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INTRODUCTICON

The object in thie paper is not to give a statis-
tical review of the literature on extrapleural thoraco-
plasty but to obtain the present views and opinions
of’the men doing the most werk iﬁ this field.

Since most of the original work was reported 1n'
foreign languages the history 2nd evolution of thoraco-
plasty was taken from Alexander's monograph The Collapsg
Theraﬁy of Pulmonary Tuberculosis. Grateful acknow-
ledgement is made John Alexander for the use of his
works which served as 2 guide in writing this paper.

There will be no Siscussion of results included,
first, because ther are many discrepancies in the
rep-rt of results; secondly, the wvalue of thoracoplasty
is no longer in the realm of controversy. It is now

accepted as a definitely valuble procedure.
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HISTORY

‘The first attempt to collapse a tuberculous

cavity by removal of overlying ribs was made by

Oerenville in 1885. His long article published in

that year demonstrates that he understood the need.
of breaking the continuity of the non;Yielding bony’
thoracic cage in order to effect collapsé of pul-
monary cavities. Hé stated that his work was based
upon empyema studies that had already been made by
8imon (1869), istlandér (1879) and himself (1877).

The report of Cerenville includés four op-
erations for apical pulmonary cavity in which he
resected portions of each of the second and third
ribs aﬁteriorly. He observed definite pulling in
of the stumps of the‘partially resected ribs and

- & consequent lessening in size of thé cavities.

This ploneer work of Cerenville was the beginning
of an active surgical interest that has gradually
evolved the modern thorapoplastié 6pérations.
Approximately the same operation as Cerenville's
was performed by Quincke in 1888, and in 18986 he
advocated small rid reseétions for mon-cavernous |

types of tuberculosis as well as for cavernous typese.



In 1890 Carl Spengler resected greater lengths ‘
of ribs then had previously been done. He oalled
the operation 'extrapleural thoracoplasty' the
term used today for the standard operation. TuroanJ
in 1896 resected parte of the fourth to seventh

\ ribs inclusive and six months 1ater sections of
the sixth to ninth. In 1901 Garre and Quineke in
1903 advocated thoracoplasty for hemoptysis ‘and
advised supplementing the operation with an intrap
pleural or an extrapleural pneumolysis.‘

Up to this time the results of the operation
were unsatisfaotory. The costal reseotigﬁs were'
not extensive enough to compress the 1uné‘suf?ioient3y
-ito collapse cav1ties or to bring about other intra—
»thoracic ohanges upon whicn the more extensive modern
Operations depend for their eurative effedt..

Brauer was the first to realize that clinicel
succees depended upon obtaining a pulmonary com-—
pression somewhat comparable in amount with that ob~
tained by artificial pneumothorax which wae already
effecting remarkable results. He felt the need for
an operation that could be used when artificial o
pneumothorax failed becuase of pleural adhesions‘and
that would affeot the scattered smaller active tuber—

culous 1e31ons as well as the looalized 1arger ones.



e

lower lobe. The total length of ribs I to X, in-

clusive, that were resected ranged from 130-3200 cm.
Brauer and Friedrich soon realized that this

thoracoplasty was highly dangerous. Three of their

first seven patients died from the operation. Later

~high operative mortality was reported by other sur-

geons. The shock was terrific; the side of the chest
wall operated upon "fluttered® dr swung in and out
freely with the‘respiratory movements — the so called
paradoxical respiration, thus named for the reason that
the chest wall was drawn in during inspiration and
blown out—during expiration. These movements were .
shared by the mediastinum and resulted in "mediastinal
flutter" and displacement; consequently, the opposite
lung was narrowed, respiration became rapid and labored,
the ciréulation was greatly impaired and many patients
soon diéd of acute respiratory insufficiency. The
deprivation of one-half of the chest of its bony
support, and the paradcxical respiratory movements
resulted in great impairment of the coughing and ex-
pectorating mechanism, and aspiration}andsﬁaabas
pneumonia occurred frequently. The tuberculous lung
of the opposite side was not rested as it was hoped

it would be. Because of the "mediastinal flutter"



the lung of the contralateral side was_called.upon
to do more work than was safe for those few tuber-
culous lesions that it might contain.

In 1009 Brauer published a paper in which he
considered the dangers of the operation and pro-
.; poséd methods by which they might be avoided. He
also at this time suggested several modifications
of the original operation and post-operative manage-
ment. His suggestions were as follows: (1) to
operate at two sittings instead of one; (3) to leave
the periosteum to regenerate and fix the chest wall
and in the meantime support it with bandages; (3)
Limit resections to upper ribs and depend upon art-
ificiai:pneumothorax for compression of the non-
adherent lower lung. This would reduce chest wall
flutte:;-(4)‘the greatest resections relatively
should be made directly over the upper lung and
that all or a part of the clavicle and first rib
should be resected in those cases in which compression
of the apex was especially demanded; (5) Brauer
suggests first to resect the upper ribs, then to re-
sect relatively short sections of the lower ribs‘(an-"’
teriorly and posteriorly 2s in the Kuster - Estlander
empyema operation) and to bend the stumps that re-

mained. In this.way the lung would be well compressed



and yet the lowe; chest wall would retain a pért
of its bony framework to combat chest wall flutter.
(8) In considering the advisability of using the
Volkmann-Hoffa operation of resection of the *rib

humps" in those patiénts with markedly deformed

. thoraces. Brauer concluded that, whereas a scoliotic

deformity would probably be improved and the lung
somewhat narrowed, the lung would not be compressed
and rested as much as he believed necessary ; in a
non-deformed chest hé preferred the original Brauer-
Friedrich thoracoplasty; (7) Bramer suggested the
use of"positive pressure breathing" postoperatively
for those patients with chest wéll and mediastinal

flutter; (8) He advised cough-quieting drugs to

‘SIOW‘the respiration so as to enable the patient to

cough effectively and use the non-operated lung for

breathing purposes with greater ease,

- These suggestions did not result in a sufficient
improvement of the original Brauer-Friedrich thoraco-
plasty to cause it to become very pobular.

The thesis of Julien Gourdet published in 1895

was epochal and had far reaching effects upon the

i develophgnt of,the surgery of pulmonary tuberculosis.

The thesis dealt with the question of the most
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effective manner of resecting ribs to narrow the
thoracic cavity for pleural empyema. The experi-
mental studies that form the basis of this mbnograph
were stimulated by an operation performed in 1894

by Baiffin. It was done for a large interlobgi

- empyema (which later was discovered to be a comp-

lication of an underlying pulmonary tuberculosis) and

consisted in the resection of ffom three to six cm.

each of ribe II to X inclusive, "at the levels of

their angles®. It was seen that the diﬁinution in
fhe size of the thoracic cavity was far greater

after these short paravertebral resections than it
was after extensi#e regections . of the lateral or
anterior or anterolateral portions of the ribs.
Gourdet showed the importance of removing ribs beyond
their angles.

It was Wilms who first demonstrated clinically
the value fcr pulmonary tﬁberculosis of the experi-
mental work done by Gourdet and by Eden and Robinson.
Wilm's operations in 1911 showed that rib resections'
limited to the paravertebral region had a greater
healing effect upon tuberculous lesions of the lung
than any operation that had yet beén performéd and

also that such resections avoided the dreaded dangers



of the Brauer-Friedrich operation. Sauerbach had
performed a paravertebral thoracoplasty in 1909,

wnin's first opera,ﬁion (1911) consisted in
extrapleural paravertebral resections of from 3-4 cm
each of the first to the éighth ribs inclusive .
The operation was performed undef local anesthesia
| and with long skin incision, in the depth of which
short oblique incisions were made through the
muscles in the direction of their fibus-at the
levels of the second, fifth and éevénth ribs;
through each of these short muscle incisions two
or more ribs were resectéd. ﬁilms intention ias to
remove several centimeters from each of the upper

five, six or seven rib cartilages at a later op-

teratibn in\order to increase collapse of the chest
wall and lung. The second cperation was found
unnecessary as the patient's cough and sputum dis-
apbeared after the first opération. Later when he
considered additional collapse necessary he added
parasternal resections frcm two to six weeks after
the first. Sometimes he resected the inner end of
the clavicle.

Wilms considered resection of only the upper

~seven or eight ribs insufficient for cases in which-

the lower as well as the upper was markedly involved

\
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and so he removed from 6 to 15 cm from each

of the lower'ribs., In 1913 he operated upon a
number of patients in two stages in which he re-
sected the lower ribs as well as the upper onese.

In November 1911 Sauerbruch had performed

_ admilar two-stage operation. He removed from 10

to 5 cm. of ribs X to IV inclusive and five weeks
later shorter pieces of the upper ribs. Both
S8auerbruch and Wilms used a long vertical incision
passing through the skin and muscles to the ribs, over
the rib angles down to the lowest rib intended for
resection,:the incision then went obliquely laterally
to the posterior axillary line. Friedrich in Sept ember
1911 performed a paravertebral thoracoplasty upon

ribs IX to II inclusive in one operation; the patient
died the next day from pulmonary edema{

5 Considering it probable that resection of the
upper ribs alone would be enough Wilms preferred to

avoid the lower ribs. Later, however, he concurred

in Sauerbruch's opinion that the lowerAfibs should

be resected as well as the upper ones in a large

majority of cases instead of a few., Wilms insisted
upon always resecting the first rib or performing a

pneumalysis.

10



The restriction of the rib resections to
the paravertebral region is the distinctive feat-
ure of Wilms' exprapleural paravertebral thoraco-
plasty rather than resections of whole lengths
of ribs as ﬁas being done by the Brauer-Friedrich
operation. Wilms, as early as June 198 , modified
the technic of the first few operationé he per-
formed 1nA1911 so that in selected cases as many
as 12 cm of the eighth, ninth, and tenth ribs were
resected as well as somewhat lesser lengths of the
upper ribs.

