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Foreword

Trs book 15 grestly needed and Colonel Forsee 18 to be congratulated
on heving nccomglr:l;eti a realls monumental task so expeditiousls  ITe has
produced a monograph whuch will bring the reader up to date with the latest
thought on the application of surgers to the treatment of pulmonary
tuberculoms  In the short perod since the end of World War II there has
been practically & revolution 1n our thinking about the performance of
direct surgical procedures for the purpose of removing the disensed portion
of the lung Resectional or extirpatite surger 13 apparently gomg to sup-
plant to & lnrge extent those surgical measures aimed at producing collapse
of the lung

The history of the surgery of pulmonary tuberculoss affords o good
example of the swinging of the pendulum which 18 commonly seen 1n med
icine  Shortly before the beginmng of the present centur seyeral attempts
were made to remoy e the disensed parts of the lungs 1n cases of pulmonary
tuberculoss and 1n fact two cases were successful according to Stephen
Paget who 11 1800 wrote the first book on chest surgery * One operation
for the remon al of the tuberculous apex of the nght lung was performed by
Tuffier the great French surgecon 1n 1891 The patient nineteen vears
old at the tune of the operation was said to be well four yenrs later  The
other case was also the removal of the tubereulous apex of the nght lung
The operation was performed 11 1893 by Lowson of Fngland and the patient
Iived for nine months when she died suppusedls of a gastric ulcer nsso-
cinted with hemorrhages

In other cases however the operations were not successful and because
of the prohibitive mortalith nssociated with resectional surgery the pro-
cedures were abandoned The safer collapse operntions became popular
n the 10208 Now especially mince 1045 there has been a revival of the
direct surgical attack for the removal of the diseased lung tissue Ap-
parently tlus time these procedures are here to stay until such time as there
mav be an effective medical or non-surgical treatment of tuberculosis

( olonel Forsee han presented 1n an interesting manner the dex elopment of
the modern operations and he has given good descriptions of the technical
procedures as well as the imdications for their use. The large number of
tuberculous patients under the care of himself and lus sasociates at the well
known Fitzsimons Army Hospital has constrtuted suffictent clinical material
to have statisticnl mgmificance  The record of accomplishment 15 splendid

It 18 pleasing to read the plea for the care of tuberculous patients n
general hospitals where there will be the advantages afforded by a medical
stafl qualified 1n all the specinlties of modern medical science and prac
tice  Certmmnly patients who happen to have tuberculosis are entitled
to have the shills which modern specinlists can bring to benr on their cases
wnstead of being cast off in 1solated samitariums where too often they arc
depried of thase shills.

Fuanm A Gramae
The Burgers of te Chient John W rnght & Co Bristol Englapd

(8)



Preface

THE last seven of twenty-five years’ experience with the surgery of
pulmonary tuberculosis have witnessed the striking advances portrayed in
this book  The advent of streptomycin and the subsequent development of
certain other chemotherapeutic agents have completely altered the treat-
ment of tuberculosis Through the effectiveness of these drugs in the resolu-
tion and localization of the pulmonary mamfestations of tuberculosis,
surgical therapy has mcreased n 1ts incidence of application fivefold, with
no end i sight as to its future utilization Rest, chemotherapy, and sur-
gery have mmaugurated a new era which permits a relatively exact forecast
to the patient of the time required for the total therapy of his disease A
period of hospital care longer than one year after surgery 1s seldom required,
and the period before surgery seldom need be that long There are only a
few patients who are not able to return to normal activities withm two
years after surgery.

The effective surgical removal of tuberculous lung tissue has been a
goal long sought by all who are closely concerned with the therapy of tlus
disease  This goal has been 1eached Ninety-one per cent of patients
treated during the past seven years at Fitzsimons Army Hospital by the
removal of a part or all of a tuberculous lung are well, working, able to
work, or their prognosis for complete rehabilitation 1s excellent The indica-
tions, distribution of extirpative surgical methods employed, operative
techniques, chemotherapeutic program, length of hospitalization, and
physical medicine adjuncts are presented m detail The one-man, tuber-
culosis expert 1s becoming extinct The tuberculosis therapy team com-
posed of experts in phthisiology, surgery, pathology, bacteriology, roent-
genology, physical medicine, nursing, hospital admmstration, publc
health, social work, and appropriate research, comprise the championship
team which 1s achieving an unprecedented record of therapeutic advances
apphicable to the tuberculous patient These facilities have been available
and utihized Much of the success of the surgical therapy heremn recorded
15 directlv attributable to this team of experts m other fields

I am indebted to many for their participation m the activities which
comprise the source material of tlus book To the staff of this hospxt.al.
present and past, I owe much for what they bave taught me, n addition
to their efforts extended 1n patient care The stafls of Veterans Admims-
tration Hospitals and many physicians engaged n private practice have
generously furnished follow-up data Such data are available in more than
99 per cent of the patients, appronmmately 1000, who have undorgom:
surgery for pulmonarv tuberculosis at Fitzsimons Army Hospital ';;m’:(
1947 Brigadier General Paul I Robmnson, Comm:}ndmg General, lltl/:
oimons Army Hospital, has steadfastly encouraged this cﬂ'nrt‘ﬂml has u;)m ¢
available facilities permitting its completion T'o the Inte Colonel Robert
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Preface 7

W DuPnest and to Colonel John M Salyer mj surgical associates during
most of this period I am indebted for their assistance in shanng a heavy
Toad of the operative surgery  Colonel Carl W Tempel, Chuef of the Med
1cal Service ably supervised the medical phases of the care of the tuber
culous patients The remdents in general and thoracic surgery have fur-
mshed an mnspiring stumulus to me to write this book and I have profited
greath from being associated with them AIrs Jean V Elwell has been
largely responsible for the collecting and the excellency of the follow-up
data. Miss Wilma K. Gillespie ms secretary has diligently supervised
and typed most of the manuscript I am most grateful to both  Captan
Willam P Creger has read the manusenpt and offered many helpful
suggestions in its preparation
Jaares H Forsee

Denver Colorado
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Part [

Principles 1 the Application of
Surgery mn Pulmonary Tuberculosis

Chapler

1

The Patient and His Disease

The Challenge of Recovery Surgical prinaples mn the treatment of
pulmonary tuberculoas embrace full consideration of the patient the dis-
ease process the available facilities and chemotherapeutic agents ns well
as the selection tmmg and appliention of surgienl procedures  The
patient and his disease constitute o parumount conuderation  The mental
and environmental disturbances the patient mayv suffer dunng the course
of actne pulmonary tuberculoms are profound  Fauure or deloy m meet-
ing these aspects of the disense 13 more common than rendering improper
medical and surgical trestment  These problems are often made e1en more
difficult by prolonged periods of waiting at home before switable hosprtal
fecilities for patient care are made avaable. Pressing as these sociological
problems are In our own country they are so despernte 1n many other parts
of the world that therapeutic endenvors against pulmonary tuberculosis
almost assume n secondary role. The ayenues which have not even been
explored by surgery in these locnlities are challenges far bevond medicnl
responsibihty and require vahant accomplishments by combined human
efforts If cvery person afflicted with active pulmonarv tuberculosis could
be hospitalized and afforded complete thernpeutic facilities as soon ns the
disense 15 detectable retaned under proper medienl care until the disense
18 mactine and complete rehnbilitation measures assured 1t 13 reasonable
to predict that death or prolonged disease due to uncomplicated pulmonary
tuberculosis might well become a rarity  The challenge of recovery dimin-
1shes as therapy improves  Our experience 13 demonstrating that if the
nbove conditions are adhered to more than 8o per cent of patients receis ing
surgical therapy for uncompheated pulmonary tuberculosis are being
completelr rchabilitated and incur no undue sk of disense reactivation

Establishment of Disgnosis. The establshment of the dingnoss
active pulmonan tuberculows 1s genernlly simple and 1s based on the 1den
tification of the tubercle hacillus i the sputum gastric content or exciscl
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Part 1

Principles 1m the Application of
Surgery 1n Pulmonary Tuberculosis

Chapler

1

The Patient and His Disease

The Challenge of Recovery Surgical prinaiples 1 the treatment of
pulmonery tuberculosis embrace full consideration of the patient the dis-
ease process, the available focilities and chemothernpeutic agents as nell
s the selection timing and application of surgienl procedures  The
patient and his disease constitute o paramount consideration  Ihe mental
nmd environmental disturbances the patient may suffer during the course
of active pulmonary tuberculoss are profound  Fulure or delay mn meet
ing these aspects of the disease 18 more common than rendenng improper
medicnl and surgical trentment  These problems are often made ey en more
difficult by prolonged periods of waitmg at home before switable hosprtal
facilrties for patient care are made available Pressing as these sociological
problems are in our own country they are so despernte 1n many other parts
of the world that thernpeutic endenyors against pulmonar tuberculoai
almost assume o secondar role  The nvenues wluch have not even been
explored by surgerv 1n these localitics are challenges far bey ond medical
responaibiiity  and require valant accomphshments by combined human
efforts. If every person afficted with active pulmonar tuberculosis could
be hosprtahzed and afforded complete thernpeutic facihities as soon as the
discase 18 detectable retained under proper medical care until the disease
18 nactive ard complete rehabilitation mensures assured it 1s reasonable
to predict that death or prolonged disease due to uncomplicated pulmonary
tuberculoss might well become n mnty  The challenge of recovery dimm
ishes as therapy 1mproves  Our experience 13 demonstrating that 1f the
nboye conditions are ndhered to more than 9o per cent of patients recerving
surgical thernpy for uncomplicated pulmonar tuberculoss nre being
completels rehabilitated and 1ncur no undue rish of disense renctivation

Establishment of Diagnosis The establishment of the dingnows 1n
active pulmonany tuberculosts 18 generally simple and 13 hased on the iden-
tificution of the tubercle bacillus 1n the sputum gastric content or excraed
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Part I

Principles 1n the Application of
Surgeryin Pulmonary Tuberculosis

Chapter

1

The Patient and His Disease

The Challenge of Recovery Surgical principles m the trentment of
pulmonary tuberculosis embrace full consideration of the patient the div-
ease process the avalable facilities and chemothenipeutic agents ns w ell
as the selection tnmng and application of surgieal procedures  [he
patient and his dwense constitute a paramount considerntion  The mental
and environmental disturbances the patient may suffer during the cour«
of active pulmonary tuberculosis are profound  Failure or delay m meet
g these nspects of the disense 13 more common than rendering 1mproper
medical and surgical treatment  These problems are often made even more
difficult by prolonged periods of waiting at home before suitable hospital
facilities for patient care are made available. Preasing as these sociologienl
problems are 1n our own country they are so desperate 1n many other parts
of the world that therapeutic endeavors against pulmonary tuberculosis
almost assume o secondary role  The avenues which have not even been
explored by surgery in these localities are challenges far bevond medicnl
responsthilits  and require vahant accomplishments by combined human
efforts If every person afflicted with active pulmonary tuberculosis could
be hospitalized and afforded complete therapeutic facilities as soon as the
disense 13 detectable retained under proper medienl care until the disense
1s inactive and complete rehabilitation measures assured 1t 18 reasonable
to predict that denth or prolonged disease due to uncompliented pulmonan
tuberculosis might well become & ranty The challenge of recovery dimin-
1shes as therapy improves.  Our experience 15 demonstrating that if the
abot e conditions nre adhered to more than 80 per cent of patients recen ing
surgical therapy for uncompheated pulmonan tuberculous are being
completely rehabilitated and incur no undue nak of disense reactn ntion

Establishment of Disgnosia. The cstablishment of the diagnosis n
active pulmonary tuberculoss 1s genernlly simple and 1s based on the wlen
tification of the tubercle bacillus in the sputum gastrnic content or excred
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10 The Patient and His Disease

pulmonary tissue However, to satisfy this elementary requirement, the
search may be devious, mvolving surgical exploration of the lung, excision
of suspected tissue, histopathologic examination of the tissue by a path-
ologist experienced m diseases of the chest, and the securmg of confirma-
tory evidence by identifying the tubercle bacillus from such aneillary
material Several aids mn estabhishing the diagnosis are available The
climical history and course of the ailment give the physician valuable hints
as to the possible presence of tuberculosis Hemoptysis always directs
attention toward such an etiological consideration Even an acute onset of
chills, fever, and prostration 1s not unusual Cough, loss of weight, and
undue fatigue are classical signals The chest roentgenogram 1s often so
revealing as to make 1t the most valuable of all axds and 1s usually positive
before symptoms aie mamifested Apical areas of linear and nodular
densities, translucencies mn the lung field, or areas of consolidation, all
suggest tuberculosis Partial or complete stenosis of the bronchi 1s most
frequently of tuberculous origin The bronchoscopic aspiration of secre-
tions may permit the identification of tubercle bacilli despite repeated
failures 1n the examination of the sputum
With the mcreased use of certain chemotherapeutic agents a new prob-
lem has arisen relative to the 1solation of the tubercle bacillus from patients
who are probably afflicted with this disease Following the use of these
drugs, for several weeks o1 months, 1t 1s commonly noted that acid-fast
bacilli are not found in the sputum If the drug 1s then discontinued,
tubercle bacilli are agam 1dentifiable m the sputum Following the pro-
tracted use of chemotherapy and 1if the sputum remams positive or specific
microorganisms ate identifiable in the surgically removed tissue, 1t 1S
commonly noted that the tubercle bacillus cannot he grown on laboratory
culture media, nor are they clearly virulent in experimental animals This
problem 1s of considerable sigmficance mn the surgical therapy of pulmonary
tuberculosis  The excision of small residual foci in patients who have re-
ceived chemotherapy such as streptomyem and para-aminosahevlic acid
for a protracted period, 1 ¢, six to eighteen months, 1s controversial  These
patients often have (1) negative sputum or gastric cultures for several
months preoperatively, (2) maximum resolution of lesions as evidenced by
serial roentgenograms, and (3) no evidence of previously observed cavities
on the roentgenogram These lesions which are surgically removed have
demonstrable acid-fast bacilli on smear m appronimately 65 to 80 per cent
of the exersions  How ever, the microorganisms cannot he grown on‘]abom-
tory culture media, and moculations of the material mto gumea pigs does
not produce typieal disease except i a small per eent of amimals
In a studsy reported from the Veterans Admmmstration Iospital, Sun-
mount, New York, 129 residual foct of closed lesions removed surgically
were examined by culture or guinea pig moculation  Only 2 3 per cent
were positine for viable baeilh by this method, while 67 per cent of 19
lestons were positive on smear  These patients recerved streptomy e, )
gram duly, and para-ammosahey ic acid, 12 grams dmly, for‘four months
or longer  In 32 patients sumlarly treated for more than cight Hl({llth‘n
vinble bactl were not demonstrated m any of the resceted lestons -Sf\i V-
one per cent of the resected lestons with open cavitation contamed viable
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tubercle bacili  'The number of patients in this group was only 13¢ Our
expenience hns been similar  Experience 18 nsufficent and the period of
follow -up study too short to permit final cvaluntion of this problem One
should be mindful of the observed fact that n those individunle who have
demonstrable tuberaulous residusl foer 1t 18 certam that the foct originated
from the action of viable tubercle bacill  The establishment of & diag
nows of active pulmonary tuberculosis rests on the demonstration of the
tubercle bacillus 1n the sputum gastric content or surgically excised lung
tissue and the determination of the viability of the mucroorganism cannot
at present be the criterion for disgnosis.

Planning Treatment. An individual with active pulmonary tubercu
losis should be counseled at an earls date ns to the need for hospital care
the facilities available and the length of time such cnre may be needed
This timely aud considered apprassal must emphasize that the excellent
results being obtained through the use of chemotherapeutic agents, does
not at thus time warrant lessening the emphesis on properly supervised
bed rest 1n a hospital  We mey be appronchung an era wherein even more
effective medication will permrt quicker regression of established lesions
and prevent dissemination by killing the tubercle bacillus It scems
feamble to awart the armval of that ern before patients are generally ad
vised to discontinue hosprtalization prior to the tune that therr discase 13
nactive In many mstences surgers will not be contemplated  1owever
the patient should be carefully briefed as to its role i total therapy %0
that both unwarrnnted expectations amd unnecesaars fenrs on the part of
the patient may be prevented

General Hospital. The general hospital offers many adsvantages for
the care of tuberculous patients  No longer need this be a disinal disease
resulting in the indefimute occupaney of a bed 1n o busv general hospital that
ean il afford such o protracted patient stay ~ The advantages afforded by
a medical staff qualified 1n all the specialties of modern medical science and
practice allow readils available complete patient care bevond that re-
quired by a mngle disense usuntiv amifested 1n the lungs  The complete
laboratory and roentgenograpic facibties of o well run general hospital
readily fit mto this over-all category of patient care  Often the wider
interests nnd phases of research and deselopment result 10 benefit to the
tuberculous patient  These demmble fentures of the general hospital do
not permit faxity m 1solation methods 1n the management of such & com
municable disease as pulmonan tuberculosis  The planming and construc-
tion of general hospitals mught well ;ve renewed interest and consideration
to the inclusion of an appreciable number of beds for the care of tubercu
lous patients,

Tubercalosis Banatorium. The tubereuloms sanatorum may provide
excellent care for tuberculous patients It will however fall far short of
1ts responsibilities if the auxiliam facilities of a well argamzed general
hosmital are not provided  Surgert 15 now 30 well established 1n the treat-
ment of pulmonary tuberculosms that & sanatorium dedicated to the care of
tubereulous patients needs experts m all phases of the surgical treatment
of this disease mcluding pathologists anesthetists endoscopists roent
genologists, and phvsatrists  The practice of sending the patient to o
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pulmonary tissue  However, to satisfy this elementary requirement, the
search may be devious, mvolving surgical exploration of the lung, excision
of suspected tissue, histopathologic exammation of the tissue by a path-
ologist experienced 1n diseases of the chest, and the securing of confirma-
tory evidence by identifying the tubercle bacillus from such ancillary
material  Several aids 1n establishing the diagnosis are available The
clincal history and course of the ailment give the physician valuable hints
as to the possible presence of tuberculosis Hemoptysis always directs
attention toward such an etiological consideration Even an acute onset of
chills, fever, and prostration 1s not unusual Cough, loss of weight, and
undue fatigue are classical signals The chest roentgenogram 1s often so
revealing as to make 1t the most valuable of all aids and is usually positive
before symptoms are mamfested Apical areas of linear and nodular
densities, translucencles in the lung field, or areas of consolidation, all
suggest tuberculosis Partial or complete stenosis of the bronchi 1s most
frequently of tuberculous origin  The bronchoscopic aspiration of secre-
tions may permit the identification of tubercle bacilli despite repeated
failures m the examination of the sputum

With the mcreased use of certain chemotherapeutic agents a new prob-
lem has arsen relative to the isolation of the tubercle bacillus from patients
who are probably afflicted with this disease  Following the use of these
drugs, for several weeks or months, 1t 1s commonly noted that acid-fast
bacili are not found in the sputum If the drug 1s then discontinued,
tubercle bacilli are again 1dentifiable in the sputum Following the pro-
tracted use of chemotherapy and 1f the sputum remams positive or specific
microorganisms are identifiable 1n the surgically removed tissue, 1t 1s
commonly noted that the tubercle bacillus cannot be grown on laboratory
culture media, nor are they clearly virulent in experimental ammals. This
problem 15 of considerable significance 1n the surgical therapy of pulmonary
tuberculosts The excision of small residual foer in patients who have re-
cerved chemotherapy such as streptomyem and para-amnosalicy hc‘m:ld
for a protracted period, 7 ¢, s1x to cighteen months, 1s controversial These
patients often have (1) negative sputum or gastric cultures for several
months preoperativelv, (2) maximum resolution of lesions as ey ldcnccq by
serial roentgenograms, and (3) no evidence of previously observed cavities
on the roentgenogram  These lesions winch are surgically removed have
demonstrable acid-fast bacilli on smear mn approximately 65 to 80 per cent
of the excisions  ITowever, the microorganisms cannot be grown on labora-
tory culture media, and inoculations of the material mto guinea pigs does
not produce t pical disease except m a sinall per cent of animals

In a study reported from the Veterans Admimstration Ilosprtal, Sun-
mount, New York, 129 residual foct of closed lesions removed surgically
were exammed by culture or guinea pig moculation  Only 23 per ('('(nf
were posttive for viable baclli by this method, while 67 per cent of 99
lesions were positive on smear These patients rccon:od streptomy cit, 1
gram dawhy, and para-aminosalicy ie acid, 12 grams daily, for four months
or longer  In 32 patients spmlarly treated for more than mght mqnths.
viahle baallt were not demonstrated 1 any of the resected l(-wm.nq bg\t,\'
one per cent of the reseetad lesions with open (avitation containerd vinbh
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tuberde bacilh  The number of patients 1n this group was only 13¢ Our
expenence has been sumlar  Expenence 1s msufficient and the period of
follow up study too short to permit final cvaluation of this problem One
should be mundful of the observed fact that 1n those indiniduals who have
demonstrable tuberculous residual foa 1t 18 certain that the foct originated
from the action of vinble tubercle bacilh  The establishment of a ding
nosis of nctive pulmonary tuberculosis rests on the demonstration of the
tubercle bacillus 1n the sputum gastric content or surgically excised lung
tissue and the determination of the viability of the microorgamism cnnnot
at present be the criterion for diagnoms

Planning Trestment. An indiidual with active pulmonary tubercu
Josis should be counseled at an early date ns to the need for hospital care
the faclities avaslable and the length of time such cure may be needed
This timely and consdered apprasal must emphasize that the excellent
results being obtamed through the use of chemnotherapeutic agents does
not at this ime warrnnt lessening the emphasis on properly supervised
bed rest in a hospital  We mny be appronching an era wherein even more
effective medication will permit quicker regression of estoblished lemons
and prevent dissermnntion by kalling the tubercle bacillus Tt seems
feamble to await the nrrvnl of that ers before patients are generally ad
vised to discontinue hospitalization prior to the time that their discase 18
mactive  In many wstances surgern will not be contemplated However
the patient should be carcfullv briefed ns to 1ts role 10 total therapy so
that both unwarranted expectations and unnecersary fears on the part of
the patient may be prevented

General Hospltal. The genernl hospital offers many ndvantnges for
the care of tuberculous patients No longer need this be a dismal disease
resulting 1n the indefinite occupancy of a bed m n busy general hospital that
can ill afford such a protracted patient stay  The advantages afforded by
a medical staff qualified n all the specinlties of modern medical science and
practice allow readils avalable complcte patient care bevond that re-
quired by a single disease usually mamfested in the lungs The complete
laboratory and roentgenographic facihties of a well run genernl hospital
rendiv fit into this over all category of patient care  Often the wider
interests and phoses of resenrch and development result in benefit to the
tuberculous patient These desirnble fentures of the general hospital do
not permit laxaty 1n 1solation methods 1n the management of such & com-
municable disease as pulmonar tuberculoms  The planmng and construc-
tion of general hoapitals might well give renewed interest and consideration
to the inclusion of an appreciable number of beds for the care of tubercu
lous patients

Tuberculosls Sanatorium. The tuberculoss sanaterium mav provide
exedient care for tuberculous patients Tt will however fall far short of
its responsibilities 1f the auxibam facihities of & well orgnmzed general
haspital are not provided  Surgen 15 now so well estabhshed 1 the treat
ment of pulmonary tuberculosis that o sanatortum dedieated to the enre of
tuberculous patients needs experts m nll phases of the surgieal trentment
of this disease meluding patholomists  anesthetists endoscopists  roent
fenologits and phvmatrists  The practice of <ending the patient to a



12 The Patient and s Disease

distant or nearby general hospital to have surgical operations peiformed,
and returning the patient to the sanatortum after a few days, has developed
through necessity  In the future, the planming, staffing, and construction
of tuberculosis sanatoria should be predicated upon a self-sufficient m-
stallation for the complete care of all problems likely to arise m a large group
of tuberculous patients Tlus means essentially all the professional facihi-
ties of a general hospital Therein will probably be found the most effective
and economical hospitalization of the tuberculous patient

Tuberculosis Therapy Team. Planning treatment for the mdiidual
with active pulmonary tuberculosis 1s a team effort, and contimuty with
adaptation to changmg concepts must characterize the prineiples of such
responsibility  The patient, the medical and nursing staffs, social workers,
hospital admimistrators, and all who are concerned with patient care must
enthusiastically participate n the planming  Few, if any, members of the
medical staff, expert though they may be, who are alert to present trends
and accomphshments and who are imagmative as to future developments,
will find consolation 1n the fact that disease progression has occurred when
counsel with colleagues has not been sought Often the advice of such
associates will be beneficial, and the close cooidmation of their efforts 1s
essential for proper patient care IFortunately, the one-man tuberculosis
speciabist 1s becoming extmet Today, the surgeon, phtlusiologist, endos-
copist, radiologist, pathologist, and others devoting a part or all of ther
time to tuberculosts problems, comprise a championship tuberculosis
therapy team

Ornentation as to Surgical Therapy. Iarly m the discussion of treat-
ment the patient should be apprised of the place of surgery 1n the over-all
therapy plan  As the course of the disease becomes better defined and
surgery Is constdered feasible, the patient should be so mformed A con-
ference with the patient, surgeon, phthisiologist and other members of the
therapv team 1s 1n order

In general, the plan of treatment which our esperience has shown to be
especially beneficial 1s as follows Withm a few days after admission of an
mdividual who has tubereulosts, he 15 counseled by the doctor, nurse and
cocial worker regarding the basie facts of the contagious nature of the
disease  Ile 1s furmshed with certam brief but authoritative hiterature
written especially for the lay man concerning pulmonary tuberculosis. He
1 encouraged to know about s disease and to ask questions In abont one
week a friendly conference hetween the patient and the doctor s urrnng(-(.l:
this usually requires about one hour It 15 mformal and the patient i
encouraged to discuss anv problems such as fumll\' matters, {nmm'(-\,
length of hospitahzation, ete  Ie 1s ashed questions to ascertam if he has
a satisfactors understanding of s discase  The rules of the hospital are
reviewed and explained  Case problems sumlar to ns own, without men-
tioning patients’ names, are briefly reviewed m order th':'lt 'tl‘u- patient may
be rehieved of a fedmg that this happens “only to me ™ Fhe recovery of
«uch patients and their return to an active hfe m yarious fields of endaavor
1< stressed .

If surgery is considored mdieated, all phases of the patient's case his-
tort are reviowed by the Chest Surgers Revies Board, An mformanl dis-



The Patient and s Discase 13

cussion follows and recommendations agreed upon by the thoracic surgeon
and phthusiologist are presented to the patient The patient who 15 thus
properhy informed seldom declines the recommendation  Surgical thernps
18 carmed out within a few davs of decision as delay 1n 1ts accomphshment 18
often frustrating to the patient anxiously anticipating 1ts benefits

The patient 13 informed of the favorable morbidity and mortality
statistics of surgical measures directed toward arresting and curing pul
monary tuberculoms For example a stage of u thorncoplasty operation
n a patient who 13 not 1l with emps ema hns a mortality rate of less than
one-half of 1 per cent  The figure for extirpative surgieal procedures ex
cept pneumonectomy approximates 1 per cent Such factual data en-
courage the patient’s confidence in surgical thernpy 11 hopes for complete
rehabihitation will be heightened when he 15 informed that present accom-
plshments demonstrate that probably 95 per cent of patients receiving
properlv timed and executed surgery 1n the treatment of uncompheated
pulmonary tuberculoms nlong with the best new chemothempeutic agents
will be ahle to return to gninful occupations without undue nsk of reactina
tion of tuberculosis. This estimate 18 predicated on the obsers ation that such
n program will result 1n almost eliminating the need for pneumonectomy
that the number of lobectomies performed will be decrensed and that
surgical consleration will be focused chuefly on the removnl of foct present
after months of bed rest and drug therapy  Eiven now our expenence
demonstrates that 90 per cent of patients treated by upper lobectomy and
five-nb thoracoplasty are sputum negative and are working or able to work
within two vears after such operations The presentation of such facts
through the orgamization of clubs or societies of ex patients who counsel
those presently under trentment, 1s most effective

This appenling picture does not 1mpls that pulmonan tuberculosis 1s
a less serous disorder 1f proper treatinent 18 not nccomplished  Beeause 1t
13 now penssible to indicate with considerable accuracy the tnne required to
obtain disease mactivation the pmetice of patients leaving the hospital
against medieal advice after short and madequate periods of treatment 18
steadily dimimishing  During 1002 less than 2 per cent of members of the
Armed Forces who were undergoimng treatment foractise pulmonery tuber
culosis ot Fitzsimons Armn Ilospital left before the time advised The
complete continuous period of thernpeutic direction from 1mitial diagnosis
‘t:_lu full rehabilitation 18 1deal and 1s being approached more closely all the

me

Condition of the Patlent. Surgerv in the treatment of pulmonary
tuberculoss 18 no longer o problem concerned largeh with the poor risk
Patient  If the discase 18 detected carly und this 13 largely fersible by
unmual roentgenogrphie examimation the patients will 1 a few venrs
almost alwavs he voung and 1n good genernl henlth  The debilitating fea
tures of the older age group r.r lhenrt disease and urterioscleross would
then <eldom be encountered The dissemination of tuberculosts to other
organs such ns the Inver gastromntestinal tract and larvnx as evidenced at
Tiecropsy prior to the chemothernpy  approimates 50 per cent ' Evidence
of such mamfestations mngly or m combination wns present 1n onlv 5
Per cent of patients treated surgically for pulmonery tuberculoss during
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the period January 1, 1947 to December 31, 1952. This means that the
application of surgery has been so timed during the course of the disease
as to mimmize mortality and morbidity because of improved operatn ¢ risk
in the patients selected

Age, Race, Sex and Extent of Disease. The case material represented
in our study 1s varied and usually the patients are in better general condi-
tion than 1s frequently encountered mn a large group of tuberculosis patients
The patients are predominantly young male soldiers, although about 25
per cent are veterans of World War II The average age of patients
undergong thoracoplasty or extirpative surgery was 30 5 vears Seenty -
mmne per cent were males  The race incidence was as follows Caucasian,
85 per cent, Negro, 13 per cent, and Asian, 2 per cent  Results have been
equally good whether Caucasian or Negro 'The extent of disease was
variable, the majority having extensive disease However, the benefit to
be derived from recerving the patient early in the course of s disease, m-
augurating the chemotherapy regimen, and contmung therapy until an
mactive state 15 reached, 15 nmmeasurable  Fortunately, this situation
pertamns i approxmmately two-thirds of our patients

Duration of Disease  The increasingly good results of surgical therapy
obtamed among those patients who aie operated upon relatively early
during the course of thewr disease, 7 ¢, within one 3 car, are mn striking con-
trast to the prolonged period, appronimately four years, of disease duration
before surgery was accomplished prior to the chemotherapy era

Case Selection. Thorough consideration of the selection of patients
for surgical procedures 15 discussed under the 1espective procedure  Cer-
tain gencra}- considerations may now be presented  The presence of
sustainedMeyver, 100° I* or more, except 1 association with empyemi,
renerally warrants deferring operation  The presence of active endo-
‘Dronchial—+ubereddous disease 15 genarally a cause for postponement of
surgery until the leston 1s healed  Erman reported the early experience
the use of streptomy cin m _endobronchial tubereulosis at I'itzsimons Army
Iospital in 1050 2 The study concerned a group of 49 patients with active
endobronchial tuberculosis treated early with streptomy cin intramuscularly
Tt was not combined with any other drug  An average of three hroncho-
scopic examinations were performed on each patient Cnmp]e.tt- healing
without residual fibrosis occurred m 100 per cent of the 23 patients with
hyperplastic endobronchial tuberculosis A s‘nmlur ﬁndin;,:‘“ns noted m
the 15 patients with <ubmucosal endobronchial disense  Three patients
in the group of 11 having ulcerative endobronclual tubercilosis h'cu!(-d
with some degree of residual stenosis — Sumlar good results have continued
when streptomy em was combined with other drugs _

The patient who has previoush been unible to adjust to the require-
mente of bed rest and sanatornmm treatment, <honld be accepted for snrger)
onh if he now demonstrates 4 smeere effort toward mahmg <uch an adynst-
ment.  The post-surgical observation period should be supervised by those
who recommended and performed the surgers The practice of the patient
hemyg sent 1o 4 distant hospital for the performance of surgery . then bemg
returned to a sanatorium for further eare, \uﬂ}mlt ”'".‘ sHrgeon “‘;“"';.‘l
participating i that care, leaves much to be desirsl - The surgeon shonle
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be equally as concerned with the post-surgical management as with the
onginal selection of patients

Surgery resorted to as n last-hope chance for recoyvery 18 entirely out
moded  Unfortunately such patients are occamonallh seen and even
though the risk entailed by operntion 18 great and the benefits doubtful
it has been our practice to offer the patient the chance of benefit The
patient population of a hospital earng for a large number of tuberculous
patients expects surgical therapy to be accomplished with a low mor
bidrty and mortality The reverbemntions of ill fated surgicnl efforts are
potent mfluences 1n deterring the satisfactory nsk patient from accepting
proper recommendntions for surgern  The refusals which result mav out
weigh the sincere et fruitless effort made 1n a foredoomed undertaking

Status of Chemotherapy Since January 1 1947 the so-called speaific
drug therapy for pulmonary tuberculosis has been extensively employed
and carefully evaluated at Fitzsimons Army Hospital The exact mode of
action of these agents in pulmonary tuberculosis 1s not known und the ex
cellent studier indicate that much additional research 13 required  In
1948, Mahon and his associates wrote  ‘Streptomyan caused o hasteming
of the reparative process not because of anv stimulating effect upon the
tissues, but becnuse of n suppressive birth control effect on the bacillus
and that 1t could not produce healing i the absence of natural tissue
resstance @ Chemical and bactertological studies of closed lesions re-
vealed that streptom cin was rarely found in the center of the lesion where
aad-fast bacill could not be cultured These observations were confirmed
bv Medlar, and whether or not bacilli seen on smear but not culturally
viable are alive or dend has not been determuned ¢ Growth 1s rendily
obtaned on cultures from open lesions indicating the effect of present
chemotherapeutic ngents especially streptomvein 18 not necessarihy the
cause of death of the tubercle bacilli  These studies have hnd a profound
effect on the surgery of tuberculoms  The hughly fayorable results from ex
tirpative surgical methods are due to the correlation of the chemothern
peutic and pathologien] aspects so that maximum regression of the discase
takes place before excisional procedures are undertaken Actually more
and more patients with less and less pulmonary tuberculoss are being
treated by extirpative procedures with increasingly good results Data on
431 patients discharged from Fitraimons Army Hospital in 1002 1n whom
the disensc had reached an mactive state revealed that 23 per cent were
treated by major surgical efforts  Ninety mne per cent of these Intter
patients recenved chemothernpeutic agents during the course of their treat
ment  Details regarding dosage duration and agents employed are pre-
sented 1n relation to varous surgical procedures n other chapters. In
weneral the practice has been to admimster these agents before during
and after surgery  The experience at Fitzsimons has been sumilar to that
of others in regard to the combinations of agents and the regimens have
been genernlly standardized Tempel has summanzed the expenence at
Fitzmmons of the pilot studies of drug regimens for pulmonary tuberculosis

n 1288 patients trented during 1046-1952  Pertinent data from his sum
mory arc shown in Table 1+
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The fundamentals emphasized by Tempel to be considered m the em-
ployment of chemotherapy in the treatment of pulmonary tuberculows
mclude (1) The duration of the disease, (2) the reversibility of the lesions,
(3) the destruction of lung tissue, (4) the extent and distribution of the
lesions, (5) the nature of any associated lesions of the bronchi and pleurae,
and (6) tuberculous disease i other organs The best response to drug
therapy 1s m patients with exudative lesions New lesions of the caseous-
penumonic variety respond well, cavitary disease less well, and the fibrous
elements appear to undergo little, if any, alteration In many mstances,
there 1s a mixture of the new (exudative) and the old (fibrous) lesions, and
favorable response to the chemotherapeutic agents by the former lesions
1s a large factor 1 permutting earlier surgical mtervention with a lugh
degree of safety and unprecedented results

Table 1. Drug Regimens for Pulmonaiy Tuberculosis

Bacterial
Years Resistance
Drug Employed (Per cent) Resull
Streptomycin i
2 gm dmly—120 dayvs 1946 _ Towciiy grea
1 gm daly—120 days 1947 } 05-80 Discontmued
1 gm daly —2842 days 1948 15 No defintive
value
Intermuttent Dosage
Streptomvemn 1047 ) 20-35 Improved over
1-2 gm every 3d day for 1048 | ) above
120 davs

C'ombined Intermalient Rogimen
Streptomy an 1919-52 0 Taxeellon
1-2 gm cevery 3d day
Para-amnosahey he aad
12 pm daily

Streptomy ein as above 1952 0 Tacellent
and

Terrimnvan 2 gm duly

Streptomy an a< above 1052 0 Excelient
ind &

Tvomazid 300 mg dailv has 1953

repluced PAS

Streptomy an, Isopzid, and
P AS are occasionally
rombined
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txelve months  The benefits of surgery are bemg cetended to muny morc
ptients. This inerease has been from approximately & per eont prior to
the chemotherapt era to 25 per cent and the latter figure mas continue to
npdlv ise  The morbklits aixl inortalits have been greath reduced and
the latter compares most favorably with commonhy performed sldonunal
aperatrons for nonmalignant disease<.  The membiers of the Armed Forees
¥ho develop pulmonar tubereulowis recend an exedllent therpn pro-
am  This program combines early dicense detection innugurntion and
the contwnuance of chemotherups under the supervison of a group of
phvacrans expertenced 1n this and appropriate research methods «urgeal
therapy relatnvely early 1n the courve of their dicetse and complete re-
bilitation  Thus they are bemng afforled a nichly rewnrding opportunits
for recovern with unprecedented fasorable result« The prnetples of this
program are feasible on a wider hams
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Chapte

2

Pulmonary Tuberculosis as a Surgical
Disease

General Considerations. Pulmonary tuberculosis 1s amenable to sur-
gical treatment The basic principles concerned are (1) to provide rest
for the diseased lung, (2) to remove diseased lung tissue, and (3) to provide
drainage of infected pleural fluid and obliteration of the pleural space

The surgical measures which bring about rest for the lung are those
commonly grouped as collapse therapy They are directed toward de-
creasing the size of the lung, usually by the extrapleural removal of ribs,
the subcostal extraperiosteal placement of certain substances, or the eleva-
tion of the hemidiaphragm by interrupting the phrenic nerve The
severing of intrapleural adhesions, in certamn instances, where artificial
pneumothorax has been induced, tends to increase the collapse of the lung
and 1mprove the pneumothorax Prior to the chemotherapy era these
surgical measures constituted the principal features of surgical therapy

The appealing thought of removing pulmonary tissue containing tuber-
culous 1nfection has long been the objective of surgical therapy This 1s,
in a large measure, now being accomphshed It 1s essential to emphasize
that in many instances the total area of pulmonary or lymph node m-
volvement 1s not removed, but the major portion 1s extirpated Depen-
dence on healing of the remaining disease 1s placed m chemotherapy,
partial collapse of the chest wall, and systemic rest

Dramage of tuberculous cavitary lesions by exposing the cavity to the
atmosphere 1s advised by some authorities as a means of decreasing 1its
size and ultimate obliteration I believe extirpation of such lesions 1s
preferable to cavernostomy In the presence of mfected pleural fluid, due
to the tubercle bacillus alone, repeated thoracenteses and the local as well
as systemic use of chemotherapy may result m resolution of the infection
More often, and 1n the presence of a mixed infection or bronchopleural
fistula, external dramage by catheter or rib resection 1s necessary  The
ultimate obliteration of the pleural space by erther the reexpansion of the
collapsed lung or by decreasing the size of the hemithorax 1s required

The features of pulmonary tuberculosis lending themselves to available
surgical therapy are mciting ncreased interest as the beneficial eftects of
chemotherapy and improved surgical methods are receiving greater ap-
preciation

The followmg section on the pathology of pulmonary tuberculosis n
relation to surgical therapy bas been prepared by Major Thomas I

(18)
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Puchett Medical Corps U S Army Pathologist Fitzsimons Armv
Hospital

0sfel’)nt]:.oh:su of Pulmonary Tuberculozis in Relation to Surgical Therapy
Pathogenests When hving or dead virulent or avirulent or even some
tvpes of non pathogemec acid fast bacilli are ntroduced into the tissues of
an animal orgamism there 13 formed a tvpieal and fundamentally 1dentical
Jeston known as the tuberde.

