unresolved or relapsing pneumonis to be an
empyema until the presence of pus is absolutely disproven. Subphrenic
abscess and pericardial effusion are characterized by the peculiar area
of dulness. Neoplasms of the lungs and great thickening of the pleura
must also be ruled out from the history, physical findings and labora-

tory findings present in empyema.



VII. PROGROSIS

A, Complications and Sequelae.

The prognosis in empyema will depend upon the intemsity of the
infection, particularly if the streptococcus is present, the occurrence
of complications such as meningitis, pericarditis, endocarditis, peri-
tonitis, synovitis and empyema of the other side, the estimate of the
correct time for the drainage, the age and general condition of the pa=-
tinet, and the nature and gravity of the primary infection of which it is

almost always a complication.

When an empyema is untreated there are a number of possibilities
as to the outcome. Absorption is rare, but oceasionally occurs in chile-
dren. Inspissation and chronic abscess is unusual except from tubercu-
losis. The pus may give rise to an empyema necessitatis, rupturing
through the chest wall anteriorly or laterally at about the sixth inter-
space, and having a high mortality. The pus may perforate into the ad-
jacent organs or cavities, especially the lung, and this may result in
fatal asphyxia. Bronchial fistulas occur chiefly in children, and may
be followed by evacuation of the pus by mouth with recovery (rare), suffo-
cation, chronic empyema, or pressure preumothorax and apnea. On rare
occasions the pus on perforating invades the pericardium, stomach, eso-
phagus, peritoneum and iliopsoas sheath. The mortality is higher in
children with the streptococcic type, thar in adults with the pneumoco~-

ccic forme.

B. Morbidity and Mortality.

In a discussion of the mortality, I shall attempt to quote statis-
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tics from authors employing the various methods of treatment, not for the
purpose at this point of comparing the methods, but to peint out the fac-
tors whieh govern the morbidity and mortality, irrespective of the type
of treatment used. Such factors are age, race, type of irnfection,

seasonal variation, and epidemiology.

13

Steinke reports & series of 310 cases of empyema at the Children's
Hospital in jAkron during 1930-1932 from a little over 7,000 surgical
admissions, an incidence of approximately four per cent. In his series
there was a general mortality of 22.6 per cent, and an operative mortal-
ity of 15.8 per cent. Rit resection was the operation of choice, being
performed either alone or preceded by aspiration in 256 (82.6%) of the
310 cases, with thirty-two deaths, a mortality of 12.5 per cent. His
series demonstrates the high mortality of empyema in the first year of
life. 0f the 310 cases practically eighty per cent occurred in the first
seven years of li}e. 0f these having empyema during the first year of
life, 71 per cent died, in the second year 45.5 per cent, amd in the
third year 30 per cent. The mortality rate drops to 7.7 per cent for
the fourth year, 6.1 per cent during the fifth year, and 342 per cent for
the sixth year. The rate was higher again for children seven years of
age, being 16.1 per cent, and 23.3 per cent during the eighth year. The
mortalities for pneumonia and empyema varied considerably in this series
by years, but were practically the same over a ten year period. There
were 186 males and 124 females. Pneumonia was the predisposing cause
in 91 per cent of the cases where the cause was given and 72 per cent of

all cases. Pure pneumococcus was grown from 69.5 per cent and mized in
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four per cent of cultured cases.

In a series of 341 cases of empyema treated on the children's
surgical service, Bellevue Hospital, in children up to the age of twelve,
there was a general mortality of fif teen per cent.14 Again, in this
series, the mortality rate was highest for the first two years, varying
from 9 to 40 per cent for one year or under, and 9 to 28 per cent for_

two years, for the different years over which the series extended.

&
Harloe reports a series of 351 cases in which he used the closed

negative pressure me thod. Below is a table showing the incidence and

mortality.

; Age of children %' Number Deaths r Cent %
lone year or under | 20 ! 6 ! 30.0 |
:o“ to two years : 50 : 6 : 12.0 :
:Two to four years : 69 : n ,: 10.14 :
| AU o e
{six to eight years { 26 : 1 : 3.85 :
B v¢ t01 e e Rl e
:Ten to twelve years : g : 0 : 0.0 ;
! ] ] & '
| Total : 233 ; 22 : 9.8%7 :

"
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| age of adults | Number | Deaths | Per Cent S
: 12 to 14 years : 5 : 0 : 0.0 :
: 14 to 20 years : 27 : 2 : 7.4 :
: 20 to 30 years : 34 : 1 ; 2.94 :
: 30 to 40 years : 24 : 4 : 16.6 :
: 40 to 50 years : 19 : 2 : 10.05 ;
: 50 to 60 years : 4 : 1 : 25.0 ;
: 60 to 70 years : 4 : 1 : 25.0 :
: 70 to 80 years ; 1 : 0 : 0.0 :
! ! ! I |
I To tal | 118 ] 11 I 9.32 I

In this series it can again be seen that there is a high mortal-
ity in the first f;; years of life, and also after the age of forty.
Harloe recommends early operation in the care of infants. He also points
out that most empyema deaths are caused by meningitis or septicemia,
which may be secondary to lateral sinus thrombosis, multiple abscesses
of the lumg, associated simple putrid lung abscess, suppurative pericar-
di tis and peritonitis, and diffuse cellulitis of the chest wall from in=-

fections by anaerobic organisms.