Sauerbruch in attempting to avcid the dangers
of the Brauer-Friedrich operation, felt that re-
" moval of thé lower ribs was responsible for chest
wall flutter. As a remedyihe paid particular
attention to the first rib. 1In a case in which the
patien's arm was being forcibly'elevated in order
tc expose the first rib for resectiéh, the clavicle
was’accidentally fractured and as a2 result there
was an excellent compression of the apex of the lung.
He devised and used a variety of new operations»with
very poor results and later concluded that it was
_necessary to resect portioﬁs of the lower ribs, be-

fore resecting the upper ones, so as to prevent

11



aspiration of infected secretions by the lower lung.
The results of these operations ﬁere more satisfactory.
In 1910 Sauerbfuch began to divide thoracoplasty
operations into two stages - a procedure that Brauer
had proposed but not pfacticed.

In 1913 Sauerbruch operated by resecting ribs
ten to two or one inclusive, in one or two stages.
In 1913 he stated that resection to the first rib
was often not necessary, depending upon the kind of
tuberculous lesions in the apex, the position and
movability of the first rib, and the need of raﬁid
operation.

Sauerbruch and Elving in 1913 accepted the
' value of Wilm's localization of the rib resections
to the paravertebral region. They pointed out that
the‘beSt clinical results follow rest and compression

of the whole lung; these are attained best when both

ﬁpper'and lower ribs are resected. 'They advocated,
as the first step in practically every thoracoplasty,
resection of the lower ribs, including the ninth
and tenth,and sometimes the eleventh..

Ochsner and Hedblom first stressed the greater

safety of multiple stages. In 1924 Lambert and Miller

advised the removal of the upper rather than the

lower ribs at the first stage of a thoracoplastye.

12



In 1925 Alexander called attention to the value
of a partial upper thoracoplasty ard in 1928,
using the multiple-stage principle, began to re-
move increasingly great lengths of the uppermost
ribs as a stage of a partial thoracoplasty as did
Walther, Graf, and Salle independently the same
year.,

During the past decade there has been a
tremendous increase in the number of patients with
pulmonary tuberculosis who have been treated by
rib-resection with an arrest éf their disease pro-
cess. Present day statistics (53) show that from
40 to 60 percent of thoracoplasties are succeésful
‘in permanently arr-sting the coﬁrse of pulmonary
tuberculosis. A better knowledge of the pathological
lesion which lends itself to cure by surgical methods,
together with the use of speciai types of thoraco-
plastic bperations, has steadily added to the number
who have been rehabilitated and returned to normal

livelihood.

Py
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RATIONALE OF OPERATION

The rationale of extrapleural thoracoplasty
lies*in the fact that it accomplishes two things:
one, a reduction in the size of the involved lung

partly by the collapse of such portions of it as

. 8t1l11 preserve elasticity, partly by actual com-

pression through the inward spring of the dividéd
rib; two, a diminution in its motion, é feduction
in the movements'df the lung that aoéompany eadh
respiratory act favors the natural process of
heéling (splints the lung) and lessens the like-
lihood of spread of the disease. A reduction in
the size of the lung,facilitates scar tissue,
contraction and clesure of cavities. The more
complete the collapse of that portion of the lung
which is involved by the disease, the higher is
the percentage of cavity closure. OCoincident with
the obliteration of the pulmonary cavities there is
a reduction or abﬁlition in the amouﬁt of sputum.
Coughing is iessened and disappears altogether if
the collapse has been adequaﬁe.f,Functional rest

induced by emmobilizaticn is one of the cardinal
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principles of the therapy of any form of tuberculosis.
When portions of the ribs are resected the respiratory
movements of the thoracic skeleton are abolished: there
remains a diaphragmatic movement but this also is very
greatly reduced because of the loss cf the rib support
especially the tenth and eleventh ribs. The result

is that respiratory exchange in the affected lung is
reduced to a very small fraction of its previous total.
The actual reduction in the cubic capacity of the side
of the thorax on which a total thoracoplasty has been
carried out smcunts to well over 50 per cent as is

seen with the Xray plates. In some cases the lung is
reduced approximately to the size of a somewhat enlarged
spleén, the consistency of which it resembles.'(7)

The closure of cavities has become the primary
objective in the active treatment of tuberculosis.
After the diéeaseﬁprocess has destroyed a certain
proportion of the ﬁulmonary tissue, the result is a
thoracic cage which is out of proport{on td the size
of remaining healthy‘lung tissuéT If hegling takes
place through bed rest alone thekscar tissue in the
diseased area contracts theiremgihing lung on that side
must expand to ocdupy the‘entiré'hemithorax and the
boundries of the hemithorax\must move in to decrease

the volume of the thbraciqﬂgéﬁggé;As a result the ribs



are crowded closerftogether,'the diaphragm displaced
upward and the mediastinum shifted toward the affected
lobe. In the event that nature is unable to adequately
move in the walls which surround the partially destroyed
lung, there then regults a discrepancy between the lung
size and the thorax size, the actual amount of discre-
pency being répresented by cavities. This 1is ﬁhere
surgery steps in to mechanically help in the process.
of cavity closure. Thoracoplasty operafion moves in
the walls of the‘hemithorax 8o that the size of the
chest is reduced to that of the underlying lung
tissue. When this has bken accémplished cavitation
ceases to exist. It is believed that it is this factor
‘Which is respomsible for the Tapid disappearance of the
'éoxic effect as seeﬁ in fever, rapid pulse, cyanosis
emaciation and general malaise: and bhe explanation
given is that compréssion of lymphéiic vesselg prevents
the absorption of fuberculo-protéin and other products
of infection. The walls of the cavitieé are héld open
by their own stiffness and by the fibrous shrands
which extend through the lung tissué to the pléura

and through an adherent pleura to the ribs,diaphragm
and mediastinmum. Only by collapse oi compression of

the lung as a whole can the walls of such cavities

fall in and approch_.each other. 8o long as a cavify

16



lined by an infected membrane is held open it cannot
heal, but when its walls are brought together it may
heal and become obliterated.

Thoracoplasty does godd then, by putting the
lung at rest,bstopping lymphatic absorption and by
obligerating cavities.

(3) (7) (e1) (39) (64)

17



SELECTION OF CASES

General considerations. | It is impossible to present

a tabulated list of indications foi thoracoplasty that
can be safely followed because of the many factors
which demand individualization in the selection of
cases for the operation. )
Accordi~g to Neuhof (61) the best indication for

| thoracoplasty is the opinion of a weil trained physician
who has cared for the patient for months or years, has

- followed the clinical course, has studied the evolution
of the pathological process in the lung, and hae acqﬁired
a knowledge of the resistance to tuberculosis of that |
ypatient. |

Thoracoplasty should not be considered until a

pneumothorax has been undertaken and has proved in-
adequate, or if any other operation offering a réasonably
good chance of success has been tried and has failed.
The expert in tube¥culosis knows that in the average
patient the chance of complete closure of the cavity
that has resisted all therapeutic measures except a
thoracoplasty is far less than the 80 per cent that it
is without a thoracoplasty and that'they rigk to life
from the continuing activity of open tuberculous:lesion

is far greater than the 10 per cent that is at present

18




the death rate from the operation of thoracoplasty
and from possible post-operative complications and
progression of tuberculous lesions iﬁ either lung during
the year or two fellowing opération. In fact, patients
whose cavities have resisted all therapeutic measures
except thoracoplasty are almost certain to die from
tuberculosis in the near or distant future if thoraco-

. plasty is not used. (3) (64)

In general the patients chosen for this prodedﬁre
must be at‘least 1n fairly good condition, must have
demonstrated considerable resistance against the disease,
who have not had a recent exacerbation of the disease,
whose c&rdiac functional reserve is aéeQuate, must
present a chronic fibrotic or productive type of lesion.
§He mﬁst possess a good or neariy good contra-lateral

lung without too much evidence of fibrosis s0 that

enough available breathing space will remain to carry

the patient for the rest of his life.

General Condition: Probably the first consideration

should be the general condition of the patient. It is
generally considered that elevated temperature and pulse
both persisting and remaining high as warning signs té be
carefully considered. -Sauerbruch pointed out the dan-
ger of operatingkoﬁ patients who have evidenced poor

B e

. resistance and whose general condition does not tend

19



toward chronicity. On the other hand a thin moderately
énemic and moderately febrile patieni with abundant
sputum does not neeessarily piesent a poor operative |
risk. Emaciated and chacectic individuals, and those
with acute tuberculosis elsewhere are unsuited to under-
go major operations. A low vital capacity and even.
slight dyspnea associated with mild asthmatic con-
dition, silicosis or emphysema, are definite contra-
indications to operations. Better immediate and dis-
tant resulte can obviously be anticipated if the
patient is im good ceneral condition.

ﬁead;(48) does not demand that the patient be in
good general condition nor that the disease be a chronic
' and productive one. He abandons careful clinical stud-
les on the basis that if a person needed the operation
he had better take the chance. He considers disease
in the oprosite lung ahd severe.extr&pﬁlmona:y compli—
cations as the only contraindications.

- Several writers including Lilieﬁthgﬁ»(SS) have
said that no patient should be allowed to reach ‘the
terminal stages of tuberculosis without héving had the
benefit of thoracoplasty, as fhis offers a very small
chance of recovery to patients who otherwise‘WOuld have

none. (69) Most authors do not agree with this. Alex-

e
e

ander (2) having used thoracoplasty in a number of

20
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patients with pre-operative dyspnea and evidence of
myocardial degeneration came to the conclusion that the
high mortalify rate and the unsatisfactory degenerated .
condition of those patients who survive with a closed
cavity and hegative sputum should contraindicate a
thoracoplasty in desperate risk cases. The effect of
the high mortality rate would cause the patients for
whome the operation was recommen<ed to refus: it even
though their condition was géod, prognosis excellent,
and risk small. | |
‘Statistics presented by Crimm (28) bear out the
fact that thoracoplasty should not be offered to a
patient as a last prccedure to cure a wasting'systemid

(diseage.

e: At present there is no one whé gives an absolute
age‘limit for thoacoplasty. Most authora agree that the.
best results are probably obtained in patients between
twenty and thirty-five years of age.