The 1utial response of the tissue 1s of a nonspecific nature chiefly
hyperemia, edema and leuhoevtic wnfiltration occurnng n both allergic and
nonallergic tissues. With munute doses tubercle formation may be -
ated m the absence of prelmmary acute inflammation whereas with larger
doses the preliminary inflammation response 1s_proportionntels greater
1n the allergic than m the nonallergic tissue® Durng the mihial stage
bacilli are ingested by polvmorphonuclear leubocvtes which are damaged
or kalled by the bacillt or their constituent products  The tissue response
then assumes the second stage which 18 more prolonged 13 dempgnated as
the proleratinc stage and 13 charactenzed by the agglomeration of large
mononuclear phagocvtes probably dernved from the blood monocytes and
mobthized tisuc cells  These cells ingest nuclear debns damaged leuho-
cvtes and tubercle bacill  In doing so they enlarge their cytoplasm be-
comes pale and sometimes they contain & granular or foamy area probabls
due to the large ipid content of the bacilli  Because of their resemblance
to closelv packed eprthehal cells the term  epithelioid cell has common
usage The presence of phospholipids and perhaps some of the waxes
from the bacilh couses fuson of the epithelioid cells and the formation
of the familiar multinuclented giant cell of the Langhans tvpe In the
early phases of the tubercle formation the giant cell with penpherally
artanged nuclet may be in the central portion and later be destroyed by
cascation  With the addition of peripheral epithehond cells and enlarge-
ment of the lesion giant cells are usually found eccentrically or peripherally
Surrounding the entire mass there 1s usualls & poorly defined zone of
vmphocytes

Caseation 15 the term applied to necroms m which there 15 partial
autolvms and the structure and outhnes of the cells are lost and therr
remnants become fused with the ntercellular matertal to form an amor
phous crumbly grunular mass ®  Cnseous necross differs from ordinary
congulatin e necrosts by having n high lipid content and b the tendeney for
the necrotic matenal to persist for longer periods probably due to the
inhibition of proteinase activity by the phosphatide of the tubercle ba
cith®  Small arens of necrosis maty apperr in experimental tuberculosis in
two or three dnva and complete casention hegins to appear after large
doses of virulent bacilli i relatively resistant antmals in about two w eeha ™

1t s the tubercle then with or without its central aren of cnseation
its periphern] epithehord cells and Langhans ginnt cells and 1ts surrounding
zone of lvmphocvtes and nonspecific inflammatory reaction that forms
the building blocks from which all except one of the gross and microscopic
forms of tuberculoms and their sequelne fibrosis are made  In cascous
Preumonn necrosis and exudation occur more rapidly than the prolifern
tive phase and there 13 not suffictent time for the formation of tubercles
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Caseation will progress as long as there 1s multiplication of orgamsms with-
1n the tubercle and the tubercle will continue to enlarge, but 1t should be
stressed that the larger caseous foci are formed by the fusion and con-
glomeration of smaller foci rather than by simple enlargement of a single
tubercle It 1s the tubercle and the structures it builds that 1s nghly
characteristic of tuberculosis and upon which we have relied for histologic
diagnosis (Fig 1) It must be stressed that it is not specific and that
similar building blocks and structures may be or are charactenstic of other
diseases such as coccidiordomycosis, stoplasmosis, blastomy coss, lues,
leprosy, brucella infections, tularemia, schistosoma infestations, and some
diseases of unknown etiology such as sarcoid and regional ileitis (Fig 2)
It has become, therefore, the policy of our laboratory that tuberculosis 1s
not diagnosed without 1dentifymg the organism either by smear or culture,
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Fic 1 —Tubercle in lung  Proved tubereulosis

from the resected spectmen or 1n tissue sections from the specimen exeept
in those uncommon mstances where all of these studies are negative and
there 1s a history of numerous positive cultures from sputum or gastric
washigs preoperatinely  In the latter mstances the diagnosis f)f tuber-
culosts 15 made with some trepidation since our expertence 15 similar to
that of others, that concomitant fungous infections, while uncommon, ar¢
certamhy not rarities

Granulomatous lesions m resected tissue from patients ‘Yh” have not
had positive cultures for acid-fast baaillh and m which acid-fast haailh
cannot be identified by smears from the material, tissue stamns or ('l‘lhllr('%
of emulsions of the material present much more of a problem Careful
study by tissue stuns and cultutal methods has shown that a considerable
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ber of these lemons are due to Coceidiordes immitis Recently 1t has
&e[.li: shown that an ndditional number are due to Ilstoplasma capsul-
atum» There rumains however a small number of cases wherem all
methods of examination are carefulls used but still no etiological agent
can be 1dentified At the present time lesions in the latter group are ding
nosed as granulomatous reaction etiology undeternuned

In the past lesions from the latter group were sometimes diagnosed as
tuberculosis or probably tuberculoms It 13 1 tius group that we are
called upon to use all of the datn at our command 1n order to arrive at a
reasonably accurate clinienl dingnosis A knowledge of the natural history
of granulomatous disenses and sernl roentgenographs will sometunes md
1n the climeal dingnosis  When senal roentgenographs are not avmlable
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Fi1a 2 —Tubercle in lvmphatee 1 ewcl due to In<toplasmo«d

as they frequently are not questioning regarding the residential history
utthzation of avalable materals for testing sensitivity and complement
fixatron and precipitin renctions mav point toward or anay from fungous
mfection  Close questioning regarding contacts may also g1ve useful infor
mation It 1s our current belief that the presence of o tuberculous lesion
large enough to be demonstrable In a roentgenogram accompanted by &
negative cutancous reaction to tuberculin 1s o verv rare circumstance
mdeed This of course does not mclude the far ndvanced cases exhibiting
anergy and 1t should be added that the dimcian should be absolutels cer
tain 1n hus own nund that the cutaneous reaction 18 negatine  In other
words one negatiy ¢ skin test does not menn the absence of tuberculosis
There 13 then 1 tlis series n number of case= i which the dizgnosis
of tuberculosis was made by uang a combimation of clitenl and path-
ological findimgs without demonstmting the etiologicnl agent  We think
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we were right 1n so domg  Perhaps some of these lestons were due to other
orgamisms and the patients were subjected to unnecessary postoperatn ¢
hospitalization It 1s our belief that by the use of the newer staming
techniques and the careful study of resected lesions a diagnosis of tuber-
culosis based on clinical evidence alone will be made less frequently m the
future It 1s hoped that further investigative study will continue to sup-
ply new tools for exammation enabling us at some tiune m the future to
make a positive etiological diagnosis mn every case Over the period
1947-1952, 443 surgical specimens of pulmonary tissue have been thor-
oughly examined by all available methods A positive bacteriological
diagnosis was not tenable in 46 mstances This problem 1s a difficult one
and m each mstance a careful appraisal m consultation with the clmecians
has been made The evidence available indicated tuberculosis as the most
likely diagnosis and was made with the realization that the diagnosis was
unproven

The pathological classification of pulmonary tuberculosis and the
explanation of why the various types occur involves many considerations,
included are the factors of bacillary dosage, resistance and sensitivity, both
host and tissue, and the duration of the disease process The response to
therapy 1s significant to the clinician In addition there are other considera-
tions, some fact, some theory, all are mteresting but beyond the scope of
this presentation

(awnity Closure an Collapse Therapy 'The piesence of cavitation con-
stitutes a most significant indieation for mstituting collapse or extirpative
surgical therapy DPinner defines anatomical healing of a cavity as com-
plete obliteration of the lumen and disappearance by resorption or ﬁbx;qus
replacement of all tuberculous tissue alterations mn the cavity ¥ The
apposttion of the walls without uniting them by fibrous tissue may mdicate
healing roentgenologically and may result i reversion of the sputum from
positive to negative, but does not satisfy the definition of anatomical
healing In our experience it has been difficult to identify, with any degree
of certainty, a scar or a fibrotic area as a healed cavity

The mechanism by which a cavity heals 1s a subject of controversy as
15 the question of whether or not bronchial closure 1s necessary or 1s even
beneficial to the closure of a cavity It has been postulated that cavities
heal by filing with granulation tissue and that there 1s regeneration of
pulmonary tissue replacing the granulation tissue leaving no scar after
healing 1s complete More probable, the healing 1s accomplished uftelr'
apposttion of the walls of the cavity and if the walls are free of a layer (;
cascous necrotic material A fibrin latticework 15 necessarv upon which
fibroblasts mav prohiferate and umite the apposed clean surfaces of granu-
lation tissue It would seem, therefore, that anatomical healing would
only follow complete evacuation of the cavity and apposition of the walls

‘Auerbach and lis associates in an extensive studv of cases having
recerned no chemotherapy, noted that almost mvariably hroneli ('(])m-
munteating with cavities revealed the same tuberculous process as t il
seen m the adjacent cavity U These writers suggested that cull:lps(-]th(}'mp\
might aid m the process of bronchial occlusion by apposition of t]ui‘ )ru;x-.
chial walls and under proper conditions the hronchiml walls would umte
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mn anent closure of the cavity Following closure of
?ﬁ?l;:ﬁ\lﬂ?hnfm mp:{;-;)rptlou of arr from the lumen contraction of the
wall absorption of fld from the caseous matenal and finally calerfication
of the mspissated materal (Fig 3) Accompanyng this process the wall
of the envity 18 converted 1nto o xone of hvalimzed connective tissue  Such
mnspissated cavities are not infrequently seen although there 15 not una-
mimity of opinion as to the manner n which they are formed
Effect of Drug Therapy There have been fen anatomical and histo-
logical studies of the effect of drug therapy on tuberculosis  Thus 1s under-
standable because drug therapv regimens have changed at frequent
intervals and newer agents are bemng developed  Because 1t has been
use longer than othem streptomven has been studied more extensiely
than other chemothernpeutic agenta used in the treatment of pulmonary

Fra 3 —Inmnisated cavity in tuberculosis  Note constnctlon of hronchus

tuberculosis It 13 apparent from theso studies that although there 13 no
histologieal pattern that can unequivocnlls be associated with strepto-
mven therapy 1t would appear to exert its most beneficial effect upon
surface lesions  Vlahon studied the effect of streptom cin 1 autops and
surgical 8pecimens 1 our laborntory and although unable to identifs o
specific effect of the drug he was impressed with the ncreased tendency
toward bealing of the lesions by fibrous replacement *

Aucrbach and his nssociates noted that the  closure ’ of cuvities 1n
streptomvein treated coses frequently was accomplished m 6 manner
entirels different from closure 1n those patients not treated with strepto-
mvein? These writers noted that the bronch entering the cavity were
lined by epithellum  either squamous or columnar rather than the necrotic
matersal or granulation tissue himing the bronchial walls of the untreated
cases and that this epthehum extended along the cavity wall for n con-
sidernble distance The ocenrrence of epithehum limng a tuberculous
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cavity 1 a patient not treated by streptomycin 1s rare indeed Accom-
panying the epithelialization of the cavity wall there was a decrease 1n the
size of the cavity and an absence of the usual perifocal reaction surround-
mg the cavity The contents of the cavities became nspissated and the
above writers raise the question as to whether or not such cavities with
patent bronchr are potential sources of danger If they contan viable
bacilli they are potentially dangerous and such residua should be extir-
pated Further study will clarify this problem and give statistical evidence
of the occurrence of this “open healng” of cavities under streptomyein
therapy

Eaturpatwe Surgery  'The inability to culture M tuberculosis from
stabihized lesions m resected tissue, even though organisms are demon-
strable by smear and tissue sections, 15 generally recogmzed It 15 postu-
lated by some that these organisms are not viable, by others that they
were rendered not viable by drug therapy Still others report nabihity
to culture the microorgamsms from stabilized lesions from patients that
have not recerved drug therapy and they too can demonstrate organisms
by smear and tissue stains We have a series of 100 cases having recerved
chemotherapy m which we were able to demonstrate acid-fast bacilli by
smear or tissue stains but have been able to culture the organisms on
artificial media or m animals 1n only 12 per cent It would appear that
these orgamsms are not viable but we can only say that they are not viable
for the type of media and the type of ammals used, nor do we know that
they will remain so for any given length of time if allowed to remamn m
their host Likewise, we are unable to say that they were rendered non-
viable by the chemotherapeutic agent used Stabilized disease may break
down, become active, and progress whether or not chemotherapy has been
employed This seems to be much less frequent during the chemotherapy
era 'There are no rehable criteria by which we can determine whether or
not a given stabilized lesion will remamn stabihzed or will become active
and progress The specter of activation, then, constitutes one of the more
important criteria for extirpation of residual lesions o

There 1s one other reason for extirpative surgery It affords an effectine
means of studving the effects of treatment Many of us recoil 1n horror
at the suggestion that portions of a lung be removed for the purpose 0{
study by the pathologist, yet would not hesitate to suggest mediastina
or pulmonary biopsy for the purpose of diagnosis or evaluation of treat-
ment It 1s only by the thorough study of healed and healing lesions i the
human host that we can hope to fill in the gaps in our knowledge of 't]lC
natural history of pulmanary tuberculosis and the manner 1n wiich it 15
modified bv various chemotherapeutic agents

There is still another group of pulmonary lesions that must be trcatcd'
by extirpative therapy This group constitutes the lesions vuf‘lousl;\,
démgnatcd as round lesions, comn lesions, solitary lesions and the Splot‘
on the lung  Our eaperience with this group of lesions 13 discussed ¢ s(v-
where 1n detail  Suffice that we have found that the most c:}rcful lnstu.r,\ ,
eshaustive laboratory studies, competent roentgenographic interpretation
and the most astute elineal acumen too often give us nothing more t]nm’zt
shrewd guess as to the etiology of the leston We have found too that age
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18 1o infallible crterion 1n ruling out neoplasm for we hnve seen broncho-
geme carcinomn in twents five-y ear-old patients and pulmonar metastases
1n patients even younger Ve know of no means of establishing a dingnosis
10 this fascinating group of lesions short of extirpation.

Our obserations are 1n agreement with the chmicians 1n that present
extirpative surgery 13 o distinct advance 1n the treatment of pulmonary
tuberculoma

Claagification of Pulmonary Tuberculosis in Relatlon to Burgical
Therapy General 'The classification of pulmonary tuberculosis in rela
tion to 1its surgicnl trentment although lacking exactness, 13 a valuable
mud 1n sclecting cases and apprusing results +17*  There 18 generally no
distinct demarention from one phase to another the so-cnlled tvpes often
progressing or regresaing from one to another and in the aggregate repre-
senting & disease process with tendencies to form patterns upon which a
forecast as to 1ts course may be made with conmderable accuracy  The
response to rest and chemotherapy 13 2 signtficant factor i formulating
predictions The meticulous study and recording of factual information
concerming surgieally excised pulmonary tissue i3 the best basia upon
which to classify pulmonary tuberculosis 1n relation to surgical therapy

Classfying the disense process mto types or phases, m relation to
surgicnl therapy becomes from the practienl viewpomnt largely a matter
of proper timing 1n the appliention of surgical procedures  The designn
tions employed have been cnscopneumome fibroenseous, cnseohbrous
(the suffix indieating the neture of the predominsting lesion), fibrous
gant cavitetion 5 or inore centimeters 1n diimeter as noted on roent
genographic exemination tuberculoma and empyema  Fibrocosconodose
1s & tenn commonly employed by pathologists and generally includes the
types designated as fibrocaseous and cnseofibrous  The categorizing of
the disense process by the surgeon ahould preferably include factunl data
refernble to 1ts initial evidence course of the disense and the response to
thernpy  When extirpative surgical mcthods are employed the histo-
pathological exnminntion permits definite dassifiention of the discnse st
the time of surgical removal

Careopneumonte Tuberculoss  Caseopneumonic tuberculosis 13 not m
frequently encountered as o surgical problem  The charactensties are
vanable ‘The process may be ncute with sey ere clinical manifestations or
of a more chronie nature with few and mild svmptoms  Tlus latter vanety
blends into the group desgnated as fibrocnseous  In the former pneu
momia often of a lobar distribution 18 the mutial climenl diagnosis and
tuberculons 13 not considered until resolution 13 noted to be slow or acid
fast bacills are found m the sputum  Tlus ncute type 15 charnctenzed by n
sudden onsct of svmptoms evidenced by fever of 100 to 104° ¥ chulls
and prostration occurning m an apparently previoush well person who 18
now seroush all - The roentgenographee findings are thoee of fluffy diffuse
lesons which are homogineous  The lesions are presumabhy exudative
and resolve stmkingly when trented with streptomyemn and parn-amino-
salievlic acid or certain other chemothcrapeutic agents  As the <everity
of «wmptoms decreases exenvation often becomes evident

Bronchogenie
disemimation 15 common and fibrass 14 slow

Prior to the chemotheraps
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era, the clinical course was often rapidly downhill, surgical therapy was
Inappropriate, and artifictal pneumothorax seldom useful because of the
frequent advent of empyema Caseopneumonic tuberculosis remams a
serious disease requiring urgent chemotherapy

During the early phase of the use of streptomycin, 35 patients mitially
classified as acute caseopneumonic were treated with extrapleural thoraco-
plasty ¢ These patients represented those least likely to obtain favorable
results from surgical intervention Thoracoplasty, though employed
1elatively early during the course of the disease, was not apphed until
considerable resolution of the exudative lesions had occurred, with parallel
improvement 1n chinical symptoms The rapid and excellent response to
streptomycm permitted the patients to come to thoracoplasty early,
averaging nine months from the onset of the disease ¢ With increased ex-

16 4 —Acute caseopneumonic tuberculosis treated by thomcop]ngty A December

! 8, 1945 E\tlc)answe bilateral involvement B May 21, 1947 One dav pncl)r to
thoracoplasty, left Marked resolution of pnrcnchyrgul lesngns Male, » (1)?;:
soldier, age 33 Sudden onset with fever 101-104° F, November 8, 1
Sputum positive for tubercle bacilli  Bed rest for 14 months without c}mmoi
therapy resulted in constderable clearing of extensive bilateral parenchy ntm
mfiltration  Improvement continued under four months of massive str(;p (i~
myem therapy, totaling 420 grams  Moderate untoward reaction to the drug
Thoracoplasty, left, seven ribs, May-July, 1947 He1s well and since January,
1950, has been worhing 40 hours a weck as 2 hospital jamtor Onset to thoraco-
plasty, 18 months

perience 1 the use of the chemotherapeutic agents, and the fm]'orﬂtlﬂg
response to their employ ment for long periods, SIX to clg]lltccn mont. \;, the
use of permanent c]ollnplse I'Eherzl)).\ relatiy elv early in the disease proce
- abandoned (I
bce}l’l}lil:()gofllzc;zs Tubcr('ugos‘ﬁ’ The fibrocascous type designates a ])hnml-
in which the caseous element predommates, ) et the fibrous .un?];oxx(’-x;t):j’:.
very apprecable part of the process In the surgtcallv C\(_ISC(‘ 1;?;,! e
lesions of the fibrocaseous type have l{ccn encountered molrL olc R
any other  The onset of symptoms is more gradual and maliis
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evident than m the caseopneumomic variety  The roentgenographic ap-
pearance 15 varied but usuallv 1s characterized by scattered 1ll-defined
linear markings with diffuse or localized confluent soft areas of mcreased
denstty  Cavitation 18 evident as honeycombing or small to large areas
of excavation The predominantly exudative lesions respond favorably
though less rapidlv than the pneumomic varety to the chemotherapeutic
drugs Cavitation usually perasts the tendency toward chromaity 13 con-
siderable and surviving pattents have long been regarded ns eventual
candidates for surgienl collapse theraps  The results of thorncoplasty have
been generally satisfactors  With the increasngly favornble results ob-
taunable from chemotherapy surgical intervention 1s apphcable earlier
in the course of the disease than formerly practiced and extirpative sur
ficnl methods are now the preferable thernpy (Figs 5 and 6)

Caseofibrous Tuberculons  This type represents the common chronie
vanety of pulmonan tuberculoss in which surgery especially thornco-
plasty was widely employed prior to the advent of chemotherapeutic
agents. The fibrous clement 1 the disense process predominates and if
complications or dissemmation do not occur the process usually continues
nto the fibrous phase of chromic phthums  [he svmptoms lack severrty
A mild continuous fever 13 frequent with ensy fatigue chrome productive
cough and gradual lows of weight Crvitation 18 the rule with roent
genographic evidence of fibroas  Artificinl pneumothorax has steadilv
been replaced by other forms of therapy  as pleural svmphysii s to b
unticipated and eavities ure more difficult to close beenuse of the thichness
of their wells' Surgieal procedures other than thoracoplasty or extirpa
tive measures are of doubtful value and the latter offers o shorter safer
and surer road to recovenn (Fig 7)

Fibrows The fibrous tvpe of pulmonary tuberculows 18 characterized
by chromeity  The essential roentgenographic fentures are retraction of
the mmvolved hemithorax, thick walled cavitation and displacement of
mediastinal structures toward the mnvolved mde. The patient has usually
known that he hias had tuberculoms for several yenrs and hns deseloped &
considerable degreo of resistance to the effects of the tuberdle bacillus  The
svmptoms are often mimmel and combined with a chromic cough Pul-
monan function may be markedls reduced resulting in mild to marhed
dvepnen. Fmphysems and fibrosis replacing large amounts of pulmonary
parcnchvmn are charncteristic  Prior to the chemotherapy ere such pa
tients represented the residual or survivors of pulmonam tuberculoss
Their lot was often vears of varying degrees of invalidism with perastently
positive sputum  For a long time this was almost the only variety of pul
wonary tuberculosis considered suitable for surgery and usually permanent
collnpse therapy  such as thorncoplasty was recommended  Such patients
are still ocenmonally encountered and present problems 1n surgical man
rgement vamang from the ro-called good chrome to those whose pul
menan resene hns been <o depleted as to make them an unsatisfactory
rsh for anv surgenl therapy  Unchecked the progression of fibrosis mas
lead to an excessive work-load for the nght side of the heart and cor
pulmonale with nght heart failure may result  The tuberculoss max heal
but death results due to the damage accompanving the healing process The
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I1a 5 —Fibrocascous tuberculosts treated by thorwoplasty .1 Apnil 8, 1940 Lesons,
left upper lobe  Cawvity present B Apnl 17, 1951 Ten monthe post-tharaco-
plasty, five ribs, two stages  White, male, Arnny officer, age 30 Becime il]
with svmptome of moderate cough, chest pun, wmd fatigue earlv m 1919 THe
w s hospitabized an April, 1949 At that time he was juundiced and sputum
was posttive  Conaderable dewrng of leqons m left upper lobe followed
strcptomvaon therapy admimstered m two courses, May-Tune, 1919 and Tum -
August, 1950, with para-aminosalicy e wad added during the Intter course
Thoracoplisty, five nihe, two <tige~, porformed m Jupe, 1950 T well md
liic been workig 2010 hours porweek sinec Jamary, 1052 Oneet to thoraeo

pluty, 11 months

(28)
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Fia. 8 —Fibrocascous tuberculosls treated by Jobectomy A November 14 1050 One
dny pror to lobectonn  Cavitary ledons, right lower lohe. B Burgical
wreeimen  nght loner lole  White, male, «oldier age 27 Routlne roent
renogram of the chost for 1eenll tment in Augu ¢, 1950 revealed a cavity in
the nght lower bobe and modetate suwrounding parenchvmal infiltration,
Btreptomveln 2 gram every third day and 12 grume of parn aminosabeviie
ackd daily wa  rtarted Beptemler 10 1050 and a right lower lobertomy and
phrenemphrnxis were performed Noveraler 15 1050 He is well and has been
performing active militany duty mnce Mav 1002  Onsct to loheetomy  three
monthe, (Forree courtews of Amer Surg)
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excellent results now being obtained with the use of appropriate chemo-
therapy and surgery has markedly dimimished the meidence of this type of
disease  Extrapleural thoracoplasty has long been the favored surgical
procedure 1n the treatment of fibroid phthisis and has given very satis-
factory results Extirpative measures are, however, being employed with
ncreasing frequency and effectiveness (Fig 8)

y: | B

Iic 7 —Caseofibrous tuberculosis treated by chemotherapy and lobectomy A Marth
0, 1952 Whaite, soldser, age 36 Leston, night upper lobe, deiected on rou(hm'
chest roentgenogram prior to separatton from the Army, Sepiember, 1951
Patient was asymptomatic  Sputum negative  Chemotherapy such as
streptomycin, 2 grams every third dav, and para-ammosalicy ic acad, 12 grams
dailv, from November, 1951 to March, 1952 without apprecable change m
leston Drugs continued for three months afier surgers  Exploratory thoracot-
omy, right, March 7, 1952 The right upper lobe confamed a firm round mags
4 to 5 em 1n diameter loeated i the central portion of the lobe  Lobectonn
was performed  Tuberele baailll were 1dentified from the cascous eenter of the
mass  Culture negatn e for fung and aaid-fnst baally - Pathologiral dmlgmmL
was tuberculosis, caseofibrous  Patientis well B Surgical specimen Central
Jocntion of lesion required removal of entire lobe

(runt Cacitation The presence of gant cavitation of the hung m
pulmonary tuberculosis presents a serious problem and is a challenge I:“
amv method of surgieal attack A cavity whieh roentgenographica ,\f
moastires 3 or more centimeters m dhameter s arbitraniy considered as ut
mant size  This classification 1s limited to single cavitation imd doces nn.
mclude the total area of cavitation \\hl(']l' may be present  The mr‘ni(‘-n::
of patients with grant eavitation undergoing surgical therapy 1 our ~erl
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since 1047 has been approxumately 8 per cent of those treated by thoraco-
plu:et;, or extirpative surgery  The variety of surgical procedures employed
to meet the problem of giant cavitation suggests that generally poor results
mav be expected with any method No single procedure or method 18
tughly effectne I am convinced that those problems of giant cavitation
which can be effectively managed surgically are best met by jont extirpa
tive and thoracoplasty methods (Fig 9)

>
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F1o 8. —Fibrous toberculowin treated by thorseoplasty A4 March 15 1048 Medms-
tinal structures pulled to left. Loft hemidwphragm clevated Lewons, keft
apper Jobo are dease. Threo cm. eawity inleft apex. B August 8, 1640 Threo
montha after thoracoplasty left, flve nibs, three stages, Good reeult. White,
femals age 3L Duration of divensc 16 years Sputyum posttive. Thoraco-
pla tv AprikMay 148, Pulmonars function poor and vital capacity onlv
25 et cent of normal preoperatively  Btreptomyein 224 grams  Hompltahzed
15 roonths after thoracoplasty  Sputnm conmstently negative mnce operation.
Pulmonary function has improved but ho still has dyspnea on markod exer
ton otherwise sho leads a pormal life.

L’@Nulom Defimtion  The tubereuloma hins been 1 anoushy called
the round Tocus, pulmonan focus Assman focus Simon focus nnd ealer-
fied pulmonary nbscess It represents the focali 1 us
pngnmonmie_by fibrous. encapsulation, appearnng a3 o rounded subpleurnl
otumor located m some portion of the lung  These tuberculous nod-
ules are ronic nflammatory of a granulomatous
type which follows o chamcterstic m%mﬂ(
v?xcjﬁmvc properts of an mfection caused by the Myveobactertum tiiteren
loms eg mfection with Cocerdiordes immutis or Istoplasma capsulatum
can produce a nodule identienl with those due to tuberculous infection In
our eeries of tubercnlomas the mze vaned from 10 em t0 80 by 4 5 em
the avernge mze wns 2.5 cm They ha e been refol ineven organ of the
body except those which have natuml trssue immunity to invason by
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Fic 9 —Giant cavitary disease treated by lobectomy and five-nb thorweoplasty .1
December 19, 1949 Giant eavitary disense, night upper labe B Decembir
23,1950 Three manths following right upper and nuddle lobectomy and two-
stage, five-rih thoracophisty - € and D Front and back view of patient one
vear post-curgety  No deformity  White, male, <oldier, age 21 On a routine
chest roentgenogriphie exanunation, for whmsaon to Officer Candidate
School, September 21, 1048, parenchyvmal infiltrition was noted m upper por-
tion of right lung field  Mild pulmonary «vmptoms were ehated  Sputum
was poainve for tuberele baetlli e wae hospit thizad nt Fitzaimons Armn
Hospital and elsewhere from September, 1948 to August, 1951 Cavitany
disense, upper lung, noted carlv 1 1949 Artifical pnowmothoraiy was m-
effectual  Fndobronchal tubereulous diseace notcd on bronchoscopy xnm-
maton November 11, 18 wnd appearcd healed one vear later  Cavstation
entarged and persiated but had deerewed to about 3 cm o <ize at time of
lobectomy  Streptonny an alone and later combimed wath parasnmmos eyl
wid was wdoumstcred over svarving periods hogimning m Novemher, 1918 A
first st yze thor woplasty, right, was performed ulv 24, 1950, right maddle and
upper lobectonn wath cecond stage thoracaplasty porformed August 11, 1950
surgic 1l specamen reve ded endobronelnal dicease, numerons <oattercd nodutar
tuberculous lostons throughout both lobes from wluch tubcrdde bhuath wore
wolited and o 2 cm cnvatary lesion, right upper fobe Tot d ctreptonnem, 181
grams  Patient dicchinrged one vear after lobertomy, dies v g “otal
hoepit ization, 35 months  Onset to lobrctomy, 23 monthe  He hine hevn
cmplaved 10 50 hours por werd s construction 1bor forcmnn wine Apnd,
1952, 20 months after lobectonny (C-D, Iorecs sonrte sy of Ann Surg )

(42)
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tubercle bacilli ey the pancreas There 13 an mpleation n the term
pulmonary tuberculoma that 1t 13 & sohitary lemon The chest roent
genograms give such an impression but after the lobe segment or wedge
contmnng the tuberculoma 1s removed and examined grossh smaller
gimilar fibrocaseous nodules were found 1n 60 per cent of the specimens 1n
our series as satellites close to or at some distance from the mamn nodule
So tuberculoma 1s & tvpe of fibrocaseonodose tuberculoss 1n which one
nodule 1s outstanding attracting the attention of the roentgenologst by
its mze its sharp outhnes and the lack of surrounding parenchvmal -
filtretion It may be found 1 any portion of either lung ***
The Ghon nodule which 13 the encapsulated prunary focus 13 rarely
a surgical problem but the 1ncreasing occurrence of primary infection 1n
adults, plus the tendency n this age group to delayed retrogression and
calafication of the nodule often brings the primary round lesion to the
attention of the radiologist and the surgeon
Development of Pul y Tubercul It 13 genernlly accepted
that the pulmonan tuberculoma excluding the Chon nodule 18 & remn
fection leston ncquired by the aerogenous route It 13 the structure of the
lung with 1ts air spaces and 1ts pleurnl coverng that sets off the tuber
culoma of the lung as different in 1ts :mtial phases from tuberculoma of
other organs This imtial phase whether a primary infection or a rem
fection, 18 & caseous preumomna of varving extent wrth tubercle formation
somewhat later The onginal pneumoma 1f successfully handled by the
body dears up leaving o few wvisible scars but the bods mav be only
partially suceessful 1n himrting the process by gradually walling in the area
of pneumoma by fibrous encapsulation When followed 1n semal roent
genograms this walling 1o appears as an irregular shadow which gradually
rounds otit becomes denser more homogeneous and sharper 1n definition
with the appearance on roentgenograms of & discrete round homogeneous
denarty 1n otherwise fairls normal parenchvma. 'This 18 the tuberculoma
stage representing & truce mn the struggle between the body and the
tubercle bacillus with the remdual bacilh secure behind their fibrous wall
In streptomy oin trented cases nasays of these nodules for the drug were
negative ** The nodule mayv reman apparently unchanged for \ears
lulbng the doctor into false wdeas of its stability and innocence But 1n
many of the lesions there 15 microscopic evidence that they are sluggshis
active Casention 1s continuing on the nner side of the fibrous wall twhile
on the outer mde more fibrous tissue 13 being added but the balance mn the
centnfugal enlargement 13 o0 evenly mamtamned that hittle change n aue
or alteration n densith mav be detectable by roentgenographic exam
nation
Approxmately 50 per cent of the patients with tuberculoma lesions
whom we have treated surmeally had well-developed round lestons when
first observed  There were no available roentgenograms or too infrequent
roentgenograms to follow the development of these lesions The remaning
were folloned by senal roentgenograms for seseml vears. Observations of
the x-rav_cxaminations i ths latter group plus the MICTOSCOPIC eXAMINA
tion of the nodules nfter thev were removed showed three methods of

development (a) Onginally there 13 & rther extensive tuberculous caseous
3




Fic 9 —Giant cavitary disease treated by lobectomy and five-rih thoracoplisty 4
December 19, 1949 Giant cavitary disease, right upper lobe B December
23,1950 Three months following right upper and mddle lobectomy and {wo-
<tage, five-rib thoracoplasty € and 12 Front and back view of patient one
vear post-surgerv  No deformuty  White, male, roldier, age 21 On n rouline
chest roentgenographie exammation, for adnnsgon to Ofhicer Candidate
School, September 21, 1018, pairenchy mal mfltiation waz noted m upper por-
tion of rnght lung field  Mild pulmonary sy mptoms were ehioted Sputum
was positive for tubercle baalln  He was hospitalized at Iut/<umons Arm
Hospital und elsewhere from September, 1918 fo August, 1951 Cavafan
dicease, upper lung, noted carly m 1919 Artifiaal pneumothoray was in-
effcctunl  Endobronchial tuberculous direice noted on bronchoecopic esnm-
mion November 14, 1918 and appearcd healed one vear lnter  (ivatation
enlarged und perasted bhui had decroared to about 3 cm m aze at fune 0
lobeetomy  Streptonn an alone and later combmed with para-nos iy e
acid was admnmestered over varying perods begmmng i Noyember, 1018 A
firel <tage thoracoplasty, rght, was performed Tulv 21, 1950, right smudedle anld
upper lobectomy with sccond stage thoracoplasty performed Auguet 1, 1950
surgical specmen reve ded cndobronehind dive e, numerous scattered nodlnr
tube reulous Ie~tons throughount both fobes from which tuberdle hacth were
rolded and 6 2 ens vty lewon, right uppeor lobe  Total streptonn o, 181
grams  Paticnt discharged one vear sfter loboctomsy, diecier innetive Totud
hospitaization, 3% months  Onget to lobed tomy, 23 monthe e hos boen
emploved 10 50 hours por week as g construction labor foroman anee Apnil
1952; 20 monthe after lohcotony (C-D, Y orrer, courtesy of Anp Sarp)
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tubercle bacilli eg the pancreas There 18 an impheation n the term
‘pulmonary tuberculoma  that it 18 n solitary lesion The chest roent
genograms g e such an impression but after the Jobe segment or nedge
contmming the tuberculoma 13 removed and exammned grossly smaller
sumular fibrocaseous nodules were found m 60 per cent of the specimens m
our seres as satellites close to or at some distance from the main nodule
So tuberculoma 18 a type of fibrocaseonodose tuberculosis m which one
nodule 18 outstanding attracting the attention of the roentgenologist by
its sixe, 1ts sharp outlines end the lack of surrounding parenchvmal 1
filtration It may be found in amy portion of erther lung #1*

The Ghon nodule which 13 the encnpsulated primary focus 13 rarely
a surgical problem but the increasing occwrrence of primany infection 1n
adults plus the tendency 1n this age group to delayed retrogression and
calafication of the nodule often brings the primary round lesmon to the
attention of the radiologst and the surgeon.

Derelopment of Pulmonary Tuberculomas Tt 1s generally accepted
that the pulmonary tuberculomn exduding the Chon nodule 18 a remn-
fection lesion negired by the nerogenous route Tt 18 the structure of the
lung with its air spaces and 1ts pleurnl covenng that sets off the tuber
culoma of the lung as different m 1ts 1mtial phases from tuberculoma of
other organs This 1mtial phase whether & primary infection or a remn
fection 18 & caseous pneumonia of \arying extent with tubercle formation
somewhat later The onginal pneumoma if successfully handled by the
body clears up leaving a few visible sears but the bodv mav be only
partially successful 1n hmrting the process by gradually walling m the aren
of pneumomua by fibrous encapsulation When followed 1n seriel roent
genograma this wullng-in appears as an wregular shadow which gradually
rounds out becomes denser more homogeneous and sharper in defimition
with the appearance on roentgenograms of & discrete round homogeneous
density 1n otherwise fairly normal parenchvma This 1s the tuberculoma
stage representing o truce 1 the struggle between the bodv and the
tuberele bacillus with the resdual bacilh secure behind their fibrous wall
In streptomycin treated cases nssava of these nodules for the drug were
negative.! ! The nodule mav remain apparently unchanged for vears,
lulling the doctor mto false 1deas of 1ts stability and innocence  But m
many of the lesions there 1s meroscopic evidince that they are sluggshly
active Caseation 18 continuing on the 1nner side of the fibrous wall while
on the outer side more fibrous tissue 1s being added hut the balance 1n the
centnfugal enlargement 15 50 evenly mamtamed that Wttle change 1 mze
or alteration m density mav be detectable by roentgenographic exam
mnation

Approumately 50 per cent of the patients with tuberculoma leions
whom we huve trented surgrcalls had well<deseloped round lesions when
fint observed  [here were no available roentgenograins or too infrequent
roentgenograms to follow the development of these lesions  The remarming
were followed by semal roentgenogmms for several vears Observations of
the x rav examinations in this Intter group plus the IMICTOSCOPIC examina-
tion of the nodules after they were remoted showed three methods of
development (a) Onginally there 13 o rather extensive tuberculous caseous
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Fia 9 —Giant cavitary disease treated by lobectomy and five-rib thoracoplasty 4
December 19, 1949 Giant cavitary disense, right upper lobe B Decembet
23,1950 Three months following right upper and middle lobectomy and two-
stage, five-rib thoracoplasty C and D Front and back view of patient one
year post-surgery No deformity White, male, soldier, age 21 On a routine
chest roentgenographic exammation, for admssion to Officer Candidate
School, September 21, 1948, parenchymal infiltration was noted 1n upper por-
tion of right lung field Mild pulmonary symptoms were chicited Sputum
was positive for tubeicle bacili  He was hospitalized at Fitzsumons Army
Hospital and elsewhere from September, 1948 to August, 1951 Cawitary
disease, upper lung, noted early m 1949 Artificial pneumothorax was In-
cffectual Endobronchial tuberculous disease noted on bronchoscopic esam-
mation November 14, 1948 and appeared healed one year later Cawvitation
enlaiged and persisted but had decreased to about 3 em 1n size at time of
lobectomy  Streptomyecin alone and later combined with para-ammosalicy I
acid was adnumstered over varying periods beginning i November, 1948 A
first stage thoracoplasty, right, was performed July 24, 1950, nght mddle and
upper lobectomy with second stage thoracoplasty performed August 11, 1050
Surgical specimen 1evealed endobronchial disease, numerous scatiered nodular
tuberculous lesions throughout both lobes from which tubercle bacilh were
1solated and 2 2 em cavitary lesion, right upper lobe Total streptomycin, 184
grams Patient discharged one year after lobectomy, disease mnactive Total
hospitalization, 35 months Onset to lobectomy, 23 months He has been
employed 40-50 hours per week as a construction labor foreman since Apnl,
1952, 20 months after lobectomy (C-D, Forsee, courtesy of Ann Surg )

(32)



Pulmonary Tuberculosis as a Surgical Disease 33

tubercle bacilll ¢g the pancreas There 13 an imphcation the term

pulmonary tuberculoma that 1t 15 a solitany lesion The chest roent
genograms g e such an impression but after the lobe segment or nedge
contuming the tubereuloma 15 removed and exammed grossly smaller
similar fibrocaseous nodules were found 1n 60 per cent of the specimens
our series as satellites close to or at some distance from the main nodule
So tuberculoma 18 a type of fibrocnseonodose tuberculosis i which one
nodule 18 outstanding attracting the attention of the roentgenologist by
its size 1ts sharp outlines and the lack of surrounding parenchymal n
filtration It mas be found in anv portion of either lung 3¢

The Ghon nodule which 13 the encapsulated primary focus 1s rareh
a surgical problem but the mcreasimg occurrence of priman infection m
adults plus the tendency 1n this age group to delaved retrogression and
calaficetion of the nodule often brings the primary round lesion to the
attentton of the radiologist and the surgeon.