15
Tanner, inm his report of 207 cases with a mortality of ten per

cent, applies the most ordinary surgical procedures, and he is not =80
much concerned with the operation as with the carrying out of certain
principles. He safegurards the patient's strength; he does not inter=-
fere in the presence of an active pneumonia, he uses local anesthesia,

does the least possible at the initial operation, keeps up nutritional
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care, and considers every case of empyemsa individually for the treatment
to be employed.

Staphylococcic empyema is more serious and carries vitg it a
higher mortality than pneumonococcic empyema. In one seriest the inci-
dence of staphylocoeccus empyema in adults was 5.7 per cent (eleven cas-
es), and in children under thirteenm years of age 17 per cent (thirty
one cases). Much more striking, however, was the fact that fifteen
of the twenty-one cases of empyema in infants under one year of age were
due to the staphylococcus (71 per cent)s. An additional faect is that
half of the cases in this series occurred in the first year of life.
There was a mortality of 42 per cent (thirteen deaths). Rib resection

was performed im these cases.

16

Connors, im a recent report, had a mortality of 6.6 per cent
(five deaths) in a series of 74 cases of empyema., He employed the me-
thed of open thoracotomy and packing of the pleural cavity. Although the
operation is more redical than the usual measure used, Connors stresses
the fact that he has a low mortality,which should be the most important

factor in the treatment.

The colored race has a higher mortality rate from empyema than
the white race, as can be seen by statistics taken from southern hospitals.
In an analysis of 124 cases of acute empyema thoracis admitted to tie
Charity Hospital of New Orleans, it was found t hat 64.4 per cent of the
cases were in the white race and 35.4 per cent im the colored. The great-

est number of cases occurred between the ages of eleven and twenty years;
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78.9 per cent occurred in the second %o fourth decades. The mortality
rate was highest above fifty years of age. An interesting fact im this
series is that tuberculosis was the underlying lesion in 19.7 per cent of
the c olored patients and in only 8.7 per cent of the white patients. This
may account for the high mortality rate in the colored race, which was

25 per cent, as compared to 10 per cent for the white race. Right sided
and left sided empyemas occurred with equal frequency. In the color;d
race the mortality rate was higher im left sided (33.3 per cent) than in
right sided processes (5 per cent), whereas im the white race the mor-
tality in t‘he right and left sided lesions was 13.16 per cent and 3.19
per cemt, respectively. Empyema was of the metapneumonic variety in
60.3 per cent, of the synpneumonic type in 21.6 per cent, tuberculous im
12.6 per cent, and staphylococeie in 5.4 per cent. Improvement and re-
covery occurred im 92.24 per cent of the me tapneumonic cases, in 75 per
cent of the synpneumonic cases, and in all Bhe staphylococcic cases.
Improvement occurred in 71 per cent of the tuberculous cases. The pleural
£luid was purulent in 79.03 per cent of the cases (mortality rate 7.3

per cent), serous in 3.98 per cent (mortality rate 20 per cent), and hem-

orrhagic in 4.83 per cent (mortality rate 100 per cent).

The above statistical report was of further interest in that the
various methods of treatment of empyeme were used by the surdeons. As-
piration alone was used im 8.8 per cent of the cases, aspiration plus air
injection in 21.5 per cent, intercostal drainage in 30.3 per cent, and
rib reseection in 39.2 per cent. Aspiration alone resulted in improvemen t

or recovery in 41,7 per cent of the cases in which it was employed.
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Aspiration of the pleural exudate combined with air injection gave im-
provement or recovery im 79.2 per cent of the cases in which it was used.
There was a mortality rate of 10.3 per cent. Intercostal drainage result-
ed in improvement in 80.5 per cent, recovery in 7.3 per cent, and death

in 12.2 per cent. Rib resection gave the following results: 79.2 per
cent were improved, 5.2 per cent recovered, and 13.2 per cent died. The
lowest mortality, 10.3 per cent, was obtained by aspiration of the pleu-

ral contents combined with air injection.

Open drainage was employed in 45.2 per cent of the above cases,
of which number 14.5 per cent died and 83.2 per cent were improved or
recovered. The mortality rate in the colored patients following open
drainage was 26.3 per cent, whereas that in the white patients was 6.9
per cent. Closed drainage was used im 54.2 per cent, of which number
12.2 per cent died and 87.7 per ceant were improved or recovered. Com-
plications developed im 5.8 per cent of the cases. Of the complications,
62.5 per cent ocourred in the white race. Acute nopgritis, representing
21.8 per cent of the complications, was the most frequent complication
encountered. Of the complications, bronchial fistula and abscess of the
chest wall represented 15.6 per cent and 9.3 per cent respectively.There
was a mortality rate in the entire group of 15.3 per cent, and as pre-
viously mentioned, the mortality rate of the white patients was 10 per
cent as compared to 25 per cent in the colored patients. Of the entire

group 82.2 per cent were either improved or recovered.