~While the extremeties of age are ordinarily
avoided in thozacoplasty work, there may hbe individuals
in tge extreme age groups who present indication for
thoracoplaéty whiCh‘may not be disregarded. Kensalle
(84) ;epdrts a series which range from eleven to sixty-

four.
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The earliest age at which a thoracoplasty can
be done safely on a chilé is s8till unknown. The common
type of the disease in children is the hilar type or
the exudative parenchymal lesions for which the operation
is not used. Alexander has perfomred extensive thoraco-
plasties for chronic tuberctilous empyema in several
children less than twe1v6,.oﬁe being five, with ex-
cellnt results. However, his youngest patient with
pulmonary tuberculosis who presented suitable indicat-
ions was fifteen.

In the older age groups the chronologic age of
the patient is not as important as his apparent age
and the condition of the cardiovascular system. Décker
(29) nas reviewed a series of 154 patients between the
ages of 40 and 60 for whom collapse' therapy had been
undertaken in various ways. Thirty féur thoracoplasty
operaticns were performed on se&enteen patients. The
conclusion was that thoracoplasty is neeéed and should
be utilized but with greater precautibn and hesitancy

C
than in the earlier age groups.

Hemoptysis: Hemoptysis may strengthen indication for

operation but only if his general condition and his
lesions also present proper indications. Thoracoplasty

1s highly successful in stopping hemoptysis. Pneumo- _

- 22



thorax may fall because of consolidaticn surroundlng a
bleeding cavity prevents its mechanlcal compreSQ1on or
from pleural adhesions. Thoracoplastic collapse exerts
a solid pressure and may succeed when gas compression
fails. The operation should be planned so that the
ribs‘oveflying the bleeding area shall be resected first.
(55)

Thoracoplasty should not be used to check active

'~ pulmonary nemorrhage. Wiener and Fishberg (75) -per-

formed several thoracoplasties with a view of control-
ling recurrent pulmonary hemorrhage. ‘Though the general
condition‘was good the results were that the patients
still bled, some even more copioﬁsly than before op-

eration.

Sputum: General opinion ie that the amount of sputum

has no effect upon the indication or contraindication for

operation except greater ca:e should be taken in those

patients with.large amounts of sputum\in evacﬁating

the secretions before operation. )
Archibald (7) believes that the greatér the amount

of sputum aﬁd the mére it resembleé~f1uid pus, the

gréater will be the danger of its running into the healthy

parts of the lung during manipulation of the operation and

setting up fresh disease.



Right and Left Sides: The results of operations
on the left side are much more satisfactory'thén those
uﬁon the right. Bull has stated that the operation is
three times more dangerous for right sided than left
sided cases. (73)

Jessen in 1932 made a thorough study of the venous
pressure in pulmonary tuberculosis and therépéutic
collapse of the lung. He ieported in collapse of the
right side he found 50 per cent higher venous pressure
than in operatioh'on the 1l=ft, probably because the

‘pight heart is is more easily compressed than the left
heart. This may explain the fact that right thoracoF

plasties have a less favorable prognosis than the 1eft.

Sex: Apparently there is little uniformity‘of opinion
as to the relationship of sex and mortality rate. 1In a
-clinicai’study of 170 cases\of thoracoplasty Coryllos
(25) found that the sex of the patient had a decided in-
fluence upon the operative result. Females withstood

the operation much better than maies. Both mortality

and morbidity was lower and the percentage of-cu;es
higher. His explanation is that the feﬁales accepted:
_the operation easier and in earlier stages of the die-

ease than the male. Carters (20) series shows a higher

mgrtality rate for females than for males.

g
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Mediastinal Displacement: = Probably the most important

preoperative requisite is a fixed‘mediast{nim, which
‘ actually means a sfiffeﬁing of the mediastinal pleura.
The most constant indication of a fixed mediastinum is
the displacement of the trachea toward the affedted
side as seen by x-ray. Removal of the ribs in the ab-
sence of a fixed mediastinum is frequently attended by
paradoxical movement of the underiying‘lung, which in-
terferred with the heart action resulting in mediastinal
flutter. (73) (41) It has been observed (34) that in
many cases of advanced tuberculosis the dyspnea,'tachyé'
cardia and cyanosis are due to cardiac displacement
especiélly in the extensive and fiﬁrotic left4sided
‘lesions and they’may be benefited by operation. The
decision as to’whether such symptoms are due to medias—.
tinal displacement or to organic disease must be made
by exclusion of the likelihood of organic disease.
Berck (9) has devised methods of artificially
fixing,the mediastinum by means of injection of acacia
and paraffin oil. These are still in the experiééntal
stage, and as yet have not been used to ény extent in 

mane.

Respiratory Function: Unfortunately there is no method

‘0of determining a patient's fespirato:y functional reserve

25



that can be definitely relied upon. Alexander states
that the "most important measure of an adequate reserve
of respiratory function is the complete absence of
dyspena'. Coryllos (25) uses as a test to have the
patient go up and down steps. If after this amount of
exerciée the respiratory rate increases over 35 and the
pulse is over 135 the operation is contraindicated or
at léast postponed. The dyspnea which occurs when the
patient gets dut of bedyis not considered a contra~
indication provided he becomes accuétomed to being up
and is not longer dyspnic after a short period.

A careful examination of the‘vital capacity should
be made before the operation. Patients with low vital
hcapaoity are considered good risks provided they are
Lfree from myocardiél damage. Young pati=nts whose vitalﬂv‘
capacity is between 900 and 1000 cc may be operated with-
out grave risk. Older individuals past 50 years of age
should have a vitél capacity of at least 1,500 cc if
post operative complicatioﬁs are to be aVOided; (27)
(64) c

Crimm (28) has operated upon a fe% cases éuccess-
fully whose vital capacity was as léw as 800 cé,A Most
operators would cdnsider such a 1$w vital capacity a
contraindication. Alexander (2) will not operate'on a
150 pound patient unless the vital capacity is at least

1,600 cc; he prefers 3000 ¢é. as a far safer minimal .
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Harter, Overholt, and ferkin (48) made pre-~
operative and postoperative determinations of the lung
volume in 32 patients who were subjected to thoraco-
plasty for pulmonary tubefculosis. Eight patients
showed a greater lung volume after the operatioﬁ.
Twenty four patients showea é reduction in thé post-
operative lung volume, the per cent change ranging be-
tween minus 5 and minus 50. |

Clinical impression drawn from thei: series of
cases wWas that.the great mfjority of‘patients rehab-
ilitated by thoracoplasty do very well in rezpect to
pulmonary function. These-gbservations have'prevented
the authors from becoming unduly alarmed about the
onssibility’of making the pafient's condition worse
phyesiologically than it wa= before.

Lindskog (50) has shonw that the~greates% Te—
duction in lung volume occurs after the first stage
which involved resection of the upper three of four
ribs. Little decréase was noted after the following
operating, in fact, one patient showed a slight in-

crease.

Qardiac Reserve: = Oardiac regerve is a very important

factor when considering thoacdplasty. Years of toxi-

- ¢city and bed rest reduce the functional:oapacity of the
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heart considerably. Blood pressure reading, pulse and

resgpiratory rates takén before and after mild exercise

may give some information as to the condition. 8light

cyanosis, tachyéardia, "cardiac pallor" when not due to
mediastinal displacement are usually considered contra-
indications.

Thoracoplasty adds a greater load to the already '
burdened heart. Aside from the major operation it has
been shown (45) that th-re is always displacement of
the heart -after operation, there 1is alsb direct pressuré
on the‘heait, increased resistance’to the iight heart
and the possibility of paradoxi¢a1 respiratory movement
developing after operation. |
! Cardiac diseése as a contraindication is still
a relative one. The type of cardiac lesion present
and the degree of compensation are 1mpoftant factors.
Hnsella (53) has‘performed thoracoplasty successfully
and without difficulty in the présence of well compensated
cardiac lesions of both congenital and organic types.

Hansen (45) studying the effects of thoracoﬁlasty
on the heart states that in his cases there has been
no evidence of disturbance in conduction or of myocardial

damage in the electrocardiogram.

.

Duration of Disease: Patients who have had pulmonary
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tuberculosis for many‘years must be approached with
caution. If the course of the disease. has been ﬁainly
atoxic the existence of the disease over a long period
may not affect the deécision to operate., If there ha&e
been prolonged periods of tbxemia the outlook is not so
favorable. The ill effects of chronic tuberculous toxi-
-~ ¢ity upon the mypecardium, kidneys and pikeriorgans in-
creases the risk of thomcovlasty. (77) |

In the majority the average duration of tuber—
culosis before operation is three years. (19) (41)
Several surgeois will not operate unless thé‘symptoms
have beequresent'two years. Those patients whom

) . »
Grahafn (96) /has operated in which the symptoms have
7

ortmamsnsers? ™

'been present for less than a year the results were un-

gratifying.

Exudative gesion!' The histological reaction in the

exudative form, which is always.a more or less acute
process, consists in the collection of a fibrin contain-
ing fluid in the lung parenchyma, along with the usmal
cell elements, lymphocytes, red cells, and exfoliated
cells from the alveolar walls. The amount of fluid

thrown oyt is similar to that of lobular pﬁeqmonia.

It has been demonstrated that this exudate can be re-

absorbed within a few months but this is not the usudl
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-Brunner (17) of 67 patients with productive type

resultll Caseation beging in the miﬁéle of the exudate,
progresses and invblves the lung parenchyma with the
stroma. Withcout further proémseion this may "dry up"
and be turned tnto a scar surrounded by a capsule of
fibrous tissue. On the other hand, the caseous £o¢us
may break down and the end result is a cavity. If

the resistance is strong this may furn into the
chronic preductive type.

The exudative lesion is interpreted as being

exudence of poor resistance or an allergic manifestation.

