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POSTOPERATIVE ATELECTASIS

By Coburn H. Ellis

INTRODUCTION

Every physicien gnd partiecularly every surgeon should be
keenly interested in the prevention and treatment of postoperative
pulmonary complications. Anesthesia, asepsis, and accurate hemo-
stasis have removed most of the dangers of surgieal intervention
and have vastly inereased the limits of surgery, partisularly for
operations of election. Only in the control of the posteperative
pulmonary camplications has little progress ﬁeen made until re-
eently, &nd in this field lie infrequent but probably preventable
postoperative tragedies.

Atelectasis, as a causative factor in the produetion of
postoperative pulmonary complications, has assumed an inereas-
ingly important role during the last few years. In faect, Mastics,
Spittler and ileNamee state that stelectasis accounts for about 70
per cent of all postoperative pulmonary complications,

For same time, there has been much discussion and experi-
mental work on the mechanism, etiology, prophylaxis and treat-
ment of postoperative pulmonexry atelegtasis. It is the purposs
of this paper to make a review of the more important recent eon-
tributions to the literature on these various phases of the sub-

Ject,
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TERMINGIOGY

As Pasteur remarked in 1913, "maeh confusion has arisen from
the careless use of the word *collapse'® 1n relatien to condi~-
tions of the lung. It should only be used to indicate the eon~
dition in whieh "a Jmag or a lobe of it is cimpletely deprived of
its air eontanﬁs."’ The expression "partial eollapse” is mislead-
ing and should be replaced by "partial deflation.* "Partial de-
flation of pulmonary bases®, as it is used for bedridden patients,

signifies the loss & efficient ingpiratory force. It has little

~or nothing in common with true collspse, either clinieally or

anatomically, but it is doubtless predisposing to "patehy collapse®
of the lunge '

There is 8till a confusion of names which is & hindrance to
study end perhaps even to understanding. Two terms, collapse
and atelectasis, are in common use. Each word has the merit of
correet derivation, eommon usage and elarity of meaning.

In order to avoid econfusion arising from the use of the word
"massive collapse®, Seott proposes the term active collapse or
active atelectasis in order to distinguish it from passive cel-
lapse or passive atelectasis, whiech is due %o the compression
of the lung by pneumothorax, the effusion of fluid in the pleura,
or even to a tumor.

Jackson and Ise prefer the term "atelactasis" to "ecollapse"
because the latter susgests the simalteneous collapse of elveclar

tissue and bronchi as it oecocurs in all esses of inereased and
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pesitive intrapleural pressure, whereas in the so-called aeute
postoperative massive collapse of the lung, collapse of the
brenehi does ngt take place. So far as "partial callspse" or
®partial deflation” is coneerned, Jackson and Iee gongider it a
¢ cmmon ¢ondition in the lung after death, being a lesser degree
of postoperative eollapse, and for that reason they do not eon-
sider it worth while te create a special terminology, thus
unnecessarily inereasing the already existing e¢onfusion of terms.
Coryllos and Birnbaum suggest that the term “atelectasisg" always
be used instead of “ecollspse, becsuse ¢ollapse ean occur without
atelectasis, but atgleetasis ean never oeeur without collapae.
They further state that "ever; atelectasis is a misnomer, ani
'spneumatosis? should be used in its stead. The most appropri-
ate name for the condition is *obstructive massive apneumatosis
of the lung'%.

In this 'paper, I originally decided to use the term apneu-
matosis as I believe it has a more correct derivation end to be
more da_aeriﬁtive of the condition than atelectasis., However,
because of the common usage and the faect that the Quarterly
Cumulative Index‘“ lists both "massive collapse" and “apneumatosis"
under the heading for Atelectasis, I later decided to use the
latter term. |

"Postoperative™ is a widely employed and very useful adjee~
tive, even if it does lend distinction to a causative factor,

which is not always operative in this condition,
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HISTCRY

The rediscovery of massive c¢ollapse of the lung and par‘éi-
eularly the relating of thia condition to postoperative and
posttraumatic states dates from the 1910 paper of Pasteur, but
we find that however its antecedents may differ, and whatever
its surrounding circumstances may be, there ig, in its pathole
ogy ab sny rate, nothing reslly new., With almost unbelievable
lapses, its history goes back from that date for sixty years
or more to contributions of extraordinary merit, and the more
8o if we consider the handieaps of that day.

Willshire, writing in 1853, gives a detalled accaunt of
the events, beginning, he thinks, with Sehenk in 1811, through
which the differential diagnosis between lobar and lobular
pneumonia had passed. He found evidence that Wilbrandt, in
1816, Eberhard in 1817 and Incee in 1819 followed, with clear
recognition of & post-mortem state in the lungs of infants which
they regarded as congenital or “due to the mmscull bronchiales
not being as yet sufficiently aecustomsd to the rythmic order
of rempirstion.®

In 1830, Alderson, writing on the "Pathology of Hooping
Ceugh" descridbes four autopsies in children dying from that
digease and gives an aeciurﬁte desoeription of partial collapse,
which he clearly distinguishes from any inflammetory process,

but to which he assigns no name. Willshire, however, credits him
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with first linking the atelectasis of Joerg with the assumptory
eollapse of the lung; afterward, (as we shall presently find),
playing so important a part in the hands of Bailly and Isgendre,

Dages in 1821 and Shallgruber in 1823 also gave c¢lear des~-
eriptions of autopsy findings. Up to this time, however, Will-
shire says that all held the theory in one way or another of
ocongenital nonexpansion.

In 1834, Joerg wrote on a particular condition of the lungs
of neﬁborn children and more fully worked out this subject in
1835, at which time, so Willshire believes, was first spplied the
term atelectasis., Barlow in 1841 reported atelectasis fram the
pressure of dilated heart. In one cage, this seems to have been
accentuated by obstructive bronchitis.

Gairdner, in a review (1854) credits Duges (1821), ILouis
(1829) and Joerg (1838) with recognizing the condition post
morteﬁ, each of them ealling it “earnifiecation", and each realiz-
ing its points of difference from pnsumonia. ILouis found it in
nineteen out of forty-six autopsies after death from typhoid
fever, These were amplified in his work om fever in 184l.

Iouis offers no speculation as to the origin of the condition.

Rilliet ané Barthey in 1841 give this deseription of cerni-
fication: "The lung in this state is externally collapsed, soft
and flaceid instead of full, hard and resistent as in pneumenia.
Its color is violet marked by white lines, ‘dispcs.ed in lozenges

or squares, defining the lobules. There is no crepitation on
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pressure. On ingision, red coler, smooth, resisting pressure
of finger, so a8 to be penetrable with difficulty; exuding upon
pressure a serous, bloody liquid destitute of air. Its appear-

ance, very like the close eampact fibres of a mmscle, has given

1t its name. The carnification mey be marginal or some part of a

lobes The middle lobe is the only one we have seen entirely

invaded." (Perhaps the first mention of a messive collapse.)

They cmsidered this condition as a terminal phase of pneumonia.
Isgendre and Bailly in 1844 established the autopsy iden-

tity of congenitel nopexpansion with a return to a similer state,

"etat foetal", in lungs which had onsce expanded. Though they
attributed the eollapse to the elasticity kef the lung perenchyma,
acting becanse of l#ck of air entrance, their several articles
created a profound impression and marks a distinet turn and ade-
vance in the literature. |

Mondelssohn in 1845 and Trsube in 1846, in very similar
research, experimemtally occluded bronchi with shot, psper and
(Mendelssohn) gum arabiec paste, and produced collapse.
 TFuchs in 1845 wrote in erdticism of the then aceepted con-
eeptidn of "lobular pneumonis™ and considered it to be a disease

condition of the macous membrane of the bronohi combined with a

contingent lesion of the pulmonary vesicles similar to thet exist-

ing normally in the fetus, and proposed the nesme "apneumatosis”.