Empirically there is in gemeral a lower mortality rate after some

form of closed drainage is used in the treatment of empyema. This me-
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thod has been used as early as 1884, and the most recent version of this
methed has been aspiration with air replacement. Yet im spite of the
long period of time over which this method has been used and the mortality
rate obtained at the present time, the method has not been universally

accepted.

The recent enthusiasm as regards this method of treatment,that is,
treatment of empyema by repeated aspirations or by continued closed drain-
age, is probably to be explained by the fact that in recent years the
mortality rate from pneumonia and, therefore, from empyema, has been com-
paratively low. A suggestion is made by Graham and Bercklzhat the
periodic adoption of such methods with an intervening lapse of years in
which they are not advocated was due to the fact that the methods seem
satisfactory during the years when the mortality figures are low, but

that when the mortality figures become high again the me thods are advocat-

ed with less enthusiasm or completely forgotten.

patients rarely, if ever, die from empyema itself. They die be-
cause of the pmeumonia and severe complications, or because they had an
open drainage oreated 2t a time when it produced 2 fatal asphyxia. 2 3 4
care is taken to present an open pneumothorax during the formative period
of an empyema, there is very little dif ference im the mortality whether
the case is treated by some method of closed drainage or open drainage

after a true empyema (abscess) is present.

20
Heuer also called attention to the fact that the mortality rate

of acute empyema is governed almost entirely by the severity of the viru-
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lence of the epidemic, provided that there is no injudicious creation

of an open pneumothorax.

Phe following charts show the parallelism of pneumonia and

empyema mortalities.

COMPARISON OF PNEUMONIA AND EMPYEMA MORTALITY 1925-30 ST, LOUIS
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A is the mortality curve in 635 cases of pneumonia without empyema

B is the mortality curve of these 635 cases of pneumonia without
empyema combined with the mortality of the 116 cases of pneu-
monis with empyema (A plus C).

C is the mortality curve of the 116 cases of pneumonia complicat-
ed by empyema.

AS this chart shows, the mortality curve of cases of pneumonia

empyema and that of pneumonia with empyema over a period of six

years has shown a remarkable parallelism. The determining factor in com=

mon in these two conditioms, which largely determines the death rate, is

probably the virulence of the micro-organism. The above chart was taken

from Graham and the cases of empyema were treated by the rib resection



me thod.
20
Similar to the above chart is the one that Heuer has made in his

series of cases:

THE MORTALITY CURVES OF EMPYEMA AND PNEUMONIA BY YEAR PERIODS
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A is the mortality rate in empyema by year pericds
B is the mortality rate in pneumonisz by year periods
(Mortality rate in pneumonia was not determined for

1928, 1929, 1930).

The explanation of the fact that the death rate in patients who
develop empyema is lower than that of pneumonia in general probably is
that the development of an empyema (abscess) is an indication of 2 con-

19
siderable amount of resistance against the infection.
Some of the important points to be stressed are that empyema has

& higher mortality rate in the first two years of life and after the age

of 45-50, that the colored race has ahigher mortality rate (an important
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factor being the high incidence of tuberculosis as the underlying patho-
logy), that empyema occurred more of ten in males in Steinke's series,that
staphylococeic and streptococcic empyemas are accompanied by a higher
mortality rate tham the pneumonococcic empyema, tha empirically thereis
a slightly lower mortality rate after some form of closed drainage has
been used in the treatment of empyema, and that the mortality rate in
empyema parallels the mortality rate of pneumonia for different years,
indicating the relationship between the mortality rate of empyema with

the virulence of the infectionm.



VIII. TREATMENT COF ACUTE EMPYEMA

A. Prophylaxis. As to the prevention of empyema, there is very

little that can be done besides the immediate and careful treatment of
the disease predisposing to this complication, and the prevention of
these diseases, such as pneumonia, where the ordinary methods of preven-
tion against any contagious disease should be stressed. Care must be
taken whenever aspiration of a pleural effusion is done, not to intro-

duce infection into the pleural cavity from without.

When an acute empyema does occur, care must be taken to prevent
a recurrence dy securing adequate drainage at the proper time, meticulous
care to see that healing occurs from wi thin outward, and hospitalization

of patients until the empyema cavity has become obliterated.

Be Active Treatment.

1. Introductory remarks and precperative treatment. In the treat-

ment of empyema there are many factors to be considered, such as the age
of the patient, the condi tion of the patient, and the type of operation
to be performed. A streptococcus empyema is synpneumonic, and hence an
open operation is contraindicated early, as was pointed out in the dis=~
cussion om open pneumothorax. A staphylococcus empyema may at times
appear esrly, but usually forms after the pneumonia has been in progress
for several days. A pneumococcus empyema occurs when the pneumonia has
almost subsided, and the patients are in a better condition for opera-

tion than those with a streptococcus infection.