(51) This type of lesion more often shows tendency to
progress than to become chronic; It is well agreed
that thoraooplasty’rarely, if ever, should be’perfqrmed
for extensive exudative leslions. Thoracoplasty ﬁay
cause rapid progreSSion in either lung by paradoxXical
respiratory, autotuberculinixation‘or'other temporary
harmful effects. It is especially dangerous if there
has been any tendehcf toward progression during the
several months immediately preceding the operétion: (2)
(41) |

An analysis with respect to type of lesion by

.

operated, 10% died; of 49 patients with exudative
lesion 43% died.

T
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Productive Lesions: The productive form leads to

the formation of the typical tubercle, with absence
of fluted exudate. The Bubercle is composed of endothe-
lial cells, which may fuse to form,giant cells; these
are surrounded by lymphocytes, alveolar cells and pro-
liferated cells from the stroma and vessel walls. A
measure of the productive type if considered, the num-
ber of ‘giant cells, lack of'éurrounding fluid exudate,
and the relativé isolation of the tubercle. Caseation
takes place in the center of the tubercle with slough-
ing out, expectoration and formatidn of cavities. Fre-
quently, however,'a hyaline andffiﬁrous transformation
of the whole tubercle into a solid scar takes place, orv
\the formation of a dense fibroué(capsule around the
caseous mMasss

This productivs or fibrotic lesion indicates a
favorable resistance to tuberculosis. The fibrous
tiggue tends to close the cavities by progiessive con-
traction. As the contraction takes place it tends to
draw the ribs,diaphragm and mediastinum toward it.
The extent to which these structures can be drawn may -
not be sufficient to allow the cavity to close.
Thoracoplasty releases the tension on the ‘fibrous
tissue allowing the fibrous tissue to close the cavity

freely. ‘
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Thoracoplasty then shoﬁld be performed for the
lesicn which is productife gince it favors firm en-
capsulation and since exudative lesions are made to
progress rapidly by the operation. Seriai'x—ray pic-
tures should show that the exudative lesions present
.should be staticnary or regressive since most patients
sultable for thoracoplasty have minimal exudative
lesions. Some authors requiie the serial x-rays to
show displacement of the trachea before the patient
is suitable for operation. Archibald (7) uses as
a working rule "do not operate if the trachea is in
mid-1line®. Most authors do not agree with this,
however, and maﬁy excellent results have béen-obn )

tained without this prerequisite. (8) (41) (81)

The "Good" Lung: Since the inception of thoracoplasty

the most important single contraindicationJhasubeen
active tuberculosis in the opposite lung. It has been
staged ﬂany times that the opposite lung should be

80 nearly’normal that physical and roentgen ray examin-
ation mveal no abnormalities or only the evidenée of
limited and arresfed disease. Recently, however,‘sur;
geons have become far more liberal with regard to the
extent of lesions in the better lung. The operation is
now performed on the worse 1uhg if the better lung shows

moderate productive I€sions or even an old vavity,
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providing the respiratory‘fﬁnction is adegquate. There
have been many reports of rather extensive active
lesions in the good lung favorably ihfluenced and
frequently healing of the lesions by control of the

more extensively diseased luhg. There are two probable

lexplanations for the favorable effect on the unoperated

lung:

1. The more extensiVeiy diseased lung acts as a
source of toxin formation and when this is eliminated or
nearly so, by the operation the resistance of the patient
against tuberculosis may then be sufficienf‘to control
the.less extensively diseased lung.

3. The operation releases the tension caused
by the poor lung on the médiastinum thereﬁy causing av
shift toward the unoperated side relaxing the tension
in the better lung which~§avors heaiing.

A study'of‘the symptoms, pulse, temperature, serial
roengenggrams.and physical findings during the preceding
six months will give valuable informaiiun as to the
condition of the lesions in the better lung. Even a
short period of tuberculous activity within this time
should cause the opération to be postponéd.

It has been suggestéd that a preliminary phrenice-
ctomy should be done, achieving some reducticn in the

size and functiemal activity of the diseased lung, and
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if the lesion in the contralateral lung displays no
tendencies to reactivate, thoracoplasty may be done
later on. Most surgeons feel that this is of little
value because the lesion in the contralateral lung
may remain inactive after a phrenicectomy,-bui flare
up soon after the majof operation.
According to Young (77) a lesion involving more
" than about a quarter of the31ung should contraindicate
the operation. Apical lesions are wsually most benign
and a fair amount of quiescent disease can be allowed,
including small eavities. If the lesicn if in the-middle
or lower lobes the amount of disease allowable is much
less and a cavity is a contraindication. Dry4pleurisy
geldom leads to trouble if there is no x-ray evidence
of infiltration of the lung.
The’indicamicwafbrhthosa00plaety have been greatly
widened throﬁgh tﬁe use of bilateral collapse therapy

in many combinations.

Blood Studies: Sedimentation rate and leucocyte counts

have been analyzed by Muller (59)}and correlated to
various factors of pulmonary tuberculosis prior to
thoracoplasty and six months after operation. He found
that patients with favorable leucocytic index and with

normal or practically normal sedimentation rate before
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thoracéplasty are likely to respond well to operation.
Patients with a marked activity of the disease pro-

cess as revealed by the leucocytic index and sedimen-
tation.rate likewise respond well if the trend of the
blood indicates progressive improvement before oper-
ation as revealed by serial examination. Patients

who showan increase in the sedimentation rate, leucocytic
Index and a neutrophilic shift to the left, shortly
before operation do not derive benefit ‘from the operation

and some are made worse.

Extrapulmonary Disease: The contraindication of extra-
pulmonary tuberulosis is more of‘less«relative deperd -
ing upon the location and severity, ané'the age of the
‘lesion present. Tqbeiculosis of the 1gryﬁx is not
considered a contraindicztion to operation, infect,
the majority improve after operatidh, Howevef, if it~
is severe enough to cause interferrenée with the cough-
. ing mechanism or with sollowing operationkmay‘be contra-
indicated. Intestinal tuberaulosis if not severe also
do well after thoracoplasty. Tuberulous lesions of
bones, jointe, skin or ano-rectal region if mild, do
not contraindicate operation. Unilateral renal tuber-
culosis even if progressive is not considered as a
contraindication while biiateral renal tuberculosis is
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a contraindication.

Extra pulmonary disease contraindicates thoraco-
pl=sty in the same degree as any other major surgical
operation. Apparently fatal extrapulmonary disease
contraindicate the éperation whether tubervilous
or otherwise, including cancer,advanced renal disease,”
etc. In this group merely attacking the pulmonary
tuberculosis does not alter the eventual prognosis.

The most favorable results are obtained in the
"goéd chronics". Brown and Sampson(1l5) give the crit—
eria for a good chronic as follows’v“a cavity at least
2 cm and uéually larger in diameter must be present.

The general condition must be favorable. ‘Iheftemperar

'ture and pulse must be normal during the ﬁeriod of

observation of several months. The appetite and
gtrength must be good and the patient must sleep well
and be able to take some exercise. Expectoration may
be present but not excessive. The number of tubercle
bacilli in the sputum is not taken inﬁo consideration."
S8econdly, the slipping chronics in which group
will be found those with quiet but steadily progression
of the disease. Moderate elévat;On of temperature, loss
of weight, weakness, easily fatigued, and‘inability to
take exercise. It also includes those patients showing,

during the period of observation roentgenologic evidence
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of progression of the dsease. The group consists of
pafients with_progressive caseous pneumonic disease with
cavitation and recent exudative exfension. (36)

The bad'ghronics represent a further stage in
the progresé cf disease. Here is found persistent
fever and a marked rise of pulse rate with‘steady loss
of weight and in the lung considerable increasing cavi-
tation. If in these cases favorable resistance is dié-

covered by evidence of previous resistance in contraction,

if the disease 1s chiefly unilateral and if destruction

has not gone too far, operation may still be justifi- .

able though with a much greater risk. (7)

Thoracoplasty Combined with Pneumothorax: Thorace-

plasty with pneumothorax of the contralateral lung,
according to Graham (41) was done on seven occasions

by Samson and Freund in 1934 and 1931 respectively.
Coryllos reported a series in 1926;‘ In 1938 O'Brien,
Tuttle, and Day (63) reported their experiencé with

this method of treatment on 85 patieﬁts who had under-
gone 207 thoracoplasty operations. Aside from the
contralateral lung the indications and contraindications
were the same as those picked for thoracoplasty. The
results are that 37 cases are arrested, 13 quiescent;

23 improved, 2 unimproved, and 18 are dead. They feel
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from their results that the use of pneumothorax as
a therapeutic measure in treatment of the contra-
lateral lung simultanecusly with performance of thor-
acoplasty is a justifiable and useful procedure.

The work of Wood and M¥iller (768) shows that
the decrease in efficiency of the lung from tuberculous
disease does much more to injure the oxygenating
function %han does a considerable amount of pneumo-

thorax, which may give reason for contralateral control.
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ANESTHESIA

-lhesthesia is one of the prime considerations in
the operation of thoacoplasty in ﬁulmonafy tuberculosis,
The success of failure of the operation in a large
measure depends upon a wise sgelection of the anesthetic
used. The choice of the anesthetic has been somewhat
a matter of individual or national preference. Obviously,
patients with tuberculosis in any locaticn and parti-
cularly with extsnsive disease of one or both lungs
are below par, and more care should be exercised in
choosing an anestﬁetic for them than in almost any other
substandard risk. (62) (74)

The requirements of the idea anesthetic are:

(1) a wide margin of safety between the anesthetic
dose and the toxic dose; (2) minimal organic irri-
tation to the lungs when given in.amounts”iarge eﬁough
to prcduce adequate narcosisy (3) ability t;'maintain
quet, not jerky, respiration, and to retain the cough
‘;eilex during complete analgesia; (4) rabid recovery
from narcosis so that the patient may voluntarily cough
andrexpectorate immediately after‘COmpleti6n of the
operation; '(5) absence of post operative acidosis; (6)
causes minimal nausea and vbmiting during and after

operation; (7) ease of administration and freedom from
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shock. (2) (54)

Gas Anesthesia: Up to 1924 ether or ether-chloroform
mixture was used for general narcosis in Europe, some-

times in conjumction with local anesthetic. (3) The

- danger and irritative effect of ether or chloroform

‘are well known and make them undesirable. Even at that

time novacaine-suprorein anesthesia and nitrous oxide
oxygen was preferred by Archibald (5) and Hedblom (50),
and by other surgeons nitrous oxide alone.