Development of Pulmonary Tuberculomas Tt 1s generally accepted
that the pulmonan tuberculoma excluding the Chon nodule 18 a remn-
fection leston nequired by the nerogenous route It 13 the structure of the
lung with its air spaces and 1ts pleurnl covering that sets off the tuber
culomn of the lung as different 1o 1ts 1mtinl phases from tuberculoma of
other organs This 1mtial phase whether & prmary infection or a remn
fection 18 a caseous pneumonua of varving extent with tubercle formation
somewhat later The ongmal pneumonia 1f successfully handled by the
body clears up leaving a few visible scars but the body mayv be only
partially successful in imiting the process by grmdually walling 1n the area
of pncumomnua by fibrous encapsulation  When followed 1n serial roent
genograms this walling-n appears as an irregular shadow which graduallv
rounds out becomes denser more homogeneous and sharper 1n definition
with the appearance on roentgenograms of a discrete round homogeneous
denuty n otherwise fairly normal parenchvma This 1 the tuberculoma
stage representing a truce i the struggle between the bodv and the
tubercle baallus with the residual bacill secure behind their fibrous wall
In streptomrcin treated cases axsavy of these nodules for the drug were
nemative.**  The nodule mav remmn apparently unchanged for vears
lulling the doctor into false 1dens of 1ts stability and mnocence But in
many of the lesions there 18 microscopie evidence that they are sluggishly
active Caseation 1s continuing on the mner side of the fibrous wall while
on the outer mde more fibrous tissue 1s being added but the balance 1n the
centrifugal enlnrgement 1s 30 evenly maintaned that little change in mze
or alterntion in denwty may be detectable by roentgenographic exam
inntion

Approaimatelt 50 per cent of the patients with tuberculoma lemions
ahom we huve treated surgicalls had well-des eloped round lesions when
fimt observed  There were no ayvailnble roentgenogmms or too mfrequent
roentgenograms to follow the detelopment of these lesions  The rematnung
were followed by seral roentgenograms for <cveral vears  Obser atrons of
the x-rav examinations in this latter proup plus the MICTOSCOPIC examina
tion of the nodules after they were removed showed three methods of
development (a) Onginally there 13 a rather extenstve tuberculous caseous

3
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bronchopneumonia with positive sputa, accompanied by the usual symp-
toms of an active tuberculous infection Under the usual bed rest regimen,
and now with the addition of chemotherapy, the rather extensive pul-
monary infiltration clears, leaving a rounded density much smaller than the
original, mvolved area (Fig 10) (b) In a clear lung field an indistinet,
faint, irregular, hazy spot or a cluster of small, several millimeter, densities
appeared Symptoms as a rule are absent or there 15 mimimal malaise,
shght nonproductive cough, occasional 99° F temperature, negative
sputa, and occasionally positive cultures are obtained from gastric wash-
mgs This fuzzy area enlarges and mncreases in density, gradually rounding
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Frc 10 —Development of tuberculoma from extensive caseous bronchopnecumonia AL
1937 Cascopneumonic tuberculosis  Patient mmproved under bed res
Sputum became negative B 1945 Round leston, left upper lobe Spuzur:
positive  Left upper lobe lobectomy performed, 1945 Segmental resec tlO
would now be selected Patient 18 well and has carried on full time duties
of a pathologist since 1947 (Mahon and Forsee, courtesy of Jour Thoracic

Surg )

out until it finally becomes a sharply cu‘cum.scribed round shadow chrg;
scopically the process 1s a caseous pneumonia but smaller pu]monar}]f ur:i3 :
are mvolved, designated as a lobular or bronchiolar pneumonia, with L(l ;
small unit encapsulating and fusing with 1ts nelghbor.to proc}uce a rclmf}u tlzl X
nodule of approsimately the same size as the originally mvo]lve( IO((;n-
(Fig 11) (c) The lesion begins as an extensive area of tuberculous t::;nts
chopneumoma which proceeds to cavitation In one-half of thebpra i
the lesion was in the stage of cavitation when first detecte};l ¥ Rt
roentgenographic examination Occasionally spontaneously, tut uum >
as a result of collapse therapy such as pneumothorax, pneumopeg; oil{téd :;nd
thoracoplasty the bronchus which drained the cavity becomes blocked,
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the cavity shrinks, 1ts caseous contents are retamed concentrated, and
gradually the lucency of the cavity lumen disappenss The result 15 o
round focus not recogmzably different at ths stage from the similar rounded
foct mentioned previousls (Fig 12)

Fate of the Tuberculoma  The fate of the tuberculomn s unpredictable
The outlines of the consolidated alveol: filled with ghost epithehoid cells
and 1dentifiable m the microscopic sections may persist 1n this phase for
months  Ultmately the outlnes of the previous nlveolar and lobular
structure and contained cells disappenr and the center of the nodule 13
umformly caseous and structureless The periphery 13 composed of con-
centric lavers of fibrous tissue with some hvalmation and 1s infiltrated
by plasma cells and lvmphocvtes Between the fibrous wall and the

F1a. 11 —~Duvalopment of tuberculoms in a clear lung 4 1040 Round leston appear
on left In n proviously clear aren.  Minimal symptoms. B Burgical specimer
Loft Jower Jobectomy performed November 1048 Tubercle bacilli demor
strated in mrccimen  Begmental reacetion would now be solected  Patient |

well He is 8 phvmeian and has been engaged In the practico of medicin
nace 1950

¢

cascoun contents there 14 a narrow zone of epitheliod cells and ocenmona
tvpieal Langhans gmant cells but usuully these giant cells appear shrunhe:
and distorted  Tht cnscous center tends to inspisate nnd calem phos
phate 1 deposited 1 1t This caleim depostion may be rregularl
~eattered through the caseous center or be deposited 1n concentric nng
(Itesegrang s rings)  The caleification 1n our cases was never as genernl
complete and dense a3 1n n Ghon nodule mrelv was decnlafication re
quired before the sections conld be cut  This target-ike partially calerf)

nodule 15 the npe or mature tuberculoma and smears and cﬁlturcsz
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Fic 12 —Development of tuberculoma from tuberculous bronchopncumoma with

cavitation, treated unsuccessfully by collapse therapy A 1942 Negative
roentgenogram B 1944 Patient became 1ll, sputum positive, disease pro-
pressed and cavitation developed Almﬁvml pneumothoray, pneumoperi-
toneum, and phienemphrasis helpful but spufum remamed posifive ('
1948 Rather large arca of mvolvement has shrunk to a round lesion  Right
lower lobectomv performed Tuberele bacilli present m surgical specimcn
D Surgical specimen  Tuherculoma seen on cross section E 1951 Patient
18 well and has been workmng full time as a clerk 1n o finance office since 1950
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these lesions are negative for tubercle bacill  The ring-lihe calcifications
may be visible in roentgenograms  Such caletfied fibrotic nodules may be
mausoleums erected around dead bacilll  (See Fig 57) Ocensionally the
caseous center Liquefies uniformly  and the nodule appears as a thin walled
fibrous sac filled with diffluent pale vellow material more hke pus than
caseous material  Thia tvpe 1s the most unripe or immature tuberculoma
and usually contains innumerable acad fast bacll

Unfortunately the large majonty of the sohd tuberculous nodules are
glow to caleatfy and mature the longest we have observed was eleven years
when 1t began to soften and the sputum became postive Thes often
show small areas of softening and liquefaction evidenced 1n the roentgeno-
grama by small eccentric lucences which may shift within the nodule
when followed by senal roentgenograms It 18 rather charactenstic that
these lucences are located at the yunction of the caseous and fibrous rones
and often appear 1 the roentgenographic shadow as peripheral slits
following the curve of the wall of the nodule Smears and cultures of these
rregulardy  softened nodules are usually pomtine for acddast baclh
There are alwayvs small patent bronchi or bronchicles i close pronmty
to the wall of the tuberculoma Often portions of the wall are quite thin
With hquefaction close to & thin wall commumication can be and 18 estab-
lished with the bronetu with resulting escape of baaili-contaiming matertal
causing reactivation and dissemination of the tuberculous process (Fig 13)

Characterstically tuberculomas are located subpleurally 1n the pe-
niphery of the lung and bulge slightly benenth the visceral pleura  Usually
they have a whrte to vellow hvalimred plaque marking the fusion of the
wall of the nodule with the overlving thickened pleura Those that do not
quite meet the pleura usually have a dimpled pucker over them wrth a
small white fibrous pleural thickemng at the bottom of the dimple The
hyuline plaque often extends as & ‘V 1nto the nodule and may be so dense
thet the nodule 13 grossly dingnosed as & chondroma Wedge excimon 13
the preferable method for removal of the mature tuberculoms  Satellite
fibrocaseous nodules mey Lie close to or some distance from the mamn nodule
occasionally fusing with the main nodule explaining the enlargement of
some nodules Segmental resection or lobectoms 1s required to remove
these lesions

The general charactenstics of a tuberculome are (1) a fibrous wall
hvalimzed 1n varying degrees (2) & caseous center of varying consistency
from difluent to drv  granular and chalky (3) caleium deposrtron of vary
ing degree and arrangement (4) anthracotic pigmentation depending on
the degree of anthracosis m the rest of the lung and 1n the area of the
parenchvma ongmallv mvolved (5) hemosidern pigment deposition,
usually acantt and associated with the presence of granulation tissue 1n
the hning  (6) cavits formation of varying degrees, usmally rregular
sitlike and eccentnic (7) & pleural cap of hvolimzed fibrous thickening
over the bulging dome or a dimpled aren ot er the deeper tuberculoma.

In the majorrty of patients no history of famuhal tuber
culowis 15 obtainable nor 18 there o lustory of contact It 18 alwavs well to
remember that there 18 more tuberculosis present than the Toentgenograms
mdicate  Postero-anterior roentgenograms of the chest will usmiallc
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Fic 13 —Tuberculoma A Round lesion, right upper lobe Sputum and gastrc
washings positive for tubercle bacilli  Roentgenogram, three years earler,
revealed parenchymal infiltration in first interspace, right The unpredic-
table nature of tuberculoma 1s demonstrated B Surgical specimen, right
upper lobe Cavitary lesion of tuberculoma € Round leion demonstrating

areas of lucency peripherally, suggesting the breakdown of the lesion  Sputum
positive D Surgical specimen, tuberculoma, showing breakdown of the
fibrous capsule Tubercle bacilli i1dentified i the leston  (Mahon and
Forsee, courtesv of Jour Thoracic Surg)
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establish the presence of the nodule. Stereoscopie, obhique, lateral, and
apienl fllms may better visualize the nodule and a1d 1 1ts localization
Potter Bucky techmque and tomograms help 1 the delmeation of the
nodule ascertaunng its internal structure as to whether or not cavitation
1s present and mn locating the depth of the lesion from the chest wall
Fluoroscopy will show that the nodule does not pulsate and that it moves
with the lung The value of bronchoscopy 15 chuefly negative  As these
nodules are usunlly at the periphery of the lung they are bevond the lmted
field of the bronchoscope  If the nodule has cavitated and communrcates
with o bronchus bronchoscopy may determine which 1s the drumng
bronchus and by obtaiung material for cxamination may lead to the estab-
Iishment of the dingnosis of tuberculoms It also nids i determining 1f
endobronchial tuberculoss 18 present. Bronchography 18 usually used to
rule out other conditions as bronclucctasms and bronchial cysts Skn
senmtivity tests arc helpful The tubcrculin skin test 18 almost always
positive many only with sccond strength tuberculin ( 000) Histoplasmin
and cocadiordin tests mav be equally positive. With the recent employ
ment of the periodic-actd Schuff stain Histoplasmn cnpsulatum 18 being
identified frequently 1n those round lemons m wluch the tubercle bacillus
18 not demonstrable and the tuberculin skin test 13 negative  This develop-
ment 18 aliening our previous concept regarding the tuberculous etiology
of the lesion we have cnlled the mature tuberculoma™ Ve have not
emplosed the needle biopss techmque ns en aid 1n diagnoms or themps
Phyvsical exemipation 1s usually negative  No defimite findings as a rule
are prescnt except 1n those cases of a residual nodule following extensive
active tuberculosis The sedimentation test 1s usually normal or only
shightly elevated
Differentisl Diagnoses The round pulmonarv lesions found 1n surgical
specimens removed since 1043 at Fitzsimons include (1) atelectams of n
nipple of lung parenchvma adherent to the paretal wall which has been
strangled by adhesons (2) bronchirl adenoma not visunhized by bron
choscopy  (3) echunococeus cyst (4) peripheral broncliogeme carcinomn
(5) peripheral fibrosarcoma with no other primar mte established (G)
solitary metastass of n renal adenocarainoma (7) filled bronchiogenic
cvst (8) arteriovenous aneurvam () cnlafied cast m & cystie broncluec-
tasts (10) chondrohamartomas these are also periphernl subpleural round
lemons often with suggestion of central cavitation (11) nodular lesions of
coceidioidoms costs  their differentiation from tuberculoma depends on the
recogmtion of the spherules n the tissue sections or by eulture of Cocerd
wokles imrutis from the cnseous contents (12) encapsulated interlobar
tuberculous pleunsy  (13) pvogenic lung nbscess (14) histoplasmosis
(18) neoplasm bemign or mabgnant  In spite of emploving even posuble
dugnostic procedure to arme at o correct preoperntive diagnosis only
their examination after removal establishes the correct dugnons (Fig 14)
Burgical Management. There 1s no medical treatment that will clear
up these nodules  Streptomvein has no effect on the nodule and from
assavy of these encapsulnted lesions 1t appears that streptoms cin does not
penctrate their fibrous wall  They are potentilly dangerous and may
peraist for vears apparntly unchanged and then cavitate brenking their
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Fic 13 —Tuberculoma A Round lesion, right upper lobe Sputum and gastric

washings positive for tubercle bacilli  Roentgenogram, three years earher,
revealed parenchymal mfiltration 1n first interspace, nght The unpredic-
table nature of tuberculoma 1s demonstrated B Surgical specimen, right
upper lobe Cavrtary lesion of tuberculoma € Round lesion demonstrating
areas of lucency peripherally, suggesting the breahdown of thelesion  Spuium
posttive D Surgical specimen, tuberculoma, showing breahdown of the
fibrous capsule Tubercle bacilh identified in the lesion (Mahon and
Forsee, courtesy of Jour Thoracic Surg)
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establish the presence of the nodule Stereoscopte, oblique lateral and
apical films may better visualize the nodule and awd 1 1its localizntion.
Potter Bucky techmque and tomograms help in the delineation of the
nodule rscertmmng 1its wternal structure ns to whether or not eavitation
1s present and 1n locating the depth of the lesion from the chest wall
Fluoroscopy will show that the nodule docs not pulsate and that 1t moves
wrth the Jung  The value of bronchoscopy 18 chiefly negative  As these
nodules are usually at the periphery of the lung they are beyond the limited
field of the bronchoscope  If the nodule hns cavitated and commumcates
with a bronchus bronchoscopy may determme which 19 the dramng
bronchus and by obtaimng natenal for exammnation may lead to the estab-
lishment of the diagnoss of tuberculoms. It also aids 1n determining 1if
endobronclual tuberculosis 1s present  Bronchography 1s usuaily used to
rule out other conditions as broncluectams and bronchiml cysts Shin
senutivity tests are helpful The tuberculin skin test 1s almost always
positive many only with second strength tuberculin ( 000) Histoplasmin
and cocaadiordin tests may be equally pomtive. With the recent employ
ment of the penodic-acid Schuff stain Histoplasma capsulatum 18 being
dentified frequently 1n those round lesons 10 wlich the tubercle baallus
12 not demonstrable and the tuberculin skan test 1s negative  This develop-
ment 15 altenng our previous concept regarding the tuberculous etiology
of the lesion we have called the mature tuberculoma®™ Ve have not
employed the needle bropsy technique as an aid 1n diagnoss or thernpy
Phvaienl examination 18 usually negative No defimte findings as a rule
are present except mn those cases of o resdual nodule following extensive
active tuberculosmis The sedimentation test 13 usually normal or only
slightly elevated
Difterential Disgnoses. The round pulmonary lesions found n surgical
specimens removed since 1943 at Fitzsimons include (1) atelectasis of o
mpple of lung parenchvna adherent to the parietal wall which has been
strangled by adhesions (2) bronchial ndenoma not visualized by bron-
choscopy  (3) echinococcus cyst (4) peripheral bronchiogenic enrcinomn
(6) penpheral fibrosarcome with no other pnman site established (B)
solitny metastams of & renal adenocarcinoma (7) filled bronchiogenic
cvst (8) arteriovenous aneurvam (9) calcified enst in a cystic bronchieg
tasms (10) chondrohamartomas these are also peripheral subpleural round
lestons often with suggestion of central cavitation (11) nodular lesions of
cocadiordomy coms  their differentintion from tuberculoma depends on the
recogrution of the spherules 1n the tissue sections or by culture of Cocard
10ides immrtis from the caseous contents (12) cncapsulated intedobar
tuberculous pleunsv  (13) pvogenic lung abscess (14) lustoplasmosis
(16) neoplasm  berugn or malignant  In spite of emploving even possible
dingnostic procedure to armve at n correct preoperatne diagnosis only
their exnminntion after removal establishes the correct dingnoss (Fig 14)
urglcal Management. There 1s no medical treatment that will clear
up these nodules  Streptomyem has no effect on the nodule and from
nasavs of these encapsulated lesions, 1t appenrs that streptom cin does not
penetrate their fibrous wall  They are potentially dangerous and mav
pernist for venrs apparently unchanged and then cavitate breaking their
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of tissue to be removed A wedge excision 1s sufficient for the mature
fibrocaleific tuberculoma A segmental or total lobectomy may be neces-
sary where the area involved 1s too extensive for a wedge resection Enu-
cleation 1s to be avoided due to the possible presence of mMICroscopic
tubercles m the adjacent parenchyma IExperience mn the surgical manage-

B
Fig 16 Legend on opposite page
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ment of 81 tuberculoma lesions since 1943 has resulted n lobectom)
being employed 1n 20 segmental resection mn 6 and wedge excasion n 46
Postoperative tuberculous empyema or dissemination of the tuberculous
process did not occur  In three-fourths of the patients the lesion was dis-
covered accidentally bv routine chest roentgenograms

Empyems. The development of empyema as a complication of pul
monary tuberculosis 13 sertous and the results of therapy have long been
poor The empyema may be tuberculous or pyogenic orgamsms may also
be present 1n addition to the tubercle bacillua 1n the Iatter case 1t 13 classi-
fied a8 & mixed infection, The underlying parenchymal disease may be
caseofibrous fibrocaseous fibrous or caseopneumomic. Empyems has
become & rare complication following lobectomy 2.3 per cent and 1.3
per cent mn segmental resection or wedge excision.

There interval reports from Fitemmons Army Hospital 1937 1940 and
1950 ndicate the developments relatrve to empvema.?* 7 In 1037 Leaver
and Hardawsy reported a mortahty rate of 70 9 per cent n 24 patients
with mixed infection empvema and 22 9 per cent 1 35 petients having
only tuberculous empyemsa In 1940 Aycock and Grow reviewed and

Fra 15 —Tuberculous mired infection empyema treated by thoracoplasty and strepto-
mvein A Mareh 2 1948 Spontaneous pneumothorax pulmonary cavita
ton and empyema, laft. Thocacoplasty hegun April 27 1848. B Beptamber
12 1849 Birteen months after ten-nb thoracoplasty This 24-year-old male
sokdler gave s hustory of pneumonla 1n 1842, from which he recoversd without
compheationa In January 1948 he noted undue fatizue productive cough
blood-tinged sputum, and chest pain which was suddenly increased by severe
dyspnea, hemoptvses, chills and fever and marked prostration. He was
immediately hoapitalized. Roentgenograms confirmed the presence of a
spontanecus p horax with app tely 80 per cent collapse of the
lung and large cavitation in the left upper lobe. Daily thorscenteses with
the removal of air and finid accomplished modeenis relid of symptoms.
Closed tnbs 1ntercostal dramnage was established and discontinued prror to
admismon to Fitzsimons, February 27 1948. Thoracentosis was then carried
out every other day with the removal of 500 to 1000 ce of thiek, greenish
flwid having s specific gravity of 1021 which was powtive on culture for acid
fast bacllll.  Onc-half gram of streptomyein was placed in the pleural space
each time flurd was removed and 1 gram admunistered Intramuseularly along
with 300,000 units of penicilin dally  The patient improved symptomatically
with a sustained decrease in fever improved appetite, and a lessenlng of the
accumulatlon of pus. A first-stage posterolateral thoracoplasty was
formed. Further staged posterolateral th lastion were hahed
until a tenrib th plasty had been leted May 18 1048, with removal
of sll of the first five ribs and Jong segments of the sixth to tenth ribs, in-
clunve. The plearnl space was kept dn by frequent thoracentemes between
operative stages. The exudative element of the pulmonary diseare showed
conmdernble resohution and by May 1048 there was no evidenes of pleural
finld  “\umercus gastric washingn have muce been negative for acid-fast
bacé'llL F;{rquent roc;tnlzmog:rnphh examinations of the chest revesled no
evidence parenchy eavitation or infiltration, the pleural ce wan
obliternted, and the pattent was discharged one year after com?l:thn of
thoracoplasty  He remained well and has been working four to #ix hours
d.nﬂy)fct the past four vears  (Connoliv and Forsee courtesy of Jour Thorame
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F16 16 —Tuberculous empyema treated by decortreation A January 27, 1948 Ob-
Iiteration of most of the lung field, left, due to thickened pleura and empyema
B September 9, 1949 Nine months after decortication Lung reexpanded
Patient well € Surgieal specimen of empy ema sac Whate, female, age 24
Onset of disease was July, 1946  Artificial pneumothoras therapy was ad-
ministered for two years beginning October, 1946, and was complicated by a
superimposed sponiancous pneumothoray, empyema, and unespandable lung
Admitted to Fitzsimons Army Hospital, December 13, 1948 The pulmonarv
disease remamed mactive  She 1s well and has been carrying on her regular
household duties since earlv 1 1950 (Tempel and TForsee, courtesv of

Mil Surg)
(44)
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obtained follow-up data on 600 patients receiving artificial pneumothorax
therapy  Pleural effusion with & flud level extending above the highest
pont of the hemidiaphragm des eloped 1n 199 patients (33.2 per cent) 79
per cent were serous effusions and 21 per cent were purulent exudates
Ninety-five per cent of the purulent exudates occurred n patients with
far advanced disense under artificial pneumothorax therapy  The grentest
mngle factor n the production of purulencs was the development of a
superimposed pneumothorax  Of 10 patients who developed this com
plication 17 or 895 per cent died In fer-advanced pulmonary tuber-
culoms severnl factors tend to favor the development of pleural effusion
(1) A large ares from which dissermination of the disease may occur or
pleural reaction develop followmg collapse therapy and (2) pleural ad
hesions and secondary associated changes such as emphysematous blebs
or bullae which mav rupture producing a supermposed spontancous
pneumothorax and an acute pleuritis 2 *

Connollv end I reported our experience with a consecutive group of
22 patients having tuberculous empyemu treated by extrapleural thoraco-
plasty and streptom o dunng the period Decemnber 1 1846 to August 1
148* The results were as follows In pure tuberculous empiema with
parenchvmal mvolvement disease mactivation occurred m 857 per cent
The follow-up period averaged 184 months the shortest was thirteen
months and the longest twenty nine months In the group of 15 patienta
having mixed infection empyvema 4 are dead and 1 patient had actne
tuberculosms 1n the contralateral lung eighteen months following thoraco-
plasty  In 10 patients the emp ema space 18 obliternted and no reactiva-
tion occurred during an aserage follow up period of 24.5 months (Fig 15)

The changing concepts of therapv and management of pulmonery
tuberculoms hay e resulted 1n the reduction of the inaidence of tuberculous
empiemnn  Tho early abandonment of an unsuccessful thernpeutic pneuino-
thorax the decrensed use of such therapv and success with the use of
chemotherapeutic agents permitting earlier apphention of thorncoplasty
ar the surgicel remeval of tuberculous lung tissue are favorable tremds i
lessening the oceurrence of thug still frghtening complieation

Further development in the surgienl therapy of tuberculous empyema
mncludes the emplovment of decorticntion  In our experience we have not
been able to predict with a satistactory degree of accuracy the extent of
the adherunce of the lung and the fibrous cmprveme sac  The procedure of
decortication has been emploved 1n 55 patients and offers an added aid 1n
many nstances 1n the surgical therapy of tuberculous empvema (Fig 16)
Decortication was often associated with other surgienl methods such ns
thoracoplasty or extirpative procedures n the treatment of empyema
Tleural pneumonectomy 18 adsocnted by some 1n the treatment of tuber
culous empremn nmsocinted with consuderable parenchvmal discase ™ 1
have had no experience with this procedure and fortunatels the inexdence
of tuberculous empvema has rapidly decrensed n our experience dunng
the past three vears

Bummary Tulmonan tuberculass 1s becommng more and more &
surgienl drsense in that chemotherapy brings about resolution of new exuda
tine lesions permitting the relatively early surgical removal of the older
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first thoracoplasty operations to relax the tuberculous lung tissue He
resected small segments, 3 to 4 cm , of the second and third ribs anteriorly,
or more, depending on the size of the cavity In 1890 Carl Spangler re-
sected somewhat longer lengths of rib and called the operation “extra-
pleural thoracoplasty ” These operations were abandoned as unsatis-
factory because the number and length of ribs resected did not effectively
collapse the diseased lung Ludolph Brauer of Hamburg, Germany, ad-
vised a much more extensive resection, and in 1907 Friedrich carried out the
suggested operation by removing long sections, 10 to 25 cm each, of ribs
two to nine inclusive, along with the periosteum and the mtercostal mus-
cles This procedure was soon modified by removing a segment of the first
rib, leaving the mtercostal muscles, and carrying out subperiosteal resection

Wiims - Sousrbrach Thorocoplasty

A Breuer-Frisdrich Thorocoplasty B

Fic 17 —Diagrammatic representation of early thoracoplasty A Ongmnal Brauer-
Friedrich thoracoplastvy  Operation performed in one stage Mortahty was
high due to extensive loss of 11b support with resultant paradoxieal breathing
B Paravertebral resection of rihs in the one-stage Wilms-Sauerbruch

thoracoplasty

of the ribs, including long segments of the first to tenth ribs mclpswer A
total of as much as 200 cm of ribs were resected n a single operation T he
lack of bony support for the operated side resulted in the chest wall being
markedly drawn m during mspiration and blown out during expiration,
resulting 1 paradoxical respiration  The displacement of the mediastinum
to the opposite side, recognized as mediastinal flutter, magmfied the dlsi
turbance of the cardiorespiratory physiologv as evidenced bv rapid, laborec
breathing, cvanosis, and neffectual coughing  Available therapy had little
beneficial result  The high mortality, 30 per cent, required further opera-
tn e modification  Under the leadership of Wilms, Sauerbruch, and Brauer,
the staged paravertebral and subscapular extrapleural thor.uoplus\t \.
operations were developed, which largely eliminated thc‘ huz'._!r(ls of the
Brauer-Friedrich procedure, and gamned widespread use (¥ Iz 17)

LEarly Thoracoplasty at Fizsimons .Army Ilospital The first (‘\tl:«l'
pleural thoracoplasty performed 1n the treatment of pulmonary tuvberc]l{l—
losts at Fitzsimons Army Hosprtal was accomplished by Major Wm
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Thearle 1n December of 1021 In a recent communication he states, Ve
resected 10 one stage the first eleven nbs from the trnnss erse processes to
the rmid axillary region for the first four nbs and with a gradual reduction
of the next seven These patients were 1n shock from the changed rela

tions of the thoracic structures and thev had paradowical breathing to a
degree dependent on the extent of the rib resection. I tried to combat
this as much as possible by strapping the operated mde of the chest with a
laver of firm adhesive plaster My first 4 cases were all one-stege opera

tions They required oxvgen st once for their dyspnea Thev were all
dintalized and gven drugs for secondary anema  Obviously they had &
stormy course and usually T had to stay up with them most of the mght
for the first weeh. Realming the oncstage procedure was too severe a
struin on these debilitated patients 1 then decided to do the operation m
two stages with resection of the first four ribs at the first stege and the
second stage 1m about three weehs when the patient had come back from
tho first operation I resected the first four nibs from the antenor axllary

Tine to the transverse processes and resected the remmuming seven rihs in
w gendual extent so that only 3 or 4 inches of the eleventh rib was resected

Atthesame time I switched to nitrous oxide analgesin - Morphine gr } was
still used postoperatively and the chest was still held by adhesive strapping
of the operated mde until 1t was set m about six or eight weeks In 1926

T did severnl cases 1n three stages At the same time I started to use
Cjyclopropane as an anesthetic and felt 1t was much better than mitrous
oude analgesia "

The cxperence at Fitzsunons durmng the earlv period was representa
tive of the best results then obtminsble and was summarized by Thearle
m 19242 There werc 36 patients trented and 7 or 20 per cent were
clinically cured + ¢ symptom free for at lenst one and onc-half years with
little or no sputum and able to do a satidfactors day 8 work. Six were
greatly improved 3 had noted some improvement no change had occurred
in 4 8 were still under treatment and 7 had died early 1n the postoperatine
peniod - Fmpvema was a frequent complication

The expertence at Fitzaumons from 1022 through 1030 was further re-
ported by Bruns and Casper* Briefly 150 patients recerved 274 thoraco-
plasty operations in the treatment of pulmonar and pleurnl tuberculoss
Fight and nine-tenths per cent or 14 of the patients died within seven davs
following operntion  Another 10 0 per cent died within three months o
total enrly mortality rate of 19.8 per cent Ths includes 26 operations
performed for tuberculous and mixed infection emvpema Of the 92
patients operated upon during the period 1022-1928 21 died withun three
months following operntion  Of the 71 surviving patients the disease be-
cume arrested 1n 43 or 40 7 per cent of the total Twenty five vears later
the mortality rate per patient for thorucoplasty performed for pulmonan
tuberculosis exclusive of empvema has been reduced to less than 1 per
cent while the danger of denth from a stage of thomcoplasty 1s about 1
death in 400 operntions.  This 13 a reflection 1n part of improted surgical
and alhed techmques but prneipally indicates the presently improved
reneral condition of the patient 1n comparieon to the desperate surgical
nsh patients of 1920-1030 plus the benefits of chemotherapy  The late

14
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deaths among 313 patients treated by thoracoplasty, 1947-1952, have
been few, a total mortality rate of approximately 10 per cent

Periods an Development of Thoracoplasty at Futzsimons Army Hosptal
In general there have been three periods of development of thoracoplasty
at Iitzsimons The first period was that just described, this contmued,
with frequent changes of operative techmque, until 1935 During the
pertod 1935-1939 the operative procedure of staged operations became well
standardized A one-stage, five-rib thoracoplasty was frequently and
effectively employed Apicolysis as advocated by Semb was often applied
also ? The third period, 19401946, was characterized by abandonment
of Semb’s apicolysis, and standardization of an operation employing the
technique and methods advocated by Alexander? The ncreased use of
whole blood transfusion during operation, the availability of greatly im-
proved anesthetic methods, the adequate quantities of sulfa drugs, and
penicillin after 1944, and streptomycin since 1947 have vastly improved
operative surgical results

Long Term Results  Certain data are available from these three periods
which warrant emphasis Active pulmonary tuberculosis has long been
characterized as a disease with some degree of permanent disability among
those who survive Ninety per cent of the surviving patients treated by
thoracoplasty, 19261946, are recerving 80 to 100 per cent disability com-
pensation The work status of the surviving patients 1s noted in Table 2
(Graph I) The small number of patients who have reached the goal of
full time work 1s amazingly low, less than 10 per cent. The challenge 1s
great to provide complete rehabilitation, and restoration of a mental and
physical condition wherein a pension or disability benefit 1s unnecessary and
undesirable The total advances in the field of tuberculosis during the past
seven years, of which the surgical aspects are a briliant part, bear fair
promise of achieving this goal

Furst Stage Upper Phase Eatrapleural Thoracoplasty The first and
second ribs are entirely removed, except the posterior part of the neck of
the first b The third r1b 1s usually completely removed also, if a small
anterior remnant 1s left 1t 1s removed at the second operative stage The
ineision 1s long and placed high, begining at the level of the second rib
posteriorly, midway between the vertebral border of the scapula and the
spinous processes of the vertebra It 1s carried downward periscapularly,
gradually curving laterally, and anteriorly, beneath the nferior angle of
the scapula with the arm and shoulder elevated, along the course of the
sixth b to the midelavicular ine  The underlying chest wall muscles are
exposed Skin towels are applied and stockmette 1s an excellent material
for this purpose The auscultatory triangle, formed by the trapezus,
rhomboideus major, and the latissimus dors1 muscles, 1s 1dentified The
tissue 1 the auscultatory triangle 1s incised, the cleavage plane heneath
the rhombord muscles 1s 1dentified and the mdex and tlhird fingers placed
heneath these muscles The trapezius muscle 15 deliberately meised, and
bleeding vessels individually clamped as pressure 1s mamtamed by fingers
placed beneath the muscles  The division of the musele extends through-
out the length of the incision The rhomboid muscles are treated m a
similar manner. Transfining sutures are apphed for ligation of the blceding
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Attention 18 now directed to

divsion of the leteral and anterior portions of the latissimus dorsi and
antertor serratus magnus muscles The index and middle fingers are n

serted beneath these tao

muscles and with the scalpel small portions are

mased first of the latismmus and after 1ts complete division of the ser

Table & Work Status of Surviving Patients Treated by Thoracoplasty
Fltzsimons Army Hospital, 1926-1946

Report bty Work Status

Full Time Part Tome Not Working
Noo No —_— —_——
Period of Swrmrors  Re- Per Per Per
Operalion 1948 porting Total  No cend No eend No cend
1026-1034 57 41 41 3 73 14 341 24 58 5
1035-1830 pal 2 2 4 182 10 45 5 8 36 4
10401048 192 157 167 20 n9 41 21 80 51 0
TotaL a2 20 0 43 105 65 206 112 50 0
Graph1 Extrapleural Thoracoplasty Deaths, Fitzsi, Army Hospital,
1026-1946 5 ta 25 Ycars After Opsration
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ratus anterior - The transected +ensels are individually hgated with non
abworbable fine cotton or silk suture atgut suture material has not been

emploved in thorncoplasty o)
the past seven vears. Wide

four muscles through the |

perations m the absence of infection durng
exposure 1s obtaned by the division of these
ength of the long inciaton
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The scapula is elevated posteriorly and laterally, exposing the areolar
tissue between the scapula and ribs  This tissue 1s easily separated by the
fingers, thus exposing the digitations of the serratus magnus from the
upper five or six ribs  These serrations blend, and the muscle 1s separated
by the nsertion of the finger or an mstrument through the muscle, thus
separating 1t into small segments Two clamps are applied, one above the
other, and the segments of muscle are divided The muscle ends are tied
with a transfixing suture This process 1s contmued upward until the
muscle 1s divided along 1ts attachment to the second rib  The 1ntercostal
nerve branches emerging from the mferior border of the ribs are usually
preserved The serratus posterior inferior muscle 1s elevated and divided
close to 1ts rib attachments, bleeding vessels bemng individually clamped
and hgated. A wide exposure of the rib cage 1s thus accomplished, and the
next step 1s to i1dentify the ribs

The excellent facihities now available demand that haste be avoided n
carrying out thoracoplasty The strictest attention to meticulous hemo-
stasis 1s mandatory Hemostats with fine grasping points occlude a mm-
imum of tissue other than the bleeding vessel Compression of the divided
muscle by the fingers from 1ts under surface permits the surgeon and the
assistant to carefully clamp each bleeding vessel The clamping of large
amounts of adjacent muscle leads to 1ts necrosis and favors infection

Despite references indicating that palpation of the first rib 1s simple and
definite, I have found that the mexperienced frequently mistake the second
for the first rib  This difficulty may be decreased by noting the large and
strong attachment of the serratus muscle to the second rib and 1t 1s often
the ughest b which 1s distinctly palpable The presence of a cervical
rib should be noted before operation by studying the roentgenogram.
Confirmatory evidence of the removal of the first rib 1s obtained by noting
the subclavian vessels which are readily brought into view after the removal
of the first rib  The ribs are removed in the order, third, second, first

Careful avoidance of opening the pleura is essential 1n rib resection
during thoracoplasty Stripping the rib of its periosteum, which allows a
subperiosteal resection, is a simple process 1f two rules are observed Tirst,
avoid the use of sharp periosteal elevators Second, keep the 11'1strument
firmly agamst the rib while freeing 1t of 1ts periosteum The periosteum 15
maised along the rib mudway between 1ts upper and lower exposed sur-
faces The periosteal elevators, preferably the Alexander or Matson
mstrument, 1s used to separate the periosteum from the rib  The lower
surface of the rib is freed first, and with his fingers the surgeon mav eleiate
the rb, and continue the separation of the periosteum from 1ts under
surface The upper edge of the rib is then freed from the attached muscle
fibers and periosteum '

With the mb freed over a wide lateral area, attention 15 directed towar
the antertor and posterior ends of the rih.  The removal of a small segment,
2 to 3 um, of the freed lateral portion of the mb facihitates the removal of
the anterior and posterior portions No attempt 15 made to preserve 1h(t'
continuity of the rib, and 1ts division permits greater case m its suhsequen
removal  "The underlving pleura 1s protected with gauze from pcrfm:ﬂ:l(&"
by the cut end of the mb  The anterior end of the rib 15 gently elevated,
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the serrutus anteror nnd pectorahs muscles retracted aud the periosteum
and attached muscles separated from the rib by firm pressure on the pen
osteal elevator until the costochondral junction 1s reached The nb 13
transccted at this junction  Although the third nb 1s generally removed
in 1its entire length an anteror segment m selected cnses to nid m the
presen: ation of pulmonary function may beleft  Attention 18 next directed
to the removal of the posterolnteral segment of the nb Tt 15 grasped
with the left hand sbightly elevated and the perasteum carefully separated
from the rib  The Sanderson elevator 18 especially adaptable in separating
the muscle fibers from the nb at its posterior extreruty  The ligamentous
attachment between the rib and transy erse process 1s identified and a8 the
rib 13 depressed this nttachment 13 cut with blunt scissors. A small bone
gauge 1s inserted into the space created between the b and transierse
process and by the application of gentle pressure the ligamentous attach
ments are separated When freed the nb 18 removed by disarticulating
1t from the corresponding vertebra, thus the entire posterior extent of the
ribas removed  Thus same method 13 applied to all ribs resected except the
first The second mb 18 resected in the same manner as the third ~ All of
the second rib 138 removed
The removal of the first rib constitutes the most difficult techmeal
problem 1n the first stage thorncoplasty  The method of 1ts removal which
has been the safest, eamest and most effictent 1n my experience has been as
follows Adequate exposure 1s absolutely necessary and retraction of the
scapule 1n an upward direction appreciebly facilrtates exposure  The firat
rib 1s palpated and of course this 13 made easter after the removnl of the
third and second ribs A blunt periosteal elevator rather than o scelpel 18
used to mncise the muscle attachment and penosteum and to separnte
these structures from the rib The sharp lower border of the rib comes
mto view and the separation of the intercostal muscles and periosteum 1s
then carmed out along this inferior border and under surface of the rib
The second step 15 the deanng of the supenor border and upper surface of
the mb  Thus 18 carefully accomplished by a blunt periosteal elevator  As
soon as o length of 3 to 4 cm of the nb 1s deared the index finger of the
Jeft hand 1s carefully inserted benenth the rib  The finger 13 used as a
gwde and a protection against mjuring the brachual plexus and subclavian
vessels A 1to2cm segment of the lateral portion of the first rib 1s re-
sected and a sponge 13 placed benenth the resected end to prevent perfora
tion of the pleura  The anterior end of the nb 18 grasped w1th the left hand
rently elevated cleared of muscles and perosteum to the costochondral
Junction and resected The attachment of the scalenus anterior muscle
on the upper surface of the first rib 13 an 1mportant landmark, with the
subclavian artery immediately posterior and the subdavian vem at the
anterior attachment of the muscle  The brachial plexus and subclavian
vessels tend to fall away from the b thus protecting these structures from
mjury  After the remotal of the anteror end of the rib the posterior end
should be grasped with the left hand or suitable bone-holding forceps
genthy elevated and denred of periosteum and muscle attachment The
postertor end of the rib 1 in close contact with the following important
strictures the eighth cervienl and first thoracic nenves and the svmpa
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thetic nerve trunk The rib 1s separated from the transverse costal liga-
ment and 1s not disarticulated from the vertebra but transected across
its neck

The transverse processes of the vertebrae other than the first are tran-
sected This 15 ordinarily accomplished after the rib resections are com-
pleted The sacrospinalis muscle 1s retracted, the process exposed, cleared
of muscle, and the tendon attachments are cut with blunt ponted scissors.