If rib resection is contemplated, one should wait until the pneu-
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monia has subsided suffieciently to withstand the shock of the operation
and accempanying pneumothorax. Repeated aspirations should be resort-
ed to if it is necessary to relieve cardiac or respiratory embarrassment.
The mortality would be high were open operation to be performed upon an
infant, an aged patient, or where the patient is in poor condition with

an active pneumonia and profound toxemia.

As to the actual methods of treatment, there are two main types,
the "open® and "closed" drainage, of which there are many variadions.
The closed drainage method is the better one physiologically, for it main-
tains the normmal negative pressure within the pleural cavity, and in this
way favors re-expansion of the lung, which results in its early return
of function. From the results obtained by various authors, it seems to
be the ideal method of treatment in those institutions where there is
adequate help to keep the drainage system open and functioning. However,
there is always the possibility of masses of fibrin clogging the system
or not being properly removed. For this reason, riburesectien (open
drainage) is the better procedure in those cases where closed supervision

is not possible, for it is more "fool proof".

In preparing the patient for operation, his general condition
should be improved as much as possible. The patient should be given
large quantities of water. Mullerzrecommends a liter of saline intra-
venously every eight hours to sick adults and smaller quantities to chil-
dren during the twenty-four hours preceding operation. Glucose (5%) is

added if the patient is weak and thin or if the urinary output is low.

Every case should be typed and provision made for transfusion, especially
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in sick children. Food is given freely if the patient is not nauseated.
Chilling should be prevented in removing the patient to the operating

room, and the patient should be slightly inclined to the sound side for

the operation.

2. Types of Qperation.

1. Aspiration. A needle can be fitted with about twelve inches of

rubber tubing attached to a large syringe and with a glass T tube in the
middle of the rubber tube, with the outlet clipped the syringe aspirates
the f1luid and then by clipping the tube close to the needle and opening
the outlet the fluid can be expressed and the process repeated without
detaching the syringe. The needle should be inserted in an intercostal
space, preferably the eighth, in the posterior axillary line and the
fluid withdrawn slowly until ne more cam be obtained or untoward symptoms
supervene. The surgeon should not puneture the lung and should wateh

the circulatory response, color of the patient, onset of dyspnoes, blood
pressure fall, etc. Local anesthesia of the skin, s;bcutaneous tissue,
and parietal pleura is done with one per cent novoecaine. If repeated
aspiration is necessary, as in some streptococcus cases, it will be found
that this is indicated in from four to six days. After the second or

third aspiration the pus thickens and tube drainage is indicated.

2. Closed Drainage. (a) Simple method of closed drainage with

irrigation, (Kenyon's and Mozingo's methods). The simple method,known
as Kenyon's method will be deseribed first. One of the me thods of intro-
duction of the tube, which varies with different surgeons, is as follows:

The patient should be made comfortable and placed in the position mention-
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ed under "aspiration®. The seventh or eighth interspace in the posterior
axillary line is selected. The tissues are anesthetized with novocaine.
The intercostal nerves are blocked, two above and two below the point of
puncture. A small incision, about one-half inch long, is then made through
the skin and am aspiration needle introduced to check for the presence of
pus. The trocharcanula is pushed into the cavity. The tubes can be

about nine inches long and marked for about six inches. The tube is fush-
ed through the canula almost to the end but i s withdrawn after removal of
the canula until it is estimated that three inches pro ject into the chest.
Some of the pus may be evacuated at this time, but usually the tube is
clamped after testing its working and the drainage is begun after the re-

turn to bed.

The wound is touched with antiseptic solutien, (2% mercurochrome),
dressed with a two inch square gauze pad saturated with vaseline and cov-
ered with 2 six inch square of new rubber dam which has a minute hole in
the center through which the tube is drawn until the é?m is snug on the
chest. It is then "plastered down™ with adhesive plaster, but this does
not touch the tube because its adherence may result in the tube coming
out when the dressing is changed. The tube is surrounded by & one inch
wide piece of adhesive folded to make a small tab which is then pinned to
the adhesive plaster dressing. It is not necessary under ordinary circum-
stanees to dress the wound for a week. The tube only rarely comes out if
care is takem to have a coil loose in the bed held by a safety pin attach-
ed to the mattress but not piercing the tube. When the patient returns

to the bed the drainage tube is attached to 2 connection of sterile rubber
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tubing in which is placed a glass T tube at a convenient situation for
the purpose of delivering the Dakin solution. The drainage ends in a
gallon sized bottle fastened to the frame of the bed and filled one quar~
ter with a weak antiseptic solution such as a 1340 carbolic acid. A full
coil of the tubing should lie in the bottom of the bottle and clips
should be placed below the T tube and on the tube leading to the Dakints

solution bottle.