Thus we see that the three terms proposed today, atelectasis,

collapse and apneumatosis, were all used before 1860. @ur choice
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need not be prejudiced by any thought that one or the other has
important priority.

Stokes (1837) understood mediastinal displacement as a sign
and result of "vesicular emphysema of Lasmnec.” Stokes® book
mist have been an authority in its day for it is move than warth
while to read it now. With this in mindg, it is difficeult to
undepstand how Gairdner, Jenner, Hewitt, Lichtheim, and others,
before Pasteur, failed to recognize mediastinal displacement in
the condition which may, for analogy, be termed the compensatory
emphysema of massive collgpss.

Hewitt wrote in 1857 of epneumstosis, preferring this term
takqn' fron Fuehs to the more camonly used atelectasis. Jenner
(1857) wrote: "While camplete obstruction of a bronchial tube is
followed by ooliapse of the pulmonary tissue on its distal side;
partial closure of a tube haes as its consequenee, dilation of
some of the air cells of the part of the lungs from whieh it
leads, ete." This observation was confirmed fifty years later by
the research of MaocCallum., In 1861 and again in 1867, Bartels
nede exteonded autopsy studies in the lung affections of eroupous
diptheria, finding atéleetaais as a complication when the bron-
ehi were olomed by the membrane. Bartels accepted Gelrdner's
ball-valve theory but questioned whether complete collapse could
eome sbout in this wey slone. In 1871, Hewitt furnished a chapter
on apneumatosis for Reynolds® SYstem of Madicine and Hertz wrote

of Atelectasis in Ziemssen's Cyelopedia. It must be said, how-
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ever, that with the exception of the work of Mendelsschn, Traube
and Geirdner, atelectasis failed to sttract general attention
and that when noticed at all, it was emsidered as an afflietion
of children. '

In 1879, Lichtheim repeated Traube's experiments more
acourately by the use of leminsria tents. Combining brenechial
occlusion with ligation of bremchial vessels, he proved conelu-
sively that collapse would ocour only when the blood eireulation
was unimpeded. ILichtheim alsc studied the rate of absorption of
gases and found that oxygen or carbon dioxide was absorbed rap~
idly while the absorption of nitrogen was much slower. Thie
remarkable research by Iichtheim seems noit to hgve been given
any:e¢linical applieation.

The first recorded recognition of heart displacement in
case of lung collapse after Stokes seems to be that reported
by Semuel Weat, in 1907, in a case of plugging of the uronchus
in plastic bronchitis. West sketched the displaced heart and
medisstinum and studied its probeble mechanism, arriving at the
conelusion now generally sccepted.

In 1910, Pasteur wrote under the title "Active Lobar
eollagge of the Iung after Abdominal Gperations®, and here the
real modern eonception of this condition began. A% this %ime,
Pasteur mekes the first recorded mention of heart displacement as
& cardinal diagnostic sign. .Alap thig is the first definite

mention of collapse as a type of postoperative camplication.
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Pasteur here prediets that "aetive collapse of the lung from
deficiency of inspiration power, will be found to cecupy en
importent position among the determining csuses of ‘peataperative
lung complications.”™ In 1911, Pasteur delivered the annual
oration before the Eiedical Society of Iondon: "Post-operative
Iang Complications." Here was presented an analysis of 3,559
surgical operations in Middlesex Hospital, 1906-1910. There
were 20) pulmonary eauplications with 45 deaths; 88 cases Were
classed as pneumonia and 12 as massive collapse.

Pasteur's final contribution appeared in 1914, and in point
of deseriptién and disgnosis but little has been added. The
practieal stimmlus given by Pasteur's work can scareely be over-
est imated,

During the World War, British surgeoms, notably Bradford,
and Crymble, reported numercus ¢ases among the woanded and mach
speculation arose from the ecurious fact that many of these showed
collapse contralateral to the injury. As to thought of etiology,
Pasteur geems to have been followed generally, partieularly so
by Bradford and by Briscoe, whe in 1920 published an elaborate
study of the musculature of the thorax.

The first commnication in American literature, after
Paateur, was the paper by Serimger of Monireal in 1931. Report-
ing seven ceses in a series of 540 operations, Serimger tenta-
tively held the theory of vegus reflex followed by viscid

secretion and, finally, absorption of the reteined sire. In the

T LI Ry . T T T (5B W PR o s o S
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same year (1921) appeared the very important work of Sewall of
Denver. Taking no notice of surgiecal er military reports, Sewall
began his study with the works of Geirdner, Willehire and Lich-
theim and developed his study as related to physical examination
of the chest and partiecularly with regard to pulmecnary tubereu-
losis., In this field, Sewall's ecntribution stands almest alone.
His repested slogan, "Think Atelectasis", in other words, approaech
no chest examination without the thought that here mey be same
appearance or phese of atelectasis, placed a mach needed emphasis
upon the frequency of nontraumatic massive collapse.

The invention of the bronchosgope by Killian in 1897 and
its improvement by Jackson in 1904, and sinee, and the wide
veriety of conditions to which he has adapted it, began, even
before Pasteurts work, to broaden the general understanding of
1ntrapulmonary‘ cond it ions of which very little had been known.
This and Jacksm's success as a teacher ere certain to have an
influence upon t&e ‘sabject in hand, the far-reaching value of
which affords wide range for imagination.

The more recent history is well known, and its makers are

liberally quoted elsewhere in this paper,
ETIOLOGY

The most fascinating part of this problem is its etiology,
which has been heatedly diseussed for over a hundred years.

Up to the past decade, a great part of the discussion of
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etiology has been on a theoretical basis. First, there have

been put
(&)
(3)
(0)
(D)

forward the causes external to the lung:

Paralysis of the diaphragm or a part of it.
- Fixation qf the diaphxa@, or a part of it.

Eaflex; action from injury or insult to the vagua.
Various nerve injuries or disturbances esusing ineo-
ordination of the_ diaphragm or parts of it with the

other respiratory mscles.

Second, causes within the Jung causing obstruction either fram:

(4)

(B)

The

Partial plug acting @s ball valve, the air finally
leaving the lung becsuse in these instances, the
ezpi:atory air gtream is less impedegi than fehe inspir-
atory. | |

Aotual plugging of the lung with collapse, eaused
specifically by eireulatory absorption of the air
distal to the obstruction.

last theory is still in some dispute but there is an

everwhelming srray of evidence, bhoth experimental and elinical,

favoring the theory of brenchial obstruetion as a prime factor

in the produetion of pulmonary ateleetasis whether it be post~

operative or not.

As has been mentioned before, Mendelssohn, in 1845, showed

experimentally that the introduetion of fareign bodies--shot,

paper ball, thieck watery solution of gum arabie--into the air

passages, narrowing of the trachea by meens of a ligature,
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opening of the pleural eavity or seetion of both recurrent laryn-
geal or both vagus nerves, was followed by atelectasis. Traube,
in 1846, ghowed tﬁat the atelectasis fellowing seetion of the
vagus ei' recurrent laryngeal nerves was due to the entrance of
buccal secretions into the air pessages. In 1878-1879, a very
illuminating series of experiments was pubiished by Liehtheim,
yhe obstructed the bronechus in rabbits by the introduetion of a
laminaria plug withot;t epshing the thorsx. As the plug swelled,
the lung beyond eollapsed. Collapse did not oceur when the blood
vessels to tl;e lung were tied. He als¢ seetioned the phrenie
nerve and the spinal cord at the second and third cervical
segments. No collapse occurred. He went further and established
the speed of abserpﬁ;en of the different gases. Thus, operating
on rabbits, he found that after obstruetion of the bronchus, pure
oxygen 1s completely absorbed in forty-five minutes and earbon

dioxide in from ten to thirty minutes, whereas the nitrogen is

absorbed only after twentyofeu: hours.