Fic 18 — Muscular structure of the thoras concerned with extraploural thor woplwsty
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The large Saucrbruch rongeur 13 used to transect the transyerse process
Ordianh 1 to 2 em of bone 1s removed  Bleeding from the bone end 15
controlled by pressure

The wourd 13 carefully mspeeted  Any bleeding Vessels are ligated
The severed chest wall musces nre sutured 1n Invers using fine cotton or
alk with mterrupted sutures being placed § to 1 an apart No dramnage
13 emploved Stenlized mechanics waste makes a very sutable dressing
which 1s covered with gauze and adhesive plaster (Figs 18 10 and 20)

Second Stage Upper Phase Extrapleural Thoracoplasty The mterval
between the first and second stages of operation 18 a maximum of three and
& minmum of two weeks, This interval 1s selected for two rensons. First,
1t 18 sufficient to permit the patient to recover and regain strength from
the preceding operation  Second 1t 18 msufficient to permit the regenera
tion of bony tissue to interfere with collapse of the chest wall The oper-
ative scar of the first operation 13 excised except for 1ts upper 3 to 4 ecm
throughout the length of the incision  The underlving exposed chest wall
muscles are incised along the course of the incision  Suture material from
the previous stage which 13 sev ered at this operntion 18 removed Bleeding
veasels are dealt with as in the first stage The fourth and fifth nbs are
identified This 13 easy as the uppermost imntact b 18 the fourth  Serum
ond flisd which have collected since the firat stage are evacuated from
the subscapular space thus permitting effective chest wall collapse free
of pocketing Laxity 1 careful hemostams 1n any stage of thoracoplasty
operation 1s unwarranted  The collection of blood 1n the subscapular space
to aid 1n the collapse of the underlying disensed Jung or in decreasing the
size of the hemrthorax has possibly been msconstrued to mean that haste
in performing thoracoplasty operations permut & relaxation of rigid hemo-
stosis  This 18 dangerous moreover with meticulous hemostasis there 1s
still sufficient serum from the large aren of ncised muscle to furmsh ade-
quate fluid for this purpose

The subperiosteal removal of the fourth and fifth ribs 13 carried out
i the same manner as described above for removal of the second or third
rib  The anterior resection of the ribs 13 carried to within 3 to 4 cm of
therr costochondral junctions  If the tlurd rib was not removed to its
costachondral junction and its anterior segment not considered essertial
to ard pulmonan function tlus segment 18 removed before the fourth and
fifth nba are resected  The corresponding transverse processes of the verte-
bra are remoy ed as described i the first stage  'The closure of the wound
18 accomplished by 1aver closure of the muscles with interrupted fine cotton
or silk suture  Draunage of the wound 1s not practiced This standard
form of sccond stage operntion 13 on ocenstons Varied to incdlude the resec-
tion of the sixth rib  In the fen imstances n wluch o five-rb thornco-
plasty 13 the complete defimtn e thoracoplasty contemplated the resection
of the lower third of the scapuln rs onginally recommended by Holman
to promote compression of the lung 18 practiced (Fig 21)

Third and Fourth Stage Thorucoplusty 'The standard posterolaternl
thoracoplasty emploved ns an independent procedure 13 a three-stage
sevenrib thorncoplasty  In the third stage the sixth and seventh ribs are
resected 1n the same manner as desenbed for the other ribs except the
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first, with the anterior transection bemg accomplished so as to leave an
anterior segment averaging 4 to 6 cm 1n length The lower three-fourths
of the scar of the previous operation 1s excised The underlying chest wall
muscles are meised throughout the length of the meision  Rigid hemo-

Fag 19 Legend on opposile page
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ko 19 —Extraplenral thoracoplasty first stage. A Tho Incison and exposure of outer
laver of chest wall musculature. B Incising outer musele laver Sargeon a
Uenenth musele comprescs bleeding vessels, and aid in their identifiea
ton 20 that individual vemels may be clamped and lgated. € Chest wall
muscles havo been incised evposing the nb cago and dintations of serratus
anterior muscle. D Digitations of morratus anterior muscle severed. Third
b being denudod of it periosteum  Noto Penosteal clovator hugy the rib
E Third nb has been removed and second rib is being made ready for re-
section.  Lower in<ert shows first nb ready for resection. F Upper three rits
removed. Wound ready for closure  Muscle lavers are approdmated with
Interrupted fine mik o cotton suture  The wound i ot drained. G Wound
belng closed.
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stasis 1s essential It 15 unnecessary to expose the subscapular space, and
dramnage of the wound 1s not employed Occasionally the eighth b 15
resected i this stage, the length of rib removed 1s approximately the same
as that of the seventh nb. A fourth stage operation 1s employed princi-
pally in the treatment of tuberculous empyema The eighth b, if not
previously removed and the minth, tenth, and occasionally the eleventh
ribs are removed subperiosteally, disarticulating the ribs at their vertebral

Fia 20 —First stage, upper phase, thoracoplasty showing 1ibs and second and third
transverse processes removed

TFirst stage thoracoplastv—Ribs 1-3—w1th transverse processes

attachments and dniding them anteriorly between the midclayicular and
the anterior axillary Iines  The incision for the fourth stage may be through
extending the scar of the previous operation, which 1s the usual method,
or a new posterolateral meision may be made  Again dramage of the w ound
15 not practiced  The second, third, and fourth stage operations are
generally accompanied by a greater degree of pamn postoperatiy ely than 1
the first stage  Injection of the area of the mtercostal nerves with pro-
cane and similar agents have been employed to reduce postoperative pat,
but their benefit, in our experience, has heen doubtful
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Cliemucal agents are not apphed to the stamp of resected ribs to pre-
vent regencration The disarticulntion of the head and nech of the nb
from the vertebrn probably decrenses the tendency of regeneration as com
pared to the lenving of & postertor stump of rib  The regenerated ribs form
a firm support to the side of the thornx and arc considered beneficial
therefore attempts to delay or prevent regenerntion are not practiced

Fia. 21 —Extrapleural thoracoplasty sccond stage 4 Ficwmon of acar from firmt
rtage thorncoplasty B Anterior stump of third nb i Wown and the fourth
rib 1 partially denuded of periostoum  Extent of rib resection of firat stage
thoracoplasty is depicted. € Hegment of fourth mb has been removed.
Ligamentous attachmeent between b and transverse process being reversd.
D Fourth and fifth riba have been resected posterolateralls  The evposed
anterlor b ends will be tranrerted to within 3 to 4 em. of costochondral june-
tion and wound will be ready for laver clowure of inc1sed muscles. The extent
of rib resection after o tno-stage five-nb thoracopla ty 1 depicted,

The effectivencas of thorncoplasty 18 dependent on several factors
*omt of which art not thoroughly understood  As thorncoplasty 13 em
ploved primcipalhy for the purpose of cffecting eavits closure & worhing
rale which has been found satisfactony 15 to remon e at Jeast two ribs below
the lower level of the cuvity as noted on roentgenograpic cxammation I
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rare mstances 1 which thoracoplasty 1s carried out for non-cavitary dis-
ease and evidence of considerable lower lobe involvement, a complete
eight-to-eleven-rib thoracoplasty may be desirable Such extensive opera-
tions, except for tuberculous empyema, however, have been so largely
replaced by excisional surgery that less than 1 per cent of our patients,
exclusive of empyema, have been so treated during the past seven years
In tuberculous or mixed infection empyema, m which thoracoplasty 1s
employed to obliterate the entire pleural space, the complete nine-to
11-11b thoracoplasty 1s frequently employed

Anteror Stage Thoracoplasty The former practice of adding an an-
terior operation months later to supplement a posterolateral thoracoplasty
because of failure of cavity closure is obsolete and with an adequately
performed standard posterolateral thoracoplasty 1t 1s not necessary The
anterior stage, if elected, should be in the plan of thoracoplasty application
from the beginning, and should follow the second stage usually within
ten days The approach 1s preferably through an anterior axillary meision
extending upward to the lateral border of the pectoralis major muscle 3 cm
below the clavicle, and downward below the level of the mipple Careful
hemostasis 1s secured, the pectoralis major muscle 1s retracted medially and
anteriorly, and the attachments of the pectorahis minor muscle to the ribs
mcised The entire anterior surface of the nb cage from the fifth mter-
costal space upward 1s exposed. The anterior rib ends of the first, second,
and third ribs are resected subperiosteally The costal cartilages of the
first three ribs are removed while the anterior ends of the fourth and fifth
11bs are resected, mcluding the costal cartilages The wound 1s closed m
layers with fine cotton or silk mterrupted sutures, and without dramnage
The effectiveness of the anterior procedure 1s best demonstrated n the
thoracoplasty treatment of giant cavities, and 1n tuberculous empyema

In our experience, lobectomy has been a much more eftectrve means of
treating patients whose cavitary lesion had not been closed by a seven-rib
posterolateral thoracoplasty Revision thoracoplasty and cavernostomy
for the treatment of similar cavitary lesions have been discarded by us n
favor of extirpative surgical methods

Rewnsion Thoracoplasty 'The failure to accomplish cavity closure as
a result of thoracoplasty presents a difficult problem An operative pro-
cedure designed to improve the collapse of the lung by removing the
regenerated ribs, and resecting portions of ribs not previously remos ed,
has often been considered as the best means of accomplishing the closure
of such cavitary lestons Such revision thoracoplasty 1s carried out by
excision of the previous thoracoplasty scar, and exposmg the regencrated
ribs  The order of rib removal may vary Preferably the upper ribs should
be removed first The revision thoracoplasty operation 1s, 1 my opmion,
a procedure which 1s no longer warranted 1f an adequate primary postero-
lateral subscapular thoracoplasty 1s performed  Revision thnrucop‘lnst,\ 15
a much more traumatic operation than a primary thoracoplasty Further,
i cavity closure does not follow thoracoplasty, lobectomy or pnemno-
nectomv are more eftective measures than revisional thoracoplasty Sin 4:
1947 revisional thoracoplasty for the treatment of cavitary disense the
absence of empyema has been carried out only three tunes
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Aecrdents Oceurmng During Thoracoplasty By the very nature of a
thoracoplasty operntion certamn accidents related to techmque may happen
The prevention of such accklents 13 of course the responsibility of the
surgeon  Postoperntive bleeding 13 except in rare instances of unrecog
nized blooddvecrnsins a reflection of haste and lack of proper hemostasts
at the time of operation  Blood vessels of a large caliber except the sub-
davian 1nternal mammary, and intercostal vessels are not encountered
1n thoracoplasty operntions and such large vessels are not n a properly
performed thorncoplasty subjected to ligation  If the intercostal vessels
are jured they should be doubly hgated by o transfixing suture on each
end of the vessel If the nternal mammary vessels are mjured sunilar
management 18 recommended I have never witnessed injurs of the sub-
davinn artery during the course of thoracoplasts  Two patients 1n our
sertes suffered n laceration of the subclavian vein during the removal of
the first rib - Firm pressure with gauze was applied the iib removed and
1 patient the lncerntion sutured In 1 the earlv postoperative period was
complicated by an npparent spread of the disease to the lower lobe duc
prohably to hesitaney 1n earrving out the usual postoperative coughing
reginen  In the other patient there was no apparent ill-effect  Injur to
the brachial plexus has fortunatels been rare  Onh 1 of our patients has
suffered any permanent mjurn  These accidents are largely nvoidable
and may be minimized by wide exposure of the operative field gentleness
1n the operati\ e maneut ers and hugging the rib with the periosteal clevator
especially the first while denuding the nb of rts periosteum and attached
muscles. A nb widelv exposed 13 an ensy b to remove

Producing a pneumothorax by the perforation of the pleurn 13 again an
wvoidable accident The surgeon experienced in the performance of
thoracoplast operntions should deplore an naidence of this accident m
excess of 1 per cent It 18 most apt to occur during the separation of the
penosteum posteriorly at the articulation of the mb with the yvertebm
anteriorly near the costochondral junction or dunng the removal of the
first rib  Should the pleura be opened the opemng should be closed and
the lung reexpanded seldom will 1t be neceasary to discontinue the opera
tion If the rent 10 the pleurn cannot be closed a large 45 F catheter
should be inserted mtrapleurally with its exit preferably through aninter
space anteriordy and not from the operntive meston  The advantage of
endotrnchenl anesthesin in thorncoplasty operations 11 particularly evident
In such mtuations In the absence of a contralatern]l pneumothornx there
has been no serious illeffect dunng the past seven years n instances m
which the pleurn was opened 1f endotracheal nnesthesia was used  The
late ill-effects have not been so free of comphentions  If this ncerdent
occirs 1n - the presence of n contralaternl pneumothornx & much mor
“erious mituation s present  Agun the henefit of regularly emploving
endotrachenl anesthesa 11 considerable  The immediate aspiration of air
from the contrmlntera! preumothorx 13 mdicnted if the rent 1s not rapidhy
ﬂl'"ltslm‘mfull\ closed with reexpansion of the lung on the side of the neu-
daen’

Indieations for Extraplenral Thoracoplasty The indientions for extra-
pleural thorncoplasty in the treatment of pulmonary tuberculosts have



62 Collapse Therapy

undergone frequent revisions, and constant efforts to discover the pr
time for 1ts application 1n relation to the phase of the disease process |
been exerted The indications emphasized by Sauerbruch and his
temporaries 1n the early history of thoracoplasty were (1) umla
disease, (2) fibrous type of tuberculosis, (3) rigid mediastinum, (4) cay
heart, (5) youth, and (6) good general resistance These criteria were
followed at Fitzsumons Army Hospital A less rigid case selection
valled, and no patient has been denied the chance of benefit despite
beimng a poor or desperate surgical risk  In 1936 I wrote, “Thoracop!
has three rather specific indications TFirst, m cases with upper
cavitation when pneumothorax is mmpossible, and with an uninvo
contralateral lung, or at least a contralateral lung with disease contrc
by compression therapy, second, i1 pneumothorax cases with uns:
factory pulmonary compression due to adherent lung or extensive ple
adhesions, or 1n cases with rigid-walled cavitation which has resisted 1
pneumothorax and phreme exeresis, and thud, m the treatment of c
plications of pneumothorax therapy, especially that of a purulent exu
or untimely obhiterative pneumothorax ’®* These mdications have g
ually been altered to embrace the acceptance of thoracoplasty as a
mary procedure without first attempting artificial pneumothorax ther:
Efforts have constantly been applied toward improving the tuming of
application, so that thoracoplasty has gradually become very much
elective operation rather than one of desperation. The principles mvol
n the mdications for thoracoplasty were not, however, appreciably alte
until the advent of streptomyecin

In January 1947, streptomycin became available in adequate qua
ties, and the mdications for extrapleural thoracoplasty began to undc
unprecedented changes The experience during the period 1947 to 1
has so altered our previous concepts as to the indications for thoracopla
that they are no longer tenable, except 1n the treatment of tuberculon
mixed mfection empyema Its use as a space closing operation for
tensive umlateral disease treated by extirpative surgery 1s regularly ¢
ploved In mstances wherem extensive unilateral discase 1s present
pneumonectomy refused by the patient, a three-stage, seven- or eight-
thoracoplasty 1s recommended Primary thoracoplasty as the surg!
procedure of choice in uncompheated pulmonary tuberculosis Is, 1
recent experience, bemg employed in onlv about 10 per cent of patie
treated surgically  The substitution of extrapleural pneumothorar
plombage for primary thoracoplasty 1s not recommended

Balateral Extrapleural Thoracoplasty  The surgical techmique 1
lateral thoracoplasty does not differ from that of unilateral thoracoplas
Seldom does a hilateral thoracoplasty exceed the removal of ﬁ\c‘rlh‘»
cach side and we have rarely emploved this method of therapy  Entir]
tive surgical measures on one side and a fis e-rib thoracoplasty on the «
postte side has occasionallh been accomphshed ‘

Closed Intrapleural Pneumonolysis. General This 1s an exeell
surgical procedurc for severing adhesions between .thv partially (‘Iﬂl‘lﬂ)’t‘
lung and the parietal pleura  The method was originally devised D)

late 11 C. Jacobacus of Stockholm, Sweden™ My eaperience W ith tl
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operrtion began in 1030 when collapse thernpy methods were beginning to
be used on n wide scale 1° 2 * My interest has continued unabated but the
rapid decline in the use of artifictnl pneumothorax thernpy since the adyvent
of chemotherapy has almost eliminated the need for performing closed
intrapleural preumonolvsis. During the past three vears we have per
formed the operation on onlv 11 patients

Operation A pneumothorax with sufficient space for instrumentation
1s & prerequisite  The technique of NMatson using two mstruments a
thoracoscope and a cnuterizing instrument emploving the high frequency
current for electrosurgienl division of the adhesions 13 excellent ® This
requires two small openings through the chest wall The instruments
populanized by Corillos and by O Brien are equelly satifactory *  Clear
visuahzation of all adhesions and their site of attachments to the chest wall
and lung 1s essential before any attempt at cauterization 13 warranted
Local wnfiltration procnine nnesthesia plus morplune 001 gram tntrn
venoushy 18 the ancsthesia of choice The thorncoscope 18 introduced
first 1f two instruments are used and a site for introduction of the cauter
1zing 1nstrument selected by thorncoscopic examination The area sclected
18 anesthetized and the trocar and eannuls ntroduced under thoracoscopic
view  The troear 18 withdrawn and the cautenzing mstrument mtroduced
through the cannula  The thorcoscope 13 usually introduced posteriorly
an mterspace below the elevated scapula  If onlv one mstrument 13 used
1t 18 usually introduced in the third or fourth interspace along the anterior
axillar line

Thorough thoracoscopic exanunation precedes and determines whether
or not cauterization 18 indicated and final results will depend largely upon
the expenence and judgment exercised by the surgeon in the thoracescopic
selection of adheaions for cauternization  Those adhesions are selected for
sevenng wluch are mterfering mith a satisfactory collapse of the diseased
frea It 18 unwise however to lenyve small adhestons uncut after severing
the larger adhesions as the former may tear and gn e nise to & superimposed
pneumothornx It 18 preferable therefore to cut the smaller ndhesions
first 1f cauterization 15 decided upon  All mdes of the adhesious should be
Visible before cauterization 1 attempted  If this 1s not posstble and partial
cautenzation of large band or curtain-shaped adhestons 13 contemplated
the exact location of the Iung and vascular structures in relation to the
adhesion 13 n prerequisite  The use of thorncoscopy 1n evaluating the
extent of parenchvmal disense or as an md 10 dingnosts of pulmonary
disease 15 T believe now of ver little value and should be abandoned n
favor of exploratory thoracotomt

Adhenions will genernlly not be difficult to locate however the swe of
the structure yanes with the distance from the thoracoscope  The tranw
tion between lung and adhesion 1s often indistinet 1n the larger band fold
and funnel tvpe of adhestons The blood zupplh of the adhemons 1s chiefly
from the chest wall nnd coagulation of the adhesion 13 essential 1 an
effort to prevent bleeding  Usually 1t 1s n matter of slowh congulating a
surface of the adhesion severing o small portion by cauterization and
*gain applving the coagulation current and cauterizing  This process 18
repeated until the adhesion 13 partiallv or completely severed The pres-
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ence of recently developed pleural fluid, associated with fever, makes the
severing of adhesions undesirable and thoracoscopy would, therefore, not
be indicated

The immediate operative dangers are bleeding due to severing vesscls
within the adhesion or injury to the large vascular structure such as the
subclavian artery Damage to the lung with resultant bronchopleural
fistula 1s a serious hazard 6141719 In the severing of large adhestons, % ¢m
or greater m diameter, the pulmonary stump, if too short, may undeigo
necrosis during the early postoperative period and produce serious conse-

F16 22 —Closed mtrapleural pneumonolves A 1935 Extensnve (llﬂl‘il~(':1lL:"‘( tn{*i
1936 Artificin] pneumothoray, left  Adhesions interferimg wit lf\l}l‘ o,
collupse of eavity € 1936 One weeh after cevering mlhmm)na, Je l.u '“( -
mtrpleural pneumonnlyvais D 1952 Sinteenyeurs lnter  Patient
hn< been o pohice oficer for 14y enrs
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quences of fistula and emprema  The late complications include empyema
and obhiterative pleurrtis the former 13 of serious consequence while the
latter mav result 10 the low of the pneumothorux space und nullify the
objectives of the operation

The purpose of closed ntrapleural pneumonolyss 13 to convert an un
wtisfactor pnewmothornx to a satisfactory one te, cutting of offending
adhesions  This has been possible in our experence 1n 75 to 80 per cent of
properh selected cases (Fig 22)

The nlmost complete loss of the need for thus operation due to the
marked decline 80 per cent or more 1n the frequency of applving artificial
preumothorax thernpy results 1n o decrease 1n the expertness with which it
13 performed or at least few er surgeons will have an apprecinble experience
It 18 an operation capable of offering considerable md to certain patients
undergoing artificinl pneumothornx therapy * It 1s also fraught with con
siderable danger Unless the surgeon has frequent expermence m 1ts use
1t 18 recommended that some other method of manngement of the unsue-
cessful pneumothorex be emploved Generallv this means the abandon-
ment of the pneumothornx and recommendntion of other collapse theraps
measures or extirpative surgery

Open Inirapleural Pneumonolysis The severing of intrapleurnl ad
hestons which are interfering with a satisfactory artificin]l pneumothorax
may be accomplished by opening the thorax and cutting the adhesions under
direct vimon It has the appeal of & clean~cut surgienl procedure ¢ How
ever 1t did not gain the popularity of closed intrapleural pneumonolvms
and mnce the advent of chemotherapy has been seldom advised Since
1847 we have carried out the procedure only twice If it 13 accomplished
1t 15 recommended that o rib be resected as the closure of the chest utibirning
the periosteal bed of the resected mb provides a better closure permitting
carlv pneumnothorax refills of air

Panlysis of the Hemldlaphragm. Therapeutic paralvsis of the hem

disphram i the treatment of pulmonary tuberculosis may be accomplished
by three methods  First phrenemphraxis 1e crushing a section 1cm  of
the mam branch of the plremc nerve m the nech with division of s
accessory branches second phrenic excrems, 1. the avulsion of at least
10 em of the nerve through an mason 1n the neck third crushing the
verie s 1t lies on the pericardium at the time the chest 13 open 1n the
performance of extirpative surgienl procedures  The first two were widely
used in the prechemotherapy era  Phrenic exeress gave wny to phrenem-
phraxis as the preferable procedurc after about 133%™  With the de-
creasing use of collapse thernpy measures both temporary and permenent
hemdiphragmatic parnlyss has rapidiv decreased 1n the frequency of
therr use  The practice of crushing the phremic nerve at the time of ex
tirpativ e procedures has not 1n our experience been frequentls emploved
Following the removal of & tuberculous lower lobe we occnsionally crush
the phrenic ner ¢ with a hemostat for a distance of § cm along 1ts course
on the pencardium  This 13 another example of an operntive procedure
"\“?"‘1\ ¢lv used m the collapse thernpy ern which 13 rapidly diseppenning

Pproximately 2300 operntions upon the phreme nerve were performed for

pulmoinry tuberculosis at Fitramons Arma Tlosprtal dunng the penod
b
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1926-1946 " Simce 1950 only 98 patients have been treated by hemi-
diaphragmatic paralysis alone or m combmation with other collapse
therapy and extirpative procedures

The operation of crushing the phrenic nerve i the neck hecomes
relatively sumple if the surgeon performs 1t with considerable frequenc
However, 1f the operation 1s performed infrequently, the surgeon will do
well to thoroughly review the anatomy of this area An meision longer
than that employed when these operations were frequently performed 1s
advised for those who are not already thoroughly familiar with the opera-
tion Local infiltration of procaine solution, 1 per cent, anesthesia 1s satis-
factory The incision 1s placed 1 inch above the clavicle and extends 2to 3
cm medally and laterally from the lateral border of the sternocleido-
mastoid muscle The skin and platysma muscle are incised, and the sterno-
cleidomastord muscle retracted medially exposing the pad of fat over the
anterior scalenus muscle. By digital palpation the latter muscle 1s felt and
often the phrenic nerve on its anterior surface may be felt The fat pad 1s
separated by blunt dissection and the antertor scalenus muscle 1dentified.
Adequate exposure obtained by thin-bladed retractors, 4 to 5 em. m depth,
1s essential The phrenic nerve should be visualized on the anterior surface
of the muscle Its course 1s from above, across the lateral to the nmd.ml
side of the muscle After identifying the nerve 1t is 1solated, mjected with
1 per cent procaine solution, and by means of a forceps, crushed for a dis-
tance of about 1 em A careful search 1s made for accessory bianches
which are present i about three-fourths of adults The accessory nerve 1S
usually located as 1t emerges from the fifth root of the brachial plexus and
followed as it courses along the lateral border of the anterior scalenus
muscle Any of the large vascular structures m the neck, especially the
internal jugular vein, may be imnjured if the anatomical orientation 1s not
accurate, also the cervical sympathetic chain and brachial plewus are
easily damaged.

Hemidiaphragmatic paralysis 1s very unpredictable m its benefits  In
general, and when used alone, lower lobe lesions dernie the most henefit
from this procedure

Extrapleural Pneumothorax. A wide varicty of substances have heen
emploved as extrapleural filling material to collapse, relax, or compress the
lung as an aid to the healing of pulmonary tuberculosis  These %H!;‘
stances have meluded paraffin, fat, muscle, several plastie mu‘gormls. oil,
and air  The latter has been used for a considerable period of time, but 1t
reached 1ts widest use m the pertod of 1937 to about 191341 Tt has since
gradually decreased as a favorable procedure s We hmve emploved the
procedure only once since 1947

Itrapleural pneumothoray 15 accomplished by the surgical re Phe
posterolaterally of a 6 to 10 em segment of the third or fourth rll)l. d I):
extrapleural separation of the lung from the chest wall 1s accomphshed ;'
meticulous blunt dissection until the lung 1s separated from the chest \\;; '
ereating a space of varying <ize extending apieally, posteriorly, latera ],\,
and medially downward to the level of the fifth to seventh rib postertori}
The wound 1= sutured by <nug clostre of the posterior hed ‘,’r the pf":"’\m"nj
of the resected mb and Javer closure of the chest wall mdision I'he pres

mon al
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sure within the extrapleural space 13 measured by an ordinary pnewmo-
thorax apparatus & reading of O to plus 6 1s deswrable  The space 1s main
taned by refills of air varving i amount usually 75 to 250 ce. nt inten als
of from two to four weeks after the first month  The wir refills during
thus period arc usually accomphshed at three- to four-das mtervala. The
pressure veriations genernlly change ruther marhedh wath relntn oy
small quantities of mir as compared to mtrapleural pneumothormx A
change from minus 5 to plus 12 with about 7o cc of mir 13 commonhy noted
The space and the compression of the lung 18 demrably mamtmuned for
penods of sey eral months or longer

This procedure was advocated principallv as o means of collrpse
therapy for those patients who were not satifactory surgienl rishs for
thoracoplasty applicable especially 1 older patients, 1. over fifty years
of age with far-advanced plumonary tuberculoms. In general the mutial
success or appeal of this procedure gradually declined becnuse of ancillary
surgical auds eg 1mproved nnesthesia methods and the greater use of
whole blood transfusion which extended the applicability of thoracoplasty
The complications incident to 1ts use also became mereasingly frequent as
the procedure was npplied to the poor surgical rish patient It 13 1n the
group of patients most needful of such an operation that the adherence of
the lung to the chest wall 18 most marked and difficult to scparate the rc
sult being that the cnvith 18 often perforated the space obtmned 18 smal
re-adhesion more common the maintenance of air refills more difficult
ncreased inctdence of loss of the space fluid production and empsemn
These have led to the abandonment of the procedure in severnl climes.
Churchull emphasized the shortcomings of this procedure 7 In a few clinics
and 1n the hands of 1ts strong advocates excellent results are reported *

Extrapleural Plombage The recent appeal of this procedure 13 hased
on less imtating substances bewng made avalable namely the plastic
materials Luate methyl methacrilate was popular for a few veam fol
lowing the report of Wilson and Baker ¥ However the poor sputum con
version rate and frequent compheations along with the splendid results
obtained from extirpative surgers have lend to the abandonment of lucite
plombage in most cliniw® ™ We treated 11 patients with luerte plombage
dunng 1946 hut have smee abandoned the procedure W have had no
expenience with other plastic matennls. 1 prefer the fis e-nb thoraeoplasts
s o space domng procedure 1n lobectoms or pneumonectomy  The sub-
costal extrapenosteal plombage 1s a prefernble method

The substitution of extrapleural filling with air or plastic matermls for
thoracoplasty has the appenling plan of not removing several ribs and does
not produce thoracie deformity ~ This feature mas lead to a compromise
with what many believe to be the preferahle method of producing eollapw
therapy 1 thorncoplasty 1 edhere to this belief and have not offered
extrapleural methods as a substitute for thoracoplasts either as o priman
method of surmeal collapse or as a space-closng procedure nvsoctated with
extirpatine urgenn A major draadantage of plastics and other substances
except air 18 that they obscure the lung structure to roentgenographic
view amd one has to relv entireh on dimienl mamfestations to asertain
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the trend of the disease, this loss of roentgenographic aid is a serious
consideration

The operatn e procedute is performed m essentially the same manner as
15 extrapleural pneumothorax, except that the space created 1s filled with
the plombage material rather than arr

Summary. The collapse therapy of pulmonary tuberculosis has con-
tributed greatly to the surgical advances m the management of this dis-
ease Its objective 1s to provide rest for the diseased lung, thereby aiding
n the healing of tuberculosis It has been characterized by the mtroduc-
tion of several different methods, few of which hat e stood the test of time
and experience  Extrapleural thoracoplasty has been the single, most
effective surgical method of collapse therapy The changing trend m the
use of collapse therapy procedures 1s depicted in Table 3

Table 3. The Changing Trend in the Use of Collapse Therapy
Procedures. Fitzsimons Army Hospital

No of Tunes Employed

—,

Procedure 1926-1946  1947-1952 1952
Apicolysis, with paraffin filling 26 0 0o -
Cavernostomy 21 3 0
Decortication 10 55 5
Phrenic Nerve Operations
Phrenectomy ' 20 0 0
Phrenemphravis 1627 302 14
Phrenicoeneresis 694 0 0
Scalenectomy” and phienicoexeresis 1) 0 0
Pneumonolysts, closed mirapleural 349 92 0
Thoracoplasty 1205 1285 113
Rewvision of 38 5 0
Total of all Collapse Therapy Procedures 4432 2382 132
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Chapter

4
Extirpative Surgical Therapy

Factors Determiming Amount of Lung fo Be Removed. General The
amount of lung to be removed 1n the surgical treatment of pulmonary
tuberculosis depends upon the balance of two aims, eradication of active
disease and conservation of normal lung tissue Such a balance 1s a com-
promise 1n that tuberculosis i1s a generalized disease, and except 1 the
infrequent strictly circumseribed lesions devoid of adjacent or distant
involvement, the lungs i active pulmonary tuberculosis manifest multiple
areas of involvement The conservation of what 1s considered normal lung
tissue 1s generally something intermediate, as there 1s seldom strict de-
maraction from the normal zone The best compromise procedure 1s that
which almost accomplishes the extirpation of disease and still conserves
a maximum of normal lung tissue

Condation of the Less Involved Lung Both lungs are usually involved
1 active pulmonary tuberculosis even though the roentgenographic ap-
pearance of the less mvolved lung 1s normal Senal roentgenographic
studies are the most effective means of ascertaining the extent of the con-
tralateral lung mvolvement In the presence of active bilateral disease
the less involved lung should be under adequate therapeutic control before
extirpative surgery 1s performed on the more involved side The present
chemotherapeutic agents are effective measures of such control, and col-
lapse therapy measures are rapidly becoming unnecessary on the less -
volved side  From 1947 to 1952 only 11 patients had artifictal pneumo-
thorax therapy on the less involved side at the time of extirpative surgery.

Extent, Nature, and Location of Disease Process It 1s mandatory that
careful study of serial chest roentgenograms be made, preferably from the
onset ordate of disease detection, and at frequent intervalsduring the course
of the disease prior to extirpative surgery Such a study should be the
combined efforts of the roentgenologist, the phthisiologist, and the thoracic
surgeon It is often essential to mclude mn the roentgenographic stud)l’
projections other than the usual postero-anterior, especially the ﬂp“fif
which bring into clearer view the area above the second nb Jevel anteriorly
The lateral projection 1s also a valuable aid m ascertaiming whether the
cavity or lesions are in the upper or lower lobe, especially when the pOIitIOH
of the lung mvolved 13 located posteriorly in the region of the fourth or
fifth rnb

When the disease process, as evidenced roentgenographically, 1s hm‘t}Cd
to one lobe or a portion of one lobe, 1t 1s recommended that only the lo )f_:

or the appropriate portion of the lobe be removed However, the exper .

(70)
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renced thoracic surgeon refrains from a preoperative decision as to the
amount of lung which he will remove It 13 often obsered at operation
that the preoperntive appraisal mimmized the extent of the disease or
occasionally exaggerated 1ts boundaries Rarelv certan operative tech
meal problems may require sacrifice of more lung than desired or the re-
linquishing of more mvolved lung than intended The unfayorable con-
ditton of the patient during the course of the operntion mayv also alter
previously made plans
The location of a lesion or lesions close to the hilus may necessitate
a lobectomy whereas 1f such lesions are located more peripherally wedge
excision or segmental resection would suffice
Technical Conmderations  The experienced surgeon will rarely have to
alter the execution of a planned pulmonary lobectom; because of technical
problems. Lobectoms preumonectomy, and segmental pulmonarv re-
section are time-consuming operations requiring meticulous attention to
details, Thth wide exposure of the operative field full utihzation of
expertly admimstered anesthesin, and whole blood replacement therapy
hastening of the operation 1s unnecessary and dangerous The anomalies
of the pulmonary hilus are few yet accurnte knowledge of 1ts anstomy 15 0
requute 4 ¢ +-10 3 510 Tnyury to blood vessels, larger than those supply-
ng the area which 1t 1s planned to remove me) require the remosval of
larger portions of the lung than contemplated A pneumonectomy may
become necessary because of mjury to the man pulmonary artery when a
lobectomy was all that was at first contemplated There 15 no substitute
for care and strict attention to detailed dissection of the pulmonar hilus.
Rarely o pneumonectomy rather than a contemplated lobectomy mav be
necessitated due to mmjur of the mein stem bronchus. Avoiding these
accxdents 13 far eamer than their management after mmjunn  Segmental
resection requires the same meticulous dissection of the respective blood
vessels and bronchus as does lobectomy  The complete mobilization of
the lung through a widely exposed operative field prior to 1solation of the
Tuler structures nnd avorling haste are the secrets of preventing acaidents
at the time of operation
4dhesrons  Fxtenmve ndhesions obliterating the pleural space are
frequently encountered 1n pulmoner tuberculosis. They are more pres -
alent 1n instances wherein pleural effusion and empy ema exist or previous
thoracic surgical procedures have been performed The adherence of the
lung to the pericardium and medstmum are equalls frequent The
management of such adhemons 13 a test of the surgeon s patience and 1n
genutty  Careful blunt digital dissection and the aid of small sponges
attached to & long forceps, with observation by adequate lighting 15 the
best means of accomplishing separation of such adhesions. The entire
lung should be mobilized prior to the dissection of the hilar structures
wecluding separation of the lung from the diaphragm as o mobilized lung
permuts control of the lular structures should an emergency anse 1In
severnl mstances 1 our experience a cavitary lesion was so densch ad
herent to the chest wall that the cavity was opened during the attempted
separation.  Due to the benefits of streptomsain protection there have
been no scrious complications attributable to this at times unas oxlable
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accident The cavitary contents should be immediately evacuated Dense
bands of adhestons, especially mn the apex of the thoracic cavity and near
the diaphragm, should be ligated by transfixing sutures Small tears
the lung which may occur 1 the separation of adhesions, though un-
desirable, are seldom of major concern

Interlobar Iissure —Frequently the peripheral surface of the mam
interlobar fissure may be obliterated by adhesions which, when separated,
expose a relatively free mterlobar space The fissure between the right
upper and middle lobes 1s seldom complete, probably only 1n 15 per cent of
adults, It should be completed by transecting the lung between clamps
The severed portion of the lung tissue which remains should be sutured
before dissecting the hilus structures, if they have not been 1solated It 1s
seldom indeed that the obliteration of the interlobar fissure necessitates
an extensive alteration m the planned or indicated operative procedure
Pneumonectomy 1s rarely advised as a substitute for lobectomy because of
obliteration of the mterlobar fissure A seven-rib thoracoplasty is, m the
absence of lobar bronchial stenosis, often preferable to pneumonectom)
under such conditions

Endobronchial Disease  The presence of healed stenotic endobronchial
disease 1s best managed, 1n our experience, by lobectomy or pneumonec-
tomy, depending on the site of involvement The excision of the stenotic
area and suture of the bronchus, or the application of suitable grafts, ha§
been advocated and accomplished with marked success by Gebauer’
Ulcerative lesions visible bronchoscopically rarely warrant operation, as
chemotherapy 15 effective 1in bringing about therr resolution or at least
ards 1n producmg contraction and healing after which surgery may be
indicated

Lymph Node Involvement of the Hilus The lymphoid tissue of the
pulmonary hilus 1s often involved in the scarring and healing of the tuber-
culous process and becomes densely adherent to the vascular and bronchal
structures When this occurs the dissection of the structures of the Inlus
1s made more difficult, increasing the danger of mnjury to the bronchus and
blood vessels In my personal experience lobectomy has been abandoned
and thoracoplasty substituted because of densely matted hilar lymph nodes
on only two occasions since 1947 We have not hesitated to cut acros
lymph nodes of the hilus o1 to remove them, reahzing that they mav be
mnvolved 1 the tuberculous process Enlarged hila or mediastnal lvmph
nodes, which have been destroyed except for a firm fibrous capsule and
which contain caseous material, are seldom surtable for removal becaus(]‘
of their adherence to large vascular structures These lesions are managec
by excising a large portion of the capsule, evacuating its caseous contents,
and leaving the wall of the capsule attached to the vessels

Residual Focr The residual focus or focr which remam m the ]un({i*
after maximum resolution from chemotherapy are being regularly remlm(i
surgically ®2  We have seldom considered 1t feasible to remove mu tiple
foci from different parts of the lungs The small foc1 may appear to dr c'pr(:
sent healed areas which a few years ago would have been acecepte 1‘” l‘q
satisfying result after a long period of rest treatment, or as the resxf] m\lv-
of a disease which had presented few symptoms These foer are not, ho
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ever as mnocent ns often considered and therr surgienl excision has
generally revealed lesions containing caseous material from which tubercle
bacillt are dentified The mability to grow these microorganisms mn culture
media or to produce tuberculosis 1n experimental animals does not at the
present time prove that such organisms are not dangerous to the human
host

Lobectomy [he technicul aspects of pulmonary lobectomy focus upon
the ulentification 1solation and mdividunl ligation of the artery vein and
bronchus supplying the lobe? The maneusers to accomplish this are not
difficult but require punstaking attention to detmls and are time-consum
ing The competent surgeon who has accurate hnowledge of the anatomy
of the puimonary hlus will regularly require three to four hours in the
performance of lobectomyv In general 1ts surgical execution for pul
monary tuberculosis requures nerther more or less time than lobectomy for
other cnuses  Each of the five pulmonary lobes require but slight vana
tions 1n surgical manngement for their removal (Figs. 23 24 and 25) In
pulmonary tuberculous the adherence of the panetal and visceral pleura
1 very common and the most frequent site 13 apically and posterorly
This 15 elso the most common site for cavitation to occur