Usually, drainage is practiced only during the first twenty four
hours, after which the Dakin's solution is introduced every two hours day
and night. About fifty cubic centimeters is used each time for children
and one hundred cubic centimeters for adults, the drainage tube being
clipped for fifteen minutes to obtain full action of the hypochlorite
solution, after which it is released and drainage proceeds. The occur-
rence of coughing or tha tasting of chlorine is a sign that a fistula

exi sts and that irrigation must be abandoned.

In the Mozingo method (used in young, restless children) a small-
er canula is used and the tube should be five millimeters in diameter,
and have a number of fenestrae three millimeters in diameter and about
one centime ter apart., It is inserted for a distance of six to eight
inches in the chest. No drainage is attempted but the pus is remo ved
with an aspirator or a syringe. Every three to five hours by day and
once by night from fifty te two hundred cubic centimeters of Dakin's sol-
utiom, depending on the size of the cavity, are injected by means of a
bulb syringe, removed and repeated until the return is clear. Af ter

sterilization, which takes from four to ten days, a two per cent solution
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of formalin in glycerin prepared twenty-four hours previously should be
injected once daily in amounts varying from five to fifteen cubic centi-
meters, depending upon the reaction and after-irrigation. When the se-
ocretion obtained becomes a clear, sterile serosanguinous fluid, about

five cubic centimeters of the formalin-glycerine solution should be in-
jected, the tube removed and the sinus closed with adhesive plaster. The

2
method requires the constant care of a skilled perseon.

(b) Tidal irrigation. Tidal irrigation is produced by a communi-

cation between the pleural cavity, through tube, with am outside reservoir,
the fluid entering and leaving the chest under respiratory movement. This
prevents obstruction of the tube by washing away obstructing particles
when the flow is reversed. Fluid is drawn in by the expansion of the

chest during inspiration. Hartzieports thirty five cases suing this me-
thod; ages varied from four weeks to forty eight years, twelve being two
years of age or less. The average time of closure to a sinus holding
five cubic centimeters was twenty one days. The sinus closed on an aver-
age five days following the removal of the tube. Twenty nine of the
thirty five patients feceverod. The six patients who died had overwhelm=

ing infections at the time of operation.

22
{c) Continuous suction drainage. Thomson describes an apparatus

using the method of suction drainage, which is ingenious, and by means

of which he cured a case of bilateral empyema in three and ome-half weeks.
Care is taken to have all the connections air-proof, and the most care-
ful nursing is necessary. This method does avoid frequent and painful

dressings, and while the results were excellent in Thomson's cases, the
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apparatus is too complicated and cumbersome to be very practical. The
difficulties which may be encountered in this method are blockage of the
catheter, air leaks, non-air tight dressings at the chest wall, and rest-

lessness of the patient.

23
(d4) Closed drainage with air replacement. Danna uses the air

replacement method with aspiratiom in the treatment of empyema. In faver
of periodic evacuation and air replacement, he points out that this me-
thod can be used as a preliminary me thod without harm, that it can be

used when other methods have failed, that it leaves no scar or deformity,
that the patient is not bathed im pus and is up and about most of the time,
that there is little dmnger of metastatic abscess, that the cost of mahy
dressings is saved, that there is the least possibility of chronic empy-
ema, that there is the least amount of trauma, that with proper precaution
it should have the lowest mortality, and that it lends itself to render-
ing all operative procedures safer within the pleural oayity. Against
this method he points out that it should not be used in sudden overwhelm-
ing infection of the pleura by ruptured abscess, that there is danger of
tension pneumothorax, that chest wall infection is possible, and that dur-
ing treatment a certain amount of pus is present, producing fever and
malaise. This method also requires more frequent contact of the surgeon
and the patient, and more frequent re-examination and roentgenograms. In
all probability the normal process of healing takes place by this method,
since the end result is a clean cavity filled with air.

24
Koster and his associates have a further variation of this methed.

In eight cases of unilateral empyema in children, the induction and main-
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tenance of an artificial pneumothorax of the sound side, (Danna injects
air on the affected side), was employed to favor drainage and cause ear-
lier obliteration of the empyema cavity. In their cases there was a sig-
nificant reduction in the duration of the morbidi ty, the cavity was emp-
tied by closed intercostal drainage, and the drainage and obliteration of
the cavity were hastened materially by artificial pneumo thorax omn the un-

affected side.

3, Rib resection (Open drainage).

In this method the local anesthesia must be thorough. Usually the
eighth rib in the posterior axillary line marks the incision of choice.
The tissues and muscles are i{nfiltrated before cutting. 4n incision is
made on the bone above and below to separate the intercostal muscles and
a periosteal separator gently introduced, separating the periosteum and
intercostal tissues from the posterior aspect of the rib. The rib is then

cut and a portion one and one-half inches removed.

If gas has to be used in nervous people and in children, the pa-
tient should be allowed to come out of the effects of the gas before open-
ing the pleura. After the opening is prepared the pleure should be infil=-
trated with noveeaine solution and a pair of pointed hemostats introduced
through the pleura into the cavity and gently spread. Almost with the
same motion a fairly large drainage tube is introduced into the cavity and
the muscles rapidly sutured to either side with one or two catgut suturese.
A laboratory clip keeps the end of the drainage tube from spilling pus.