Nitrous oxide fulfills most of the requirements

‘0of a good anesthetic and has been widely accepted. It

o

has the advantage in common with other agents producing
general narcosis, of dispelling‘the patientls anxiety
during operation. It may be quickly induced and the
patient kept in a satisfactory state of anesthesia
while maintaining the coughvreflex.'_It permits rapid
and complete awakening as soon as the operation is
completed. By stopping the anesthetic a minufe or two
before the operation is completed and'giving a mixture
of carbon dioxide and oxygen, the patient's awakening

will be hastened and it will be possible for him to

cough and expectorate imrediately. From time to time

during the operation it is necessary for the anesthetist
to aspirate secretions from the mouth which have gravi-

tated there.
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Coryllos (31) used a method of endotracheal
anesthesia for thoacoplasties during which bronchial
suction is carried on for the removal of the bronchial
exudate expressed from the collapsed lung. He ﬁsed
gas (92) at from four to six milimeters pressure through
the apparatus. In addition to nitrous oxide and oxygen
he gives frém 15 to 30 cc of ether and some carbon dio-
xlde in order to hyperventilate the lungs. He used
for anesthesia of the pharynx and larynx, local
applications of cocaine. The tracheal catheter is
introduced ag an ofdinary brbhposcope, gauze is then |

‘packed tightly into the throat around the catheter.

5A rubber of hérd gum uretheral cathereter 1s introduced
bevery five mintues into the intratracheal catheter and
pushed down to the boprchi;'by this means a thorough
suction is carried out. '

?his method certainly compiicates the operation.
It requires in the surgical team a man able to introduce
the endotracheal catheter and a more careul anesthesia.
The proldnged contact wf the cafheter with fhe 1aryni

; may cause a tuberculous laryngitis or aggravate én
existing one.

Nitrous oxide ha= the disadvantage of causing

loss of wat?r'from perspiration and is often followed

ey
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by vomiting. It is difficult ot administer the gas and
oxygen in the proper proportions to avoid cyanogis from
suboxidation but yet tc maintain the cough reflex and
keep the respirations quiet and regular. |
According to Eversole and Overholt (33) nitrous
oxide has been responsible for many of the difficulties
in carrying thoracic patients through their operation
safely. 8Struggling on the table, deep, forceful res-
piration, then cyanosis and rising pulse were common .
experiences with them, It also has the disadvantage
of requiring very high concentration of the gas.

Cyclopropane: During the past two years oyclopiopane

has become the anesthetic of choieé by many surgeons
'\doing thoracoplasty operations. It is an anesthetic
agent which is effective'in low concentration and needs
- very little absorptive surface in order to reach'a 
sufficiently high concentration in the blood to main- -
tain anesthesia (27). Other advantages adéording'to
Weinberg c74)_are,,ﬂit is not irritating to the tissues
of the respiratory organs, it permits minimal excursions
of the lung and thoracic wall, it causes almost o
alteration in blood pressure and pulse rate and it all-
ows the patient to regain complete comsciousness within

a few minutes after it is stopped."
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The recovery period from cyclopropane usually
varies from 3 to 10 minﬁtes. The cough reflex returns
with equal rapidity. Nausea and vimiting occur in
approsimately one fourth of the patients in the
first three minutes but only one tenth of the patients

have subsequent nausea. (33)
Cyclopropane has the disadvantags of being both

inflammable and explosive.

Ethylene: Ethyleﬁe and nitrous oxide possess about -
the same advantages. Oabot and Davis (18) cite the
added;advantages of less sweatiﬁg’and heat 1?ss dAuring
the administration. A 15 per cent deeper anesthetic
level can be reached with ethylene than with nifrous
toxide still_allowing the patient an adequate oxygen
supply. Its chief disadvafftage lies in its odor and
explosiveness, Nitrous oxiﬁe - ethylene‘sequencehis
more desirable than ethylene alone since\the,induction

is more satisfactory to the patient.(38)

Acetyle?e haé been used conéiderably in Europe -
and particularly in Germany. Iﬁ this cbuntry it has
been most extensively ustd at the Maye clinic.(38)

It has,thé advantage ofvpermitting a high concentration
of oxygen during administration. It has the disadvantage
of requiring a cumbersomepgpparatus, ;E has & disagrees=

able odor and is highly eXploéiﬁe.
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évértin:‘ Avertin has been a popular drug for pro-
ducing anesthesia without inhalation methods. It is
easily induced =2nd is comparatively pleasant'for the
patient in that he falls asleep without any troublesome
respiratory difficulties. Quiet breathing on’ the -
operating table and freedo@'from postoperative nausea
are other advantsges. Newton(62) states that the cough
reflex 1is not abolished as is often mentioned. The
disadvantages of avertin are that it is not safe to
use alone becguse‘the anesthetic dose closely app-
roathes-the toxic dose, ticauses marked lowering of the
blood pressure, depreses respiration and the effects
extend fer several hours into the postoperative period.
« According to Gale (38) the combinﬁtioh of avertin
land nitrous oxide provides a good anesthetic. The dose
~of avertin can ge g;eatly reduced thereby assuring
complete gafety and the inductionkof'the‘nitrous oxide
is much éasier. Eversole and QOverholt (53)fhave used
avertin as a basal anesthétic supplemented by nitrous

oxide and found it very unsatisfactory.

Evipal: Corvllos (24) has reported 300 consecutive .
casee of thoracoplastic operations for pulmonary tuberc-
ulosis using evipal anestheeia. He had no deaths from

anesthesia. However, respiiatory disturbances occurred
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in a small nurber of cases. In all, respiratibn -
was restored to normal by artificial respiration and
antagonistic drugs. He has been highly gratified by

his results and now uses it routinely.

Local and Regional Anesthesia: Alrmost all chest
surgeons use local and regional anesthesia only ﬁﬁen
an inhalaticn anesthetic is contraindicated. The
routine use of local infiltration and intercostal
block has not proved wholly satisfactofy; While it
- possess the advantages of not abolishing»the4cough
reflex and thus lessening the chance of aspiration of
secretions nor of producing pulmonary irritation or -
suboxygenation, it does have definite disadvantages.
R'some of these are frequently imperfect anesthesia
requiring reinforcement with genéral narcosis, the
possibility of perforation bfla tuberculous pleura with
the injection needle, hypersensitivity to large amounts
of novacaine and psychic disturbance or dread of the
loperation. ‘ | |
The cobjectionable features of local anesthesia
have been minimized by the use of a general,aneéthetic
in conjuncion with it. Less of both agents is°thus

requiréd.
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Spinal Anesthesia: At E?e present time the majority

of writers do not recommeqﬁlspinal anesthesia for thoraco-
plasty. Bettman and Biesenthal (10) in 1931 reported
five caées which were’operated under - spinal anesthesia.
They employed novacaine dissclved in cerebrospinal
flvid and injectioﬁ of the solution with the patient
lying on the side to be operated. They used inhalation
anesthesia iﬁ one stage‘and spiral in another; in all
cases, and stated that the patients were emphatic in
their preference for spinal. Newton (63) employed a
similar technic in 28 opérations.‘As a preliminary
medication he used morphiﬁe and scopolamine in small
dbses. Newton sums up his report by the statemenf ,‘
I do not believe in using spinal anesthesia as a
routine in thoracoplastybbut only in pafients with
~considerable mentalrpoise.“' |

Shields (67)(68) believes that a block which will
produce adequate anesthesia for an upper abdominal
operation will give ample anesthesia for a lower thoraco-
with less circulatory depression. He 2lso states thatiin
any other major operation, in the presence of tuberculosis
spinal would be the anestheétic-dfcchéice.

Gurd (42) has used this type of anesthesia in
nine cases and believes that it has advantages over

other types.
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PREOPERATIVE MANAGEMENT

It is advisable to have the patients under ob-
servation for severl days in the bospital where the
operation is to be performed, the emcitement of being
transported to a new hospital, the fatigue or exposure
on the journey may cause a flare up of temperature and -
pﬁlse,-in the presence of which the added strain of
operation might be dangerbus. ;

Graham (40) has observed that patients who have
been in bed for toc long a time do not tolerate thoraco-
plasty as well as others. It is his practice tovhéve
the patients be up and about for short periods prior to
Koperatioﬁ. He believes the circul&tary-éystem'is
vbetter fdr this.

Carter (19) states that practically always the
patients ill and toxic for a long time have myocarditis
~and a treatment with digitalis should be given before

operation. He noted a striking contrast with those who
~ had noét had digitalis. The majority of surgeons however
do not use digitalis.

An important preoperative precaution is to match

the patients bloed for transfusion. A few writers use
Blocd transfusions routinely before and after oyeration.

Crimm (28) gives nis patients Viosterol 350 D,
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(1.5 cc.) per day for approximately two weeks prior
to operation. |

It is customary to'édminister a sedative the night
before the operation to ensure a-good nights rest.
Veronal, Amytal, Etc. in small doses. Grimm (28)
believes that toc muth sedative supplements surgical
shock. Morphine gr. one fourth is ususlly given.qne
hour before operation. General opinion is that atro-
pine should never be given vefore operafion.

Emptying the lung before operation is imperative
in the prevention of asﬁiration of sécret&ons. This
may be accomplished by volentary coughing and postural
drainage.  Archibald (7) and Allen (1) recommeﬁd setting
the hour of operation for a time when, by the patients
\experience, he has emptieéd his lung by coughing. This
may be in the late forenoon or afternocn.