Two practical principles are mgnificant mn freemng the lung from the
chest wall and 1n the performance of lobectomy first wide exposure of the
operative field second the nvordance of haste The subperiosteal removal
of en appropriate nb from the transverse process to the costochondral
junction 18 the preferable first step toward attaimng wide exposure  An
mtercostal mcision without rib removal 18 preferred by some if thoraco-
plasty 18 not contemplated Following b removal an estimate of the
adherence of the lung 1s 1n part possible If the partetal pleura 1s trans-
parent and the lung 1s seen to move freely with respiration an appreciable
portion of the lung mav be assumed to be free of the chest wall However
rather dense adhesions may be and often are present apically and pos-
teriorlv  After the panetal pleurn 1s opened 1nspection and palpation of
the lung determines the presence and locntion of adhesions  If the pleurae
are thichencd and the lung cannot be visualized considerable care 1s
required 1 incising the panetal pleura to avord mnjury of the lung  As the
pleurn 18 incised 1ts cut edges are elevated and by gentle blunt dissection
the lung 18 separuted from the chest wall The most difficult areas en
countered in this separation are usually the apreal posterior diaphragmatic
uixl mediastinal  These cunditions are greatly ncrensed in instances
wheren 8 thomcoplasts has been performed severul months previoushy A
first stage three-nb thorncoplasty does not enhance technical problems
The practice which I have found most helpful 1o freeing the lung employs
meticulousness adequate hight and patience

The entire lung 18 freed from amy adherence to the chest wall pen
eardium and diaphrngm by careful dissection  Unless the adhesions are
transparent higation with a transfixing suture 18 desirable  Two principles
ore aatisfied bn freemng the entire lung first 1t 13 technienlls easy to secure
the mamn pulmonary artery and the superior and mferor pulmonan 1ein
if uncontrolled blecding from the lobar vessels should occur second the
remaimng freed lung will expand more umformls to fill the hermthorax
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after the removal of the lobe The lobe to be removed 1s separated from
the adjacent lobe or lobes. All dissection 1s directed toward making the
pulmonary hilus clearly visible and its structures easily identifiable and
amenable to higation Preferably all of this is accomplished before ligating
the individual structures in the hilus

There 1s divergence of opinion as to the order i which these structures
should be ligated, and many advise dealing with the bionchus first In
my experience the competent anesthetist 1s able to aspirate the bronclual
secretions, and postopeiative spread, although always distressing, has
fortunately seldom occurred and has not been considered to have been
affected by whether or not the bronchus had been hgated first Further-
more, 1t seems ill-advised to immediately seek out the bronchus and hgate
it before the more available vascular structures of the hilus are 1dentified
and 1solated The use of chemotherapy has so markedly reduced the
quantity of sputum produced by tuberculous patients that seldom do the)
have more than a few cubic centimeters of sputum 1n twenty-four hours
We have not employed the face down position 1n thoracie surgery * The
meision for thoracotomy 1s the standard posterolateral approach

The pulmonary artery 1s 1dentified and 1ts branches to the lobe to be
removed are 1solated The pulmonary vein to the lobe 15 also 1dentified
and its branches 1solated 'The bronchus 1s identified and its solation
generally follows the severance of the blood vessels, especially for the upper
lobe Ordnarily the arterial supply 1s dealt with first, the branches being
triply ligated and a transfixing suture placed both on the proximal and
distal ends, plus a simple hgature on the proximal end The transfisng
suture 1s employed on the distal end simply to prevent the ligature from
coming off with the resultant annoyimng bleeding from the lung ~ The vessel
1s cut between the two distal sutures Patience and meticulous dissection
are required n order to provide an adequate stump of the severed vessel
If this cannot be secured, lobectomy should not be attempted Pneumo-
nectomy may be feasible, or the surgical effort discontinued and thoraco-
plasty or other methods of management decided upon at a later date
Occasionally i upper lobectomy a branch of the superior pulmonary vem
1s mutially ligated to better expose the branches of the pulmonary artery to
the upper lobe On the left, the artertal branches number four to seven and
each 1s dealt with in the same manner, while on the right there are usually
only about half as many |

The pulmonary vemn to the lobe to be removed 1s usually dealt with
next, leaving the bronchus until last, especially 1 upper lobectomy

In performing lower lobectomy the vem 1s often dealt with before the
bronchus has been divided and 1ts proximal end sutured The pulmonary
vemn from the lower lobe 1s 1dentified by elevating the lobe, freemng 1t fTOTK
the diaphragm and pericardium, and observing the pulmonar) .hgament |
lymph node 1s present 1n the upper portion of the hgament adjacent to t :C
vemn and aids 1n 1ts location The pulmonary ligament 1s divided and lls
contamed blood vessels igated The pulmonary vemn 1s identified, lSO}‘;‘:}‘é
triply hgated, and divided, leaving one suture on the lung stum]? | i;s
mam division of the inferior pulmonary yem 1s not clearly 1solated,
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branches are dissected and dealt with 1o the same manner ns the artenal
branches are managed

After the vascular structures are disposed of the bronchus s freed of
adjacent tissue and the bronchinl artery branches are 1dentified doubly
ligated and seiered between the hgatures. Clamps are seldon placed on
the bronchus. A heavy wilk liguture 1s placed through the lobe bronchus
m its distal portion but usualiy not tied until the bronehus 13 transected
The bronchus 13 ent across at a level wlach permits an adequnte stump for
sutunng A stump n excess of § centuneter 1s undesirnble  The proximal

Fla 23 —Left upper bbectomy  Branchew of the pulmonar arter ate being ligated
branches to hinguln polated.

end of the lobe bronchus 18 closed with simple interrupted 0000 sl suture
Atmumatic 00 chromic catgut suture has been used with equallv good re-
sults. Tho lobe 18 then remoed

The lower lobe of either mde 13 removed 1n similar manner The
pulmonary hgament 18 severed and the arteral structures are dealt with
first Usually the arteral branch to the superor division 1s dealt with
separately a3 1ts omgin from the mun pulmonary arter <o closels approxi
mates the ongin of the right nuddle lobe srterl supphy or the Iimgula
branch on the left as to endanger these structures. The remmnder of the
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Fic 24 —Left upper lobectomy Pulmonary artery branches have been hgated,
bronchus cut, and proximal end sutured Superior pulmonary ven ready for
higation The vessels are usually ligated and cut before the bronchus 18

transected

Pulmonary vein ready for hgation, showing anterior

25 —Left upper lobectomy
e ot Branches of pulmonary artery have already heen

and medial surface of lohe
ligated
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artenal supply to the lower lobe mav be higated proximally to its bhrunch
divisions or the branches themselves mav be mdivrdually ligated  Lraple
ligation 13 employed n transfixing suture heing placed distally and both o
transfimng suture und simple hgature proximallv: - The pulmonary vom
from the lower lobe 19 1dentified nnd treated as noted m the preceding parn
graph  The bronchus s trented as described for the upper lobe  The muper
1or lobe bronchus may be dealt with separtels before the rest of the bron
chus 1s divided

Careful hgntion of any bleeding vessels and the suturmg of wir lenhs
waccomplished Two 451 mpht angle entheters nre placed mtrapleuralhy
making their exit one mn the posterior axallary hine 1n the eighth or nmth
intercostal space and the other 1n the antertor axillarny line i the tlurd or
fourth intercostal space  The eatheters are connected with under water
dranege bottles The wound 13 closed 1n lavers with interrupted mlk
sature A small dressing 18 applied The anesthetist accompames the
patient to the ward remaming until the patient 18 awnke The endo-
tracheal anesthemia tube 1s usually remo ed 1 the operating room  Bron
choscopy immediatels after lobectomy 1s rarelt indiented

Pneumonestomy Pneumonectomy m the treatment of pulmonnrs
tuberculoss has becn emploved 1 onhv 22 of the patients 5 per cent
treated by extirpative surgery 1047-1052 a much lower pereentage than
generally reported ' Thus 1s probably due to three factors first the pa
tients we have been privileged to trent have represented m general the
voung soldier whose disense has been detected enth  secomd the chemo-
therapy regimen and bed rest has been nccomphshed 1 most all instances
n this hospitel and third a modernte amount of viable and palpable
tuberculous disease 1n the lower lobe and extensne disense in the upper
lobe does not indicate preumoncctoms an upper lobectomy and a flye-rib
thoracoplasty 1s prefernble

Preumonectomy performed m the treatment of pulmonary tuberen
losis presents the same technical problems as encountered 1n tts perform
ance in other non-neoplastic discase (Figs 26 and 27)  The princtples
followed are complete mobilization of the lung s vering the pulmonnrs
ligament and individual 1solation of the vusculnr structures and mmn
stem bronchus of the pulmonary hilus hefore ligating these structures
After the hilar structures are dentifid and rolated T have generally
proceeded by first ligating und severing the pulinonary artery Double
ligation of the proamal end of this vess] onc of which o transfixing
suture 13 regularh practiced  The superior pulmonary v 13 next lgated
and treated in a smilar manner the bronchus usualhy Ining the next
structure to be scs ered and 1ty proximal cud closed by intermpted 0000 mik
sutures  We have seldom used morc than o angle row of Intcrrupted su
tures \o effort has becn madi to remove nings or enrtilages: or to cut one
@lge of the bronchus appreeinbly fonger than the other ' Sunphiaty nnd
meticulous sutunng hasve ben the prinaples cmploved i the treatment of
the bronchus  The infc ror putlme sary ooy the final strcture hgated
and 10 the <ame manner as the polmonars artery Silk sutures No 0
or 00 ap emplovel i higating the s Inrge sasudar structures Inte
Penianhal dissection of the struetures of the pdmonars Il 4 s
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F1rc 26 —Left lung and pulmonary hilus Anterior and mediastinal surfaces

Fic 27 —Left lung and pulmonarv hilus  Anterior and mediastinal «urface The

pulmonary vein has heen severed
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necessary The lymph nodes mn the lulus are often firmly matted to the
vascular and bronchial structures making dissection difficult The opera
tions emploved 1n extirpative surgers  except wedge excision do not lend
themsels e8 to speed in their performance The tuberculous patient under-
going these procedures 13 able to withstand n long operation properly
supported by excellent anesthesia management and whole blood replace-
ment Haste in the performance of the operation 18 not onlv undesirnble
but often dangerous
Segmental Resection. The segmental resection of tuberculous lung
tissue 18 being 1ncreasingly emploved effectively m the trentment of pul
monary tuberculosis*® The anatomical basis for segmental resection 1s
the structure of the bronchopulmonar segment described by Bovden
Scannell and others.t¢ 3191317 The basms for rts application 1n the
surgical therepy of pulmonam tuberculosis 13 that tuberculosis 13 most
often located 1n the apical and posterior segments of the upper lobe of the
lungs. The chemotherapeutic agents have been n great boon 1n increasing
the tendency of tuberculous lesions to become localized within the lung
thus enhancing the use of this surgical procedure @ For exnmple 1n 1047
18 and 1949 we emploved segmental rescction 1n onlv 6 patients under-
going extirpative surgical thempy while durng the first six months of
1853 51 patients were trented by segmental rescction
The surgicnl techmque emploved has been based on the same surgical
pnnciples as lobectomy or pneumonectomy namely the meticulous
on of individual structures of the pulmonary hilus (Fig 28) Each
structure 18 prepared and oll ere made ready for Ligation before rnv one 19
ligated  For segmental resection this mnvols es the principle of exposure of
the respective bronchus and arterial end venous branches before these
structures are individually severed The transection of the lung tissue of
the segment or segments removed 18 1n my opinion preferably managed
by the clamp and suture method using a double row of 00 atraumntic
catgut suture. In the application of the clamps care should be exercised
to nclude a small rather than a large area in the clamp  The interrupted
suture method to close the transected lung tissue 13 preferred by many
authors  Unless all vessels on the cut lung surface are separately ligated
and the mterrupted sutures used smply to approsimate the cut odges of
lung a double row of continuous suture of catgut 18 a more cfficient hemo-
static suture  We have observed four farge mntrapulimonary hematomns
dev elop following segmental resection when mterrupted sutures alone
were used  None has been noted 1n segmental resections where the clamp
and continuous suture of the transected lung tissuc was accomphshed
¢ Wedge Excirion. The removal of lung tissue by wedge excision 13
requently selected as a method of surgmenl therapy for pulmonan tuber
;“J The tubereuloma lesions and amall peripherally located resdunl
;‘c‘ comprise the man indications for wedge excision  During 147 to
l;:‘:nj 1053 113 patients have undergone wedge exciaion of tuberculous
@ C’I‘hza“"mml technique emploved in wedge excision 14 simple and post
leston cr exposure of the lung by nb resection or mtercostal incision the
or lesions to be removed by wedge exasion are usually subpleural
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peripheral, and of firm consistency and easily visuahzed and palpated
Their removal 1s accomplished in the following manner the lung tissue to
be removed 1s grasped by the surgeon’s thumb and index finger Clamps,
preferably the Kocher type,-are applied in a manner so that a “V” shaped
area of the peripherally mvolved lung 1s contained between the clamps
The tissue to be removed 1s transected with scissors A 00 catgut suture
on an atraumatic needle 1s used to suture the cut area of the lung A
double row of continuous suturing is employed The first row 1s placed
below the clamp, the excess lung tissue above the clamp 1s excised, and the
clamp 1s removed The second layer 1s placed so as to bring the pleural
surfaces together and invert the cut edge of the lung The same method
of suturing 1s carried out on the opposite cut section of the lung No
attempt 1s made to bring these two sutured lung surfaces together, as 1t 1s
believed that the healing reexpansion of the lung 1s better accomplished
without approximating the edges of the “V” excision When the lesion to
be removed requires the dissection of the corresponding bronchus and
vascular supply and does not necessitate lobectomy, segmental resection
1s preferable

Bilateral Extirpative Surgical Therapy. Bilateral extirpative surgery
is rarely indicated, and except for a few bilateral lesions as tuberculomas
or small residual foci, we have not recommended such procedures The
method of application 1s the same as for unilateral procedures

Summary. Extirpative surgical therapy in pulmonary tuberculosis
has been made feasible for wide application largely through the use of
chemotherapy The operative procedures bemg used with steadily In-
creasing frequency are those which are directed toward conserving normal
lung or less mvolved lung and extirpating the more diseased areas Lo-
bectomy, segmental resection, and wedge excision are meeting this require-
ment Pneumonectomy 1s seldom mdicated The surgical principles and
details of their technical application are described
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Part 111
Experience With Surgical Therapy

mn Pulmonary Tuberculosis

Chapler

5

General Considerations 1n Surgical Therapy

Incidence of Patients Treated Burgically The recent rapid increase m
the medence of patients treated surgically indicates the improved results
obtained Ome out of every 4 patients suffering from pulmonars tubercu
loss presently being treated nt Fitzsimons Army Hospital receives surgteal
theraps  To predict the developments of even the immedmte future
would be unwise Iowever with early detection of the disease 1mmediate
and prolonged chemotherapy and facilities for complete rehabilitation
there seems to be every reason for extending the application of surgical
therapv  Exduding pneumonectomy our operatine mortality for the
surgical therapy of uncomplicated pulmonan tuberculosis since 1947
mcluding all deaths within sixty davs has been 18 per cent  That this
low operative nsh mav be still further decreased 18 an incentnve to those
advocating surgicn] theraps

A large factor i the utilization of surgical therupy 13 the (xperience of
the recommending phvaicinin  The tendency to evaluate therapy on the
basis of & personal experience which may have led to his own recovers from
tuberculoss or upon an intimate knowledge of an occasional case problem
18 often a domunant factor in the recommendations to his friends and
patients A particular procedure mav gam the phvsician s favor and the
tendenes to over recommend 1t and deprecate developments subsequent
to his own experiences 1 not an unusual occurrence  Further the enthus-
sm of the hospital s staff or lack of zeal for surgical therapy s o pre-
dommpant factor in 1ts frequency of appliention  This waxing and wnning
has been evidenced i our own hospital  In 1930 the enthusmsm for sur
gical therapy was great and 89 patients were treated by extmpleural
thoracoplasty  while nine vears later the staff did not share such enthus-
msm and only 11 patients were trented by thorncoplasts  Tlus treatisc
will serve T hope to acquaint those phvsicians who do not devote a con

{83)
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siderable part of their time to the clinical problems of tuberculosis with
recent developments in the apphcability of surgery To those who are
daily concerned with the therapy of pulmonary tuberculosis, my desire 1s
to relate an experience which may be valuable to them m appraismg therr
recommendations concerning surgical therapy The true balance of the
incidence of surgical therapy, under present conditions, must awmt a
longer period for observing patients tieated without surgery as compared
to those receiving such therapy. In the meantime, its more frequent
employment 1s recommended

Anesthesia. General The advances m anesthesiology have paral-
leled and often preceded those of thoracic surgery It is certam that the
mmproved techniques and methods of anesthesiology for the past thirty
vears have been paramount in broadening the scope of surgery in the treat-
ment of pulmonary tuberculosis I am indebted to Lieutenant Colonel
John F Kellogg, Medical Corps, U S Army, Chief of Anesthesiology,
Iitzsimons Army Hospital, for most of what follows concerning anesthes:-
ology 1n the surgery of pulmonary tuberculosis

Hastory  The route which has been traversed to reach the present
excellence of anesthesiology m the surgery of pulmonary tuberculosis began
1n about 1794 when Person, 1n England, suggested the use of mhalation of
ether in the treatment of phtlusis Endotracheal intubation as a method of
admimstering an anesthetic agent was used 1 1869 by Trendelenburg on 2
patient following a tracheostomy  Chloroform dropped on a flannel
covered funnel connected to the endotracheal tube was the anesthetic
agent In 1878, Macewen, of Scotland, was probably the first to adminis-
ter anesthesia through an oral endotracheal tube ~Kirstem, 1895, suggested
the mtroduction of the endotracheal tube under direct laryngoscopl
Elsberg and Jackson popularized this method m the Umted States during
the first decade of this century  In 1910 McKesson produced an anesthetic
apparatus capable of deliverng gases at a predetermined pressure which
made possible the use of the “reduced pressure chamber ” The endo-
tracheal tubes popularized by Tlagg, Magill, Rowbotham and others artf
now mn common use The endotracheal method of admmistering nncsth‘t‘f"
agents has been a major contribution to the surgery of pulmonary tuber
CulOSlS 11 13 17 18 26 29 33 \

The anesthetic agents have varied but ether has retamed a Ingh dcg]ri‘lq
of preference by many of the authorities 5131928242 Cydogmpﬂ_ﬂ(‘] mé
become a favorite agent of many during the past two decades ®® We ]“"‘c
not employed it m our work, nor have we used ethvlene or trichlorethn (inn'%
The use of spial anesthesia m the surgery of pulmonarv tuberculosis ha
been advised but here agam we have had no experience {nes-

Pentothal Sodvum, Local Procaine, and Inhalafion Niirous Ovide i ’r(‘]_
thesia for Extrapleural Thoracoplasty ~Pentothal sodium and If)c‘dtgm
cane, and mhalation mitrous oxide anesthesia was employ e dm 186 1})11 1{ wo
on whom 502 thoracoplasty operations were Peffor‘med during ,t wrc re-
vear period, 1947-1948 182027 The techmgques used in this study t“ (fn e
viewed by Major W I, Lumpkin and the author The prcmcdw;:llo eht
individuahzed but, in general, comprised a barbiturate, 01 gram‘ ;mw .
before operation and the mormng of operation, plus moderate <

e-;m'n
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morphine and scopolamine averagmg 001 gram and 0 0004 gram respec
tnely Even effort was made to provide an atmosphere of quiet for the
patient 1n the operating room The mitil ntravenous njection of 3 to
5 cc of pentothal sodium 1 o 2§ per cent solution was given rather rapudly
and further injections of 2 to 5 cc. are repeated as indicated waiting a
rensonable time for effect after each injection  As the patient loses con
sciousness utrous oude oxygen inhalation mixture 50 per cent mitrous
oxide 13 started and the flon of the gases mamtained above 2000 cc per
minute The mjection of procamne 1 per cent 1s carried out by the surgeon
with mfiltration along the course of the skan and muscular wasion.  Two
per cent procaine 18 used for anesthetinng the intercostal nertes and pen
osteum  Very Iittle pentothal 1s required following the mtercostal nerve
blocks and the patient 13 maintained 1n a ight sleep with 1 to 2 cc. of pento-
thal every ten to fifteen munutes. As the rib resection begins axmsted
respiration 18 accomplished until the operation 15 complete  Blood trans-
fusmon 18 continuous during the operation and maintrined until after the
patient 18 returned to s ward

Certain factual data were obtained 1 this study  Laryngospasm oc-
curred m 1 3 per cent of the operations to a degree requuring the intray enous
mjection of 40 to 80 umts of curnre Transent coughing was noted 1n 2
per cent of the operations and the method was madequate to produce
satisfactory anesthesie 10 16 per cent of the operations Ether was the
agent selected 1n all instances when a change from pentothal was required
Seldom was the total of 2 grams of pentothal sodium exceeded  To change
to ether 00 to 100 units of curnre were admimstered intravenously endo-
trachenl intubation accomplished and ether gradually admimstered
Ninety-one per cent of these patients had far advanced disense the re-
munder were moderately advanced Streptomvemn mn varving doses often
lerge according to present standards had heen admimstered for varving
periods of weehs or months  In 90 7 per cent of these patients more than
one stage of thorncoplasty was anccomplished  The patients collectively
had nn average of 27 operations per patient. The amount of procaine
used mveraged 91 ce. The average dose of pentothal sodium was 1.28
grams  Operative time ay ernged one hundred and five minutes,

The ver carlv recovern of an effecthve cough mechamsm 18 an m
portant considerntion 1n patients undergoing surgery for pulmonury tuber
culosis andd was a principal factor n this particular anesthesia techmque
The patients react witlun three to five ninutes after the mtrous ovde 18
discontinued und are generally able to cough effectivels by the time return
to the ward 13 nccomphshed I flective coughing minimized  sprends
anwocinted with surgical therapy  Tn this regard results were good only
3 patients 10 per cent or 1n 0 6 per cent of the operative procedures was
there enrlt evidence suggestive of sprend of the tuberculous discnse  Two
of the 3 patients had not been trented previouslt with streptomyven In 1
patient a massive bronchogenic spread resulted 1n rapid progression of the
discase and death  This method of anesthesia was not emploved 1 those
patients who produced large quantities 75 cc. or more of sputum

The teclunque 1+ not comphented the results were considered satis-
factory and the expenience intersting However 1t did not scem to us
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to offer advantages over our previous practice of employing the endo-
tracheal method, and we have abandoned the use of pentothal sodium,
Iocal procamne, and nitrous oxide mnhalation

Endotracheal Techmque The techmiques which we have employed
with few modifications during the past several years are based principally
upon the ether oxygen agents The day preceding the operation the anes-
thesiologist reviews the clhimcal 1ecord, appraising the patient’s physical
status  An mterview with the patient 15 conducted explaming in unde-
standable terms what the patient may expect concerning the time the
operation will begin, and the fact that, on awakening, he will receive
oxygen therapy and mtravenous fluds These are also emphasized by
the surgeon and the patient 1s mformed that intercostal dramage tubes
will probably be mnserted at the time of the operation The anesthesiologist
carefully questions the patient regarding previous 1llnesses, operations, and
allergic mamfestations, especially to drugs and avoids their use With
this information assembled, the anesthesia program for that patient 1s de-
termined and the preoperative orders written In the absence of contra-
indications, one of the short acting barbiturates, usually pentobarbital
sodium (Nembutal), 1s prescribed for oral administration at bed time and
repeated two hours before surgery The estimated dose of morphine or
demerol and atropine is given hypodermatically one and one-half hours
prior to the time scheduled for the induction of anesthesia This contact
between the anesthesiologist and the patient does much to allay the latter’s
apprehension, which contributes to a smoother anesthesia and probably a
better postoperative course .

It is not uncommon to note that the tuberculous bedridden patient is
very vulnerable to the hypotensive effects of morphine, dosages of even
008 or 005 grams may be followed by a drop of systolic blood pressure of
30 to 50 mm of mercury which responds poorly to the vasopressor drugs
If thus occurs prior to the commencement of operation, cancellation of the
procedure 1s usually good judgment In reevaluating such a case problem
for operation at a later date, opiates are usually withheld

The induction of anesthesia 1s preceded by an intravenous drip of 5
per cent glucose in distilled water or normal salime solution Occeastonally
a vein in the arm or lower leg, 1s exposed and used for mtmvenous.adxmms-
tration A three-way stopcock 1s iterposed m the mtravenous circuit for
the admimstration of pentothal sodium A test dose of pentothal 15 ad-
mmistered and 1if there are no untoward effects, and such effects are utn}
usual, pentothal sedium, 23 per cent solution, 1s admmistered slonly lllll ll
the hd reflex 1s Jost Oxygen in a concentration of 100 per cent 15 ad-
mmistered by face mask for two to three minutes, by the clock, ““’St”“lff
respirations as needed Additional pentothal 1s admmustered to '{1 ]li(\)l !
approaching apnea, and at this time 1t 1s immediately followed b
calculated dose of a relaxant, such as Anectine or d-tubocurarine Lo

The usual dose of curare m the voung adult n good general (-nlmﬂblc
has been one unit per pound of body exgh.t Smaller dosage 15 ac ‘]:ﬂlt('l\
m debihitated and older persons Al patients are weighed ““"t“::_cd for
preoperativelv  Oxvgen, 100 per cent concentration, 15 m]-,lmm:](fr et
one or two minutes, then the pharynx and glottis are spraxed un
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aryngoscopic vision with & 4 per cent cocune. Oxygen 13 agan briefly
udmmxstergi and the selected endotracheal tube inserted the sze for
adults varyng from 34 to 40 T with a low pressure inflatable cuff The
cuff 13 mfinted ether admmstration started slowls and pentothal dis-
carded  Blood pressure and pulse determinations are made before mndue-
tion after ntubation and final positioning  The patient 13 not taken from
the adjommng anesthesia room Into the operating room until his general
condition appears stable.

Abrupt changes in the postion of o patient who hes had u prolonged
general anesthetic are poorly tolerated The patient when moved 13
transferred directly to his bed 1n the operating suite thus avoiding further
change on hus armval on the ward  The continuance of blood and flud
replacement thernpy 13 decided upon by consultation with the surgeon
Orxygen therapy per nasal catheter 19 continued thirty to mixty minutes on
return to the ward by wiach fime the oxygen concentration n the tent will
have reached a satisfactory concentration. Before the patient 1s released
to the postoperative ward nurse, a final chech must be made to recognize
any remdunl effects of curnre these include intercostal paralyms shallow
diaphragmatic breathing and dimimished or absent corneal reflexes  Pros-
tigmin or Tensilon will counternct any curare ntoxcation. Tensilon 1s
preferable and 15 ndmimistered intravenously mn 1 cc increments until the
desired effect appears, but Tensilon itself has 5 transient effect lasting onls
ten to fifteen minutes At the condusion of a properly maneged anes-
thetic, few patients will require decuranzation.

There are three specinl requirements which concern the anesthesi-
ologist first 1s providing rdequate oxygenation for the patient second 1s
s role 1n guding replacement therapy and third 1s constant attention
directed toward the complete and frequent removal of fluid and secretions
from the trachecbrouchual tree.? Poorly understood reflexes related to the
surgical manipulations of the pleurs, p?u'emc nerve the vagus nerve and
its plexus mav introduce mgmficant changes producing hvponia brads
cardia and even cardiac standstl  The recogmition of these possibilities
nnd competence in the performance of the above three requirements of the
anesthesiologist are the cluef menns of mimmizing their dangers.

Periodic suction applied through a fairly large bore polvethylene
catheter introduced through the endotracheal tube ut frequent ntervals
and whenever the presence of secretions or fluid 13 suspected must be
utthzed The surgeon should be consulted before such suction aspiration
18 accomplished ns he mav be bumly concerned with tedious dissection and
coughing on the part of the patient would be undesirable with a few sec
onds notice he 1s usually able to temporarily defer his nctivities while the
anesthesiologist removes the seerctions  Suction aspiration may often be

combined with inflation of the collnpsed portions of the lung on the oper
ated mde  Suction should alwavs precede inflation and it 1s desirable to
nccomplhish the latter at about tlurts minute intervals. Although aspira
tion of the tracheo-bronchial «ccretions and accumulated flmd 1s most
important 1t 13 essentirl to avord unnecessar rupetitions as o rapid and

ngmificant decrense 1n arterial ox gen saturation may ensu
pEnfican ¢ andd 18 poorlh
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As the operation 1s brought to a conclusion, two 45 I, nght angle
catheters are imserted intercostally m the mtrapleural space n patients
undergoing removal of lung tissue, except pueumonectomy, and are
connected with a water-seal bottle The hemithorax 1s emptied of air by
the anesthesiologist applying gentle positive pressure to the lungs  As the
wound 1s closed nitrous oxide and oxygen mixture m a 2to 1 or a $ to 1
concentration is administered and ether discontimued Thiough cleansmg
of the tracheobronchial tree 1s accomphished, the endotracheal tube re-
moved, and oxygen per nasal catheter admimstered The cough refley
must be present and reaction from the anesthesia well progressed before
the patient is returned to the recovery ward

The use of techmques which will deliver the anesthetic agent to the
contralateral lung only, have occasionally been useful The blocking of the
intercostal nerves prior to the closing of the wound with a long lasting
agent 1s of questionable benefit

Complications  All comphcations which may amse during the course
of the operation are important to the anesthesiologist, and their manage-
ment is closely associated with the conduct of the anesthesia One 1s of
special concern to the anesthetist, namely, cardiac arrest #62¢ In retro-
spect, cardiac standstill has doubtless occurred many times without being
recognzed by the anesthesiologist When there 1s a real or suggested
disappearance of the pulse and blood pressure, the surgeon must be -
mediately informed and asked to note the heart rate or vessel pulsations
The anesthesiologist immediately ausculates the heart Trime 1s, of course,
of the essence Three to five mmutes of inadequate cerebral oxygenation
means death A timekeeper using a stop watch should be designated prior
to the commencement of any operation and he should announce the pas-
sage of each thirty seconds No hesitancy 1s warranted m exposing the
heart, 1f the operative procedure does not involve this maneuver The
pericardium should be widely opened and the heart grasped by the han'd
and rhythmic compression, 60 to 80 per minute, carried out If a systolic
blood pressure of 70 mm of mercury is not immediately evidenced, the
thoracic aorta should be digitally compressed to divert oxvgenated blood
to the cerebral and coronary circulations The peripheral circulation at
this juncture 1s not mmportant. The endotracheal tube should be mpxdli\l'
placed, if not already, wn sifu  Oxygenation 1s the essential above ”l
else If ventricular fibrllation is present the rhythm must be changed.
Oxygenation and manual compression of the heart mav ncrmnphsl‘) t;_
change Certamn drugs may aid, espectally procaine amide mn a d'ol‘%ngi (:l
100 mg per minute, mtravenously, or procamne 1 per cent topically apphe
to the cardiac chambers or mjected into the left ventncle If su(*?vs'%\l*
not rapidly achieved, the heart should be subjected to clectric shock ;'nlrl
alternating current of 15 amperes delivered by a suitable :lPP"""f“{‘_H ol
periods of one-half to one second 15 recommended  An mterval o ]11;4 !
to 20 seconds shonld be allowed for the heart to return to a sinus rin "l-
w hile manual rhythmie compression is contmued 4 If the heart Hrn.l_.%lfﬂ"](n
stall, mntracardiac injection of 1 to 1000 epmephrine mayv he benefic m] i
neither yentricular fibrillation nor cardac standstill will 1t be posaible

ardi ) peeon-
resusertate the heart 1f osvgenation of the myocardium is not
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Iished On the restorntion of normal rhythm enleum chlonde, 2 to 5 cc.
Ef & 10 per cent solution may make the heart beat more effectnely  The
use of atropine In the preoperative preparation and during the course of
a prolonged operation 1s advisable as a preventine for cardinc arrest =

Pubnonary Function The snesthesiologist 13 very much concerned
with the patient & pulnonary function. If the greater part of the respirn
tory function 13 being carried by the side beng operated upon the cond:
tion becomes of even greater concern A resting imnute eatilation of less
than half the maximum brenthing capacity should warrant serious con-
siderntion as to the fensibility of subjecting the patient to thorncoplasty
or extirpative surgery for pulmonary tuberculosis. It 15 deuired to point
out that some patients will actunlly evidence an unproy ement of pulmonary
function following the surgical removal of disensed lung tissue, especinlly
if decortieation of the remaiming lung tissue 18 needed and accomphshed
(see Fig 43)

Care of Anesthena Equipment Afier Surgery on Tuberculous Patients
Anesthesia machines are thoroughly washed with green soap and water
followed by alcohol The breathing tubes mash, bag casting and ether
Jar are placed n a solution of green soap and water and allowed to soak for
an hour All other equipment such as endotracheal catheters airways
suction catheters, and blades from the larvngoscopes, are first placed 1n
o detergex water solution for an hour After having been scaked 1
grecn soap and water the following equipment 13 boiled for ten minutes
(1) Rubber suction cntheters (2) airnays (3) mask and casting, and (4)
svringes and needles The endotrachenl catheter with cuff and the blade
from the laryngoscope are then placed 1n & zepluran solution 1 1000 All
endotracheal cntheters for tuberculous cases are hept separate from the
others

Other equipment such as the stethoscopes blood pressure apparatus
and handles from the laryngoscopes are washed with green soap and water
followed by aleohol  Following this procedure they are exposed to the mir
for a few hours.

Surgicnl mstruments are put to scak mn o detergent  After sonking
thirty minutes or more, am rematung particles are remoy ed with 2 brush
Thev are then nutoclay ed before being taken from the room  The unused
linen glassware and anything clse swtable for autoclnyving nre so treated
The needles scissors and tubes of sutures are soahed 1n a separate pan of
detergent and then thoroughly ceaned  The walls of the rooms the
hights standards basmin stands tables and other furniture nre washed with
green gonp solution followed by alcohol  The floor 1s acrubbed with o
strong solution of sonp and cleanser Rooms arce preferably re<ered for
the performance of surgery on patients has ing pulmonary tuberculosis

Bammary  Ancsthesin for the surgers of pulmonar tuberculosis de-
marls of the anesthesiologist the <ame cnreful and meticulous care as
does anesthesia for other tvpes of surgenn plus many special conmderations
demanded by the discnse itself  Thus 18 true regardless of the method of
approach but particularly when gencral nnesthesin 1s the method of
chotee  The best immediate and long range results will be seen when the
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task is always assigned to the expert The novice must be constantly
supervised during his association with this type of surgery. .

Blood Loss and Blood Replacement. The estimation of blood loss 1n
surgical operations 1s of primary importance m determimng the amount of
blood replacement needed In 1951, we reported a study representing our
approach to the problem 1n thoracic surgery 914

Blood volume was measured with the Evans blue dye (T-1824) method,
and 191 patients undergoing thoracic surgical procedures were studied. In
120 operations on 94 patients, blood volume studies were made one to eight
days before operation, 80 per cent within four days before operation and
within twenty-four hours after operation Two weeks after operation,
blood volume determinations were repeated on 33 of these patients Blood
volume changes were studied in 82 patients suffering from pulmonary
tuberculosis treated by extrapleural thoracoplasty The mean average
blood volume changes, amount of blood transfused, and percentage change
are tabulated 1 Tables 4 and 5

Table 4 Blood Volume Determined by Evans Blue Dye (T-1824)
(Forsee, J H et al, Arch Surg 65, 88, 1952)

Mean Averages

A l

Normal Non-

Soldiers or  luberculous  Tuberculous

Students Palients Palients
Number 87 0 20 0 116 O
Age (y1) 27 0 310 30 0
Weight (kg ) 70 2 69 0 (_38 1
Blood Volume (cc /kg body wt) 79 1 77 6 75 §
Plasma Volume (cc /kg ) 41 0 39 9 39 7

Table 5. Blood Volume Change Twenty-four Hours Following
Thoracoplasty for Tuberculosis

(Forsee, J H ef al , Arch Surg 65, 88, 1952)

Mean Averages

A

% Change Calculaled Blood
No of 1n Blood Blood Loss,  Transfusion,
Stage Patients Volume « ( :2]
15
First 48 —10 9 2,001 ]
Second 23 —12 1 1,716 1,065
Third 11 -39 1,201 1,014

If the difference 1 the blood volume pre- and postoperatively, c}\cl\txglt';‘(]'
of the amount of blood admimstered by transfusion, mdicates the

1 ater
blood loss 1n these operations, out studies suggested u considerably gre:
loss than gencrally recorded

It 15 sigmficant that the studies bewyg re-
ported are based on values determmed twent)y

~four hours after npvmtmln
e e
while other studies generally have been based on determinations 1
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shortly after operation** Dunng this twentyfour hour mterval the
extrafascal space crented by thoracoplasty 1s often filled by blood and
fld also blood in the pleural cavity cannot be conmdered part of the effec-
tive cireulating blood volume and therefore 15 not measured by the blood
volume determination  These factors and findings suggest that consider

ably more blood 18 needed for replacement than 13 generally emploved We
do not believe however that blood 1olume studies ns determined by the
Evans blue dve reflect exactness m ascertaining the nmount of activels
arculating blood  In specinl studies 1n approximately 20 cises no correln

tion was found between the blood volume changes and variations in venous
pressure and between the blood +olume changes and measurement of blood
coagulation by the Lee White method

Table 8 Blood Loss Determined by Dry Weighed Sponge Method
Thoracoplasty for Tuberculosis

(Forses, J H et al Arch. Surg. 8§ 88 1052)

Alean Averages

No of Blood Loat  Blood Trans-

Stage Patients cc fuston, cc.
First 3 73 1,308
Becond 10 755 1050
Third 4 77 875

Table 7 Comparison of Blood Volume Determination on Same
Patients by Evans Blue Dye (T 1824)

(Forsee, J H et al Arch. Burg 05 88 1052)
Before and 14 Days After Thorncoplasty in Tuberculoms

Aean Aoerages
Blood T olume Plasma Volume
Postop % Postop %
Stage Canes Preop 14 Days Change Preop 14 Day Change
kst 19 4,812 4730 -23 2,551 2,539 ~06
Second 1 4 012 4470 -0 2 2,538 2,252 —-11 13
Third & 4,739 4197 -0 9 2,768 2,201 -30

In another group of unselected patients studied we found the calen
Inted blood loss as determuned by the Wangensteen dn weighted gponge
method to be as given m Table 62 Blood volume determinations were
roade two weehs after operntion on 27 patients treated by thoracoplasty
The varntions noted are recorded 1 Table 7 The group avernged & re-
covery of 97 7 per cent to the normal preoperntive blood volume level 1n
the fiest stage thoracoplastics, 00.8 per cent in the second stage and 99.3
per cent 1 the third stage  These data even though the number of pa
tients studiced 18 small suggest we believe that the use of larger quantitics
of hlood than that calaulated as lost at the time of operation by the werghed



92 General Considerations in Surgical Therapy

sponge method is desirable It is probably a sigmficant factor m the earh
recovery after operation and m preparation for subsequent stages of
opcrations

In a group of tuberculous patients treated by thoracoplasty the com-
parison of blood loss calculated by the weighed dry sponge method and
blood volume (dye method) determmation 1s recorded m Table § It
should be remembered that the blood volume loss caleulated from the dye
method represents the changes twenty-fowm hours after operation, whereas
the sponge method 1epiesents only operative loss, and the difference we
believe emphasizes and justifies the giving of transfusions m evcess of the
estumated operative loss

Table 8. Compaiison Between Blood Loss Determined by Wci'gbod
Sponge and Blood Volume (Dye) Metlod on the Same Patienis.
Thoracoplasty for Tuberculosis

(Foisee, J H e al, Aich Surg 65, 88, 1952)

Mean Average

Blood Loss

Blood Volume Werghed Blood
Na of  (Dye Method), Sponge  Transfusion,

Stage Patients cc Methed, cc ec
Fust 12 1,832 971 1,333
Second 5 1,778 620 1 ,09(_)
Thnd 4 1,045 647 YL

Table 9. Blood Volume Change Determined by Evans Bluc Dye
(T-1824). Lobectomy for Tubeiculosis

(Foisee, I H ¢ al , Arch Surg 65, 88, 1952)

Mean Averages

’_W___—M
Blood
No Blood Loss, Thiansfusion, %
Patients er cc (;l;m(l) ge
20 2,194 1,000 -

wls
20 patients with pulmonary tnbo[rcul::‘(:-
A three-to fiy e-rib t mrl. "
artson with cshnm'tcd h “1(0
1 15 noted m Table |
le procedure with
rhedd Hlowd
1t sey crest

Blood volume changes m
treated by lobectomy are recorded m'Tai)!c 9]
plasty had precet?jefli) uplperdlobec;ogrll:gd Spogzrxé gwﬂm(

‘ v the drv w
lossssc%iiﬁilo)g of the lung may be a relatny clv Slml\)lth o

Itet moderate blood loss, or a very difficult one "ednro
shight to al. tuberculosts probably gives this prot e 0 paticat-
doss T Eeto blood loss The data referable to b unse (l(‘l L e
tost relative °° qg: (\))lood loss of 2,217 cc as determmed by biot
indicate an avers ,

studies
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Tn our studies no reluble evidence was found to indieate that the red
blood cell count hemoglobin determination or hematocrit values could be
used to determine blood loss at operntion or to ascertmn the amount of
blood replacement needed

Table 10 Blood loss Determined by Dry Weighed Spouge Method
Lobectomy for Tuberculosis

(Forer J H et al Arch Burg 60 B8 1064)

Mean Averages
_—
Blood
No Blond Loxs  Tran funion
Palients cc cc
n 1,340 2,000

A summation of the pertinent data of these studtes 13 depicted in Graplh
II These dnta indicate an apparently greater blood loss 1n thorncic sur
gical operntions for pulmonary tuberculosis than that genernllv recorded
The changes mn blood volume values before operation and twents four
hours after operation do not 1t 13 believed reflect exactness n estimating
blood loss  Other factors such as ethenzation surgical traumn probable
farlure of the dy e to enter rapidly all compartments of the vascular system
and the element of error 1n such determimations nccount for an appreciable
variation 1n blood volume values This method therefore 1s not advised
as a substitute for the vnluable method of drv weighed sponge estimation
of blood loas due to surgienl operations Our observation indientes that
blood volume estmations are approximately twice that calculated by the
former method It 1s our behef based on these observations that o more
accurate practical replacement therapy progmm 1n most thorncic surgical
operations 1s fensible by emploving the knowledge gained from both these
methods It 18 recommended that replacement by whole blood 1n most
thoraeic surgien] operutions, cardme exduded exceed by approamatels
50 per cent that caleulated n3 lost by the drv weighed sponge method  The
usual mimmal requirements then for a first stage thoracoplasty should be
appraximately 1500 ce 1200 cc for second stage thoracoplasty and 1000
cc. for third stage Pulmonan lobectomy would require approuimatelt
1500 to 2000 ce. of whole blood replacement  Decortication woukd require
if techmienlly difficult 1500 to 2000 ce. and pneumonectormy would re-
quire 2000 cc

One ghould not employ blood transfusion without 1its actually being
needed Its rowtine use for operations with httle blood loss 13 not
warranted

Duration of Operation. The dumtion of operation m the surgery of
pulnonary tuberculowis presents no unusual considerntions per e as the
adherence to sound surmenl principles predicntes the time factor  laste
munwarmnted and the unnecessan prolongation of the opertion 15 equalls
undesimble  Therd are wide vamations m the tine required by equally
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competent surgeons 1n the performance of similar types of operations, and
whether one 1s a rapid operator or a slow one 1s not the criterion for ap-
praising that particular surgeon’s capabilities I am not a fast operator
and the time averages for me, operating with frequent changes in assis-
tants, have been first stage thoracoplasty, two to two and one-half hours,
second stage thoracoplasty, one and one-half hours, and lobectomy or
pneumonectomy, four hours If the members of the operating team are
constant over a period of several months or years, this time may be ap-
preciably reduced

Graph II. Blood Loss in Surgical Procedures for Pulmonary
Tuberculosis (Blood Volume Studies)
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Previous Thoracic Surgery. As other technical problems presyious

surgical operations on the same side of thL: chcs't‘mcrc.lso tl‘u‘: dd}:&:?}-l:y;
of subsequent thoracie procedures on that side  The prior per (])!'H A
an extensive thoracoplasty 1 the most commonly oncmmtcr;‘(“]zr]"“g“‘
The regeneration of the bony thorax and tho‘d(\nsv adherence ‘o ] ::{]p e o
the chest wall makes any subsequent thoracie procedure on ’t tm AU
fime-consuming and hazardous Tt 16 a marhed achien m;un -(:mi P
few 1ears that secondary operations have almost been el

treatment of pulmonary tuberculosis
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Postoperative Care Coughing Attention to details 13 particularly
mportant 1 the postoperative care of patients treated surgienlly for
pulmonary tuberculons The expectoration of sccretions 1s best accom
plished by arding the patient to sit 1n bed and as an attendant supports
the lower portion of both mdes of the thorax the patient makes vigorous
efforts to expectorate the secretions. This 13 accomphshed at one-hour
\ntervels during the first twenty four hours after operation then ever
two hours for the following twenty four to forty-eight hours The patient
1s usually able to carry on unasmated after the first two or three days.