The skin is then neatly closed and dressings applied.

The patient's condition must be good, the pus well loculated and
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thick in order to justify rib resection. Ribd resection allows for drain-
age through a larger tube, and allows for cleansing of a cavity filled
with coagulated pus. About one-half of the cases need rib resection

2

either as a primary or secondary procedure.

10
Graham and Berck believe that the most important consideration in

the treatment of empyema are to save the life of the patient and to pre-
vent chronicity. They believe that the best way to promote adequate
drainage and prevent chroniecity is to ereate an open drainage by ribk re-
section. By using this procedure they were able to discharge their pa-
tients on an average of five weeks and two days from the time the fluid
was first recognized in the pleural cavity. They point out that the flaw
in closed drainage is that frequently an acute empyema is converted into
a chronic one by allowing the most favorable time for open drainage to
slip by.
25

Eggers zlso prefers rib resection, and he treats empyema with this
method as a basis. However, in streptococcus cases, whére there is a large
amount of pleural fluid, he aspirates the fluid until it is pusecic and
then does a rib resection, or where urgent treatment is demanded, he es-
tablishes closed drainage (either by means of the trochar catheter method
or by the insertion of a tube through the intercostal incision), and con=-
tinues this method until a cure results or only sufficiently long to
bridge over the period of emergency and then he converts the drainage in-
to an open one. He believes that the sterilization of the cavity and

subsequent obliteration is best done by this method.

4. Open Thoracotomy with Packing.
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14
one of the chief users of this method is Conmnors, who believes

that the mortality in empyema has been lowered by the method of open
thoracotomy and packing of the pleursl cavity. This method seems to work
uniformly, irrespective of the factors of age, bacterioclogy, etc. A4s to
the advantage of this methed, he points out that adequate exposure of the
pleural cavity is obtained so that the pleural cavity can be cleaned un-
der direct vision (opening two times two inches and the intercostal mus-
cles, nerves, and vessels are removed en masse), that by removing the
pyogenic membrane by gauze the lung will expand more easily, that no for-
eign bodies will be left in the pleural cavity, that no irrigating fluids
are necessary, and that there is great economy of mterial and labor.
However, it does not seem that the lowered mortality is sufficient(é.é%)
to compensate for an operation where general anesthesia must be used, and

where the effect of the open chest is always a danger.

3., postoperative Treatment.

This is very important, and includes irrigation, respiratory exer-

cises, diet, hygiene, and withdrawal of drainage.

Dakin's solution is prepared from bleaching powder, washing soda,
and boric acid, and should be approximately neutral, because if too alka-
line it irritates the tissues, and if too acid it detericrates. The
hypochlorite content should lie between 0.4 and 0.5 per cent. If below
0.4 per cent its efficiency as & germicide is reduced, and if above 0.5
per cent it is irriteting. The solution must be freshly prepared, as it

deteriorates in a few days.
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Usuzlly the irrigations consist of from fi fty to one hundred
fifty cubic centime ters every two hours, and after introduction the pa-
tient should move from side to side if possible to mix the fluid with the
pus. In the event of a bronchial fistula opening up, a violent paroxysm
of coughing and the tasting of the chlorine occur, and the solution must
be discontinued. In some patients pain seems to follow the irrigation

and in others a febrile reaction is induced,

After drainage is established, the cavity practically emptied,
and the hypochlorite solution acting well, re-expansiom of the lung must
be considered. 0f course, adequate drainage amd sterilization of the
cavity must first remove the exudate and allow for the expansiom. Res-
piratory exercises should begin five or six days after the operation.
These exercises consist of deep breathing exercises, blewing exercises,
ete. Connors says that in d oing open thoracotomy operations and then
watching the effect of exercises, that there is not much bePefit, but
that the benefit (expansion) occurs in expiration; and, therefore, he

advocates coughing as the means of expanding the lungs the mos t.

Fresh air, sunlight, and high caloric feeding should be given in
abundance to improve the hygiene. Repeated blood transfusions should be

given for persisting anemia.

The closed drainage with two hour irrigation should be used until
the discharge materially lessens and fever disappears. It will be found
practical to lengthen the intervals at night te four hours. After about
& week the tube loosens and the cavity is open. 4 larger tube may be

inserted if recovery is not yet attained. After about two weeks the
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hypochlorite irrigations may be discontinued, the tube cut short and the
cavity well washed out twice a day. The patient is allowed out ob bed.
pDaily measurements of the size of the cavity should be made by estimating
the amount of fluid it will contain. When this amount is thirty cubic
centimeters, all drainage may be withdrawn and dailyapplications of an
anti septic applied to prevent staphylococcic infection. If a long sinus
persists, or if a large cavity remains the case becomes one of chronic
empyema, and requires special treatment. The duration of treatment dur-
ing the acute phase will range from five to ten weeks, and after that the

condition, if it does not get well, is spoken of as a chronic empyema.