Fluid requires no tre=tment otiher:than aspiration
previous to operaticn. However, aspiration of the fluid
should continue between stages. In cases whefe an
ineffectivevpneumothorax is present when a thoracoplasty
is decidea upon, the air should be allowed to become

completely absorbed or be aspirated before the operation.

S8pecial measures: Some‘authors insist that phrenice-

ctomy should be performed as a preliminary measure in

every case of thoracoplasty. Thése men feel that
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phrenicectomy constitutes, in-a measure, a test of ‘
the functional capacity of the opnosite lung, partially
initiates the necessary circulaﬁbry and respiratory
ad justments, and may i itself produce suffieient im-
provement to make the thoracoplasty unnecessary. The
~ phrenicectomy,_too may reduceé the toxicity considerably
and, by partial closure of cavities, may reduce the
amount of sputum, thus lessening the’possibility of
extension and aspiration. Thig decreased tendency
to aspiration and extension is s2i1d to be due to the
elimination of the supposed sucking-effect of the dia-
phragm on the lower lobe. It is considered also, that
the routine preliminary phrenic nerve operation ingreasee
'the €fectiveness of the ﬁhofacoplasty, through added
collapse.

Opinion, howevér, as regaerds the benefit of
preliminary phrenectemy, is not unanimous. Anotheé
school of thought agrees that phrenicectomy augmehts
the collapse but advocates that it become subsequent
to the rib operation in ordsr to preserve, immediétely

- following the operation, the aid of the diaphragm in
coughing. A normal cdugh mechanism, will naturally:

reduce the dangers of aspiiation.
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Position on table: To a2veid sputum aspiration the

patient should be placed on the table in the head low
pesition. The lateral decubitis is usually chosen.
Archibals (7) places a pillow under the chest 50

that the affected lung is at the top. Urquhart uses

a specially constructed mold in order to obtain a |
satisfactory position of the patient nn the table.

The mold is made of cork covered with canvas. Strapped
to this mold the séapula is thrown forward and outward
and‘any change in position of the arm is prevented.
Gale (38) studying the vital capacity in various positions
found tlmt the most idea was the supine; all other

positions showed a decrease in vital capacity.
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MODERN OPERATION

The technic of thoracoplasty es it is performed
today is far removed from the original technic of
Cerenville, Brauer, and Friedrich and even of Wilms
ancd Sauerbruch. Narrowing of the whole hemithorax by
resection of short segments of a great number of ribs
was the object of these authors. The modern operation
consists of the resecticn of only as many ribs as re-
quired for complete or complete as poSsible obliteration
of the chest cavity. Rarely are more than thiee ribs
resected at any one operative stage. The posterior

 and laégrm;ortions‘of the uppermost ribs are removed
‘and’if necessayy the anterior portions.

In the first stage of the operation the second
rib, or the third and second ribs are‘first resected
subperiosteally from the tips of the transverseX process—
es of the vertebrae to within a var&ing distance of the |
costonchondral junctions. The fifst Tib is then re-
sected to the middle of the costal carilage or to the
sternum. The second and third and po}tiCns of the |
first transverse processes and underlying sectibns of

ribs may be removes to obtain maximal cbllapse‘of the

coastovertebral-gutter. The periosteum of the resected
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ribs is dried and scrubbed with 10 percent formalin,
to prevent rib regeneration.

The second stage is performed approximately three
weeks after the first. _At.the éécagd stage, third,
or fourth, if necessary the two or three next upper .
most ribs and'transverse\processes are resected.

Many technical aspects of thé operation are}in
dispute. Some authors, including Carter (18) and
Archibald, (7) prefer‘begiﬁning with the lower ribs.
Neuhof (61) leaves a rib inbetween the first and secocnd
stages aﬁd exéises that rib at a third stage. Many
other variations are used.

It is accepted that fhe individual case must
‘be responsible for the final decision as‘to the nuMber"
of etages, number and 1ength of rib reéectioné, inter-
- val between stages, etc.

If, after two or three posterior stages have
been pefformed x-ray shows that a pulmonary cavtty is
being prevented from‘collapse by the remaining anterior
costal stumps 2nd carilages, these may be dealt with
by one of the modern types of anterior.thbradoplasty
which then constitutes a2 whole stage of the thoraco-
plasty. |

Indications for dividing tib resections into a

, VA
poster-lateral and an antorior stage are: large amounts
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of sputum, retraction of the mediastiminm excessive
paradexical motion after the first stage. In lesions
limited to the upper lung maximum selective collapse
may be obtained. (2) (43)

Haights(43) technic of 2anterior thoracoplasty
consists of resection of the anterior costal stumps
and parasternal. dividion of the costal-cartilages.
Division of the cartilages aliqws them to hinge at
the sternum and swing medially and posteriorly, this
is épplied to the second third and rérely the fourth
ribs, the first having been more easily completely
removedvat the first posterolateral stage. |

Fbr anterior operation Bisgard (11) advocates the
~subperichondmal resection of the costal cartilage
‘with implantation of osteoperiosteal grafts into peri-
chondrial tubes constructed from the:residual peri;
chondrium. The implantation of bone grafts into
the perichondrial bed results in eventual skeletal
rigidity anteriorly, overcoming the disadvantage of the
permanently unstable thoracic wall that almost invariably
results from the failure of chondrogenesis following
resection of cartilages. In resecting the cartilages
the cancellous sternum is‘eXposed to that bony union
will ensue. The osteoperiosteal grafts are ebtained
from the anterior costal segments‘that are resected

as part of the anterior stage.
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The optimal time to perform an anterior stage is
after posterior resection of enough ribs hzs been done
to allow <the scapula to fall forward.

Alexander has used both of these methods of

. anterior thoracoplasty with good results.
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POSTOPERATIVE MANAGEMENT

The patient should be placed in the Trendélenburg
positon and maintained until consciousness is regained
and preferably for 24 hoirs. This is very important

" in the prevention,ofkstas&s of pulmeonary secretionse
| Alexander has his pa“ients leil on their backs,
Gale places his on their operated side, O'Brien places
his patients partly on their backs and partly on their
operated side with their arms strapped to their ohests.
to prevent too gréat movement of the decostalized thorac ic
wall. “ | .

In order to increase collapse of the femaiﬁing
stumpé'of ribs ard cartilages a bag of éhot may be

x';>'la,c<e<:1 on the anterior chest wall below thenciavicle..
Theknumber of pounds used variws with the operator.
Edwards (32) usus as much as 24 pounds. |

The roufine use of 15 per cent of qaibanvdioxide
and 85 per cent of oxygen inhalations every two,“three
or four hours followed after each inhalation by volun-

' tary assistéd cough, is advocated as a phrophylactic
measure against stasis of pulmenary secretions. (44)
Coryllos (23) is of the opinion that under the influence
of carbon dixoide the bronqhial exudate tends to losear
its viscosity and to become transformed into a thin

frothy secretion.
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When the vatient is instructed to cough it is.
advisable for the nurse to support the painful wound
by means of gentle pressure.

Narcotics may be ﬁsed to prevent excessive pain
during coughing, but they should not be given in suff-
icient amounts to abolish the cough reflex or to cause
prolonged sleep. The patient should be especially eh-
coﬁfaged to couéh as soon as each individual dose of the
narcotic has produced its maximum effect.

Steam inhalation with the additipn of menthol,
and one of the many expeétorants may be advantageougly
employed when the secretions are excessively tenacioqs.

- Intratacheal suction is indicated (44) (35)
either because the patient is unable to cooperate due
Kto iqsufficient strength, unconsciousness or rarely
unwillingness. In cases where a single aspirationvwill
probably be sufficienf, or when a definite atelectasis
is pfesent bronchosceopy is usuzally preferred. 1In cases
which require suction evéry four to six hours Haight
(44) has devised a method of suction through an intra-
tracheal caﬁheter. He uses a No. 16 French soft rquer
urethral catheter which he introduces through the nares.
He points out that this not only eliminates much sec-
retions but the presencevof the catheter in the trachea

incites further coughing which in turn dislodges bron-

2
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chial secretionsyinto the trachea where they are
removed by suction.
AOf course, other general supportive measures

are given routinely.
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COMPLICATIONS

Modern thoracoplasty is no longer accompanied
by the tremendous mortality of 75% as in the time of
Brauer and Friedrich, but it still presenté an imnediate
mortality of 10% and a late mortality of 20%.

When the literature is reviewd and the causes
of death noted they ére‘found to range from the rather
general claséification of septic state or toxemia to
a still more vague and more general post operative
causes of death. The majority of the deaths reported
are due’to pu}monary and cardiac complications. The
principle caﬁses of death are reported as shock, heart

~failure and aspiration or tuberculous pneumonia. Other
(causes which occur less often are, autotuberculiniz-
ation, mediastinal flutter, post operative hemorrhage,

wound infection, embolism and others.