Nasolrachea! Aspiration. Nusotracheal aspirntion of retawmed secre-
tions 18 mmple to nccomplish and frequently indieated  Using & farrly
stiff catheter (16 to 18 F) the patient 13 placed in s semi-mtting position
with the back supported and the head and neck dorsally extended The
lubnicated catheter 18 quickly passed through the nose into the pharynx
without suction. The patient 18 1nstructed to take & deep breath and dur
ing nsprration the catheter 13 passed nto the trachea If the patient
gags the catheter 18 1n the esophagus, not in the trachea  Suction 18
epplied mntermittently as the catheter 18 passed imto the tracheobronchial
tree  Secretion from both mdes should be removed

Branchoscopic Remoral of Retained Secrefions  In some patients effec-
tive aspiration can be accomplished only by means of instrumentation with
the bronchoscope. This may often be best accomplished 1n the patient s
room without removing um from tus bed

Remoral of Intercostal Tubs Dally roentgenograms are studied and
the intercostal tubes removed after the remaimng lung tissue has expanded
to fill the hemithornx. This 1s usuallh accomphshed within forts-eight
hours after operntion Intercostal tube draunage 18 usuallv not carried otrt
following pneumonectom)

Auseultation  Frequent auscultation of the chest 1s easential 1n ascer
taining the presence of retaned tracheobronchial secretions and the nera
tion of the lung

Thoracentesis  Thoracentens 13 seldom necessary if intercostal tube
drainage 1s established  Amr replacement followng thoracentesis 15 not
practiced  If pneumonectomy 13 performed thoracentesis sufficient to
heep the hemithorax dry 1s the practice which we have followed during
the first three weeks after surgery then the frequency of thoracentess 19
decrensed and pleural fluid gradually allowed to accumulate

Suction  Suction applied to the intercostal tubes m my opimion 1s
seldom mil.nmd If after forty-eight hours the remaining lung tissue has
not filled the hemithorax suction not to exceed 20 mm  of water 1s applied
to the mtercostal tubes Severnl pump devices arc excellent however
we have found that the simple connection with the water faucet m the
adjreent bathroom with a water trap bottle interpased between the suc-
tion and drainnge hottle 1s effectine

Control of Pain The amount and frequenc\ of narcotics shoukd be
rerutinized  These patients are often debilitated and doses of 0lo gram
of morphine or 0 10 gram of demerol are excessive  Ench patient should
be carefulls appraised i preseribing the postoperntn e orders. The cough
reflex must not be suppressed vet the pain should be minimzed by the use
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General Considerations in Surgical Therapy 97

of drugs The blocking of the intercostal nerves as the wound 18 being
osed has not been particularly effectis e in our hands.

Fluds The adult patient who has undergone thoracic surgens
exclusive of operations on the esophagus 15 able to tahe sufficient fluds by
mouth durng the early postoperative period to insure an adequate urinart
output A twenty four hour oral mtake avernging 2,200 cc 18 sufficient
to insure n twenty-four-hour urary output of 300 to 800 cc and ntra
venous fimd therapy 13 seldom idicated postoperntn el 1f adequate blood
replacement therapy 13 accomphshed during surgern  Body flud shifts
In patients undergoing thoractc surgienl procedures have been studied bs
Major Elmore M Aronstam Medical Corps of our staff ! The electrolvte
and hematological changes are depicted 1 Tables 11 and 12

The amount of whole blood transfusion gnen during the surgieal pro-
cedures were larger than those generally reported and approximated a 50
per cent 1ncrease above the estimated blood loss as determimned by the dry
weighed sponge method 2 It was significant to note that with no further
blood transfusions the mean avernge blood volume was shightly above the
preoperati e mean by the twelfth postoperatnve day  The patients studied
did not show sgmficant depression of serum sodium serum chloride and
(04 combining power or alterations in the potassium levels

Two other significant features of this study are first there was a
rather marked sodium retention 1n the first few davs after operation ap-
proaching the preoperative levels by the twelfth postoperative day  second
was the almost constant increase 1n extracellular flurd durmg the early post
operative davs again returning to normal by the twelfth dav after opera
tion  The expansion of the extracellular fluid space in the absence of salt
and water infusions and in the presence of renal salt retention 1s particularly
signifiennt 1n the thoracic surgical patient Those tuberculous or other
patients with poor respiratom reserve are much more susceptible to the
development of pulmonnry edema 1if saline solutions are administered
the postoperative period * Therefore oral liquid intake and not imtra
venous saline fluids, are given during the first twents-four to forts-eight
hours thereafter <oft foods and a regular diet are generalls well tolernted

{ntibioties Inviilled Intrapleurally It 18 an nlmost regular practice
to instill penicillin 200 000 units and streptomvein 1 to 2 grams 1n the
intrapleurn! space mmediatels following extirpative surgical therapy
Because these substances in part at least will not remain 1n the thorax
long 1f intrapleural drainage tubes arc nserted their effect 18 of short
duration and probably of questionable value Ther administration
svstemienlly 15 continued 1n the immediate postoperative period the dosage
of streptomy cin usually being increased to 1 gram deils for fourteen davs
and penicillin 600 000 units duly for a sumlar period  Streptomvern 1s
then continued as 1n the preoperatine period and pemeillin discontinued

Physdcal Medicine Afds I am indebted to Captain Robert J Goshing
Medieal Corps, L S Armnv Phyvmenl Medicine Service Fitzsimons Arms

Hospital for the following section regarding the role of phvsical medicine
1n the tubereulous thorneic surgicnl patients

mﬂ(v'n;rrfl Phvsical trentment hns become an ntegrated amd important
part of the total enre of the tubereulous pre- amd postoperative thornac
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patient at Iitzsimons Army Hospital. Tlus plan of coordinated treatment
has been evolved through the planmng and cooperation of the medical,
surgical, and physical medicine services, and has been in effect, with fen
modifications, for the past seven years The tuberculous surgical case has
(1) a debilitating disease, (2) a Jowered vital capacity and (3) a surgically
altered body These very factors define the needs, as well as the physical
limitations, of the patient Their coexistence, at odds with each other, re-
quires careful consideration and immediate management to assure optinal
function 1n the months and years far removed from the time of surgery
The physical therapy program entails the mmimal locahized activity which
will accomplish the desired results at the approprate time In many
cases, particularly m those who have had prolonged hospitalization,
residual muscular losses and weaknesses are frequently only too obious
when the patient returns to his medical ward, to presume that mazimal
benefit from physical treatment has been attained while on the surgical
ward. The hmiting factor in treatment, as always, 1s the patient’s discase
Residual weaknesses suggest the need for further physical rehabilita-
tion later when the patient’s treatment program permuts mcreasing
activity 12 16.16,31,82

Preoperative Considerations  The preoperative evaluation and mstruc-
tion by the Physical Medicine Service 1s very important The patient 15
evaluated by the physiatrist and instructed by the physical therapist
several days prior to surgery During this period it 15 plausible and
practical to develop an understanding with the patient concerning what he
can do pre- and postoperatively to obtain optimal functional results and
minimize deformity It 1s advantageous to take note of evisting limita-
tions and deformities Initial mstructions concern the best postoperative
position m bed, the principles of good body mechames, the shoulder-
mobilizing exercises to be performed at a later date, and the patient 15
impressed with the fact that the physiatrist and physical therapist can
mnstruet, but that he himself must follow the mstructions to derive benefit
In the physical medicine management of these patients we are concerned
primarily with preventing deformity, but where deformity 15 present. the
same spirit of patient cooperation must be estabhshed

Operatiee Alterations  With thoracoplastv a number of anatomical
and functional patterns are altered (1) The balance of the neck 1 dhs-
turbed, allowing a lateral deviation of the head and neck toward the nn-
operated side  The mgid pomts of attachment of the scalem are s(-pumtvd
from the first and second ribs, (2) the chest 15 deformed by the resection
of the ribs, (3) a potential scoliosts 1s initiated at the time of surger) Itt
the operative site certain muscles must be scpnrntod or retracted, T('m‘"
Josmg their pomts of origin and msertion The mtercostals of the r«m((ttl'
ribs 1o longer have a skeletal attachment, thereby ]()sn.lg thc'u: halanoing
force on the thoracic cage and, mdirectly, on the spine The vrvrtml'
opmac may be retracted and inewsed during the operative prot edure, "zf;_
(4) shoulder function 1s impared indirectly due to the temporary or ):m
manent loss of seapular stabilits resulting from the surgical sv(tmmngﬂw
tretching of the muddle and lower trapesus, the latissmus dn'r«.l.l i
rhomboids, and the serratus antcrior After adeguate tine for heahng,
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the sectioned or stretched muscles require protection and meticulous muscle
reeducetion 1n order to restore optimal function

Pastoperatire Considerations Pastoperatively  there are mum factors
which aggravate deforming tendencies of these surgreal alterntions With
the temporan loss of contractity of the musculature molied 1n the
«urgern the umnvolsed and now unopposed muscles of the shoulder
girdle—namel\ the upper trapezius the pectorals and the levator scap-
wlae—exhibit almost constant incrensed tonus producing au 1 oluntan
elevatton and anterior displacement of the shoulder  This mus represent
« reflex attempt on the part of the bod to splint und protect the operatesd
aren the scnpula may impinge periodicnlly on the upper remammning rib or
1t mav be that these muscles are called upon to stabilize the nech from 1its
deviation tonard the normal side It 13 to be noted at this point that the
scobiomts which mav detclop has 1ts primary curve 1n the cervico-dorsal
area convex to the operated side eventually compensated by a secondan
cervieal curve above and o lumbar curie below  The anteror shoulder
poution 15 produced by the depression n the chest wall created with the
resection of the ribs the collapse of overlving soft tissues and the disturbed
muscle balance. This brings the seapula forward enrmang the clavicle
and humerus with 1t This position places the lower scapular muscles at
n wechanienl disadvantage n certain of their movements A bulky pres-
sure dressing placed high beneath the axilla will contribute temporarily
to this displncement of the shoulder as does the presence of the drainage
tubes which are to be remon ed later

Therapeutic Approack It 13 with this complexaty of functional altera
tions 1 mind that the phvaiatrist and the phvsical therapist present a
concrete and object1y e thernpeutic program tothe patient pre and postopera
tinelv  The objectines as presented preoperatively are repentedls empha
mzed to the patient  Optumal position in bed 18 that of oyer-correction
toward the side of surgern  This includes nlignment of the low er trunk and
hips evenly 1n bed with the upper trunk and opernted shoulder consciously
depressed toward the operated mde.  The head and neck shoukd be aligned
with the lower trunk or tilted modemtely townrd the operated sde alwo
e attempt 14 to reverse the cemvico<loral curve and to muunnze the pull
upward ou the musces about the opemttive site As carly as posuble after
the surgers the phvaical thernpist mitintes shoulder motion  I'he early
passive and asastive movement of shoulder abduction flewon and rota
tion are extremelv mmportant 1n re-establishing & normal pattern of func-
tion It 18 necessan to encournge the use of the 1nvolved muscles and to
minimize the overactivity of the ummiolved muscdes 311 of the altered
mechamsms which hatve been described nbove tend to interfere with the
normal return of function of the scapulo-thoracic muscles directls affected
by the surgery and wath the ev entunl return of & rormal functional shoul
der Joint It has been our policy to encourage motion only to B0 degrees at
the gleno-humeral yomt until the satures have been removed {ollowmg
which complete mnge of motion 1s the objective  The patient 18 treated
twice daly scldom longer than ten minutes at a time  As the patient 1<
allowed out of the bed the treatment penod 13 spent before the full length
mirror on the warl  The nprght position neceutates progresan e modi
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patient at Fitzsimons Army Hospital This plan of coordinated treatment
has been evolved through the planning and cooperation of the medieal,
surgical, and physical medicine services, and has been 1 effect, with few
modifications, for the past seven years The tuberculous surgical case has
(1) a debilitating disease, (2) a lowered vital capacity and (3) a surgically
altered body These very factors define the needs, as well as the phy sical
hmitations, of the patient Their coexistence, at odds with each other, re-
quires careful consideration and immediate management to assure optimal
function 1n the months and years far removed from the time of surgery
The physical therapy program entails the mmmal locahzed acti ity which
will accomphsh the desired results at the appropriate time In many
cases, particularly m those who have had prolonged hospitalization,
residual muscular losses and weaknesses are frequently only too obvious
when the patient returns to his medical ward, to presume that masimal
benefit from physical treatment has been attained while on the surgical
ward The hmrting factor 1n treatment, as always, 1s the patient’s disease
Residual weaknesses suggest the need for further physical rchabilita-
tion Jater when the patient’s treatment program permits ncreasing
ﬂcti\’it\' 12,16 16 31,32

Preoperative Consuderations  The preoperative evaluation and mstruc-
tion by the Physical Medicine Service is very important  The patient 1s
evaluated by the physiatmst and mstructed by the physical therapist
several days prior to surgery During this period 1t 1s plaustble and
practical to develop an understanding with the patient concernimg what he
can do pre- and postoperatni el to obtam optimal functional results t.md
minimize deformity It 1s advantageous to take note of cvisting hmita-
tions and deformities Initial mstructions concern the best postoperative
position 1 bed, the principles of good body mechamies, the shoulder-
mobihzing exercises to be performed at a later date, and the patient 1s
impressed with the fact that the physiatrist and physical therapist can
mstruct, but that he himself must follow the mstructions to derive benefit
In the physieal medicine management of these patients we are concerned
primarily with preyenting deformity, but where deformity 15 present, the
same spirit of patient cooperation must he estabhished

Operatice Alerations  With thoracoplasty a number of anatomieal
and functional patterns are altered (1) The balance of the nech 15 dis-
turbed, allowmg a lateral deviation of the head and neck toward the un-
operated side  The ngid pownts of attachment of the sealemt are separatel
from the first and second ribs, (2) the chest 15 deformed by the resection
of the rihs, (3) a potential scohosis 15 mmtiated at the time of surger ]"‘
the operative <ite certam muscles must he sopumtml or retracted, some
losmg their pomts of origm and nsertion  The mtercostals of ‘ﬂw r('~!<t""
ribs no longer have a <heletal attachment, thereby losing tllou“ balanang
force on the thorneie cage and, mdircetly, on the spme 'l he erector
opinae may be retracted and mesed durmyg the operative proc edure, "’.‘;_
(1) <houlder function 1~ imparred indirectly due to the temporary ar 5"( :
wanent loss of scapular stability resulting from the surgical sectionming {'
retehimg of the middle and lower trapesius, the latisnmns dorst, tl“
rhombods, and the scrratus anterior After adcquate tune for hahng,
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the sectioned or stretched muscles require protection and meticulous muscle
reeducation in order to restore optimal function
Postoperatirs ( onsiderations Postoperatnely there are many factors
which aggravate deforming tendencies of these surgicnl alterntions  With
the temporary loas of contractiity of the musculature iy olved n the
surgery, the umnvolied and now unoppesed muscles of the shoulder
girdle—namely the upper trapezus the pectorals and the levator scap-
nlae—exhibit almost constant incrensed tonus producing an myvoluntam
elevation and anterior displacement of the shoulder This mas represent
a reflex attempt on the part of the bods to splint and protect the opernted
area the scapula may impinge periochically on the upper remaming nb or
1t may be that these muscles are called upon to stabihze the nech from its
deviation toward the normal side It 13 to be noted at this pont that the
scoliosis which may develop has its priman curve 1n the cervico-dorsal
area convex to the opernted mde eventunlly compensated by & secondar
cervical curve above and s lumbar curve below The antertor shoulder
position 1s produced by the depression 1n the chest wall crented mith the
resection of the rbs, the collapse of overlving soft tissues and the disturbed
muscle belance. This brings the scapula forward cnrmving the cavicle
and humerus with 1t This posrtion places the lower scapular muscles at
a mechanical disedyantage 1n certain of therr movements. A bulky pres-
sure dressing placed high beneath the axilla will contnbute temporanl
to this displacement of the shoulder as does the presence of the drainage
tubes which are to be removed later
Therapeutic Approack Tt 1s with this complexity of functional altera

tions 1n mind that the phvmatrist and the phvsical therapist present a
concrete and objectnt e therapeutic progrin to the patient pre-and postopera
tvely  The objectines ns presented preoperatinelt are repentedhy emphn
sized to the patient Optimal pomtion in bed 1s that of over-correction
toward the side of surgery  Thus includes alignment of the lower trunk and
hips evenly 1n bed with the upper trunk and operated shoulder consciously
depressed toward the operated side  The head and neck should be aligned
with the lower trunk or tilted moderatels toward the operated side alwo
The attempt 1s to reserie the cervieo~doral curve and to mmimize the pull
upward on the muscles nbout the opertine mte  As early a4 pousible after
the surgery the phisieal therapist 1mtintes shoulder motion  The esels
passive and pawstive movement of shoulder abduction flexion and rota
tion are extremely 1mportant 1n re-establishing a normal pattern of func-
tron 1t 18 necessan to encourage the use of the i ol ed muscles and to
minimuze the overnctinity of the uninvolved muscles Al of the altered
mechanisms which have been described above tend to interfere with the
normal return of function of the scapulo-thoracic muscles directly affected
by the surgery and with the eventual return of & normal functional shoul
der jomt It has been our polict to encournge motion only to 90 degrees at
the gleno-humern] jomnt until the suturcs have been removed following
which complete range of motion 1s the objective  The patient 18 trented
twice daily seldom longer then ten munutes at a tune  As the patient 1y
:ﬂlnwul out of the bed the treatment pcriod 15 spent before the full length

mirror on the wanl  The upright position necessitates progreasne med
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fications of the program, with contmued emphasis to restore good body
mechanics and normal shoulder function. Here 1t should be noted that
these objectives should be attained as completely as possible hefore cach
successive stage of surgery  Thus, the physical treatment program 1« one
which must be appropriate for each individual’s needs and to his discase

The problems after thoracotomy without thoracoplasty are not the
same, nor as complex, but the consequent deforming tendencies are equalh
significant to the patient The difference 1s largely- the difference m the
surgical alteration of the functional anatomy Agamn we have the sec-
tioming of muscles of the posterior and posterolateral aspect of the chest,
although usually to a lesser degree Again there are the stretched muscles,
the splinting of pain, the healing scar, the wound dressing and frequently
the drainage tubes However, the thoracic cage remams mtact Fre-
quently the procedure mvolves the removal of all or part of a lung, lowermg
the wital capacity, and the chest may be flattened and mactne With
this procedure the head and neck may be tilted laterally toward the aftected
side, later to become part of a compensated scoliosis with the shoulder
tending to drop forward and downward on the affected side  The over-
corrected bed position toward the unoperated side 1s stressed in these
patients  Shoulder mobilization progresses much along the same Imnes as
after thoracoplasty, but because of the vast difierences n degree of struc-
tural change, re-establishment of a normal functional pattern 1 much
simpler and requires much less time

We have not been teaching diaphragmatic breathing routmely 10
thoracic surgical procedures for tuberculous patients  This has heen re-
served for selected patients showing undue anxiety with shortness of breath
and excessive chest movement, usually producing shallow, rapid, appre-
hensive, and neffective respirations It has proved most gratifymg i &
repeated number of cases  We do give breathing instructions to the pntu-ml
undergoing decortication w here the objectit ¢ 15 re-expansion of the i ols e
lung . .

The physical therapist must be equally aware of the contraindieations
to Tus treatment  Among these are (1) feser of 100° 1 or more. (2) h('mn‘p;
tass, (3) dyvspnea, (4) wound ifection, (3) cardiae dyvsfunetion, um}‘( "
am other untoward change m clmeal status Exerases are .}\()MM t mt
will mncrease the rate of resprration or produce fatigue Sach I"'“"‘"
receivmg phvsical treatment s seen at weekly interyvals on the \\-H“"]“ "”‘:
phasatrist  Progress notes are recorded, noting the gans as » ell -‘;f"m_
deformmg tendencies i the patient In this way any m«hr-.m-fl mnI( ! lm
t1ons 1 treatment mas be diseussed aud further therapy preseribed by th
phy steran L tube

The adunistration of physieal treatment to the [)Htl('.llf' with tl' '

Josis 18 stll comparatively new, but there has been safficient time >} )
the mtroduction of these techmques to permmt an iccnrate nnpr.u.‘am”
their effcctiv eness m proventing and overcommg physwologi “]"l““{‘,;””m[
to prove their mnocuons effect on the tubercnlous process it aed pre-
ospertence hus shown that when selccted therapentie ese r""‘; ‘,““ i
codures are properlv admimnistercd and superyvise d they do no lI L.
with sorgieal therapy, do not mcrease the cxcursion of the exp it

e
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nor result 1n any untoward renction n the patient The satsfaction de-
nved by the great majonty of patients in approumating optimal function
end cosmetic appearance 19 great
lung nor mu]tpm any untoward reaction 1n the patient The satisfaction
dernved by the great majority of patients in approamating optimal func
tion and cosmetic appeurance 13 great

Summary The summation of general considerntioms i the surgical
therapy of pulmonary tuberculosis emplasized the need for the same care-
ful and meticulous attention to the requirements of properhy mdicated
performed and postoperative supervision as does all surgers  plus mam
special consderations demanded by the disense stselfl and the peculinrities
of respiratory phyvsiology
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Chapter

)
Experience With Collapse Therapy

General. The collapse therapy of pulmonary tuberculoms wns the
sheet anchor of surgicnl cfforts prior to the ers of chernothernpy ~ The
procedures of collapse therapy were the best available and combined with
properly supervised bed rest resulted in the arrest of the tuberculous disease
10 an appreciable percentage of patients. i 7 3av0s

Extrapleural Thoracoplasty in C ic Tuberculosis Char-
actersties  The characteristios of acute caseopneumonic tubercnlosis are
those of a sudden onset fever of 100 to 104° F marhed malaise and
productine cough A clinienl dingnosms of pneumonia 13 often mnde and
the tuberculous etiology 15 suggested because the patient fails to respond
favorably to therapy The roentgenographic findings of dense soft
shadows are lobar or lobular mm distmbution With cawvity formation
softening frequently develops and bronchogenic dissernination 1s common
Prior to the antibiotic ers the mortality was appalling but with the avail
abilits of streptomvein this dismal outlooh has been remarkably altered

Early Applieation of Thoracoplasty Earlv 1n the antibiotic ers
1047-1848 my associates and I decided to undertake thoracoplasty in
patients whose first manifestations of pulmonary tuberculoms were of a
caseopneumonic nature The results were excellent* Streptomyecin was
emploved to hasten the resolution of exudative lesions and to lessen the
danger of sprend of the diserse during and following thoracoplasty  Pre-
vious efforts 10 this direction though at times consdered encournging
were generally poor and the practice had been largelv discarded *

Thoracoplasty was not carned out until there had been demonstrable
resolution of the exudatiye components with impros ement 1n clintenl mgns
and svmptoms. Decrense 1n cough and sputum production a change from
a febnle to an afebnle course of at least scveral weeha duration a gunm
weight and a feeling of well being are the climenl improy ements awarted
Streptomyein 18 credited with inducing these beneficial effects thus per-
mitting the patient to undergo thorncoplasty much ecarhier than hereto-
fore recommended  Fvrther expenence 1n the use of the chemothernpeutic
agents has led to enhanced knowledge of dosage, sensitivity and remstance
The result has been that the indications for the earhy application of thoraco-
plasty 10 casecopneumomc tuberculosms hatve given wan to other even more
effectiv e surgical therapeutic efforts  However the feasibilits of the earls
application of surgert 1n pulmonary tuberculosis had been established, and
81x to twelve months of proper bed rest and chemothernpy are generally
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adequate preparation for surgical therapy in active pulmonary tuberculosis

Effect of Chemotherapeutic Agents  Streptomycin was the only effective
drug available during 1947-1948 Its exact mode of action, and indeed
that of analogous and complementary agents, 1s still not thoroughly under-
stood It was recogmzed early that streptomycin exerted its most favor-
able effect i the resolution of exudative lesions, such as those which
characterize the caseopneumonic variety of the disease This feature was
immediately used i the preparation of patients for surgical therapy The
resolution of the exudative elements of pulmonary tuberculoss m response
to streptomycin often leaves the cavitary areas visible roentgenographi-
cally It s my belef that these cavitary processes should be treated sur-
gically as soon as their persistency becomes established In this way one
avoids the production of the hard, destructive, fibrous lestons, m which
anatomical and pathological changes deter healing, resulting in prolonged
disease, and 1ncreased hazards of dissemination and bleeding.

Age, Race, Sex, and Known Duration of Disease Prior to Thoracoplasty
These data demonstrate the propriety of the application of thoracoplasty
early 1n caseopneumonic tuberculosis The patients were principally
young adults, none were over forty years of age, only two were females,
the proportion of Negroes was very high, 51 4 per cent, or approximately
four times that of the entire group on whom surgical therapy was per-
formed None of the patients were known to have had the disease more
than eighteen months prior to thoracoplasty In one-third the disease
duration was s1x months or less, 1n 43 per cent the duration was seven to
twelve months, and the average duration was nine months All were
members of the Armed Forces, or dependents thereof, and the estimation
of the date of onset was highly accurate, as patients with symptoms
characteristic of this type of disease are immediately hospitalized

These data have increased sigmificance when comparisons are made
with the era before chemotherapy The decreasing of the mterval from
onset of disease to surgical therapy 1s of great economic significance alone,
and this factor 1s slight 1n comparison to the beneficial effect on the patient
in his fight for recovery I know of no other similar group of patients, 1
whom the results were comparable, who experienced such a short mterva
from onset to thoracoplasty The short period of disease duration weighed
heavily in our decision to extend the indications for surgery early in the
antibiotic era The percentage of tuberculous patients presently under-
going surgery for pulmonary tuberculosis approximates 25 per cent of ’u”
admissions Agam, these data are fascinating when one recalls that prior
to 1946 the duration of disease before admission to a tuberculosis sana-
torium was often prolonged Only 5% per cent of the patients admitted t(:
Rutland Sanatorium, 1927-1946, had had the disease less than one year
As 82 4 per cent of the 34 patients followed reached a stage of mactnie
disease, it appears that the factors of age and race were not apprectable
(Table 13) With such satisfactory results in patients i w hom the dlSCll}SC
process was not one previously considered suitable for thoracoplasty, tq‘"
carly apphication of surgical therapyv recerved fresh mmpetus (Figs =

and 3()
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Tuberculosis
Table 13 o Race and Sex. Acute Caseopneumonic
‘ A8 Treated by Thoracoplasty 35 Patients

Ags
——
Years Percent Raer Percent Ser Percent
18-20 17 Winte 46 0 Male (5 g
21-30 1y Negro 561 4 Fernale o
(et Z [ndiau 20

Fia 20 —Acute cascopneumonto tuberculoas treated by thoracoplasty and strepto-
myein. A Augost 11 1H7 \egro soldler age 2= Budden onset of illness
Julv 23 1947 with fever mevers night sweats, productlve cough and rapid
loss of 237 pounds in weight. Bputum positive for tuberele bacili  Diffuse
parenchymal infiltration throughout left lung  No streptomyem. B April
8, 148 Bix weeks after completion of a four-stage, nine-rib thorncoplasty
Streptomycin alone, 2 gram* every third day for total dosage of 84 grama,
Marked clearing of the oxudative lemons hilaterally oeccurred prior to thoraco-
plarts  The wide di tribution of remdunl lemons throughout tho lung wns
conddered an indieation for thoracoplasty rather than extirpative murgery
which would have requied pneumonectomy  Onset to thoracoplasty reven
monthe.  Sputum has been negative mnce thoracopla tv a perod of moe
than five venr~.  Patient left the hosmital agninst medienl advice seven month
after thoracoplasty but fortunatels ha had o 1elapae and han rerained
well  Sinee Mareh 1950 Le regularly attended weliool mx lours a day for
une vear and has been woirking 40 hours o weck for more than thoycurn

Frtent of Disease and Cavitation Bilaternl parenchvimal myoly ement
a3 determined by ehinierl observations and serinl roentgenographic studies
were present in 80 per cent of the patients  Cavitation representing the
remnant of the sloughing area which has been expectornted 18 difficult to
estinate as to sixe The ordinam mensurement of the rocntgenographic
shadow interpreted as casitation 1s probabls as satisfactor s ans method
for thus estrmation  Cavitation was demonstrable roentgenographically
1n all patients the size varving from 1 to 4 centimeters i diameter and
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multiple cavities were present n approximately half of the patients
Eleven per cent had cavitation 1 the less mvolved lung

Endobrachial Tuberculosts All patients on whom surgery 1s con-
templated should be examined bronchoscopically to determine the presence
or absence of mvolvement of the larger bronchi  Bronchoscopy was per-
formed on 24 of these patients but only 4 demonstrated evidence of endo-

t

E

Fig 80 Legend on opposile page
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bronchiel disease On recxamination prior to thoracoplasty the lesions
had healed

Plan for Use of Streptomyern  The streptomrcin dosage was much
more massive than that now emplosed and 1n 80 per cent no other drug
waa combined with streptomyoin This then was a reol test of the effec
tiveness of streptomycin I preparation for surgery the preivention of
spread of the disease associated with surgery and a measure of 1ts effect
on the disease following operation The dosage of streptomnycmn followed
the pattern of 1 to 2 grams daily for one hundred and twenty days or
longer, or 1 to 2 grams cverv tlurd dayv for mmiar periods (Tables 14
and 15) The fear of the development of resistance to streptomycin by
the patient s orgamsms was entertnned but as 83 per cent of the patients
were operated upon i 1947 and 1948 the true sigmficance of thus phenom
enon was not appreciated  In view of later studies it 13 of interest that
streptomycin sensitivity studies were made on 57 per cent of the patients
at the tuime of thoracoplasty and in 60 per cent of those studied the tubercle
bacilli were sensitive to streptoms cin

Table 14 Streptomycin Dosage Acuic Caseopneumonio Tuberculosis
Treated by Thoracoplasty 35 Patients

Lens Doeage 1n Grams

than

100 101-£00 £01 300 S01-600 800+
20% 18 8%, 1 4% 14 3% 57%

Length of Hosptaltatton Tersons with pulmonarv tuberculosis who
are treated 1n o properly run hosprtal devoted to the care of tuberculous
patients have a better chance of regaining their health and remaiming well

o 30 —Acute casopneumonie tuberculoms treated by thoracoplasty and Isx! rest.
Atreptomyrin added ten months after onset. Patient well. A November
6 1845 Negro roldier male, age 21 Moderato bilaternl parenchvmal in-
filtraton  Four days later he was examined for separation from the Army
und indicated that he had been il one week with fover cough and upper
rewpinatory infection. He was hosplinlized and the sputum was positive for
tuberele bacillL B January 22 1848 Consolldation, upper half of right hung,
fever 100-104* F  spontaneous p thoray, right, D ber 20 1045
lang has reexpanded. No streptomyein € Aprl 2 1048 Admisson to

“itasimons Army Hospital Eatenmve eavitation, right upper lung field,
60 ce mputum daily nal vomliting, headaches, and marked malarse.
Connderable resolution of lemons has occurred  There has been
30 pounds loss in weight mnco onset, November 1 1845 No streptomyen.
D Boptember 8 1040 After 00 davs of streptomvein 3 grama daily cossider
nble tlearing bilaterally  Dizziness dus to streptomyein therapy has been
manifested.  Bireptomycin continued. E Jamuar 26 1950 Three years
post thorncoplasty  Fifteen months continuous hompitalization after thoraco-
plasty  \o other hospitalization Sputum continuously negative mnee
operation. Total streptomvein dosage was 373 grame,  Slight dizziness con-

(lnuﬁL Felruary 1933 patient well and had a work capacity of 40 hours
a wee!
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than those with comparable disease who are not cared for 1n such a hospital
In addition, patients who are intermittent in their hospital stay do not do
as well as those whose hospitalization 1s continuous The advent of strep-
tomycin and other chemotherapeutic drugs has not altered our basic con-
cept m this matter, although experience may demonstrate that an
appreciable reduction 1s feasible in the length of required hospitalization
Ideallv, that period should extend from the detection of the disease until
1t 15 mactine  The length of continuous hospitahization prior to and after
surgery 1s hsted i Table 16

Table 15 Duration of Streptomycin Therapy. Acute Caseopneumonic
Tuberculosis T1eated by Thoracoplasty. 35 Patients

Daily, 120 Days EBvery Thurd Day for  Combined with

or More 120 Days or More Other Drugs
1-2 grams o1 more 1-2 grams or more
74 39, 25 7% 14 3%

Table 16 Length of Continuous Hospitalization Thoracoplasty in
Acute Caseopneumonic Tuberculosis. 35 Patients

Before Thoracoplasty After Thoracoplasty
Months Per cent Months Per cent

] 25 7 -6 57

6-12 42 9 6-12 40 0

13-18 25 7 13-18 25 7

19-36 57 19-36 28 6

Average 9 Months 14 Months

Other Surgery The original concept of this study adhered to the
principle that cavity closure and healing followimg thoracoplasty w ould
probably not be accomplished m a high percentage of patients, and tha"t
further surgery, especially extirpative measures, would be necessary at &
later date It was, therefoie, somewhat of a surprise upon reviewing this
group of patients to note that onlv 2 have had subsequent o\tlrpatll\(:
measures accomphished on the thoracoplasty side  In 1, the removal of t Kl
thoracoplasty-collapsed upper lobe and a segmental resection of the dorsa
division of the lower lobe on the thoracoplasty side was performed, sitec
months after thoiacoplasty  The other patient had an upper ]oboctom,\},
removing a cavitarv lesion In both patients the sputum had cnntlfmtl;‘f .
positive after thoracoplastv, and became negative after: removal of the
diseased areas A third patient had a segmental resection of the upP‘Cl:
Jobe on the side opposite to the thoracoplasty thirty-fiv e months uftcrf‘ :l‘;
original operation  Agam the sputum was positive prior to exaision oi th
lung tissue, and has subscequently been persistently negative 0 how e

Compliwcations  The assessment of compheations includes all, unﬂml
remote, and those that developed during the long term follow -u']‘)t}])(“ "
\Ithough it would be reasonable to expect a lugh rate of spread of the

r
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ease to other portions of the lung following thoracoplasts this complica
tion occurred 1n only two patients or 57 per cent  Other complications
related to 108 thoracoplasty operations performed on the 35 patients
were atelectass requiring bronchoscopte aspirntion of retamed tracheo-
bronchinl secretions 1 gastnic bleeding 1 homologous serum juundice 1
hvdropneumothornx 3 thromnbophlebitis 1 and wound infection 2

Spution Conzersion Pasitive sputum became negative m 25 patients
within six months after operation  Three converted within one vear one
of whom had lobectomy after thorncoplasty fallure The total 1n whom
the sputum hns converted 13 28 of the 34 patients folloned or 82 4 per
cent n highly satisfving result n the surgienl cfforts directed toward thus
tvpe of pulmonary tuberculosis

Follow-up Data  The follon-up data m this group are 97 per cent
complete. Twentr-cight per cent were followed for more then five venrs
after thoracoplasty and none for less than eighteen months  Twenty nime
or 83 per cent of these patients were opernted upon during 1847 or 1948
Two were operated upon n 1949 31n 1900 and 11n 1901