IX. TUBERCULOUS BMPYRMA

A, EBtiology, etec.

Empyema may develop from tuberculosis of the lung as a sole re-
sult of infection from the tubercle bacillus or from mixed infection.
Tuberculosis of the ribs or bronchial glands may also act as a primary
focus. Such empyemas are secondary, but it is also probable that rarely
a primary pleurisy may deve}ap, either as a dry, adhesive pleurisy or as
an effusion. An effusion develops im at least five per cent of the cas-
es of pulmonary tuberculosis, but these are mostly serous effusions, the
typical empyema occurring much less frequently. An effusion frequently
follows artificisl pneumothorax but only rarely is it purulent. Only
about one per cent of the cases of acute empyems are tuberculous. Wilen-
sky reports two per cent in a series of 299 cases. In chronic empyema
the incidence is higher, and Hedblem in a collection of nearly 2,000 re-
ported cases found the incidence of tuberculous empyema to be ten per ceft.

Rupture of a caseous focus into the pleural cavity may rasult in
an effusion containing tubercle bacilli, mixed organisms, or it may be
sterile. Sometimes the organisms are found by direct examination, by
digestion of the pus, or by animal inoculation, but ususlly the clinical
evidence must be ;elied on. In those cases of draining empyema where
tuberculosis is suspected as the reason for failure to heal, reliance must
be placed on an examination of the tissues of the sinus or on the evidence

of disease in the lung, glands, or bones.

Be Diagnosis.

An empyema is considered to be tuberculous if it develops primar=-
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ily without a preceding acute jnfection. History fails to show a pre-
vious pneumonia, influenza, or embolic possibility. The empyema has an
insidious onset, and may have been preceded only by a pleurisy. Sugges-
tive features as to the etiology are cough, night sweats, weight loss
and ehmoptysis. Sputum examination and x-rays of the chest may reveal
tuberculosis. Theleukocyte count is apt to be low. The fluid at aspir-
stion is thin and usually sterile, but should be examined for tubercle

Ce Treatment,

pifferentiation of a sterile tuberculous empyema from one of pyo-
genic origin is of the first importance to treatment, in that a sterile
tuberculous empyema should not be subjected to an open drainage, for this
would result in 2 secondary pyogenic infection, which endangers the
patientts life and leads to chronicity. There are conservative and radi-
cal methods of treatment. The conservative measures frequently used are:
Aspiration, aspiration and air replacement, and aspir;tion and irrigation
with antiseptie solutions such as sodium chlorige, gentian violet, acri-
flavine, and potassium permanganate. Hedhlomzbelieves that the best

precedure is radical thoracoplasty when the tuberculous pleura is second-

arily infected, since the pleura has little healing power under suck con=

ditions.

A sterile tuberculous empyema of idiopathic origin, and without
clinical evidence of pulmonary tuberculosis, is treated on principles
directly opposite to those governing treatment of a sterile tuberculous

empyema with active pulmonary tuberculesis on the same side. In the first
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instance an effort is made to obliterate the cavity by securing re-
expansion of the lung. In the latter treatment is directed to keeping

the tuberculous lung collapsed.

The treatment of a sterile tuberculous empyema of the idiopathie
type is aspiration of the pus, filtered air being substituted in an
amount to keep the intrapleural pressure about atmospheric. The proced-
ure is repeated at intervals as the pus accumulates. If pus continues
to accumulate after from six months to a year of such treatment, and the
lung does not show very much expansion, a graded extrapleural thoraco-
plasty is indicated. If the pus is allowed to be absorbed indefinitely,
permanent damage will he done to the heart, kidneys and extensive amyloi-

dosis may occur.

Sterile tuberculous empyema with associated active pulmonary
tuberculosis is treated similarly to the idiopathic type, except an
attempt is made to keep the lung from expanding by keeping the pneumo-
thorax pressure atmospheric or positive. Again, if pus accumulates inde-
finitely, thoracoplasty is indicated. The age, the condition of the pa-
tient, and the presence and the type of the pulmonary or other tubercu-

lous process may constitute contraindications to thoracoplasty.

An undrained tuberculous empyema may be secondarily infected by a
bronchial fistula or by the lymph or blood stream. If this occurs, but
the bacteria are few in number and the clinical symptoms are mild, treat-
ment should be the same as for the sterile tuberculous form. If the pyo-

genic infection is heavy, drainage must be instituted, but Dakin's solu-
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tion or gentian violet must not be used if there is evidence of pulmonary

tuberculosis.,

A tuberculous empyema secondarily infected by injudicious drain-
age is treated as a chronic empyema initially, but its finel treatment
is as given for the tuberculous type. If there is evidence of pulmonary
tuberculosis of the same side, a thoracoplasty is indicated; if there is
no pulmonary tuberculosis, it is desirable to obtain re-expansion of the
lung.

De Prognosis.