Post ThoraCOplastic Shock: Post thoracoplastic shock

1s not the same phenomena as typical surgical shocke.
Yet some of the conditions following the operation may‘
be due to the causitive factors of surgical shock.e The
lethargy, rapid pulse, low blood pressure, sweating, |
vafying degrees of cyanosis and dyspnea may be due to
the pressure on the mediastinum from the collapsed lung,

paradoxical movéﬁ?ﬁ%ﬁ’of the thoracic wzll or paradoxical
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movenents of the mediastinum. Clogging of the brpnchi
by secretions increase +the paradoxical movemsnts,
anoxemia and cyanosis. (3) The COmplicétion may appear
immediately after the bperation or during the first week
or two following. The typical picture is as follows:
the patient suddenly oémplains of fatigue, becomes
restless, repiration is rapid and shallow, the pulse
rapid and soft, and the blood pressure drops. The
abdomen becomes distended, the tongue is dry, vomiting
occurs, e?eballs are suﬁkeﬁ, and the extremities are
cold and clammy. Briefly thers is the clinical picture
of rapidly approaching shOok. 'The wound is in good
condition, there is no infection, and the lungs are
~clear. (23) | | ‘

| The delayed apbearance of post-thﬁracoplastic
shock is thought to be due at 1eést in part to paradoi~
ical respiratory movements and pressure upon a damaged
heart. It is generally accepted that the phenomenon

of paradoxical respiration, is due to the removal of the
bony support of the‘chest. During inspira%ion, as the
intrapleural pressure becomes more neg&tive,'it dréws
the chest wall inwarde. The latter is deprived of its
rigidity followihg costal reéection. FUrthermore; in
céses with a flexible and mobile mediastinum inspiratory

collapse of the affected side camwses inspiratory dis-
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placement of the mediastinum towards the healthy side
becaueé of the gr=ater negative intrépleural pressure

iﬁ the latter. Conversely, during expiration there is
cutward bulging of the chest at the diseased side and
the mediatinum is dispiaced toward this sidé because of
a more positive preséure in theLhealthy side. This
phenomenon is k~own as mediastiﬁal flutter. It is ob-
vious that ité immediate results are hampering of in-
spiraiory inflation and expir=tory deflation of the
healthy lung and consecuently with this loss of functicn
there goes a corresponding loss in the vital caﬁacity.
The reduction of aeration must affect the heart sec-
ondarily. More than this however, the abnormal move-
ments of'paradoxiCal respiration and mediastinal flutter
have a direct mechanical éfféct on the hear t action
quite inﬁependeﬁt of any toxic factors. This is usually
geen in an increase of the heart rate up to 100 to 120
which also must tire the heart. 'The loss ¢f aerating
surfacé is also felt by the good lung which hag to

work much harder in‘an effort to compensate and accounts
for the severe dyspnea. If, as in the one sfage operat-
ion as wes practiced for some time, the whole of the
operated iﬁng was put out of function suddenly, or if‘
even in a twc stage oberation too much the rib 'support

is removed, the dangers of this complication become all
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the greater. This wes the greatest factor which
made it a general rule to perfofm the operation in
not leés than two stages and even more stages in‘
dubious risks. (38) (83) (7)

Coryllos (22) presents a theory explaining the
gause of post-thoracoplastic shcck. He suggests that
stasis of Bronchial exudate and especizlly exudate
expressed during operation becomes infected by pneum-
ccoccus which increases its viscosity and renders it
able to obstruct small or large size bronchi. MNassive
atelectasis or pneumoniaé develop which decrease vent-
ilation and increases anoxemia, the resulting shallow
rapidbbreathing further increases anoxemia, causes rapid
elimihation of carbon dicxide and produces gcapnea;
which still increases anoxemia. This brings about loss -
of muscle tone; the latter causes "peripheral vascular
failure" peripheral blood‘stasis, decreases venous re-
turn to the heart, drop of blcod pressure and "shock"
and 1eadé te a more'marked anoxemia and to anoxemic
crisis.

The treatment of pbst—thoracdplastio shock re-
solves itself into the treatment of surgical shock and
the other contributing causes, chiefly paradoxical re-

spiration, ancoxemia, and accumulation of pulmonary se-

cretions.
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The Trndelenburg position and intramvscular’
ephedeiné are used in éombatting f211l in blood pressure.
Variocus solutions are given intravenously by different
writers. A solution of gum acacia, blocd transfusions
glucose, Ringer's solution, hypertonic salt solution
and combinations of these.

"It is generally agreed that the most vaihable
tre=tment for the effects of paradoxical repiration and
anoxemia is inhalation of oxygen. Many are of the op-
inion that repeated positive pressure breathing with
oxygen is the most valuable method of combatting med-

iastinal flutter.. Alexandser has used the Drinker re-

~spirator in desperate cases with excellent results.

Accumulated bronchial secretions may be evacuated
by intratrachéal catheter or bronchoscopy, as described
under postoperative care. |

The presence of air or fluid in the pleural cavity
produces a grave form of post thoracoplast§c shock by
producing a high intrapleural pressure. Aspiration of the
fluid or air give immediate relief and may be repeated
as often as the symotoms require it.

Tuberculous Pneurmonia-Tuberculous Spread

. ‘The highest percentage of early deaths is due to
pulmonary complications, the chief of which is acute
tuberculous pneumonia involving the good side. Accord-

ing to Carter (20) a large percentage of these cases of
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acute tuberculous pneumonia in the good lung is due to

the aspiration into it of the contents d: cavities which
are compresseé,when the diseased lung is collapséd. The
mechanism by which this odcurs has been described by
Mccofdock and Ballon (60) They state that the devel op-
ment of acute tﬁberculous pneumonia in the good lung in
many cases depends urnon the amoﬁnt of compression obtained
and\uponktpe location of such compression. It is the
sQueez&ng.out into»the bonchila tree of the infected con-
tents of the buberculous cavities and the éspiration of
such contenfs into the alrez’dy sensitized good lung that
producéé.the tuberculous pneuménia. A considerable

amount of edema accompanies this type of pneumonia and

Xon this account ANy cases are unrecognized and death is
‘attribuied to edema of the lungs.

Allén (1) nas not had a single case of acute tub-
erculous preumonia folidwing thoracoplasty for seven
yéafs;:QHe eséribes this to the fact that he had to
cperate in that particular hospital in the afternoon
and by that hour the patients had cleaned their lungs
during their morrning coughing even bettérkthan ﬁhey
could by pcetural drainage.

Tuberculous spred in the lungs is a freddent
complieation regardless of the pre-operative care, technnic

or type of anesthesia. (31) The mechanism by which this
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occurs is probably the same as that of tubérculous
pneumonia. The lesions may take the form of small
patches of bronchal pneumonic infiltration in previously
uninvolved portions of any part of either lung. The
vase of the lung of the unéperated side ismost often
involved. Yot all fresh lesions appearing after op-
eration are bronchogenic. A preexistiﬁg lesion may be
seen to increase in sigze and have a soft appearance
around the pefiphery. This probably due to increased
tuberculous aétivity from autotuberculinization. The
differentiation of lesions from bronchiogenic spread

and the reactivation of éxistingwlesions from auto-
tuberculinization lies in the presence‘or absence of
Kdﬁéa;previogslﬁ axiétimgﬂlésion; rapidity of resolution
and upon the positioh and size. The ircrease of pre~
existing lesions due to autotuberculinization is usually
not Ereat and becomes abSorbeﬁ in a few weeks., Lesions
of bronchiogenic origin are less likely to become ab-
sorbed or otherwise healed. 8maller areas without grave
toxic syrptoms are indicative of a good resistance or
relatively small number of‘innoéﬁlatingrtubercle bacilli;
these lesions frequently become quiescent or completely
healed, pefmitting continuatio~ of an uncompletéd

.thoracoplasty; (7) (3) (8)
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Autotuberculinization: The type of death described

by McCordock and Ballon, in the previous sectioh, is
well known and does not cover those cases which die of
severe intoxicaticn without signs of sericus disorder
>in the gcod lung.

The immediaﬁe post operstive conditon of the
patient is good but at the end éf ﬁhe first day or be-
gainning of the second, the tem+e rature rises, pulse
rate increises, there may be slight cyanosis while the
repirations are normel. On‘examination, phjsical and
roentgenologicel,Athe lungs m=y be clear and as a.rule
are. At this point, in a majority the temperature»re—
turns to normal and the cariorespiratory function re-
stored. In fatal cases the temperature increases, pulse

‘becomes raﬁid,“Cyancsis and dyspnea become marked. The
lungs contain many ralesand ronchi. Death usually occurs
in from 48 to 98 hours’post operatively.: (73) (23) (z)

In 1922 Thjotta suggested'tham'such reactions
were due to autctuberculinization. Since that time other
independent workers have come to the same conclusion.

It has besn reasoned by many that tuberculin from
the diseased lung is squeezed into the blood and lymph
channeis by falling in of the decostélized wall. Coryllos
(25) has taken ekceptign to this. He believes that ab-

ébrption of material containing tub:rculin takes place
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in the h:2a2lthy lung following stasis of tuberculous
‘bronchial exudate aspirated during oper=ation or follow-
ing the earlykpostoperative period when expectoration
is still absent. v

Most authors agree with Tuttle (72) that the fall
of the chest wall upon the lung must of necessity squeegze
out vafying amounts of tuberculin from fhe lung into -
the lymphatic and general circﬁiation’and the amount of
reaction following operation is associated with that
patientts tuberculin hy@ersensitiveness. He observéd
that the pstients with & high degrée of sensitiveness
and a relatively exudative lesion had the most marked
post-operative reaction. He states that the Teaction
is one involving the union of antigen and antibody
and "if severe enough leads to sensitization of the host,
the resistance to fuberculosis through the body beccmes

lessened and a "flare up" occurs.

Bronchial Obstruction and Atelectasia: Numerous authors

have stated that every case of thoracoplasty is com-
placitafed with somé'degree of patchy (or lobular)
atelectaéis at least in the diseased lobes or the lower
love of the seme lung. Following collapse of the lung
theie ts a decrezse of respiratory movements in the
cpeiated side and temporary supression of cough which
favors retention of‘sﬁutum in the small bronchi. (23) 4

The plugging of a large bronchus by heavy tenaceous.
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secretions may c=use lob2r 2telectasis or even atelect-
asis of 2 whele lung. Massive atelectasis simulates
pneumonia into which it may develop and it is essential
that the diagnosis’be made e2rly so that the prope r
treatment may be instituted. The onset generally occurs
within 24 hours following operation. It is initiated
by marked dyspnea, with or without cyanosis, elevation
of temperature, r=pid shallow bre=thing, rapid pulse,
and fall of blood pressure. OClinically atelectasis is
diagnosed by the immobilization and flatness of the
affécteﬁ side, dullness and more or less ooﬁplete,abé_
‘sence of breath sounds. X-Ray shows an opacity of

that side with deviation of the diaphragm and displace-
ment of the redi-stimum. Paradoxicél respiration is
usually‘preéent.