Daring the next fifty years, there was little experimental
work on this subject., MscCallum, in 1908, had one of his students
introduce & pea in such a manner as to completely obstruct the
flow of air to that lobe. At sutepsy, this lobe was found to be
atelectatie and, it is interesting to ncte, the bronchus behind
the obstruetion was found to be filled with thick mmeus,.

In 1928, Coryllos and Birnmbasum repeorted the production of

atelectasis by plugging the brenchus with a rubber balleen. By

12
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placing the animal in a speeially constructed negative pressure
box jith the chest apened, they wefe able to wateh the develep~
ment of the gtelectasis in the involved lung or lobe. They found
that the time necessary for the establishment of atelectasis when
the lung was filled with oxygen wes about one-half hoaur, but when
the lung was filled with air, it took about twelve and one~hsalf
hours to cause & complete ateleectasis, although the process was
mérked at the end of the six hours, Almost simmltaneously, Iee,
Ravdin, Tucker and Pendergrass produced massive atelectesis in
the dog by obstrueting the bronchus with the tenaecious bronehial
seeretion removed from the bronchial tree of & patient with
massive atelectasis. They emphasigzed the importance of inhibit-
ing the cough reflex ih their animels by the use of sedium amytal.
There have been various explanatione as to the fate of the
pent-up air in the obstructed lung. The theory that the air of
the obstructed lung was absorbed by the blood was first suggested
by Fuchs, in 1849, and again by Bartels, in 1861, That this was
poséibler was shown by Lichtheim as mentioned, and, more recently,
by VaniAllen and Adame, Coryllos and Birnbaum. Geirdner, in 1850,
suggested that the 2ir wes probably expelled by the plug in the
bronehus acting as a ball valve, alieuing the air to esespe in

expiration, but preventing the access of air in inspiration.

‘Although Jackson and ethers also believed this to be possible,

the theory has been generally given up by most writers on this

sabject,
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The recent experimental studies on the absorption of geses
in the lung and pleural eavity by eei'yl;.ea and Birmbaum are
outatanding. They showed that gases and ansesthetic vapers
eontained in aivee}.gr eavities shut off by coamplete bronchisl
obstruction graduslly leave the lung and finally disappear so
that the lung beecomes atelectatic. The speed of the dissppear-
ance of these gases is proportionate to their solubility coeffi-
eient, diffusion. speed and chemical affinities for aubstances
dissolved in the blood. Sinee ligature of the branches of the
pulmonary ertery corresponding to the obstruected lung prevents
this disappearance of gases and vapors from the alveoli, it has
been coneluded that this disappesrange is due to abserption by
the blood circulating through the lung. The results obtained in
closed as well as open chest experiments show that within two
to seven minutes after bronchial ebstruction, the oxygen per~
centage falls rapidly from fifteen to five or six p,af eente
It remains at these figures until complete disappearance of
the alveoler air. In enimals in which gas anslyses were performed
until complete a‘beléetasis oceurred, the curves plotted for per-
centage vary inversely. It is thus seen that the entrapped
alveoclsr air rapidly undergoes marked quentitative changes,
the pereentage of ei,ygen dropping asnd garbon diexide rising,
so that their respeetive partial pressures tend to come into
equilibrium with the corresponding gases of the venous bioaé..

Phese changes occur in exaectly-the same way in animals se in man.

14
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Determinations which were ¢arried out by the same technique for
Anesthatic vapors and gases, namely, -ether, ethyl echloride,
nitrous oxide and ethylene, showed the great rapidity of their
absorption. Integrity of the alveolar endothelium is just as
necessary as integrity of the pulmonary eirculation, Edema of
the lung, produeed by injeetion of concentrated ether vapors into
the lung, instantaneously stops gas absorption. Comparative
studies of absorption by the pleural eavity of oxygen, carbon
dioxjide, nitrogen, air, hydrogen, and helium showed that their
absorption is regulated by the same physico chemical laws govern-
ing sbsorption of gases from the obstructed lung. Coryllos and
Birnbaum eoncluded their paper by stating that "The aim of

this investigation has been to offer direct experimental proof
that complete bronchial obstruetion is the exclusive cause of
atelectasis®,

The £irst to stress the importance of obstruecting bronchial
seeretion in postoperative atelectasis were Elliott and Dingley,
who studied very carefully eleven cases of postoperative massive
collapse. They noted that the visecid mmco-purulent expestoration

was uniform in all their cases and that this sputum was differ-

ent in type from pneumonie sputum. More convineing evidence

was given by the bronchoscopists from Jackson's Clinie who were
able to cure elinieally the atelsctasis by removing the obstruct-
ing tenacious seoretion, or plug, by the bronchoscope.

There are still proponents favoring etiological theories,

15
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other than breonchial obstruetion, for the production of gtelee~
tasis, but as yet there has been‘ no experimentel evidence to sub-
stantiate their elaims, There is very little in postoperative
atelectasis, as we now kpow it, to support the theory of Pasteur
that it is eaused by paralysis of the diaphragm er chest mmscula-
ture. Churchill reports a case of a women, aged fifty-two, who
sustained a fracture of the eervicsal spine with almost complete
transverse paralysis of the respiratory muscles, except the
diaphragm. She developed a partial collapse of the left lung.
He states she was suibject to repeated spells of dyspnea and
unpreduetive cough. This case may then partially support Pasteur's
hypothesis. ?his theory now has practically no supporters, how-
ever, although Bradford and Sotan both believe that a reflex para-
lysis of the museles of respiration might produce ateleetasis.
Beslides this reflex aection, there gre two other reflexes
which have to be considered. Probably the most mortant is a
reflex by way of the vagus which directly affeets the lung and
So may cause a collaspse. Secondly, there may be a vasomotor
reflex whi&h could cause an increased ocutpouring of seeretion in
the bronehial tree or some other cireulatery change which might
eencéimhly produce atelectasis. Sueh a mechanism has been
suggested by Gwyn and Scott. A strong ergument sgainst the
nervous origin of atelsctasis is that the experimental worker
has been unable to produce it by any nervous mechanligm.

Coryllos points out that no one has given "an exset and pre=

1s
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¢ise deseription of the reflex involved or of the nature of the
stimlus itself.®

There are eértain factors, preoperative, operative and post-
aperai:ive, which either ail the production of atelectasis or play
a part in initiating the process. Pre-cperatively, we should
congider first the length‘ of time ami— the position in whiech the
patient is kept in the hospital. Schaack reports that a group
of patients who were kept in the hospital two weeks or more had
four times the incidenece of post-cperative pulmonary compliea-~
tions in comparison with a similsr group who were in the hos~-
pital only two or three dgys. He stated further that the inei-
denee of pulmonary complications in hoth groups was markedly de-
ereased when pulmonary exereises were induced. It is well known
that whenever any patient is kept quietly in bed for an extended
period of t:_t.me s localized areas of atelectasis are very prone to
occur, This is especially true in young children, in the aged
and debilitated.

The existenee of previous pulmonary dlsease may play & part
in any chest complication. There may be inereased bronchial
secretions in the bronchial tree favoring plugging. It is well
knowg that in cases of bronchitis, there is often a profuse out-
pouring of secretion during and immediately after the operative
procedure. There is alweys a possibility in a ease of bronchi-
ectasis or lung abscess for the pus to cause an atelecgtasis,

whether the patient is operated upon or not. There is also the
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possibility of the pulmonary lesion acting as a foeus from which
organisms may invade a beginning atelectasis, making it more
extensive and more serious. This will be referred to later.