Statistics are meager, but from the results that are published,
there is a high mortality (uverage of fifty per oent) and hence the prog-
nosis is poor. McKinnie aspirated eight cases of tuberculous empyema
with mi xed infection. One died and the others apparently recovered. He
did open drainage in twenty cases with bronchial fistula, with nine
deaths and only one considered as cured. Hedblom, in 1922, reported a
series of seventy-four cases with twenty-five deaths (ten operative)and
thirty-nine satisfactory results. There were thr ee aspirations with
one death and forty-six drainage operations with twenty-five deaths. To=
gether, these two men reported on sixty-six patients, of which thirty-

four died, a mortality of slightly over fifty per cent.

27

Recently, Rosenblatt presented the end results in a series of
twenty-one cases of toxic tuberculous empyema, treated conservatively and
followed up for from three to eleven years. The treatment in his cases
was by aspiration of as much of the pus as possible and replecement with

air. The amount of air imtroduced was dependent upon the amount of fluid
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aspirated and the intrapleural pressure. In large pleural effusions
with a free pleural cavity, a slightly negative pressure was left at the
end of treatment. If the pleural cavity became limited and further col-
lapse of the lung was desired, enough air was introduced to produce 2
slightly positive pressure. This procedure was repeated periodically as
long as pus accumulated. The successful cases remained under treatment
for from eight months to four years. The average length of treatment

was two years. Eleven patients were cured and ten died, again a mor-

tality of about fifty per cent.



X. CHRONIC EMPYEMA

The causes of chronicity can be divided into groups - (a) cases
in which chronic empyema could have beem prevented, and (b) cases in

which healing is very difficult owing to the primary cause or to unavoid-
able complication. The first group seems to be the larger. It includes
empyemas either not recognized or not treated until the pleura has become
a rigid membrane by organization changes; those im which drainage has been
inefficient owing to the opening being too high or too small; those in
which reinfection has occurred; those inm which irrigation with Dakin's
selution has not been done and was necessary to remve the deposited
lymph in order to prevent organization or to arrest persistent infection.
Finally, in this group of preventable cases are those in which the chronic
cavity is maintained by the presence of a foreign body, such as drainage

tube, or fragments of rib, or on account of the divided rib.

The second group, im which the chronic empyema is due to unavoid-
able complications, includes those cases with bronchial fistula, with
associated fibrosis of the lung, or in which the primary cause was tuber-

culosis or actinomycosis.

Treatment is di rected, whenever possible, to correct the original
fault. Efficient and dependent drainage must be instituted by enlarging
and extending the original opening, and if that is not practicable, a new
opening must be made. Foreign bodies should be looked for and removed.
Frequent irrigation with Dakin's solution will help to sterilize the
cavity and may even effect a decortication of the pleural surface, separ-

ating off the organized lymph. Dakin's solution, of course, is contra-
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indicated in tuberculosis, or if there is a bronchial fistula.

It is only after giving the above measures full trial that the
ma jor operative procedures are considered. The object of these is
mobilize the chest wall by removing the ribs over the affected area, and
at the same time to mobilize the lung by decortication. When dealing
with a cavity of any size, mobilization of the chest wall alone or of
the lung alone is rarely adequate. The operations must be performed in
a series of stages, and it is most important that approximation should
begin at the apex and that apposition should be secured over the upper
area before an attempt is made to obliterate the lower segment. In
cases of very large empyemas it may be necessary to dissect away the
whole of the parietal pleura, together with the periosteum of the ribs

and the intercostal muscles.

Bronchial fistulae may clear up spontaneously after free drain-
age has been instituted. If not, the opening should be gauterized.
To obliterate a large chronic fistula the bronchus must be freed, the end
cauterized and closed by sutures, and the lung mobilized so as to bring

28
it into apposition with the chest wall.

29

Hedblom reported a series of 310 cases of chronic empyema treat-
ed at the Mayo Clinic. The causative factors contributing to chroniecity
were late drainage in 105 cases (33.8 per cent), insufficient drainage
in at least fifty per cent, and persistent infection in the plaurae in
an uncertain proportion of the ninety recurrent cases, and probadly in
some others. Bronchial fistulae were present in twenty-eight per cent;

More than a third were found in the cases of recurrent empyeam. Tubercu-
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lous pleurisy was a cause of chronicity in thirty-seven proved cases,
and in an uncertain number of forty-four cases in which there was tuber-
culosis elsewhere, or inwhich empyema had developed on an idiopathic
pleural effusion. Foreign bodies were presemt in thirty-five cases.
Massive collapse of the lung and fibrosis of the lung were at least con-

tributory causes in many cases.

Various methods of treatment were used im the above series;
drainage in ninety-one cases, decortication in thirty-six, and plastics
in eighty four. 0f this series 226 patients were completely cured or so
markedly improved that they could work. A late report was not received
concerning fifty-six, and eleven were too recent to classify. One pa-

tient not operated on died from braim abscess. The operative mortality

was five deaths, or 1.6 per cent.
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