- The treatment consists in the rapid introducticn
of an intratracheal catheter and aspiration of the bron-
chial tree. By the use of a sofi rubber catheter as
described by Haight (44) or a semi-rigid catheter used
by Coryllos (22) the commor bronchi as well as the
seconda@y bronchi may be aspirated. Coryllos ad-
vises that ths catheter be pushed as far as possible into
the bronchialﬂtree and mild insufflation be carried on.
Resuscitation by this methéd has appérently been

~spectacular and saved the lives of many patients. Some
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authors recommend immediate'bronchoscopy in that it is
more certain and enables the surgeon to be certain that
complete evacuation of the secretions or mucous plug has
been obtained, '

Dyspnea: Dyspnea is apparently nc longer a frequent
compiicatioﬂ nf thoracoplasty. Hoﬁever; one author

states (34) that "dyspnea and cyanosiS'are only exception-
aliy mild, and never lacking."

‘M%1d or severe dyspne= may be caused by para-
doxical répiration it ie accompanied by marked rsversal
of the respiratory movements in the operated side. The
chest retracts during inspiration, and expands during
expiration. On fluoroscopy it is found that the diaph-
ragm follows the chest in its paradoxical movements.

One‘explan£tion_éf the phenomenon of paradoxical
respiration wsas given with its relation to post-thoraco-
plastic shock. Coryllos (33) believes that paradoxical
respiration is not merely due to the loss of rigidity of
the chest wall but that it is also due to retention of
exudaté in the lung.cf the operated side, to bronchial
or bronchiolar obstruction, and to the consolidation,
both atelectatic and inflammatory which follows them.

He states that the degree of negative pressure}during
’inspiration ig regulated not only by the magn itude of
' the expansion of the :ehest but also by the resictance

offered by the lung to éxpansion; - A normal lung will
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expand readilv because of ite greest élasticity, OpPO8~
ing a very slighf reeistance'to expansion and filling

up thekexpanded chest cavity. As the resistance of the
lung to expansion increases, the negativg pressure de-
véloped in the pleural cavity will ircrease. Therefore
any changes &f the lung parencyma which will increase
its resistance to expansion and will change the elastic
and readily expanding lung to a,rigid and inelastic

body, will cause‘a proportionate increase of the negative
value of intrapleural pressure.

Dyspnea following thoracoplasty may be due to
deficient circulation of air. The operated hemithorax
being largely paésive after operation, the 2ir leaving
tthe contralateral lung on expir=tion passes partly into
the bronchial tree of the operated side. The latter
discharges air into the good lung, in part z2t least,
dﬁring inspiration. These rebreathéd currenté, drift-
ing from one side to the other with respiration‘afe
always present in the firat period after thoracoplasty‘
and the resultanf reducticn 1htthe’supply of oxygen may
be the cause of varying degrees of dyspnea and byanosis.
(61) ’

Low vital capacity, pre and pbétoperative, maybe

a cause of dyspnes immediately after operation. Impgired
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cardiac reserve, spread of tuberculosis, accumulation
of bronchial secretions, developing pneumonia or atel-
ectasis are other causes of mild or severc dyspnea
following operation.

The treatment of dyspnea is direc§§¢ toward the
causative factor. Neuhof (81) states that the best |
treatment for respiratory embarrassment after operation
is the administration of opiates in large enough amounts
and at frequent encugh intefvals to give the patient
maximai rest. He feéls that the fear that the patient
will be unable to cough and to‘exPectoréte, is unwarr-
ented and that the fear of painvis much more likely to
inhibit coughing. Paradoxical respiration may be
‘treated by oxygen inhalation either by positive pressure
breathing or by continuaous flow through a1nasa1 catheters
Secretions in the hronchi can be evacuated by methods

already described.

Cardiac Death: Graham(41) and Carter(20) believe

that there are\relétively few tfue cardiac deaths
following thoracoplasty and that many pétients whose
deaths are ascribed tb heart failure,really die of
autotuberculinization and acute tuberculous pneumonia.
Allen (1) states that he is firmly convinced that patients

do not ke of cardiac failure but rather of anoxemia -
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due to an insufficient vital capacityv remaining after

operation.

Air Embolism: Air embolism is a possible complicatiqp
although it is very exceptional. It has heppened in
Coryllos (23) group of cases twice. The symptoms va;y
with the location of the emoblus. Coryllos' patients
were suddenly’seized with convulsioﬁs, starting from

the face 2nd rapidly becomming generalized. He advises

the Trendelenburg positic as a preventitive measure.

Acute .Dilatation of the Stomach: Thomas (71) reports
four cases of acut dilatation of the stomach following
left sided thoracoplasty i which the left hemadiaphragm

had been previously paralyzed. Two died, two recovered
{ o v

from the use cf Wangensiteen suction.

LATE COMPLICATIONS

S8coliosis; The straigchtness of the snine is dependent
upon the hormai balande of the opposing bony~Structures,
muscular forces and tension of the intranleural negative
pressure on the bodies of the wertebra. Rib removal by
interference with.the normal balance causes a scoliosis’
with the convexity toward the operated side. (52) (73)
The definite effect of thoracoplasty onthe spinal

column was shown by Bisgard (13) In his group of;lél
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thoraooplasties,'lol‘were'extrapléural‘and carried out

“in the treatment of pulmohary tuberculosis. He found

e

that the contour of the spine was always altered but
that the contour of the spine was altered but that the
alteration was ihfluenced»by the preoperative contdur.

Fifty one of his ceses had st:aightyvertebral

‘columns before operation. These were invariably scoliotic

after operation wit the convexity toward the operated
side. In 21 in which there was scoliosis with the
convexity toward the affected side before operation

there was a definite exaggeration of the deformity

- post-operatively. In 51 with preoperative convexity-

to the unaffected side 12 we%e partially or completely
corrected by the cperation and 39'Were overcorrected‘ L
with resulting opvosite scoliosis. Of the 101 only

two had straight spines post operaﬁively but the scoliosis
was rarely'severs.

The development of scoliosis frequently manifests
itself within é few weeks after rid resection and active
treatment is ihdiéated during this period. New bone
formation(from the pericsteum and-the éib ends gives
a stabilizing}fagtor which tends to minimige any further
deformity. Mild’active and passive exercises instutited
goon éfter operation aided by braces are used in pre-

venting lateral curvatures. (8)
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Bisgard (123) in making a sudy of methods to
prevent the de;elopment of permanent scoliosis found
that.the maintenance of full correction of slight
overcorrection while‘the chest wall is still plastic
is a highly effective method. He uses a "posural
wedge dompressicn® by having the patient lie on the
affected side immediately after the operation with a -
pillow ﬁolled beneath his thorax opnosite the point
at which the apex of the deformity might be .exnected.
This not only exerts a bending force on the spine but
increases the collapse of the thoracic wall. (73)

Cleveland (28) reporting cases of thoracoplasty
performed on children, concluded that thoracoplasty
‘should be avoided in children who have not reached
their rapid growth period as they will almost certairly

develop serious deforming curvature.

Fixation of the Scapula: When only five or six

upper ribs are removed, tha angle of the scapula may
become fixed under the next intact rib. .If a weund
finfection of the subscapular area occurs, the scapula
may become fixed to the intercostal tissues by the
ensuring scar tissue. This fixation of the scapula may
require removal of one or two more ribs (8) or removal
of the inferior border of the scapula. Some surteons

rerove the inferior border of the scapula during an
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during an upper thoracopiasty to prevent this complication.
Jumping ~f the vertebral border of the scapula

over the divided ends of the posterior costal stumps

occasionally oceurs and is called "snapping scapulé"

FOn}y occasionally does it cause enouéh:diecomfort to

warrant operation. Steinke (70) resects the medial

half of the bone to relieve the symptoms.

‘Btomghiéctosié: 8ince the advent of lipoidal bronch-

ogréphy the frequent occurrence of bronchietosis in
pulmonary tuberculosis has become quite evident. . As
this procedure is beiﬂg used more ani more it is found
that bronchiectosis fregmently occurs after thoraco-
plasty. Aufses (8) shows radiographs of a widespread
“Ybronchieclasis in the lower 1lobe of a patient whose tub-

erculosis.is confined to a single 1arge apical cavity.
Weithout lipoidal bronchogrephy.theccopids sputun would
be attributed to secretions from the cavity. |

Graham (41) states that manykof the dilatatiocns
found in the basal bronchi after thoracoplasty are realiy
associated bonchiectases which are frequently present
in cases Buitable for thoracoplasty and which are acc-~
entuated by compression therapy.

~Coryllos, (25) states that although bronchiectasis

is a rare complication, a moderate degree of bronchial
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dilatation is. frequent in tuberculosié and perhaps more
so after thoracoplasties. Uncomplicated dilatation in
itself is of no clinical sigrificance. It is only when
the bronchial mucosa secretes large amounts of muco-
'purulent sputum that distressing symptoms. occur.

’ 'The presence of nontuberculous bronchiectasis
after thoracoplasty may be the cause of an erroneous
diagnosis of persistence of active tuberculous disezse.
It should alweys be suspected when the amount of sputum
rewains high or incre=zses, although it remains con-
stantly negative for tubercle bacilli. It is’ééfiniﬁely

diagnosed by bronchograms following lipoidal injections.

Cardiac Hypertrophy} Follmwing thoracoplasty a

large amount of pulmonary tissue is reduced to a hard
ifibrotic mass. This offers considerable resistance to
to pulmonary circulation and some degree of right‘sided
‘cardiac hypertrophy is the sequel. The moderate hyper-
trophy which develops is sufficient to overcome this
resisteance and an equilebrium is reached, which may
continue for wany years.' Sauerbruch (66) states that
enlargement'of the right side of the heart occurs -

during all foms of collzpse therapy.
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