Results  There was no operative mortahty  Three patients are dend
and 3 continue to have positive sputa Thus of the total of 3o patients
treated 34 were followed Durng this enrh period of the streptomyein
era an era in which galloping consumption was treated by streptoms cin
n preparation for thoracoplasty 28 or 82 4 per cent enjoved chimeal re
cover\ sputum comversion and entered o state of rpparent secure disense
mactivih - 2 circumstance seldom experienced prior to streptomyen
Twent1-seven patients, 77 per cent are working regularly attending school
performing the usual duties of a housewife or doing part time work of at
least tnenty hours weeklyv  One patient has had consistentlv negative
sputum smce thoracoplasty but has continued to require hospitahzation
because of mental disease  The final status of 1 patient 13 not hnown

Rerierr of Deaths A review of the 3 deaths 1n this group emphasizes
the importance of full partictpation 1n therapy by the patient the desira
hility of & longer period of chemotherapy than wes used earlv m this cr
and the appreciation of how much 14 vet to be learned about this mteresting
disense and 1ts trentment (Fig 31)

{Ipprarwal of This kxperience and Its Influence on the Surgieal Thernpy
of Pulmonary Tuberculosts  Ihe reduction of the volume of the lung
achieved by thoracoplasty 13 a fenwible method to promote healing 1n cnsco-
poeumonte tuberculoms 1if resolution of exudative lemons 18 first effected
through the use of chemotherapr  The appheation of thorncoplasty
carhy avemging mine months from disease onset permutted the collapse of
cavities hoving thin walls. The replacement fibrosis winch had oceurred
was probably mimmal The effect:i e lessening of sputum production due
to chemotherapy 18 beneficral in decrensing the chance of sprend of the dis-
ease during and 1mmediatels after thorncoplasty  Tlus early application
of thoracoplasty has established a lnsting benefit which further encouraged
the carlier use of surgienl therapy 1 pulmonnm tuberculosis and wos a
forerunner to the wide use of extirpatine surger
d“n’I‘]u:heﬁnr:I n surgical therapy was undertahen and largels completed

ng the early ern of streptomyein therpy It now seems fortunate that
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the knowledge accrued in the order it did We know now that very large
doses of streptomycin are beneficial, but comparable effects are obtamable
with much smaller doses Thoracoplasty, as a seven or eight or more rib
removal with 1ts mherent thoracic deformity, may now be almost deleted
from our attack on uncomplicated pulmonary tuberculosis Extirpative
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surgical methods are preferable and where nceded a smaller thorncoplasty
space closing operation may be performed

Extrapleural Thoracoplasty in Fibrocaseous Tuberculosis Character-
wtics  The distinction between fibrocaseous caseopneumonic, and caseo-
fibrous types of pulmonary tuberculoss 1s that of a degree which may be
slight or considerable In the fibrocnseous tvpe the caseous element
predommates with the fibrous tissue being readily evident The onset of
svmptoms 18 not sudden and one 1s seldom able to fix a specific date
inrhating the pattent s illness  There 1s & gradual onset often with shght
fever muld cough sputum production and a rather insidious loss of weight
The blending of the tvpes 18 relatine and many borderhne decisions for
purposes of classification become necessary (Fig 32)

Indications  The indications for thoracoplasty emploved n the 70
patients 1 this group have been relatively clear namely the application
of thoracoplasty as soon as the resolution of exudatie lesions has reas
its maxmum and before the chemotherapeutic agents have lost their
effectiveness 1 ¢ before resmstance has developed  There 13 only time loss
disease progression and less opportumty of obtaming a fayorable result if
thoracoplasty 13 deferred until the lesions become hard and destructive
The effectiveness of the use of streptomyan combined with other drugs
such as para ammosahicilic acid for six months or more 13 resulting n
further resolution of the tuberculous lesions often leaving a residual focus
much =maller 1n extent than the original aren of disease  Such lesions are
now being treated surgically by segmental resection without thoracoplasty

Fio 31 —Acute caseopreumonie tuberculoms treeted by thoracoplasty and strepto
myun. Patients died. A Janwary 8 1H7 Negro male age 40 Onset
July 11 1946 Extenmve dimease right upper lobe B Beptember 15 1047
Admission to Fitssimons Army Hospltal and four months beforo thoraco-
plasty Marked contraction upper right lung field o streptomveln  Later
recerved a total of 184 grams of streptomvein. Remaned in hosprtal 14
roontha after two stage five-rib thoracoplasty performed during Januan and
Februan 1948 Comment It was 18 months from onret to thoracoplanty
In retroepect it may have been better to have treated this patient by dght
upper lobectomy and a fivesib thoracoplasty  Faihing to remove the lobe
oripinally it was recommended onc vear after thormroplasty and unfor
tunately the patrent declined. The autopm report har not been obtainable
€ July 16 1946 White, oldier age 10 11115 daya.  Far advaneed bilateral
discane D August1 1050 Ono month prior to death  Marked involvement
upper left lung field. Thoracoplasty thres stages, nght, Mareh and Apnl, 147
Total streptorayran, 172 grams Comment Spatum remained positive and
the patlent left the homptal against medseal advles four monthe after thorneo-
plasty and had no further howitalization Dinease progresson resulted in
death B Reptember 16 1047 N\egro soldler age 19 Il three months  Ad-
misdon to Fitzsimons Army Hospital. kxtensive eascopneumonic involve
ment, left. Streptomycin started total dosage 181 grama  F Januan 7
1M8 One dav pror to thoracoplasty  Slight clearing Comment The pa-
tient was frequently uncooperative, vlolatinx bowpital rukes and heing alment
without permimion  Bputum remained positive.  Death oecurred 15 months
after thoracoplasty dunng a severs hemoptveis At the present time chemo-
therapy would be emplosed for a much longer period, 12-18 month prior
to mirgical therapy
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and with results exceeding the most exemplary of the pre-chemotherap;
era

Pneumoperitoneum led the list of other collapse measures applied
these patients, with artificial pneumothorax therapy second Contra-
lateral pneumothorax was mamtained during the operatne stages of
thoracoplasty mn 12 5 per cent Certamn particular mdications for surgen
are present 1n relation to other collapse measures An effective artificial
pneumothorax 1s such an indication (Fig 33)

Plan for Use and Effect of Chemotherapeutic Agents As this type of
disease 1s more exudative than fibrous, the resolution of the former lesions
15 enhanced by chemotherapy, and the patient becomes a switable candi-

Al

Fic 32 —TFibrocaseous tuberculosis A October 17, 1947 Cawitary lesion, left upper
lobe, with considerable parenchymal infiltration B One dav pre-thoraco-
plasty  Considerable clearing after 60 davs of streptomyem, 1 gram dml\l
A three stage, seven-rb, thoracoplasty was performed seven months after
onset  He has been working 40 hours per week smee JTanuary, 1952 Pn'ﬂ-‘
ently, a longer period of chemotherapy would be admmstered, f‘\“"P“‘}“‘l
surgery  performed, and complete rehabilitation  probabhy accomplihes
quicker with less thoracie defornuty

date for surgical therapy within less than a year m a very large ])crce(lltll{li
of patients The overall chemotherapy plan as employed m 1949 \}\ 'l‘
characterized by changing regimens and may be illustrated by a mttl}(F
detaled presentation of an illustrative case  Ten davs after entering Kl‘
Armv a twenty-vear-old white male was admitted to a military hus[‘)lt.l‘
on Februaryv 17, 1949, complaming of sore throat, a chronic I’r"d"‘tr;‘t(
cough, moderate night sweats, and a gradual loss of 22 pounds m eI l”
In August, 1948, the patient had been mformed that t’ho lnt(-rl’r"t”:'?':hd
a chest roentgenogram revealed a “spot on the lung 7 However, Ii¢ -
not consult a phisician after recennmmg this mformation (h"”t,;’:.m(m
genogram on admission to Fitzsimons Army ]Iospltu} revenled ot )]m'
area of cavitation m the nght upper lohe with considerable surronnding
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infiltration and o 2 cm round lesion on the left (Fig 34) The sputum was
posttive for tubercle bacillt  Strict bed rest was naugurated and on March
17 dihydrostreptomyein 2 grams every three days was started and con
tinued for thirty davs The same therapy was restarted May 20 and
continued until September 14 1049
The major dangers of caviintion are disease disermnntion and bleed

mg Two wechs after discontinung streptomvcmn there was chimeal and
roentgenographic evidence of reactvation or disserination of the disease
ontheleft (Fig 34C) Parn-ammosalicilicacid 12 grams daily was started
after the spread and continued to February 1950 Tibione was also given
for one hundred and twenty dave Februar to June of 1820 By June

Fiu 34 —Fibrocarcous tuborculo<s treated by moven-nb  threc-stage thoraroplasty
and chemotlerapy A February 7 1047 Large cavity left, held open by
adbesdona or adherent lung. Preamothornt meffective. Lung reaxpanded.
Thoracoplasty resulted in disease mactivation

1850 there had been marked clenring of the lesions on the left and the
lesions on the right were considered stable Streptomvein was begun agam
and g five rib two-stage thorncoplasty accomplished in July 1950 He was
trangferred to n pnvate sanatorum i December 1950 and discharged
as arrested March 25 1851 IIe 18 well and sonce Jonuary 1852 has been
working regularly forty hours o weeh as a mail clerk 10 n large stecl plant

Sputum has been negative since thoracoplasty  Total drug thernpy was
streptomvein 138 grams, tiblone 22 650 mg  and parn-aminosalicr lic read

1848 grams.

It was sixteen months from the time the dia 18 was made unt
thorncoplasty was performed  The seyere dlascmglnnftmn of the dmi
Zl('cumd about eight months after the inrtial disense detection The

meal history strongly suggests a longer disease durntion. More ag
Eressive drug therapy would most likely have resulted 1n sufficient resoly

tion of the original new lesions to have permitted surgern before spread or
]
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reactivation of the tuberculous process to the opposite lung had occurred
The danger of spread of tuberculosis, 1n our experience, has been much
greater 1n the period prior to thoracoplasty than during or followmg this
operation

- e

Fre 34 —IFibrocaseous tuberculosis treated by thoracoplasty and chemotherapt ]01‘;3-
April 13, 1949 Onset two months earher  Cavitarv dlsc"':c’_rmht up}l{“{ il
There 15 also a lesion 1n left upper lung ficld B August 17, 1049 ; ) -
pneumothoray, nght, proved meffective and was later rhccon{u%)uc;( her 3
In drostreptomyein, 2 grams bemg given everv third dnn  C Oc 01 tu(;
1949 Spread or reactivation n left lung  Streptomvain (hqmm};‘uc\{“mq
wechs prior to spread  Artificial pneumoperitoneum 15 prou—cnt o '/n el
1, 1950 Thoracoplasty, right, five ribs, two stages, July, 1050 Tt

and working <sinee Tinuary, 1952

, 5
The use of one collapse therapy procedure 1n relation to another ha

heen a concern of thoracie surgeons for the past half centurt Many :;:;::]»-
binations have been employed ** This patient recen ed artifieinl 1();!‘1(‘ Ul
thorax, right, which was meffectual, and pneumoperitoneitni ].' ‘lixl o
during the past several years there has been a dechne in multiple colit]
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therapy procedures carried out 1n & given pattent This trend, I believe
15 good as 1t 18 now possible to approach most case problems by a planned
surgical attach wheremn one or more procedures performed withm a short
period comprise that plan.

4ge Race Sex and Known Duration of the Dusease Prior to Thoraco-
plasty  Seventy-one per cent of the patients nere thirth vears of age or
less The oldest pattent was forty five and only 10 per cent were over
fortv vears of age (Table 17) In the ten vear age group the largest num
ber were 1 the twentv-one to thirty vear age period approumately 90
per cent were males. This closely parallels the relattonship of the admus-
wons of male and female tuberculous patients to Fitzstmons Armv Hos-
prtal  Seventy-seven per cent were white 19 per cent Negroes and 4 per
cent were Japanese or American Indians The factors of race and sex
were inngrificant if the therapy advised was carmed out by & cooperative
patient

Table 17 Age of Patients Fibrocaseous Tuberculoms Treated by
Thoracoplasty and Chemotherapy 70 Patients

Per cent
Lerw than 21 3 care 17
21-30 y ears 54
3140 vears 10
41-50 vears 10

Despite the msidious onset the estimate of the known duration 18
considered highly accurate because of the frequent emplovment of chest
roentgenographic exammation The average disesse duration as de-
termined by pasitive sputum prior to thoracoplasty was fourteen months
Sixty-one per cent had had their disease for one vear or less which 13 &
favareble factor m collapsing cavities and the healing of tuberculous lesions
by thoracoplasty Eightv-six per cent of this group whose disease dura
tion wes one vear or leas reached an inactive stage.

Extent of Disease Tn 92 per cent of the pattents the disease was far
advanced and in the remainder 1t was moderately advanced Seventy five
per cent had bilateral inyvolvement and ten patients had far-advanced
cavitary disease 1 each lung In consmdermg these data a rather stmking
fact 15 noted 1n that n 1002 three-fourths of the tuberculous patients
treated at Fitzsmmons Arms Hospital by surgical methods were dassified
#s having unilateral disesse limited to the area ubove the level of the
second costal cartilage at the time of operation It 13 thus evident that
more and more persons with less and less active pulmonan tuberculosis
are being treated surgically with increasingly satisfactory results and 1t
seems reasonable to anticrpate that this trend will continue

Cantation  The extent of the disease 13 closelv related to pulmonary
@vitation  Cavitation was present roentgenographically 10 all patients
same time pror to surgery  The aise of cavitation varied from the gmall
areas of honey combing to envities of less than 5 em 10 diameter Twents -
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five per cent had a single cavity which on roentgenographic examination
measured 2 to 3 cm 1n diameter

Endobronchial Tuberculosis Fifty-three of the 70 patients were ex-
amined bronchoscopically prior to thoracoplasty There was no particular
selection and 20 4 per cent of those examined had evidence of endobronchual
tuberculosis  On being bronchoscoped six weeks to three months after
streptomycin therapy, all exhubited either no evidence of or healed tuber-
culous lesions This 15 1n marked contrast to the 5 per cent having broncho-
scopic evidence of endobronchial disease among the patients having locahzed
lesions treated by extirpative surgery m 1952

Length of Hospitalization  The patient wants and needs a target date
or probable end-pomnt to his hospital stay, as he ponders his deciston re-
garding the recommendations advising surgical therapy Indeed, the length
of hospitalization 1s of concern not only to the patient, his family, and his
physician, but also to the taxpayers, and 1s of considerable sigmficance
from the public health viewpomnt The patient, I believe, should remam
m the hospital until the disease process 1s mactive three to six months as
defined by the Standards of the National Tuberculosis Association This
1s not readily transposed to a definite tume period However, our polics
since 1947 has been to estimate the period required The working plan
has been to advise the patient that he remain n the hospital at least one
year following completion of thoracoplasty This goal has not always been
achieved Of 70 patients classified as having a fibrocaseous type of disease,
7 left the hospital agamnst medical advice less than six months after com-
pletion of thoracoplasty One left three weeks after the completion of a
three-stage, seven-rib thoracoplasty procedure and he died four )ears
later, death resulting from homicide He had been followed regularly as
an out-patient, the sputum had been repeatedly negative and necrops)
revealed no evidence of active tuberculous disease The other 6 patients
hay e had mactive disease for periods vary ing from one to four j ears

Sivteen patients were hospitalized less than siv months before thoraco-
plasty  Two of these are dead, one as a result of progression of tubercu-
losis, and the other was the patient referred to above who was killed four
vears after thoracoplasty  Of the remaimning, 13 are mactive and 1 con-
tinued to have positive sputum until a lobectomy was performed three
vears after thoracoplastv  Iler sputum has been negative for a \car sinct
lobectomy  These data may suggest that the period of recommended
hospitahzation mav be excessine  However, the number of patients -
vols ed 15 msufficient to warrant such a conclusion, and does not prejudice
the basic working concept of the desirable period of one .\vnr’of post-
thoracoplasty hospitalization  Thirtv-mine per cent of the patients rf(;
mained m the hospital <iv to twelve months after thoracoplasty, w hile 3
per cent were hospitalized contimuounsly for thirteen to eighteen mnnth:’
Only 12 per cent were i the hosprtal for longer periods, there I)t‘lllﬁ'
patients who were hosprtalized from <eventeen to thirty-an months after
tllnfl{‘l}(;glz.l‘\)tb(t'l“lt of the discase and the response to therapy s, of r'nur~c.’ the
basie conaderation m recommendations re garding the longth of hospitahsa-

tion The experience of the past seven vears warrants real optimsm
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toward achieving & goal of therapy in pulmonary tuberculosis wherein
more than 95 per cent of patients fully recover and become completely
rehabilitated if complications such as empyema do not occur  Wath such
a goal n sight the respousibihty for providing the facthties of adequate
hosprtahzation for all persons with active pulmonary tuberculosis warrants
the most serious consderntion  To follon the patients with proper re-
habilitation measures ncluding educntional facilities will properh
complement our medical and surgicnl strides toward erndicating pul
monary tuberculosis The average hoapital stay 1n this group of patients
after thorrcoplasty was one vear

Follow up Data  Yollow up data are avalable in 100 per cent of these
patients Infact we have follow up data on all of the 274 patients trented
by thoracoplasty except for 1 patient Thirty nine other patients were
trented by thoracoplasty and are grouped as miscellaneous as thev in-
clude those on whom only o one-stage three-rib thorncoplasty was per
formed or a space-closing thorncoplasty procedure for unexpanded pneu
mothorax was performed and a few who did not have streptomy ein.

Other Surgery  Other major surgienl efforts were carmed out mn §
patients Pneumonectom\ was performed m 2 & vear after thornco-
plasty and cavernostomy wus performed on 1 patient eight months after
thorncoplasty  All of these secondary operations were performed on the
thomeoplasty side  One patient died s1x months following preumonee-
tomy and 2 3 em envity was present i the thoracoplasts collapsed upper
lobe from which numerous nad fast baall were molated  Autopsy exum
mation revenled miliary tuberculosts of the remaiming lung liver spleen
and hidnevs  The other patient trented by pnenmonectom continued to
have a positive sputum for eighteen months but has since been negatinc
for two years and the disease 1s considered mactine A 25 cm patent
cavity was present 1n the removed thorncoplasty —ollapsed lung  Sputum
became negative immediately after lobectomy n the 2 patients and has
continued negative for approumately two venrs The patient on whom
the cavernostomy was performed has had a negati e sputum for four venrs

It 13 our policy to recommend excistonal surger  usually lobectomny or
Preumonectom) 1f the sputum remamns positne for six months following
thorncoplasty and 1f other sources for positine sputum are not 1dentified
Other patients n this group who had persistently positive sputum  de-
clined recommendations for extirpative surgers  Revision thoracoplasty
13 not practiced n attempts to close cavities which remain patent after
thoracoplasty ~ With the steadil\ incrensing utihzation of extirpatne
methods 1n preference to thoracoplasty sccondam operations for so-called
surgical failures have rapidh declined  Secondar operutions are gen
erally techmeally more difficult of greater magmitude nnd charncterized
by poor results The mitinl surgical effort 13 the one upon which success
15 dependent A total surgical effort with highly satisfactor results 13
row available and an implied or nctual reservation of having something
cle 1o try f & particular procedure fails certainhy increnses the patient s
msecurity
mlr:"e:gl;glfllana There were no nstances of bronchopleural fistula or

owing thorucoplasty  Nine patients developed pleural fld
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all responded to thoracentesis and 1t did not delay further operative stages
Seven developed atelectasis, and 2 had wound infection Spread of the
disease did not occur within three months following thoracoplasty

Results  Sputum conversion from positive to permanent negatit)
occurred mmmediately, « ¢, withimn six months after thoracoplasty m 70
per cent of the patients An additional 57 per cent converted withmn
twelve months after surgery and remained negative, a total sputum con-
version 1n 53 patients or 75 7 per cent There were no operative deaths,
v ¢, death within sixty days of operation Six patients have subsequently
died from progression of disease, an overall mortality of 8 5 per cent One
other patient was killed but his disease had become mactive In apprais-
ing rehabilitation 53, or 75 7 per cent, of the 70 patients are well and work-
ing or are able to work Six are hospitahized, 3 of whom have a poor prog-
nosis, and 3 a good prognosis IFour patients are alive, 2 have persistently
positive sputum and 2 are negative but unable to work

Certain 1nteresting data pertamning to the patients who died due to
progression of tuberculosis are noted in Table 18

Table 18. Deaths in Fibrocaseous Tuberculosis Thoracoplasty. 70

Patients
Disease  Cawntary Disease
Duratron Side of Tep
Survwval  Age Priorto @——mm——
No  Post-Tep  at Other Su:gery Tep Before At
Deaths  (months) Tecp  Ser HRace Post-Tep (mnonths) Tep FDCﬂ”‘
19 45 I W  None 17 Yes },Ob
36 21 M W  Closed Pneumo- 4 Yes DNo
noly s18 Opposite Autops)
side . i
6 24 39 M W  None 21 B_cs X'Cb
17 24 M N Pneumonectomy 12 Yes Yes
on Tep Side . )
11 97 M W None (7) }0‘* ?\f:
T T es
48 34 M W None Antops

”ne

Apprarsal of Ths Eaperience and Its Influence on the Surqieal 1 lu'l]‘(l]cl.'l/
of Pulmonary Tuberculosts  In making an apprawsal of data upon t\_\ nl'-
one has selected a procedure or surgical method m the therapy © P‘w
monary tuberculosis, subsequent developments may suggest 'tlmt Son ‘
other methods would have been preferable  In perusing the ln(]l('llflﬂ:'l‘
presented m the 6 patients who died as a result of progrcsilml( of 'P“ll"""fl’:_é_
tuberculosts, 1t scems 1 retrospeet that at the time, 1947-1948, t ‘(‘t‘" o
tion of thoracoplasty was smtable  In evaluation of the results 1 t"mn
ceems reasonable to agan emphasize that fallure of conversion f)f ‘*l"ll o
to negative within siv months following thoracoplasty 15 n]x; lln(‘llixllli;;;“ )
extirpatine surgery  The imvolved lobe or a lung <houle ‘)( S ™
remorved if no other souree for the positive sputum 15 ({Ct]ut'c;'(-nts i
patient's general condition pernnts, In 5 of the 6 deceased paticnts,

Cr bah e e =
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3 after
sputum rematned perastenth posiive erchteen to forty-eight monthia
thoracoplasty ons (Faructer-

Exinplecnal Thoreoplsty i Gaaeofbrons sy the brous
whies In the caseofibrous tvpe of pulmonary tul s limear
element predominates Roentgenographiealh the l“l"m&m the lung
areas of mcrensed density uunlhy locnted 10 the upper t o —
fields and cavitation gﬁemﬂgdforms: mﬁﬁémgm‘]’m eeotts
durmg 1ts course e tendency to O er this reasen the aid

v the fibrous tissue 13 considerable and for
:lgg]r:il:i l;)\ collapsing the disented hung tissue bs (hommpl.u;\ ﬁl; u-l's;
aod feasible The natural course of the disense 13 to tncrease the rosn
although dissrmnation of the tubercle bacills by disease pmﬂrﬂm; qzm
hemoptvxis and bronchogenic or hematogenous spread are not : r:_g; t
developments  As thee mat occur at any tme the dancer of a ru1.
disease retrogresston far outweighs the nisk mvolved o the earlier applica-
tion of thorncoplasts or extirpatie <urgers m this tvpe of dizease a

Thus 1s the most common tvpe of chronic pulmonart tulrrcxﬂm’xﬁshn
before the mtroduction of chemotherapy comprid alonz with the fib-ous
tvpe of the disense almost the entirety of thowe patients to whom thomen-
plasts wasoffered However thesr two groups have compned onlv abnut
one-third of the patients on whom thorncoplastt has been v{ccud_ as the
appropriate surgrcal therapn at Fitzsumons sinece Januam 1 1947 Lo
fortunatelv the patients are often not «en earlv as the dinieal manfe-ta-
tions of the diseuse mat be fex  Thee usualle melude mild general mal-
wie shight to moderate productive cough sustamed low grade fever
99-996° F and a ver gradual loss of werzht all of which mas be at-
tributed to & vanets of causes which do mnt sugzet & meatgenezraphic
exammation of the chest

Indications The idications for thoracoplasty n careofibeng  tuber-
culosis employ ed 1n this group of 72 patrents have been _tmpls sts adsnexey
before resistance to chemotherap developed, and m the ehrencr of reeng-
nizable contraindrcations  The recults ohtamed from the prolonged ne
of chemotherapy and the surgical removal of the remaning leong 14
steadil surpassing those of thoracopla tc alone.

The major problem 12 to obtamn the general arcrptance of
tion of surgical theraps & «won a3 indieated  This
o a mild dramatization of tume Ioes and lox dy
wdividual mandesting excellent res tance tn
bacillus but compelled to accept restction
significant period in the patent  Ife (Fiz 13)

Care Report. A whits mals thirty year of azr reveslind
bavmg been hoepitalized eleswhere m Jure 15142, teonusy
Duarning the clinteal mvsstizatie n an ZF-tay exam watyn of
made rpatum wn preitive frr toberels Fasill ard 2wl
couzh of reveral years dumtwn Fad boer presert An
thorav on the left wa attemptad bt wa T *urreeafnl
rg‘n;um u{u then N;;mp{: Fed  He war dictarsed S

~ of artive [ tabereulins ard poo wranlity
borpital apmin t mniv:]fdr{w o

thr applies-
lu trxtive case report
AL DITIZTAIO0 1D &N
the efferts of the tuberde
of actrenty dunng  aeet
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For the next four and one-half years he worked mternuttently at a
variety of jobs from laborer to sedentary part ime work Intervals of
several months of unemployment were frequent because he did not feel
well and often had us employment terminated beeause of s effectis o-
ness Primary syphilis was diagnosed 1n 1942 and intravenous arsphen-
amine given for eight months comprised the specific therapy  No sputum
exanunations were made during this period of nearly five years, but three
or four physical exammations were made without apparently detecting
evidence to recommend further study In April, 1947, he was hosprtahzed
elsewhere because of mild symptoms and for the purpose of an evaluation
of the activity of the tuberculosis His complamts were mimimal  Sputum
was posttive for acid-fast bacilh and he was tiansferred to Fitzsimons,
November 28, 1947 Chest roentgenogram revealed a moderate amount
of exudative infiltration bilaterally but especially on the left Blood
Wassermann and Kahn were positive Bed 1est was maugurated and
streptomycin, 1 gram daily beginning January 1, 1948, was followed m
one month by thoracoplasty, seven ribs, three stages, which was com-
pleted March 15, 1948 The total streptomycin admmstered was 99
grams The patient left the hospital against medical advice five weeks
after the completion of thoracoplasty His whereabouts was unknown
for about two years but he has since been followed both as an out-patient
and for one month hospitalization in August, 1952 The sputum 1s posi-
tive and there 1s roentgenographic evidence of a 2 em cavity mn the right
lung He received chemotherapy during this hospital stay and agam left
agamst medical advice The tuberculosis was considered far adyvaneed
Heire then 1s ten years of slow disease progression and all the wlhile he was
probably expectorating tubercle bacillt which nfected others, but sufh-
cient host resistance was present to mash this progression

The proper directing of the presently available, splendid facilitics
makes 1t much easter to obtain the patient’s acceptance of recommended
therapy  The physician’s responsibility 1s probably even greater with
these added implements, in that a much higher percentage of patients are
expected to reach and mamtain the phase of mactn e disease

Extirpative surgery is now recommended withmn a relati el short
period after disease detection at the same time that chemotherapy 1s
admimstered

Plan and Effect of Chemotherapeutic Agents Streptomyem and other
antibacterial drugs are less eflective m the cascofibrons types of tnh(-_r-
culosis than m the caseopneumomnic or fibrocaseous types  The reason s
simph that there are fewer exudative or new lesions which respond fu\(nr_-
ablv to these drugs  One-half of the patients were operated upon In 1017
and 1948, and streptomyein alone was used during this period 7l [}vrv was
4 wide variation m the dosage of streptomyem 18 to 376 grams Taghteen
of the 72 patients noted mild to moderate untow ard efteets from the l’mFl
Although thoracoplasty, as the preferred surgical proc edure, has l](‘(‘l‘(‘f-l*;f.
i usage less rapidlv n cascofibrous tuberculoss than it has m some “l tlu
ather types of discase, onlv 14 such patients were treated by Hmr.xin]_l' s .“
alone m 1931 and 1932 as compared to 35 during the years of 1O am

1948

Age,
The arerage age m this group was thirtv-two vears

' ' , 17 conplaely
Race, Ser. and Knoun Duration of Discase Prior to Thorae oy
\ camparison of teo
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namely those eighteen to twenty-one vears and those thirty
g%i %’;0}15::‘ venrs was 1:m;ufleg there were 8 patients 1o the former and 11
patients mn the latter group There was no sigmifiecant difference n the
extent of disense chemotherapy effect or plan of 1ts use duration prior to
thoracoplasty or late result 1.2 work cnpacity n the two groups Fifteen
per cent were Negroes approuimately the same n8 that of the entire group
of patients treated by thoracoplasty alone The evaluation of results
relative to race 18 nfluenced by several yvariable factors such as length of
hosprtal stey extent of disense patient s attitude and disense durntion
prior to thorncoplasty  If these factors are basically the same there seems
to be no appreciable difference 1n results  The \egro patient will be well

Fia 38 —Cascofitrous tuberculoais of long duration. Toorly cooperative patient. Poor
rerulta, A4 August 27 1042 Lemons left upper lobe have probebly been
present for years but produced minimal symptoms and was not previously
detected. B February 2 1048 Pre-thoracoplasty almoat mx yearn after

dotection of disease.  Slow profremdon has occwrred with bilateral nvolve-
ment.

advised however to adhere strictly to the recommendations of those com
petent 1n the surgienl treatment of pulmonar tuberculosis  In our exper
rence sex hns not been an influencing factor 1n erther therapy or results

The durntion of the discnse process prior to thoracoplasts wos vanable
and somewhat difficult to define In our group of 72 patients 7 had had
known dwsense less than six months and 6 others had n duration of fise
vearsor more  There was not a marked nse at any pertod as evidenced by
these data duration six to twelve months 28 per cent thirteen to erghteen
wmonths 17 per cent mneteen to twenty four months, 10 per cent twenty-
five to thirts-mx months 10 per cent and thurty~seven to sixts months 19
per cent

The average duration of disense prior to thorncoplasty based on the
finding of aerd fast bacilli in the gastric contents or sputum was twenty~
three months  There was 1o tangible cvidence to suggest that delay wm
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the application of thoracoplasty was warranted in this group after the
maximum resolution of any new exudatne elements of the disease had
occurred The merits of extirpatin e methods as opposed to thoracoplusty
collapse m the caseofibrous type of tuberculosis with presently available
chemotherapy are, I believe, defimtely favorable to the former  How ey er,
if thoracoplasty 1s selected, its early application 1s strongly recommended
The “spot on the lung” often does not respond favorably to a policy of

watchful waiting, 1ts diagnosis and treatment are urgent requirements
(Ig 36)

Bl .

‘16 —Cascofibrous tuberculosis treated by thoracoplusty and chemotherapy A

e 30 ICT/gl)ruarv 10, 1043 A 20<year-old white female A “spot on the lung”“utcher}
four vears without a positive diagnosts  Surgieal exploration and rommn'
of the questionable lesion for diagnosis 1s far le<s dangerous tl‘mn xmmtu:;:
developments B July 2, 1047 Large eavity left upper lobe .Spuhm; porlq
tive for tubercle bueilli  Treatment consisted of bed rest, 18 mont ;«. v'
grams of streptomscin, and a seven-rib, three-stage, thoracopnlsty '(1'1{:;1;()];,
November and December of 1947  Diccharged from hospital Junuary 'f N
She has remmned well, has had two ¢ ldren siee discharge, and cares for n
phases of her household duties

At

Extent of Discase  According to the National 'l‘ulwrculnsl; _\:mcllt:‘t::;x:
Standards, the extent of tuberculous discase m this g‘gt‘;llp “l (= pi n
1s as follows far advanced, 46, moderately adyvanced, 22, :m; lmntulm).m,(‘”_
The categorzing of the extent of disease m patients tr(-u.tm -()':un:: o
plasty 1s largely dependent upon roentgenographic nn(rp!rf (x'(‘ “m.mh'd
ulth()‘ugh generally satisfactory 1s far less exact than the lm “t(l"- N
by the exammation of the surgically exeised tissue p usl 1'¢”w rreon.
evaluntion of the extent of disease which was not rvmmw} R
process as now treated by surgieal, extirpative mv:xsulrv-, l;t} ittr Hhun phet
moncctomy, scemns to be defimtely Jess eatensive tl"{" 'nl:‘th(' e ol
thoracoplasty prior to the (}l(‘m()ﬂl('I"Jl])clltl(‘ era ‘um ( l!‘r:)fL([NI!’.l(HPI“""‘
vears of that era Tt 1~ not ineflectiveness on the par \
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which makes it g1ve way to extirpative surgical methods 1n 80 to 90 per
cent of uncomplicated cnse problems It 13 the avosdance of thoracie
deformity {ollowing extenan e thoracoplasty and the fact that the disense
process usually responds to chemotherapy so that 1t 15 more localized 1n
extent which makes extirpative surgeny prefernble

Camntation  Ten of the 72 patients did not have rventgenographe
evidence of cavitation 1n the operated lung noted dunng the course of the
disease  Single cavity size of 5 om or more 13 grouped 1n the gant cavity
category  Filteen patients had n angle cavity of 4 cm m diameter 1 the
more involved lung 11 had a 3 cm cavits and 1n the remaining 30 the size
was 2 cm orless In 8 there was bilateral cavitation

Endobronchial Disease  Fiftv-eight of the 72 patients were examined
branchoscopically  There was no selecting 1n this group and preferabiy ail
patients undergoing surgery should be 8o examined preoperatively Of
those examined 22 per cent had evidence of endobronchual disease The
response to chemotherapy was excellent and surgery was deferred until
this response was evidenced bronchoscopiealls

Length of Hosprtaliation  Patients clasufied as having a enseofibrons
type of tuberculoms are in generul representative of those who have had
protracted disease often unnoted for months or vears Svmptoms resulting
n their being hosprtalized are often of such mildness that the hospital
stay 1s apt to be short and frequently repeated There s a hesitancy on
the part of the physicinn to recommend surgern and o8 & result the patients
often go for months or vears neither clearls 1l nor well The designation
of hospital stay for the 72 patients under considerntion 18 the continuous
period before and after thoracoplasty which 13 frequently not the total
(Table 19) A period of six months hospitalization following thoracoplasty
seemed to provide n the vast majority as good a result as longer periods
of post-thorncoplasty hospitalization

Table 19 Caceofibrous Tuberculosls Treated by Thoracoplasty and
Chemotherapy Length of Hospitalization 72 Patients

r Before After
horacoplasly  Thoracoplasty

Months No Patients No Patients
Lews than 0 bl 11

0-12 0 bl
13 18 10 24
19-96 7 5
30+ 3 0

5 (Hospntalized)

Follow-up Data  Infcrmation concerning the -thoracopl
of these patients 15 present 1n all of the 72 pgtwml:m coplests stats
Other Surgery  Artificial pheumothornx therapy either umilateral or
Inlaternl was carmed out for three or more months m 14 patienta.  Threg
hud elosed trnpleural pneumonolvms perdformed 1 o lobectomy several
months sfter thoracoplasts and 1 had a luate plombage on the less
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volved side It 1s very doubtful if any of the temporary collapse therapy
measures arc now of sufficient benefit to warrant therr use prior to thoraco-
plasty n this type of disease, and they have been almost abandoned

Compheations The spread of tuberculosis following surgery 1s often
not easilv ascertamed  Almost without exception our patients have re-
cerved pencillin m Jarge doses, two to three days before surgery and for
ten to fourteen days after surgery m addition to streptomyem  The
transient presence of a roentgenographically noted parenchvmal mfiltration
which clears within a week without recurrence, together with the disappear-
ance of any accompanying symptoms, has not been considered as evidence
of spread or reactivation of the disease In this group of 72 patients, 3
had a spread to the contialateral lung twelve and twenty-seven months
after surgery In all 3 mstances, there was roentgenographic evidence of
cavitary disease beneath the thoracoplasty, and the patient had ecarhier
declimed the recommendation of extirpative surgery for thoracoplasty
farlure  Pleural effusion required thoracenteses m 5 patients  One patient
had a massive atelectasis requirmg bronchoscopic aspiration of bronchial
secretion on the third postoperative day  One patient suffered a severe
transfusion reaction from which he made a complete recovery None
developed bronchopleural fistula or empyema

Results  Two critera for estimating results have been used first, the
comversion of a positive to negative sputum which remams negative, and
second, the capacity of the patient to work  This includes a wide variety of
gamful occupations, manv of a sedentary nature but often hard manual
wotk, regularly attending school, and the performance of the normal duties
of a housewife The results on this basis were as follows Sputum conver-
sion early, 7 ¢, within six months or less following thoracoplasty, oceurred
m 49 patients, or 68 per cent, and late converston in :_1.110ther 14 per cent,
totaling 82 per cent sputum conversion  Iifty-siy, or 78 per cent, are w ell
and working, 3 others are well of their tuberculosis but unable to work for
other reasons Of the remaimng patients, 10 contmue to have positive
sputum and 3 are dead  Sputum conversion within one y ear or less means
almost without exception that the patient will be completely rehabihtated
and able to return to work N

Review of Deaths  There were no operative deaths  Three pnt‘wnts:
ages fortv-three, fifty, and fifty-si\ years, \\hn_s(' know n duration of d;sv.w
prior to thoracoplasty was aghteen, thirty-five and nmeteen mm;_t IS Tt-
spectively, died and ther deaths oceurred ten, forts-three, and fifty-two
months after thoracoplasty  In 1 of these patients, age hftv-ain years,
death was due to coronary oceluston fifty-two months after thoracoplasty.,
There was no evidence of actn ¢ tuberculoss as cl(*t('rm'u‘wrl by nec rnp\l\‘.
and his sputum had been negative smce operation Hui h{t\-,:c:t:‘-l(;:\
patient left the hospital fifteen months "ft('r'f‘]"’”"”Pl”“h » IS “’”"’,"ll.'q e
been consistently positiye sinice operation - The hnown durntion o !« It :
w.ts thirts -five months prior ta surgery and unfortunatehy e had hoeonn
a4 chrome alcaliolie  Post-thoracoplast) roentgenographic "\“',”””“""“:
Giovwed @ 3 em cavity heneath the thoracoplasty for two vears prior to-fn

, ' A
death  Datirpative surgery should probably have been wlvid,

A It thle
HOCROpsy Wwats Tob obtamed  The thind patunt ehibnted consider
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cvidence of an mtial exudatiye process with a few svmptoms and fey orable
response to streptomicm.  Cavitation developed and thorncoplosty was
advised Sputum comuersion was not accomphshed after cight months
and lobectomy was advised but declined by the patient Ile left the
hospital agamnst medical advice at this tine and three months later died
elsenhere Necropsy was not performed Information obtamned from the
hospital where he died mdientes that the cause of death was pneumonia
probably of tuberculous origin  This adds emphasis to the advisability of
extirpative surgers when 1t 18 evident that thorncoplasty has not resulted
1n converzion of the sputum

Ipprawsal of This Experience and Its Influence on the Surgical Therapy
of Pulmonary Tuberculosis  This 13 the tvpe of pulmonary tuberculosis
which has long been treated by thorncoplasty with reasonably satisfactor
results The results aclueved here attest to the effectiyencss of thornco-
plasts  Iowever wrth the present availabilitv and effectis eness of the
chemothernpeutic agents it 13 my opinion that the mndications for & scven
or more rib thoracoplasty alone are few and are linuted to the treatment
of empvema or those patients with involvement of one entire lung a good
contralateral lung and on whom pneumonectomy though recommended
18 declmed

Extrapleural Thoracoplasty in Qiant Cavitation. Definttion The
demignation of gant cavitation preoperatn els 13 based solels on the roent-
genographic evidence of at least one pulmonary cavity o or more centt
meters in digmeter  The underlving disense process mav be classified as
caseopneumonic, fibrocnseous caseofibrous or fibrous The large size
of the cnvity sigmficantls ncrenses the difficulties of obtmuning desirable
results and places the disense process in a fer advanced ceategory  From
January 1 1047 through June 30 1953 G5 patients have been treated
surgienlly for mant cavitary disense  There has been a steady decrense in
the incidence of such large excavations smee 1950 which mav reflect the
benefit of chemotherapy  Thorncoplasty was the procedure mitinlly sclec
ted 10 38, and extirpative procedures in 27 A combination of both 18 now
considered the preferable surgical method of management

Extent of Disease  Among the thoracoplasty trented patients more
than one giant eavity was present on the same side in approximately 10 per
cent and 07 per cent had bilnternl parenchviogl imvolvement  The extent
of disease on the Jess involved smide was greater than minimal 1n one half of
the latter group  Cavities 2 to 4 em i diameter were present 1n the
better lung 1n onc-fifth of the patients while one-half had at lenst one
cavity 1o the more involved lung of o diameter grenter then 5 centimeters
The presence of gunt cavitation 1s m itself probably an indication that the
lost poxscsses some illdefined qualities referred to as remistance  This
feature 1 emphasized by noting that threefourths of those patients with
fant cavitation who were treated by thoracoplasty were classificd as

having a cnseofibrous or fibrous tvpe of tuberculosis  Only one-fourth
were cuscopnetmonie or fibrocnscous

Fffect of Chemotherapeutic {gents  These npents exert no particular
mnfluence m gant ecavitary discnse diffenng from their behavior 1n other
varieties of pulmonan tuberculosis  The large area of lung destruction
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and the altered blood supply may decrease the concentration of these
agents reaching such lesions The massive quantity of tubercle bacilh
present 1s a challenge to the effectiveness of any medicament We have
not made any alteration m our regimen for chemotherapy on the grounds
of the presence of glant cavitation I believe, however, that an improved
surgical approach may mdicate that a larger dose of the chemotherapeutic
agents 1s desirable Combined intermittent therapy 1s advised, admims-
tering 2 grams of streptomycin three times a week, and 300 mg 1soniazid
and 12 grams para-aminosalicylic acid daily for a preoperative period of
two to three months, this should be followed by a two-stage, five-rib
thoracoplasty, and extirpative surgery, usually a lobectomy, one to three
months after thoracoplasty Chemotherapy should continue for a total of
twelve to twenty-four months The total dosage of streptomycin over a
one year period under such a plan would be approximately 300 grams The
dosage of streptomycin alone 1n this group of patients with giant cavitary
disease varied from less than 100 to more than 500 grams Nine patients
manifested untoward side eftects exclusive of eighth nerve disturbances,
and 4 of these had received more than 300 grams of streptomvemn  The
dosages and regimens are indicated m Table 20

Table 20. Streptomycin Therapy in Giant Cavitary Disease Treated
by Thoracoplasty. 38 Patients®

Combined
Dosage with Other Tozic
— ~ Drugs Symploms
Grams No Patienls No Patients No Patienls
-100 2
100-199 19
200-299 8 jd 9
300-399 5
400499 1
5004 2
Regrmnen
1-2 Grams Daly Other Regimens
No Palients No Patients
30 8

* One patient 15 still hospitahized

Age, Race, Ser, and Known Duraton of Disease Prior to T lzorar'rz]a.sh/t
One of every 5 patients was twenty-one vears of age or _\'ou‘nger mos
one-half were twentv-two to thirty-four years, 1 of everv 6 was hetween
thirtv-five and fifty-mne vears, while 5 were ﬁf:cv-one vears or older ’gho
avers;ge age was thirty -two vears Four out of 5 were white, t]hedremlilm ‘c;
Negroes Seventy-six per cent wnere rqales JFour patients ha ld nov
disease duration of six months or less prior to thoracoplasty In thes grou;;
certain data are of nterest which emphasizes the favorable factori.l or
youth and surgical therapy earlv during the course of the disease, togethe

with streptomycin preparation and protection (Fig 37).
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A comparison with 9 patients whose known duration was seventy two
or more months ateraging one hundred and seven 13 strking The extent
of recogmizable cavitnry disense was sumilar 1 both groups The degree
of impairment of pulmonary function was not determined by broncho-
sprometric methods. Ilowever the evidence of extensive pulmonary
fbrosis and emphysema indicated conmiderable decrense 1n function The

)
¢ A

\t
(l
'

—_

X .