It is well known that lung lesions, eardiovasecular disease
and acute abdominal lesions-~upper abdominal, in partieulap--
may reduce the vital capacity markedly and, as may be readily
understood, that reduced vital capacity would favor pulmonary
complications and atelectasis. Muller, Overholt and Pendergrass,
in a routine study of the chests of patients before and after
abdominal operations, found a seventy-five per eent diminution
of chest expansion after operation. The thoraeic eircumference
became greater after operation.

They noted a surprising difference in reentgenograms taken
in the seme position, in the same phase of respiration and with
the same ex@osuré, before and after abdominal eperations. The
saperior inferior diameter of the thorex was greatly diminished
in the postoperative films beecause of a marked elevation of the
diaphragm. Diaphragmatic excursions, as observed under the
fluoroscope, were found to be reduced from 33 to 50 per cent after
operation.

Several explanations for the altered position and restricted
movement of the 4 iaphragm are avallable. Iﬁ is well known that
distention of the abdominal viscera, splinting of the abdominal
misculature beeause of pain, and surgical dressing are all

factors, The disturbance of the normal pressire relationships
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in the lmmsdiste subdiaphragmatic region that cecurs after open~
ing of the air-tight abdominal eavity must slso be considered.
The intraperitoneal pressure in the upper abdamen is subatmos-
pheric. Overholt demonstrated in animals an upward shift of the
diaphragm by changing the intraperitoneal pressure from & sub-
atmospheric, or negative pressure to a positive pressure,

A study of the vital eapacity in 218 patients was made
before and after the performance of abdominal operations by
Overholt. Following operations on the upper abdomen, the vital
eapacity was reduced sixty-four per eent of the pre-operative or
normal value. Following lower abdominal operations, the average
vital capaclty was reduced forty per cent of the normal value,

Thoraeic operations were not accampanied by sueh an extensive
reduetion of the vital eapacity, which was low previous to oper-
etions. In twelve patients on whom a thoraceplasty was done,
or a mediastinal tumor removed, the average postoperative vital
capacity was geventy-two per cent of the pre-operative value.
Hesd also found less variation in the vital capacity after
thorasic operations,

A1l of the elinical and roentgenolegic evidence in regard
to the degree of postoperative pulmonary hypoventilation followed
so closely the evaluation of the vital eapacity that this test
was used to determine the importanece of various faetors which
influence respiratory action in the postoperative case. The

relation of the position of the patient, the surgical dressing,

12
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the presence of pain, and the sffect of the laparotemy itself
without the pain, were invesiigated

The vital capaeity of a large number of patients was taken
in the gemi~Fowler and horizontal positions. The bed position
influenged the breathing little. The vital capacity was de-
ereased less than four per cent in the horizontal position.

Determinations of vital capacity were made in seventy nine
petients before and after applications of a mislin, mamy tailed
abdonminal binder, and the results are given in the acecompanying

table. ©nly a slight reduction was noted imn the pre-operative

_Vital Capaeity Averages. Position and Dressing

Number of Bed Position
Patients Semi-Fowler Flat
' ce [¢]¢]
Pre-operative 58 2,759 2,698
Postoperative 43 1,786 1,718
Abdominal Binder
Before After
&glieation App lieation
Pre~-operative 54 2,740 2,661
Postoperative 25 1,708 1,520
(Overholt)

group following t.he epplication of the binder. However, approx-
imately a fifteen per cent reduction in the vital eapacity eould
be attributed to a tightly fitting abdominal ﬁinder, applied
postoperatively. When an ordinary surgical dressing of gauze

and adhesive tape was applied, there was very little change in
the vital eapacity.
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The effeet of the partisl abolition of pain by the adminis-
tration of one-sixth grain (11 mg) of marphine sulphate hypo-
dermically was studied in thirty-five patients. The vital eapa-
city was definitely greater thirty minutes after the administra-
tion of the drug. In ten patients the drug was administered
before ani after opération and repeasted determinetions of the
vital cspcaity were made and compared. A slight depression was
noted in the pre-operative patients, whereas, postoperatively a
definite improvement was noted.

The effeet of pain in limiting reaéiration after eperation
was also investigated by studying patients still umder the in-
fluence of spinel anesthesia. Vital capacity determinations
were made: (1) with the patients on the operating table before
the administration of the spinal anesthetie; (2) ten minutes
after induetion of spinal anesthesia by administration of from
100 to 200 mg. of procaine hydrobromide; (3) after the abdeminal
operation, but before the return of cutanecus sensation, and (4)
six hours later. The first reading served as a control while the
second disclosed any alteration in vital eapacity due to the
spinal snesthesia itself, The third reading indicated the mech-
anical changes in reapiratory aetivity due to the opening of the
abdomen alone without the inhibiting effeet of pain. The lest
reading taken after the disappearance of anesthesia indicated the
extent of postoperative ventilation with all faetors ineluding

pain being present.
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Five patients on whom lower extremity or perineal operations
were éerﬂermeé were used as controls. Vital capecity determin-
ations were earried out in this group in a manner similar to that‘
used in the abdominal group. In addition, a vital eapacity read-
ing was taken thirty minutes after the induction of anesthesia
at‘ the time the intercostal museles were paralyzed. A fall in
the vital capacity was noted while the intercostal muscles were
not »funet‘ioning, but a return to the normsl level tock place
after the operation and after there had been a restoration of
thoracic movements.

In the sbdominal group, a alight reduction in the vital
capa,e:ity followed spinal anesthesia alone. The operation itself
caused a marked fall in the vital capaeity, even though the
operations merely consisted of an exploratory laparatemy. After
the diseppearance of the effeets of spinal anesthesia, a still
greater reduetion was noted, Allen found thaet forty-three per
eentrof ninety-four surgical c¢ases subjected to pre- and post-
operative chest x~-ray examinations have shown a unilateral high
position of one hemidiaphragm and that fifty-seven per cent
exhibited bilateral high positions of the dames: Y. Henderson
states that: "The acapnial position of the lungs may be des-
eribed es one hear or below that of normal expiration, a econdition
of prolonged deflation. As long as this poesition is msintained,
the thoracie, diaphrasgmatic, and abdominel movements of breath-

ing are esrried on at such a shallow leval that inspiration in-
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flates the lung only slightly, and expiration deflates them
almost as completely as the deepesat voluntary expiration. This
deflation leaves some parts of the lung unventilated, thereby
rermitting an accumalation of mueus, & bloecking of airways,
and the initiation of atelectasis."

It is fairly well agreed that bronechial ebstruction, plus
deereésed aeration ability of the lung, is a prime eause of post-
operative pulmonary atelectasis, and that obstruction is usually
due to rgtained tracheoc-bronehial secretions. Moreover, limita-
tion of movement of the diaphregm for one eause or another greatly
aids this process. HNumerous other ¢auses have heen suggested
without any general acceptance of any of them.

It appears that the role of the bronehial seeretions, either
in préduaing the atelectasis or in determining the specifie type
of atelectasis, which ensues, has not been given sufficient eon-
sideration. In a .s'budy of the aetion of cough on material in
the tracheobronchial tract, Archibald and Brown observed that
whereas the usual aection of cough is to expel material from the
tracheobronchial tree, it may, under certain conditions, aetually
bring about the opposite result; that is, drive material deeper.
Momeover, they noted that the degree of penetration of the mater-
jal into the smaller remifications of the tracheobronehial tree
wag in direet proportion to the vissosity of the material in
guestionj that is, the less viscid the material, the greater

was the penetration and the greater the possibility of dispersionm.
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Brown observed the different types of seeretion in the cases
of postoperative pulmonary atelectasis apparently due to bronchial
obstruction, He states: "The umual type of secretion consists
of a thiek, visecid materiai, not neeessarily present in large
emonnts, and broken up with diffienlty. On bronchosecepiec exam~
ination, this material is found to plug a bronchial orifice,
atelectasis occurring distal to the plug. If the material is
gl ightly less viseid, one or more smaller bronehi mey become
plugged, and as the material found is sgain less viscid, smaller
bronehl still are seen to be filled or plugged, and the possibility
of ebstruection in more than one bronchus inereases. Finally,
when one notes a aecratién of almost watery consistency, then one
obtains elinically the condition which has been spoksg of as
rdrowned lung!". |

Brown also gained the impression that the incidence of pul-
monary atelectasis is greater following spinal amesthesia than
following any form of inhalation or reglonasl anesthesia. He gives
several reasons why spinal anesthesia might predispose to this
complication: "“First, spinal enesthesia definitely inhibite the
depth and foree of respiratory movements, not only during the
operation itself, but for a congiderable period fherearter. It
is these respirstory movements (both intrinsic and extrinsic)
which tend to rid the tracheobronchial tree of foreign matter or
secretions. Second, the normal viscosity of the secretions of

the tracheobronschial tree sppear to be inereased, i.e., the mater-
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18l is more tenacious following operation under spinal asnesthesia.
Third, following operation under spinal anesthesias, the patient
tends to remain reletively quiet for a number of hours. One has,
then, a nore tenacious sputum and deereased or impaired fastors
that might tend to free the traecheobronchial tree of this
material. The incressed possibility for this material to ob-
struet or plug a bronchus and the subsequent development of
atelectasis appear reasonable."

In an analysis of four hundred ninety seven eases of oper-
ations with spinal snesthesia, Arnheim reports twenty-one cases
of pneumonia. He states that: "The high incidence of pnewmonia, ‘
twenty-one cases (4.2 per cent), was somewhat of a surprise.
These pneumonias were all verified by x-ray or post-mortem exsm-
ination, We soon learned that spinal snesthesia did not prevent

postoperative pulmonary complications.™
RELATIONSHIP TO POSTOPERATIVE PNEUMONIA

Postoperative pneumonia, despite the study it has received,
remains a dreaded complication of surgical therapy. The eause
remains much diseussed, and as a knowledge of etiology is the key
to prevention, it is the problem we are chiefly concerned with.
Phe prineipal theories of causation are: atelectatic, anesthetic,
embolic and inhalation,

Two principal theories with respeet to the initial mode of

infeetion have existed. Some writers have advocated the theory
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that lobar pneumonia is hematogenous in origin, basing this
belief on the fact that pneumeoeocci heve been 1iselated from the
bloed prier to the development of symptems or physical signs

of ppneumonia. This point of view, however, has received no
experimental support, since gttempts to produce lobar pneumonia
by intravenocus inoculatiocn have conaistently failed. ©On the
other hand, the more commonly accepted view that the mode of
infeetion is by way of the air pessages has received a e¢ertain
amount of confirmation in the experimental production of
prneumccoccus pneumonia in snimals by various methods of intra-
tracheal or intrabronchial inoeulation.

Elwyn, in 1924, after twenty-eight montha' study of post-
operative pneumonia, coneluded that following operations on the
abdomen, there occur small or large areas of atelectasis in the
lungs, especially in the lower lobes. When a bronchitis is pre-
sent at the time of the operation, or irritation by the anesthe-
tie¢ prepsres the bronchi far infeetion, any such infeetion is
liable to spread to the atelectatie lung, with the produetion
of pneumonia.

The recent experimental work of Henderson, Haggard, Coryllos
and Birnbaum confirms the clinical studies of Elwyn and others.
301'3’1108 and his collaborators found that if the oeccluding plug
in a bronechus contained a highly virulent pneumeeoecus organism
that following atelectasis, pneumonia would develop. Furthermore,

x-ray studies and physical findings could not different iate
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between a pneumonia and atelectasis. Many questions arise in such
an invastigatien and discussion so I will only give aa summary of
Coryllos' conclusions, which are theoretical but have considerable
elinieal and experimental date to support them,

He is of the opinion that lobar pneumonia is a pneumoecoccie
ateleétasis due to bronehial ebstruction by mieous exudate 1nfeeteé
with virulent pneumococci. Atelectasis (generally but not always
postoperative pulmonary complication) is ‘due to bronehial exudate
usually infeeted with pneumoceocecus Graup' IV, an organiam of low
virulence. Postoperative pneumonia, or pneumonitis is preduced
by the same mechanism as atelectasis and is due to the same
infeoctive organisms, pneumococeus Group IV, which is, however,
of higher virulen¢e. The study of atelectasis gives us a better
insight into the relation between atelectasis and postoperative
pneumonia, and in the broader sense, between three forms of the
same pathelogiec process, namely, atelectasis, postoperative
pneumonitis, end lobar pneumonis., On such a basis, atelectasis
bears the same relationship to breonehopneumonie that lobar atelee-
tasis bears to lobar pneumonie or massive atelectasis bears to
massive pneamonia. Finally, one ¢an state that the sole and
relative position of bronchitis in the evolution of the disease

syndroms is represented by: bronchitis, atelectasis and pneumonias

SYMPTOMS AND PHYSICAL SIGNS

The symptoms of atelectasis-vary greatly ih different cases,
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and on the whole tend to be most marked at the onset of the con-
dition, subsiding early and even disappearing, provided the
patient is kept at rest in bed. It is important to recognize
that massive atelectasis may involve the whole of one lung With-
out the presence of any urgent symptoms, and the condition may
be overlooked unless the chest is carefully examined, and this
is more especially the case in the contralatersl type. Dyspnea

is the most constant symptom. It is usually of moderate severity
but is graatly inereased on exei'tion and even by such slight
exertion ss sitting up in bed. Cough, umially slight, but often
repeated and persistent, may be present, together with expector-
ation of a muco-purulent character. Pyrexia is often absent, and
when present may be due to same other lesion, but pyrexia is
necessarily present in the cases where pneumonia, pleuriey, ete.,
develop as complications of atelsctasis.

The signs are most marked end most easily recognized in cases
of e@htrulateral c¢ollapse involving the whole of one lung. The
cardiac impulse is greatly displeced toward the affected side.
The displacement is lateral and upwerd, the lateral displacement
being usually fa;' the greater. The area of visibility of the
cardiac impulse may also be inecreased greatly in extent. The
affected side of the c¢hest is retrected and immwobile, and the
ribs ean be seen and also felt to be ecloser together than on
the normal side, The dome of the diaphragm on the affected side

is also much higher than normel and the displaced diaphragnm is
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immoblle on the affected side, The high level of the diaphragm
can be readily demonstrated on the left pide by percussion; this
method is not 80 satisfaetory on the right side, but x-rasy obser-
vetion not only demonstrates the high level of the diaphragm Wt
also reveals its immobility on the affected side, The pereussion
note is impaired all over the affected side, and dullness may be |
present up to the level of the elaviele. Tactile vocal fremitus ‘
is either diminished, absent or increased. If diminished or absent,
the breath sounds are also diminished or absent; if increased,

the breath sounds are tubular or amphoric in charseter. In such
cases, bronchophony and pectoriloquy are exceedingly well marked
and whispering pectoriloquy mey be heard with great distinetness
over a wide srea, Thus two groups of cases may be recognized,

one with diminished or absent tactile fremitus and breath sounds,
and one with increased tactile fremitus, together with tubular

or amphoric breathing, and with bronchophony and pectorilequy.

The great bulk of cases conform t0 the type with inereased tactile
fremitus and tubular breathing, but scme ¢ases, and more espec-
ially these seen early, have weak or absent tactile fremitus

and breath sounds. The signs, however, are apt to change in one
and the same case; thus at firat, weak or absent breath sounds
may be present, and twenty-four hours later, these are replaced
by loud tubular or amphoric breathing, with inereased tactile
fremitus. Such changes may occur without any alteration in the

degree of displacement of the heart. The alterations in physieal
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signs -are camonly of the nature just deseribed, but sometimes

8 change takes place so that tubular breathing, ete., i8 replaced
by weak or absent breath sounds, and such alterations may occur
more than onece in the clinical eourse of the case. These re~
peated alterations are evidently dependent upon the patency of
the bronchial tubes, and sre seen in the later stages of the em-
dition when the ohest wall is no longer immobile and some degree
of re-expansion of the lung is taking place.

Baha./:?lientitim sounds may be present, but they are often
absent throughout the ‘elinical eourse of 'the most marked cases,
even those involving the whole of one lung. Adventitious sounds
may, however, be a prominent sign in the later steges of éemo
cases when the lung is re-expanding. They are also present when
inflammatory complications, suech as pneumonia, develop in:the
ecollapsed lung. _ These signs are not essential signs of atelee-
tasis as such; they are more usually to be assoelated either with
re-expansion of the lung or with the development of inflammatory
complicetions.

In cases of massive eo:llap@ of less extent and involving
only éne lobe or a port:l.on‘ of one lobe, the signs are similar to
those just deseribed, but they are necessarily more limited in
area, and the cardiac displacement, although present, is not
8o great as that seen in cases of collapse involving the whole
of one lung. The high level and inmobility of the dame of the

diaphragm are, however, always-striking features of these cases.
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The physical signs mey be sammarized by saying that the pul-
monary signs present & considerable resemblance to the well-known
signs of consolidetion; if anything, they are rather more marked,
especially in the tubuler or amphoric character of the breath
gounds; these signs ere, however, accompanied with retraction and
immobllity of the chest wall, together with displacement of the
heart end of the diephragm. Sewall made the following ept statement:
"If the examiner but thinks atelectgsis, bears in mind the condi-
tions of its eceurrence, an‘dkapplies the simple tests for its
recognition, physical diagnosis of the lunge will gein mueh in
ecertainty."

TREATNENT

Iere made the first suggestion for any treatment which seemed
to have an effeet on fully established massive atelectasis. On
the bagis of the assumpti‘en that the oﬁstruetion in the respira-
tory tree occurred in the main bronechi, Jackson and Iee advised
bronchoscopie aspiration and in several cases carried out the
procedure with improvement both in the patient's condition and
in the degree of atelectasis present, There was a marked ten-
dency toward recurrence of the atelectasis, for which they some-
times repeated the therspeutiec measure. Two e'shér measures8 hasve
been advocated more reeently which are extremely simple. Sante

has advised rotating the patient on the unaffected side and has
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reported the striking improvement obtained by thiz simple pro-
eedure in at least some cases.

The postoperative use of carbon dioxide as a prophylaxis is
now recognized as the ideal method of preventing ateleotasis and
subsequent posteperative pneumonia. In 1920, Henderson, Haggerd
and Coburn published their important work, which showed that
ether and other inhalation anestheties could be rapidly removed
from the body by inhalation of carbon dioxide, Graham and others
used carbon dioxide continually after ebdominel eperations follow-
ing the publishing of this paper. At firet, this was done with~-
out any reference to the question of mreventing pneumonia, but
later, after the stimulating publication of Corylles and Birnbsum,
it seemed that possibly it might have been of benefit for that
purpose.

Van Allen points ocut thet coughing cannot be effeetive un-
less the lungs are well inflated. The foreible expiration of a
considerable amount of &ir is necessary to clear the brenshi
of obstructing viseid secretions., Scott and Cutler féund theat
the deep breathing or hyperventilation, whieh is induced by
inbalation of carbon dioxide distends the lungs so effectively
that postoperative ateleetasis is avoided or ccunteracted and they
were the fix;at to report the use of earbon dioxide for this |
purpose. Brown reported that carbon dioxide inhalations, when
chaserved tiu'ough the bronchoscope, were geen to: (a) increase

the rate end depth of respiratiomj—(b) produce violent movements
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in the tracheo-bronchial tree and alterations in the shape of the
lumens of its branches, thereby tending to free adherent mreous;
{(e) induce & distinot blanehing of the micous membranes of the
$rechea and brorchi.

Henderscn, Haggard, Coryllos and Birnbeum, in their experi-
mental work induced atelectasis snd pneumonia in dogs and then
used earbon dioxide in treatment. As & background for this
study, they eited the following factas:

®(a) If the lungs ere not fully distended soon after birthi,
pneuméﬁié is likely te oceur. 7

*(b) After surgical operations, massive lobar or lobular
atelectasis of the lung is a rather frequent oceurrence, and is
the eondition from whieh postoperative pneumonia develops. This
atelectasis is prevented and relieved, and the risk of pneumonia
eliminated, by the imhalation of earbon dioxide,

*(a) The inhalation of 5 per cent carbon dioxide in axygen,
which is now the standard treatment for earbén monoxide asphyxie,
is alsc an effective prevention of postasphyxial pneumonia.

»(d) In pneumonia, it is the bleekixig of the lnngbairwaya,
broncf;i or iaronehioli, by plugs of thick and sticky seerotion,
which is the eritical morbidic faetor produeing atelectasis and
the conditions characteristic of an undrained infectione.™ -

They further stz;tea that their experimental work éerhonstrated
these facts:

»(a) Ateleetasis that is induced experimentally in dogs by




A,

Postoperative Atelectasis--Ellis

bloeking a bronchus is quiekly e¢leared up and the lung is re-
distended by the deep breathing induced by inhalation of carbon
dioxide in proper dilution.

*"(b) Pneumonia that is induced in degs by insufflation of
a virulent culture of pneumecocci is generally overcome, the lung
is redistended and the animal is restored to health by inhalation
of carbon dioxide sufficient to cause deep breathing and eontinued
until the pneumoniec erez is eleared.™

There are now numerous reports to be found in the literature
that ﬁhen the routine postoperative use of earbon dioxide has
been used, the ineidence of postoperative atelectasis and pneumcnia
has been rédacoé. to a minimum,

Hyperventilation with carbon dioxide is easily carried out
after operation Henderson and Haggard devised for this purpose
a speeial mask which mixed paée carbon dioxide with inspired air.
There is a safety valve %o prevent the patient from getting too
maeh of the ges. This type may be beat when it is necessary to
have one plece of apparatus for hyperventilation alone. However,
earbon dioxide is administered easily and safely fram any of the
modern gas machines. The following is 1_=he praeeéureécatt and
Cutler use, no other spe,eial apperatus being negessary: The gas
from a tank of 30 per ¢ent earbon dioxide and 70 per cent oxygen
is delivered undiluted to the mask; the anesthetist varies the
amount of carbon diexide given by sllowing the admixture of air

around the mask, and by the intervel the latter is held in place.
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The whole purpose of the progedure is to hyperventilate fairly
vigorously but net suffieiently to tire the patient or to raise
the blood pressure excessively. After the patient begins to
breathe deeply and at e slightly increased rate, the mask is
removed or lifted and the hyperventilation diminishes. Usually
several such waves of increased depth of respiration are pro-
dueed in this manner over a perieé of frem five $o ten minutes,
The use of carbon dloxide following operation should be supple-
mented by the elimination of the festors, so far as possible,
that tend to diminish the vital capaeity as reported by Overholt
and others, suech as flat position in bed, tight abdominal binders

and pain.
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CASES

Case 1:~ The disgnosis before bronchoscopy was atelectasis of
a portion of the right lower lobej after bronchoscopy, atelec-
tasis of two ﬁert‘iary Jobtules, right lower lobe,

A 10 mm. Bruning's bronchoscope was inserted. A small
amount of thin mueeué material was found in the trachea. The left
primary bronchus was clear; no blecks were noted. At a distance
of 37 em. from the mouth down the right primery bronehus and into
the anterior seccndary bronchus, two posterclateral tertiary
bronchl were noted to have their orifices eampletely blocked by
sma}.l plugs of thiek, tenaecious sputum. The patient was asked
to take deep breaths, but these plugs were immovable, whereas the
thin mucous seeretion of the bronchi moved in and out with respir-
ations The entire area was sprayed with 10 per cent cocsine an
1:1000 sélntien of epinephrine, equal parts. The aspirator applied
directly to these plugs of miacous and each was removed. The ai
was seen to enter the bronchi involved. The orifices of each were
then touched with the mixture of eoecaine and epinephrine, and
before withdrawal were seen to be about one-third larger than a"k
the beginning of the procedure. After withdrawal of the broneh‘ -
aeepe,. it was noted that the physiecal signs had changed, and thrd:
tespiration was much easier.

Roentgenograns taken immediastely before aml after broncho-

scopy showed clearing of the atelectatic area after bronchescopy.
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Case II:- The patient, a poorly nourished Jewish boy, 14 years
of age, was admitted to the Hospital on October 16, 1924, with a
diesgnosis of sppendiceal abseess and probably generalized peri-
tonitis. At the time of admission, he alse gave definite evidence
of having bronehitise.

He was immediately operated upon under gas-oxygen anesthesia
by pr. Robbins, & gangrenous, perforated appendix was removed and
a localized abssess drained with one cigarette drain placed in
the pelvie eavity.

He made a gatisfactory recovery from the operation, althoagh
it was noted that expestoration of thiek, greenish, purulent
material was rather prefuse during the first few days. On the fifth
day after the operation, he had a severe attack of coughing and
sabgsequently became notieeably eyanosed. His tsmperatélre rose
promptly five degrees, his palas'to 152, his respirations to 53,
and he camplained of pain in the right chest. Physical signs st
this time showed the right side of the chest to be sunken, the
intercostal speces retracted and expansion to be practically
absent. The heart was displaced to the right, the right border
being 6 em, to the right of the mid-sternel line, Dullness was
present over the entire right e¢hest but heavy pereussion gave a
scmewhat tympanic note, Voeal fremitus was increased over the
right, upper chest, but absent below, The breath socunds were
loud and amphoric over the entire right upper chest diminishing in

intensity towards the axilla and posterior aspeet. No crackling
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rales were heard anywhere slthough a few scattered bronchial
maeous rales were heard in both lungs.

The diagnosis of massive collapse of the right lung was made,
which was corroberated by a roentgenogram of the chest.

én the sibssquent days, the patiemt's eough became more pro-
ductive and the expectoration of thiek gieen spatum, whieh had been
noted from the beginning, inereased in quentity. Almost daily,
roentgenograms were taken, which showed a slow return of air to
the eollapsed portion of the middle end lower right lobes and the
gradual return of the heart shadow to its normal position., By
November 27, 1924, there was practically restoration to the normal
piecture.

Case 1II:~ The patient, a well-mourished and developed young Negro
girl, 18 years of age, was admitted to the Philadelphia Lying-In
Charity Hespitai on February 17, 1985, having been in labor for
twenty-four hoursg 7

She hed bronchitis at this time, was coughing cecasionally,
and her temperature was slightly elevated.

A pelvie examination showed evidences of a markedly eoniracted
pelvis; the foetal head was floating and the membranes were un-
ruptured, She was operated upon the evening of edmission, a
Cesarean section being performed by Dr. Edmund Piper. Three days
after the operation her temperature beceme elevated and she pre~
sented some of the signe of a postoperative pneumonia. She was
seen by Dr. Wolwerth in econsultation at this time and the possi-

bilitiea'ef a eollapse of the lung were suggested although the
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mosat likely condition seemed to be that of a postoperative
pneumhia.

The patient died five days after the eperation.

Neeropsy. (42988) Within the peritoneal cavity, the amall
bowel was dilated; there was a moderate amount of localized per-
itonitis about the operative ineision in the abdominal and uterine
walls, and the loops of bowel in this reglon were bound together
by plastic exudate. A small amount of purulent fluid was present
in the pouch of Douglas.

One was struek by the greatly refduced size of the chest,
The diaphragm occupied an unusually high position, as the dome
reached to the third interspece on the right and to the fifth on

the left. The heart was drawn slightly to the left, its right

‘border measuring 3.5 cm. and the left 8 em. from the mid-line.

Both lungs asppeared small, the upper lobes were crepitant and med-
erately air-gontaining, the lower lobes being partially atelec-

tatie. The atelectatic areas were demarcated from the upper helf

of both lower lobes by irresular herizontal linea below which the

pulmonary tissue was reduced to about one-half of the usual size.
Atelectasis was, however, limited in some degree to definite
lobules in most of which the alveoli were completely collapsed,

in others they were distended. The inferier edge of the lung pre-
sented a distinet 1lip of dark limp non-air-conteining tissue.

on section the lower lobes were guite black in their dependent
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portions and presented the typlcal picture of atelectasiss
Manusl compression of this pulmonary tissue esused smell plugs
of thiek, white, purulent mncous to exude from the bronehieles
and smaller bronchi. Disseetion of the bronehial tree revealed
the main bronehus leading inte the Jower lobe to be practieslly
filled with extremely tenacious and purulent micous. Interest-
ingly enough this picture was more marked on the right ‘side than
the left although the degree of associated atelectasis did not
show this difference.

Mioroscopieal studies of sections fram the atelectatic areas
of these lungs showed the alveoli toc be universally collapsed,
the tissue being entirely composed of closely packed alveolar
walls. One of the most noticeable features was the marked dila-
tation of the eapillaries in the slveolar walls which were dis-
tended to several times their normal width. All of the bronehi-
oles eontained exudate which was rich in fibrin in the meshes of
wh ich were closely packed polymorphenuclear leucogcytes, generally
eompletely plugging the bronehiolar lumen. The bronchial well
itself peribronehial speces did not show evi'denee of infection
comparable to the usual pieture of bromnecho-pneumonia. Associated
with the terminal bronehi, however, were evidences of exudate
definitely spreading out through the atria and neighboring alveolies
Case IV:- The patient, K. M., a well developed and nourished
young white gir), aged 24 years, was admitted to the Pennsylvania

Hospital on February 1, 1926, with the typical signs of an attack
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of acute appendieitis. Her past history was essentially nega-
tive and at the time of sdmission, she dié not show evidences
of any respiratory infeetion.

She was operated upon on the day of admission and & gan~
grenous appendix was removed. Advanced generalized peritonitis
was present at the time of operation. For the first eix days
subgsequent to the operation, she did méterately well. On
February seventh, her abdomen became distended and vomiting
started, which was persistent up until the time of death en
February tenth.

Necropsy. (A2977) Within the ebdominal cavity, about one-
half of the small bowel was found to be greatly distended, prox-
imal to & point of mechanical ebstruetion in which small loops
of gut had become twisted and bound to other adjacent coils of
intestine in the ileocecal fossa. Ioculated poe}nats of pus were
present in the right renal fossa and between the right lobe of
the liver and the diaphragm, forming an early subphremnic abscess.

In the thoraciec cavity, the left lung appeered normal. The
right'lung was partially stelectatic, being rather eclearly
demarcated from sir-containing pulmonary tissue by a horizontal
line. A number of small scattered patehes of stelectasis were
present along the entire posterior surfaee of the léwer right
lobe and also at the base of the middle lobe. There was no
exudate either upon the parieteal, or viseeral pleura, dbut the

vesgels of the disphragmatie pleurs were gonsiderably congested,
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as were also those of the diaphragmatic surface of the lung.

On section, the ateleetatic portion was quite prominent. There
was a slight excess of thick mueeous in the bronechial tree of the
lower and mid lobes on the right side.

Case V:- Mr. F. H., aged 50, Immanual Hospital 369985, in Getober,
1930, had a choleeysteetomy. He had a rather stormy convalescence
with vomiting, some abdominal distention and hiecough beginning
the gecond day postoperative. an the fourth day, for the first
time, his temperature became over 100, hiececoughing and vemiting
eontinued., Hlis temperature then ran from 100 to 102, his wound
was not infected and fhe abdominal symptoms definitely improved,
but hieecoughing eontinued. On the ninth day, his condition became
definitely worse with temperature to 102.8 and on the tenth day
103.2, with deereased respiration on the right side amd dullness
at the right base. An x-ray shored eloudiness at the right base
3 plus, At this stage, we began carbon dioxide inhalations with
immsdiate improvement of all his symptoms. The hiceoughing
immedistely stopped, the next day his highest temperature was

100 and after that continued normal with a perfectly uneventful
convalescence, I believe that about the ninth day, the micous
plug was formed and his more acute sympioms were due to atelectasis,
whieh was immediately relieved by carbon dioxide before definite
pneumonia had developed.

Case VI:~ Mrs. A. 8., aged 52; height © feet, weight 17C.

This pétient was 8 strong, well, German woman, the wife of a
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retired farmer, She had always been well until two years ege
when she developed what was regarded as an acute eapendicitias,
When first seen, I regarded a perforation of the appendix as
probable, She was immediately removed to the hospital where a
median ineision was mede. The appendix had ruptured and drain-
age was instituted. The recovery was uneventful, but about six
months later, & postoperative ventral hernia was evident at the
sight of the operation, and a repair was advised,

She did not eonsent until February, 1930, at which time sghe
consulted Poector L. 0. Hoffman and myself. Pre-operative exam-
ination showed no comra-indication for mrgery, except over-
weight. The heart and lungs, blood pressure and kidneys were
normal. No x-ray examination of the chest was made. She was
operated upon Februsry 20th, 1930, at eight s.ms by Doetor
Hoffman. The large hernial defeet was closed and & Penrose
drein was inserted through a steb wound. Nitrous oxide and
ether were used and she was on the table ebout one hour and fif-
teen minutes. The first thirty hours postoperative were unevent-
ful exeeprt for the camon eompleint of backache. At five
otclock pems Of the second day, she rather suddenly complained of
difficult breathing. The pulse rate was 125; the reapiration
32, and the temperature 99.8. During the night the nura? ro-
corded diffiecult respirstions when she mowved. I saw her the
following morning, forty-eight hours after the operation. At

this time there was some cyanosis &nd merked dyspnoea, no fever
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and little cough. There was & very definite impaimment of
resenance of the entire left lung, except the apex. No breath
sounds were eaudible, and the left chest seemed fixed. Resonance
was normal over the right chest and there were rales at the right
base. Postoperative massive collapse was suspected and x-ray
ordered. The report of Docter Charleton B. Plerce iz as follows:
"Study was made at the bedside of the patient's thorax,
Phis éresainted 8 gross aeeumulatioh of air in the cardia of the

stomach and the splenic flexure of the colon. The diaphragm with

- the gas-~filled stomach beneath it reached the fifth rib poster-

iorly and the second anteriorly. Above this, thers was a amall
smount of relatively serated lung, which we would interpret as
the upper 1§,be, with a density at the hilum continuous with that
on the right side, whieh we would interpret as collapsed lower
left lobe. 1In the right thorax, there was observed a relatively
homogeneous mass showing two reundish portions in profile at ;a‘mit
the anterior axillery line. Iateralward there was serated lung
but definitely diminished seration. The diaphragm is visualized
at the lavel of ths right rib. |

*gur interpretation is that at the time of onset of the ter-

- minal "aiff:l.eulty, there occurred an occlusion of the left lower

main bronchus with resultant atelectasis of the left lower lobe.
Incident upon that respiratory difficulty, the patient gulped
éir eontributing to the gastric dilation. Follewing this, in

the sbsence of a cough, reflex,-an accumlation of mucous in the
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right bronehus contributed to a diminution in aeration of the right
lung, which permitted the distended stomaeh to displace the heart,
meéiastim and collapsed lower left lobe into the right thorax,
inereasing thel respiratory embarrassment.

Atelectasis of the lsft lower lobe.

Gastric dilation. Partial atelectasis of the right lung.

Mediastinal displacement.

Feb, 24, 1930."

Postural treatment and inhalations of c¢erbon dioxide and
oxygen had no effeet whatever, the eondition beecoming gradually
but progressﬁely worse, and the next day Doector J. B. Potis
did a bronchoseopie examination, Tenacious, melasses-like mugous
was removed from the right bronchus, but the left bronchus seemed

gempletely occluded one inech below the bifurecation. Doctor Potta

‘described the obstruction as & red mass, which pulsated markedly,

and he felt that this mass was either the heart or possibly
aneurysm. The Xeray pieture was entirely atypical, as the medias-
tinal structures pushed away from the side where the chief eollapse
showed eiinically‘.

The patient seemed to breathe more easily after returning
from the operating room, due probably to the removal of muecous from
the right bronchus, which probably improved somewhat the atelee-
tasis in a portion of the right lower lobe, as nothing was removed
from the left bronchus.

This case was, in our opinion, one of a2 double massive eollapse
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with the major collapse on the left side, The apparent improve-
ment after the bronchoscopie treatment was shopt; the pulse became
more rapid; respirations more labored; eyanosis more marked and
the patient sank into a coma and died about five hours later.

Unfortunately, a post mortem was not obtainable.

COMMENT ON CASES
Case I:- This case demonstrates that the cause of ateleectasis
nay bé‘an oceluding plug or plugs of thick tenacious seeretion.
It further demonstrates the value of bronechoseopy in the treat-
ment of the conditiom.
Case II:~ This case demonstrates the relationship of bronchitis
to thé‘prochetion of ateleotasis and the partieular need of phro-
phylactic treatment in any patient in which it is necessary to
operate when suffering from an upper respiratory infeetion. It
further gives the typical physieal signs,
Case III:- This case was reported besause of the very splendid
' pfathoiégieal déseription. It also demonstrated again the etiol-
ogical feetor, that is bronehitis followed by oeclusion of the
air passages with subsequent absorption of the enclosed air by
the blood stream.
Case IV:e~ This case sgain gives the pathology and demonstrates
the aécluding m::eous plug as the etiologioal factor in the pro-
duction of atelectasis.

Cage Vi= This ¢ase was cited in order to show the effiecacy of
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carbon dioxide in the treatmant of atelectasis,

Cage VI:~ This case has been c¢ited because of its unusual char-

seter. It is to be regretted that a necropsy was unobtainable
because to know the exact nature of the pulsating red mass

occluding the left bronehus would have been most interesting.
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