..

Fia. 37 —Pre-thoracoplasty chest roentgenograms of four patients demonstrating
giant cavitaton. Ages 21 23 and 33, whose known duration of disease prior
to thoracoplasty was three and four month  All had Iens than 200 grams of
rtreptomyein, and in three no other drug wa administered. Onls one had
am untoward manifestations due to chemothernapy  The period of hospital-
ization after thoracoplasty wa 10 15 18, and 20 month  All are alive and
well, three are working 40 hour« per week and one 20 hoarn per week

ages of these patients were cighteen twentv-one thirty five thirty mx
thirty mine fortv-seven fifty and fifts four vears 'The post-thoraco-
plasty period of hospitalization was mn excess of tielve months 1 all except

2 patients and avemged eighteen months  Onhv 3 are well and worhing
or able to worh.
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The efforts directed toward surgery relatively early i the course of
tuberculosis were not frurtful prior to the antibiotic era In 1925 Alev-
ander wrote, “I'rom many experienced surgeons and phtlusiologists comes
the plea for earher operation for those patients who have not continued
to benefit from a sanatorium regimen, and especially for those who are not
making satisfactory improvement with artificial pneumothorax that s
mcomplete because of pleural adhesions ”* More than twenty vears later
DuFault reported the experience at Rutland State Sanatorium durmg the
twenty-year period 1927 to 1947 He wrote concerning the mdications for
thoracoplasty m pulmonary tuberculosis, “The clinical mndications have
changed very lhttle if at all throughout the whole period ’* Alexander
emphasized that thoracoplasty should be performed, “without regard to
the age of the lesions, as soon as the indications are clear Not only does
a properly indicated thoracoplasty bring about complete healing of a greater
proportion of young than old lesions, but 1t protects patients with young
lesions from serious extension of the disease and other complications that
might make an mtended later thoracoplasty mmpossible In occasional
cases the mdications for thoracoplasty are clear within a year of the onset
of the disease, and more frequently during the second year Incidental
benefits of early rather than late operation are the psyvchic, social, and
economic advantages of bringing about arrest of the tuberculosis as soon
after 1ts onset as possible *? At that tume he thought the gieat majonty
of patients on whom he had performed thoracoplasty had lesions which
were between two and eight years old The average duration of the disease
In our patients with glant cavitary disease, excluding those longer than
seventy-two months, was nineteen months The average for all n the
group was forty months In the fibrocaseous group of seventy patients 1t
was fourteen months, while twenty-three months was the average 1 the
caseofibrous group The average period of contmuous hospitalization prior
to thoracoplasty 1n the group of giant cavitary disease was twel e months,
and the average length of hospital stay after thoracoplasty was cightecn
months

Between the two extiemes of early surgery, 2 ¢ , within six months from
onset, and delayed surgery, 2 ¢, after six years of known disease, are two-
thirds of the patients treated by thoracoplastv for giant cavitation TFour
male patients were classified mtially as of the caseopneumonic type, and
they present certain interesting features The streptomveimn dosage \'arleg
from 200 to 500 grams Two had single cavitation on the more 1m olve
side of 8 em or more The duration of disease prior to thoracoplasty was
seven, nme, and twelve months  These patients were young, bemng twenty-
three, twenty-four, twenty-eight, and twenty-nine )ears of age T}H‘C(l‘
were Negroes, 1 of whom had a 4 em cavity on the least mvolved side ﬂn('
1« now dead Two are well, 1 has been regularly attendmg school fnri)
hours per week for the past three y ears, and the other patient mynot wor -
g My observation 1s that with judicious chemotherap), I\c;,;r Opgm’:"
spond equally as well as others to the surgical treatment of pulmon: 1\s
tuberculosts  The only white patient in the caseopnpemmonic gli:mll) :
well and has been workimg regularly forty hours per week as a stock cler
1n a supermarket since two ) ears after thoracoplasty
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The predommant tvpe of disease m this group trented by thoraco-
plasty was caseofibrous Tiwenty-one are im this group  Six had & single
cavity on the operated aide of 8 or more centimeters in diameter  Two of
these are dead nnd of the surviving 4 only 1 has had & consistent]y negative
sputum mnce thoracoplasty  None 13 able to work. Of the remuming 15
onlv 1 18 dead while 8 are well and working regularly 40 hours a wech
attending school on & full time basis or downg the usual duties of a house-
wife Again those who reached this inactve disease state are voung adults
twenty-one to thirty four jears of age and tho duration of the disense prior
to surgern was usunlly less than twenty four months The remamng 7
patients are aline heve continued to have postive sputum, and are not
well

Cardation  The fate of patients having single cavitation of 8 or more
centimeters 1n diameter 18 very poor There were 0 such patients who did
not fall m the entegory of earhy thorncoplasty the delaved thoracoplasty
group or 1n the cuscopneumonic clasfiecntion  All were operated upon
m 147 and followed until death or more than five vears after thoraco-
plasty  Two are dead 1 of whom was fifty four vears of age und died
within three months after thorneoplasty  The other way thirts -one vears
of age and dred of disense progression four vears nfter surgen  One of the
4 surviving patients has had a conmstently negatnve sputum since opern
tion all the others arc positine None are nble to work  The over all
results of thoracoplasty for giant cavitation are noted belon

Endobronehial Tuberculoms O 27 unselected patients who had
bronchoscopic examination 37 per cent had demonstrable endobronchial
mvolvement The hencficial effects of chemothernpr on this phase of the
disease process are marhed Howmever the constant disense focus of a giant
cavity 18 urgent reason for attaching the source of positive sputuin bathing
the broncht  Therefore early thorncoplasty and extirpative surger
npplied a few months after 1dentifyving the nature of the cavitary disease
and providing ndequate chemotherapeutic preparation and protection m
& suitable surgical candidate 13 recommended

Length of Ilosputalization  The length of continuous hospitalization
before and after surgery 19 1n 1tself of onls relative value The mgnifieant
factors are the nature and extent of the discase process the clinienl course
of the disease and the patient s cooperation In carTving out proper recom

mendations regarding therapy  The category of grant cavitation presents
many vanables however 1t probably permits evaluating the benefits of
bospital stay better than most other tvpes of the disense  An mitial ob-
servation would suggest that these patients arc generally so ill that hos-
pitahzation would be mandators  Interesting s the fact that i 18 per
cent of these patients a chest roentgenogmm performed as n routme exnm
mation such ns separution from the military services reenhistment annual
phvwenl cxaminntion muss suney by zeav examination of the chest
ete m andiiduals who did not conuder themselves 11l revenled the
[}‘i\'ld(’n(v which led to the dingnosis of pulmonan tuberculosis  Lower
Fures nre noted only 1 the group clasaified as cnseopneumonic or e
prema  Twenty-one per cent of the patients in the guant eavitary group
had u;amﬂ\ hustory of exposure to pulmonary tuberculosis Thus 1s second
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only to the empyema group, in which a positive family history was noted
in 23 per cent The average length of continuous hospitalization before
and after surgery was higher 1n this group of patients than in any other
category thirty months Periods of short hospitalization before or after
thoracoplasty are not included in these data

Other Surgery In the development of surgical concepts in the anti-
biotic era thoracoplasty has often held the place of a preliminary operation,
with the thought that if the <putum did not become negative m six to
twelve months, extirpative sur , ’ry would be considered This plan, how-
ever, was not rigidly accompushed m patients with giant cavitation as
only 2 patients had extirpative surgery performed after the failure of
thoracoplasty to convert the sputum to negative Inl patient a pneumo-
nectomy on the thoracoplasty side was performed and the patient 1s well
but not working Another patient has continued to have positive sputum
after an upper lobectomy and segmental resection of the dorsal division
of the lower lobe on the thoracoplasty side In retrospect, and after further
cxperience with extirpative surgical effects, I am convinced that the giant
cavitary disease problem 1s best met by chemotherapy and thoracoplasty,
five or seven ribs, followed 1n two to three months by lobectomy or pneu-
monectomy Chemotherapy should continue for a total of twelve to eigh-
teen months The use of cavernostomy by catheter dramnage (Monald:)
prior to thoracoplasty has found favor in several thoracic surgical clines 117
I have not, however, advocated this procedure or external cavernostomy,
and 1n only 1 instance was Monald:r drainage carried out 1n this group of
patients Pneumoperitoneum was often employed, and artifictal pneumo-
thorax was occasionally induced on the side of the more mvolved lung
Therr value, which 1s doubtful, 1s as an aid 1n preparation for surgery Two
other patients with giant cavities following thoracoplasty performed
elsewhere, are not mncluded here

Complications No patient developed a bronchopleural fistula or
empy ema following thoracoplasty The subclavian vemn was lacerated and
immediately sutured mn 1 patient In 118 thoracoplasty procedures, wound
infection occurred 3 times and the pleura was accidentally opened 3 tunes
This accident occurred more often at the second and third stages In the
teaching of operative technique the resident does not undertake the upp]er
phase first stage thoracoplasty until he has repeatedly performed the
second and third stages of this operation This may account for the more
frequent mjury to the pleura at these later operative stages  There were
no spreads of the disease within three months after surgerv In3 mstm;:cs
spread was evidenced m 4, twenty-one and forty-eight months .nt cr'
thoracoplasty  This again suggests that at the present time e\“t;rpaﬂ!\ ;
surgerv should, if the patient’s condition warrants, be accomplishec d\n“n ‘
a few months after thoracoplasty failure, or, if the contralateral ls(ds(‘
process permits, thoracoplasty 1s performed as a prehminary to e}“tlr'}zutl\“(f
surgery Spread occurs far more often bfzforc thz{n after surger,\] . 'en
the 40 patients exlibited spread of their disease prior to thoracop as. \ "

Results  Recovery, arrest, or mactivation m the gant 'w]“tl "
tuberculous discase process, exclusiie of the large ca ity \\lluch 1: 0:.] i’
view or decreases rapidly 1n size 1n a few weeks after it 1s noted, 1s a triamj
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for the patient and hs doctors. Follow-up data are charactenstically
easicst obtained concerning patients whose prognoss 13 the poorest and
whase need for hospitalization 13 the greatest The ginnt cavitary drsease
problem meets these requirements. Briefly one-thurd of these patients had
multiple cavitation 1n addition to one cavity of 5 cm 1n diameter m the
more myolved of the two lungs  Thirty-seven per cent of the 27 unselected
patients exnmined bronchoscopically had cvidence of endobronchial dis-
ense  Streptormcin sensitivity studies  vealed that even though the
dosage of the drug was often large and m & out two-thirds of the cases was
not combined with any other drug m 24 patients on whom these studies
were made 45 per cent were sensttive to the drug at the time thoracoplasty
was storted  Onefourth of the p “ients had mild to moderate untoward
reaction from streptomyn. The nverage age was thirty two years aver-
age onset to thoracoplasty was fortv months the avernge length of con-
tinuous hospitalization was thirty months and i 18 per cent the diseasc
even though extensive was detected as the result of a routine chest roent
genogram of an dividual who presumably was well Thirtx-four of the
18 patients are at least two ycars post-surgery  Six are dead 1 ns a result
of non tuberculous disense but all had active lesions at the time of denth
Tufty per cent are working or able to work part or full time  Only 2 had
extirpative surgery following thoracoplasty failure a low percentage but
the patient s poor condrtion often precluded other surgery  In considering
the entire group of 38 patients 21 or 55 per cent have converted their
sputum from positive to negutn e within one venr following thoracoplasty
The encouraging element 1s the decreasing number of patients encountered
with the large destructive lesions  Our cxperience with extirpative surgery
1 the treatment of giant cavitation has been very satisfactory and 1ts use
plus thoracoplasty collapse of the chest wall 1s the preferable method of
manngement,

Extrapleural Thoracoplasty in Fibrous Tuberculosis. Characterwfics
Fibrous pulmonar tuberculoss 13 charactenzed by a long disense hustory
extensite fibrosm of the involved lung contraction of the discase tissue and
thomx and poor response to the chemotherapeutic agenta It represents
the residual or survivals of a much Iarger number of persons who lost the
challenge of recovery from pulmonary tuberculosis. The disease process
may be so mnsidious 1n 1ts climcal mandestations s to go undetected for
vears The annual chest roentgenogrephic exammation ff wmversalls
applied would eliminnte this failure of disease detection and the recent
advances 1n the treatment of pulmonary tuberculosis have decreased the
frequency with which this tvpe of disense process 1s encountered  Prior
to the chemotherapy ern fibrous tuberculosis probably nccounted for
consklernble majoritsy of patients on whom thomcoplasty was performed
During the period 1947-1902 only 20 patients casstfied as fibrous tuber
culosis were trented nt Fitzsimons Army Hosprtal by extrupleural thoraco-
plasty and 82 per cent of these were 8o trented prior to 1000  The mildness
of the chimenl course 15 emphasized 1n noting that m 9 of the 29 patients
weluded n this series the disease was first detected on routine roent
genographic exnmination of the chest In only 7 patients was there & hus-
tor of known contact with active pulmonar tuberculoss  Chronic fibrord
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tuberculosis represents the older tuberculous patient who has demonstrated
a sustained and high degree of resistance to tuberculous infection but m-
suffictent to permit healing without a price which 1s usually that of asso-
ciated changes of emphysema, pulmonary fibrosis, and cardiac damage
(Figs. 38 and 39)

Indiwcations The contraction of the diseased lung and thoracic cage
on the mvolved side 1n predominantly unilateral fibrous tuberculosis was
early recogmzed as a feasible indication for thoracoplasty The surgical

T16 38 —Chrome fibrous tubercvloss treated by thoracoplasty and (hcnmtll.n:mgl)(\)r
A September 1, 1949 Whaite, nge 56 vears Dmm?c duration 30 ]\40;1 'rlx)ml“
to thoracoplasty Patient 1 well and refired  Streptommyem, ‘ Llirucm
B Januarv 9, 1948 White, age 34 vears Disease duration pnm; Y c:I o
plasty, 110 months Thoracoplasty, four stages, mne rlb'“: PC"(";‘R -
ruany-April, 1948  Streptomycm, 127 grams C Smnc‘ 12" 1‘0”\‘% 10
One 1ear post-thoracoplasty, left  Patient 15 well and has been v
hours a week since two years after thoracoplasty.
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ndency
res to further md and magmfv the natural healing te
2?:dr£nzeed by decreasing the 1olume of the disensed lung  The chamcteg
Istics of fibrous tuberculosis were for many ears the usuail rcquu'entlen :
which met the mdications for thoracoplasty The (:hmc?Jl cns:slm: “c?fh
avalable during this enrly period was the desperatels p;]en A
long-standing pulmonary tuberculosi Often there wag clinieal evi cncq;
of involement of other organs especlly the larvnx and gastrohmtemnal
tract as well as amnyloid disense It 18 thus easy to understand the Wm
mortelity of 20 per cent for thorncoplasty at our hospital prior to 1
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Fie 3 —Chronic fbrous tuberrulosis treated by th lasty and ch h ¥
A October 28, 1847 White age 50 years Disense durntion prior to thoraco-
plasty 72 montha,  Thres-stage thoracoplasty Mareh-April 1948, Bputom
still positive B March 17 1048 White, age 51 years. Disease durntion
prior to thoracoplasty 188 months Thoracoplasty four stages, six riba
Mav-July 148 Pulmonary function and elinical condition mueh 1mproved
hut sputum «till poeitive

Since the advent of chemothernpy the indications for thoracoplasty n
fibroid tuberculoss have not appreciably changed  Ilowever with the
bencficial effects of chemothernpy early disense detection and the wide
application of extirpative surgers there 13 little reason for the cooperatne
tuberculoss patient to become the chronie far advanced fibrous type

Fffect of Chemotherapeutic Agents The beneficial effects of the chemno-
therapeutic agents 1n fibrous pulmonan tuberculosis nre chuefly svmpto-
matic They aid n the reduction of sputum 1mprove the appetite and
wd 1 the healing of endobronchial tuberculous lesions Thev seem to
have ver: Iittle effcct on the established fibrous lesions cavitan or non
cavitary - As 13 often the cnse there are new lesions associated with the

ald fibrous clements and chemotherapy has the usual beneficin! results 1n
the resolution of these newer lesions
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Twenty of these patients were treated by streptomycin alone and prior
to the combination of this drug with other agents Of the 29 patients, 11
recerved less than 100 grams of streptomyecin, 12 recerved 100 to 199 grams,
3 recerved 200 to 299 grams, and 3 recerved more than 300 grams Twenty-
two patients received streptomycin for six months or less  In Iight of our
present experience and knowledge concerning chemotherapy and its effect
in fibrous tuberculosis the dosage was, 1n most mstances, excessive

Age, Race, and Sea  Fibrous pulmonary tuberculosis characteristically
is noted 1n the older age group The average age of the patients m tlus
group was forty years as compared to thirty for all thoracoplasty patients
There were no patients under twenty-one years of age, 24 per cent were
between twenty-one and thirty years, 21 per cent between thirty-one and
forty years, 34 per cent were forty-one to forty-nine years, and 21 per
cent were over fifty years of age Ninety-seven per cent were Caucasians
and 3 per cent were Negroes Seventy-nine per cent were males Of
special significance 1s the fact that the average duration of disease prior
to thoracoplasty was one hundred and eighteen months In general, the
older the patient the poorer the result Likewise, the prolonged duration
does not favorably influence results Only 2 of the 29 patients had a disease
duration of less than thirty-two months

Extent of Disease The disease was far advanced mn 90 per cent and
moderately advanced in the remainder

Cantation  Cavitation i fibrous tuberculosis 1s almost always present
m patients treated by thoracoplasty or extirpative surgery, and only |
patient m this group did not show roentgenographic evidence of cavitation
at the time of surgery or during the observed course of the disease Cavi-
tary size varied considerably from 1 to 4 cm , with the majority being larger
than 2 em Multiple cavitation was present on the operated side mn 1 out
of every 5 patients Cavitary disease chmcally and roentgenographically
was characterized by thick fibrous walls and was of long duration Ex-
tenstve thoracoplasty 1s required to collapse their walls TFor this reason
extirpative surgery 1s often preferable On the other hand, the slow but
constant tendency toward contraction of the diseased area 15 often favor-
ably mfluenced by thoracoplasty

Endobronchal Tuberculosis  Tiwenty-three of the 29 patients were
hronchoscoped and 26 per cent had demonstrable evidence of endobron-
chial tuberculosis  This was favorably influenced by streptom) cin therapy
prior to thoracoplasty . |

Length of Hospitalization  The mdividual who 1s 1 with fibrous tuber-
culosis usually has had varying periods of hospitalization prior to the time
thoracoplasty 1s accomphshed ~For this study only the period (l)f ?J“)ln:
tinuous hospitalization before and after thoracoplasty 1s considerec t]::
average length of hospitalization was twenty-four months, eleven mon ’
before and thirteen months after thoracoplasty, the whole period vary !;IL‘
from s\ to seventy-four months It 15 1n this group of patients ﬂ‘m’f tn‘li
period of hospitalization may be appreciably reduced if f:zcxht}vs] n‘r: )zlll\t ;nn
able m the patient’s home for proper care after operation, and if the spu ¥

s These sually thoroughly acquauntes

15 consistently negative  These patients are usuall; therr Hflorts
with the proper methods of rest therapy, and if purposeful m thewr '
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are able to carry out the prescribed rest measures at home 'Those patients
requining protracted post surgieal hospitalization te more than one vear
usuell have evidence of tuberculous disease 1n other organs or other
hsenses prinaipelly eardiovescular 1o nature

Follow-up Data Follow up data are complete w all patients 1n this

U]
ngK;lm' Surgery None of the patients m this group has had subsequent
extirpative surgery on the thorcoplasty side

Complicatuns  There were few compheations encountered 1n the sur
gerv and postoperatie phases None deyeloped bronchopleural fistulas
or emprema Two patients developed wound 1nfections Atelectngs
occurred 1n only 1 patient requiring bronchoscopic aspiration of secretions
Two patients required thoracentess One patient suffered o cerebro-
vascular acaadent and hemiplegia

Pulmonary Function The patients with fibroid tuberculosts require
careful considerstion regarding pulmonary function before any surgreal
therapeutic efforts are mitiated

Results  Sputum conyeraion from poartive to negatnve occurred within
one vear or less after thoracoplasty m 76 per cent of the patients There
was 1 death within sixty devs after thoracoplasty 1 died due to progression
of the disense another died as a result of coronar thrombosis and 2 pa
tients are still hospitalized both having positnne sputum  Of the 25
patients who are more thun two vears postoperative 19 are well and
working or uble to work, 3 are dend 1 18 not able to work and 2 are still
hospitalized Thus over-all result of 70 per cent 18 excellent  Of the 29
patients 22 are well and working 2 others are well of tuberculosis but
unnble to work because of heart disease and hemuplegia  [hree patients
are dead and 2 have posttive sputum and are hospitalized  These results
however fzil to take wnto account the long pertod of disease and 1ts asso-
ciated debility as well as the expectoration of pomtive sputum with the
resultant infection of others Further many patients die of disease pro-
greasion never reaching the stage of fibrous tuberculosts Therefore the
earher appheation of surgery 1s recommended

Apprasal of This Ezpertence and Its Influence on Surqical Therapy
Thoracoplasty m the treatment of chronic fibroid tuberculoss 13 firmls
estabhished a3 an effective method of therapy Fflectine chemotheraps
and the earlier application of appropriate extirpative surgery marked]s
lessen the number of patients who develop the chrome destructive changes
of fibroid tuberculoss  The modern therapy of pulmonan tuberculosis 1a
renping tremendous benefits by achieving early inactivation of the disense
process, preventing prolonged disebibity and enabling the patient so trented
to carr) on normal activities with minimal danger of disease reactiy ation

Exinapleural Thoracoplasty in the Treatment of Bmpyema ( eneral
Tlurty patients have been trested by thoracoplasty and chemotherapy for
tuberculous empverna 20 had far ndyanced disease and m 1 the disease was
moderately advanced  Therc ore several mteresting facts concerning thas
expertence  In 11 instances artifictal pneumothorax thernpy was present
on the same side on winch the empremn developed 4 contralnteral urty
fieal puenmothoray was present in 4 cased Inonly 1 mstance wos em
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pyema preceded by closed mtrapleural pneumonolysis Roentgenographic
evidence of bilateral involvement was present i 83 per cent of the pa-
tients, while parenchymal cavitation was present on the side i which the
empyema developed in 28 of the 30 patients Tiwelve patients had a mived
infection empyema with evidence of a bronchopleural fistula In 4 of these
patients a spontaneous pneumothorax had occurred Spread of the dis-
ease to the opposite lung was evident 1n 5 patients preoperatively, and in
one patient spread following thoracoplasty occurred Sixteen of the 30
patients are well, working, or able to work

Age, Race, and Sex  'The age incidence indicates that 60 per cent were
less than thirty-one years of age, and 6 of the 30 patients were less than
twenty-one years of age Twenty-seven were males, 25 were Caucasians,
4 were Negroes, and there was 1 Asian  The results in the 18 patients under
thirty-one years of age indicate that 10 are well and working wiile none of
o patients over forty years of age reached this goal of disease arrest

Duratwon of Disease Prior to Thoracoplasty The known duration of
disease was generally prolonged, only 1 of every 6 patients had a disease
duration of less than six months, while 1 of every 3 had a duration of more
than thirty-one months The average for the entire group was thirt)-
seven months

Principles of Surgical Management and Chemotherapy ~ Chemotherap)
as streptomycin alone or m combination with other agents has been highly
benefictal mn the treatment both of the empyema and the underlymg dis-
eased lung  Tts use both systemically and locally in the pleural space has
heen regularly emploved In the presence of tuberculous empyema with-
out evidence of a superimposed 1nfection due to pyogenic microorganisms,
1 ¢, the so-called pure tuberculous empyema, chemotherapy 1s a sigmficant
part of the local therapy Thoracentesis at intervals of a few days, and the
nstillation of 1 to 2 grams of streptomycin nto the pleural space has beel;
regularly practiced As the empyema fluid, with a specific gravity ©
1 018 or more, decreases in quantity, thoracentesis 1s performed less frﬁ-
quently If the lung reexpands the immediate goal of therapy, 2¢, 0} -
Iiteration of the pleural space, 1s achieved Therapy directed toward 3 e
parenchymal disease mncludes bed rest, and systemic chemotherapy, and &
collapse therapy measure such as thoracoplasty or extirpative surger_\; mﬂ.‘*l
he apphed after lung reexpansion If the Jung does not reexpand a tcr,.l(.
reasonable period, these latter measures, mecluding decortication, #
evaluated as to their apphicability o firet

Thoracoplasty 15 directed toward accomplishing two objectnes 11r Y
the obliteration of the pleural space, and sccond, the cql]upsc of u‘nf ;‘C_
lving parenchymal cavitary or non-cavitary diseasc  This rcqu(:q o
moval of all of the upper three to five ribs and usually long segmen ol
the lower ribs, often mcluding the tenth and eleventh ribs, and 15 czlnmnd
out 1n three or four stages Thoracentesis with the remozal of all ﬂ}m( ’l‘tlcr-
local nstillation mto the pleural space of streptomyem frequently "‘ ot
nating with other agents such as terramycin and pemetlhn, 1s] (':lr)!::ml of
regularly at two- to three-dav mtervals preceding and during 3¢ l)l sleural
the thoracoplasty operations  Qceastonally there remains ﬂ)q“ullt 11 e
space m the lower part of the chest whieh 15 not obhterates
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necessary to unroof thus space by removal of the overlymg nbs  Their
removal should extend 2 mches beyond the borders of the unobliternted
space The thickened parietnl pleurn should be removed the intercostal
structures retamed the akan preserved and 1ts edges folded v ard coy ering
the intercostal structures and sutured to the cut edges of the parietal
pleura  After an nterval of several weehs or months and 1f the
empiema space becomes obliterated 1t 13 desirable to relense the folded
shin margns preser e avallable mtercostal structures and close the skin
over the exposed area  If the empy ema space does not obliterate 1t 18 often
feasible to attempt its obliteration 1n the manner just described by using
the mtercostal muscles and other available chest wall muscular structures
to fill the space, releasing the edges and suturing the skan. Pressure
dressings are momtained until healing 13 complete  Several rubber tissue
drains should be plnced beneath the shin remmining for four to six davs.
It 13 important to remove mtially the thichened panetal pleura well be-
yvond the borders of the empiema cavity which 18 not obliterated by
thoracoplasty  This 15 the problem of tuberculous empyema 1n which
superimposed pvogenic infection has not occurred It 15 usuallv associated
with nn unexpanded therapeutic pnenmothorax or a pleural effusion which
does not resolve  Careful iny estigntion of the presence of any unobliternted
area particularh & narrow tract lending to the apex of the thorux 13
mandatony before closure of the chest wall defect The presence of am
such dead space lenves an area for the development of an empy ema

If o supenimposed pyogeme mfection 1s present  the principles of surgical
therapy ure altered  The progenic mfection oceurs genernlly as a result of
a bronchopleural fistuln  The establishment of external drainage by rib
resection or intercostal tube drainage of a pure tuberculous empyema 18
often followed by a mixed infection empyema The altered principles of
surgical management 1n established mixed infection are to provide a vent
for the escape of air trapped within the pleural spece and the closure of the
bronchopleural fistula A vent may be accomplished by the insertion of
exther o large bore needle or a urethral catheter intercostalls preferably
1n the second intercostal space anteriorly  The development of a broncho-
pleural fistuls 18 often & sudden and dramatic ineident requinng urgent
attention In instances of a less sudden nature the determination of a
bronchopleural fistula 1n the presence of & preumothorax or pleurnl effusion
or both may be difficult The tnjection of 2 to 3 cc. of a dve such as methy -
lene blue into the pleurnl spuce following the withdrawal of fluud and noting
whether or not the blue color appears m the sputum mav be helpful
Noting changes in the mtrapleurnl pressure following the removal of fluid
or o 1s another md  If the pressure nses from n negative to n substantial
postive reading after the patient coughs the presence of a bronchopleural
fistula 15 suggested The charncter of the pleurnl fluid 1s often appreciably
altered by the use of the antibiotics and the cultunng of pvogenic micro-
orgamisms mny not be possible  If cultured the evidence of & mixed 1
fection 18 confirmed  Occastonally the fistula closes in a matter of hours or

u few davs. VMore often however the temporarn mensures of & needle or
mtercintal tube are madequate
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In the presence of mixed nfection tuberculous empyema and a per-
sistent bronchopleural fistula which remains open, 1t 1s necessary to estab-
hish external drammage This 1s accomphshed preferably by mtercostal
tube dramage, mserting a 45 I' catheter and connecting 1t with a water
seal apparatus Suction at a pressure of 20 cm of water Is usually apphed
to the catheter Thoracoplasty 1s seldom mdicated early, 7 ¢, within a few
days following the sudden appearance of a bronchopleural fistula  Prefer-
ably 1t 1s accomplished usually four to twelve weeks later Durmg this
wterval the general condition of the patient usually improves, and chemo-
therapy, adequate dranage, and a diet lugh 1 protein and vitamms 1s en-
couraged Reexpansion of the lung may occur, obliterating the empy ema
space If this fortunate turn of events takes place, the therapeutic eftorts
are directed toward the management of the parenchymal disease Thoraco-
plasty as described above 1s carried out to obliterate the empyema space if
the lung does not reexpand, and 1s, of course, feasible therapy for the
parenchymal mvolvement A small residual empyema cavity at the lower
portion of the thorax 1s not closed until the bronchopleural fistula has been
closed for at least several weeks Our efforts directed toward the surgical
closure of bronchopleural fistula in mixed infection tuberculous empyema
has not been encouraging The use of muscle tissue to fill the opening of
the fistula has been the most effective method With adequate dramage
the fistula usually closes without attempts at plastic repair  We have not
recommended the attempted closure of the fistula earlv, 2 ¢, within a few
days of its appearance

The use of decortication i empyema 1s often very satistying
employment of extirpative surgery, removing the most mvolied lobe,
decortication of the remaining lung, and thoracoplasty, are mereasing t\le
success of the surgical therapy of empyema and are discussed in Chapter 7

The chemotherapy employed systemically has varied considerably m
dosage and quantity Ten of the 30 patients received less than 100 grams
of streptomycin, while 9 recetved more than 200 grams The largest
amount any one patient received was 457 grams Tlus latter patient dred
of disease progression Seventeen patients recerved the drug for less than
six months, 8 received streptomyein for seven to twelve months, and none
recerved 1t longer than eighteen months Thirteen recerved streptomycin
alone and an equal number recerved the drug in combmnation with para-
aminosalicylic acid  Four patients are still hospitahized, 16 recen ed strcptni
mvein daily 1 1 to 2 gram dosages, and 1n the othersit was admnsteret
e\'ery third day  The results in the two groups are not appreciably hf-
ferent, as 50 per cent are well m cach group the

Eatent of Discase  The extent of the tubereulous mvolvement i i u'
lung was far advanced m 29 of the 30 patients, with 'rocntgcnogm]p ‘u(
evidence of bilateral disease 1n 25 patients  Such extensive disease places
the prognosis i a guarded categorv and the addition of an empy ema ap-

yreciably worsens that prognosis .
I Caritation  Onlv 2 of the 30 patients did not have roentgenagraphit

atients had
evidence of cavitation on the side of the empyema Siv patient

cavitation m the contralateral lung ‘ L ta
Length of Hospitalization "The average of hnown (llsv.t]sc f‘]“mt‘:ltn)l'lunﬂ
thoracoplasty was thirts -seven months  The average pertod ol coh

1416 1y 'J\h(x



Experence with Collapse Therapy 139

talization was twenty two months ten months preoperstively nnd
ilxg?:lp: & months postoperativels  Twelve of the patients were hospitalized
less than six months prior to thoracoplasts  This does not necessarily
represent the duration of the empsema preoperatively None were hm;
prtalized longer than thirts -one months before thoracoplasty and onlx 2
for more than thirty -one manths after thoracoplasts
Results  Four of the 30 patients are presentls hospitalized and all
have negative sputa  Of the remaning 26 patients 8 are dead Fifteen

Fia 40 —Cantary parenchymal disears, spontancous pneumothoray, and empyema
treated by chemotberapy thormcentems, and thoracoplasty  Patient ix well.
A June 26 1951 White, soldier age 21 years. Ill three months. Cavitation
31 em. right, with eonniderable surrounding perifocal reantion. Hputum
poutire. B Beptember 14 1051 Empyoma, mived mfection tvpe, spon-

taneous | horax and bronchopleasnl fistula, rght, of two months
durntion. Lung has partially resspanded following repested thoracenteses,
Bronchopleurn! fistula has closed. Recarving viomvein. € \ovember 28
10,51 Thorneoplasty thres stagen eleven riba right completed November §
1051 Patient hospitalized one vear post-surgery Sputum negative sinee
operstion  He is well and regularly duing part time lrght work.
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are well and working, while of the other 3, 2 have negative sputa, but are
not able to work, and 1 contmues to have posttive sputum (Iigs 40 and 41)
Summary. The collapse therapy of pulmonary tuberculosts durmg
the chemotherapy era has been characterized by a rapid declne 1 1its
selection as the choice method of swigical therapy (see Table 3, p 68)

—
hst -
>
X

>

&

Fra 41 —Tuberculous empyema treated by ehemotaerapy and ”"m"O’)I“kt‘tnc-n:l,-
November 21, 1946 Wihate, vetetan, age 26 vears  Routme ¢hest rocn Jobe
graim, August 15, 1946, revealed evidence of cavitation _m.'hl ;”." :”)" 1451
Sputum posttive  Artifianl pneumothoray, right, “i”’t:“] ‘\"‘}"m )}rrd.( foyse ol
Cavity 18 apen  Sputum posttive B May 8, 1917 Patient m’: ltlmmhw_
mtrapleural pneumonol g, right, perfon m‘vd twice nnd ()])('}I]l ]nutmln pon u\:
right, performed el«cwhere  Admitted to Iitzaimons Army Hoan !\-“"m de-
ber 16, 1917 Lung would not reespand ind a luln-n(ulo&tﬂ lml’m“ after
vloped  Snggcstive cavitation, left ¢ March 3, 1919 "]\ .':_‘?:mml“”\
thorncoplasty, two «tages, five ribs, mght  Lung parenchyma ol l. rative s
P tient l:mpll thized for 11 months after surgery Sl)mumlm;}.) honts per
thoracophicty  Patient 1« well and has boen workimg rogulurls 1
weeh rnce Tununry, 1950 He 1ecenved 112 grams of streptomsan
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Fxtrapleural thorncoplasty has been the one procedure which has continued
to be emploved on a large scale  Its use has been chiefly i association
with extirpative surgical methods  As an independent method of choiee
1t 13 being used 1n about 10 per cent of patients  The results of extrapleural
thoracoplasty emploved independently duning the earlier phase of this era
were very satisfactory but the benefits of chemotherapy 1n bnnging about
resolution and loenhization of the pulmonary discase process has lent itself
50 well to extirpative surgery that thoracoplasty, as an extensie opern

tion requinng the removel of more than five ribs 18 now seldom necessary

except 1n emprema  Several other surgical collapse therapy mensures
remain excellent surgienl procedures finding varving degrees of favor
with different authorities
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are well and working, while of the other 3, 2 have negative sputa, but arc
not able to work, and 1 continues to have positive sputum (Iigs 40 and 41).
Summary. The collapse therapy of pulmonarv tuberculosis durmg
the chemotherapy era has been characterized by a rapd dechne m 1ty
selection as the choice method of surgical therapy (see Table 3, p 068)

Clo . ..

£16, 41 —Tubcrenlous empyema treated by chemotaerapy and tlmrmnph\‘-}\‘ ,(,m‘,_
November 21, 1046 Whate, veteran, age 26 vears  Routme ¢hiest Toen fon
gram, August 15, 1910, revedled evidence of cawntntion _ru:m ‘"I.’l ‘G" 1051
Sputum poutne  Artifiaal pneumothoray, rght, uf_:u-l)ml .\m; m ,;:\d'l Ioerd
Cavits 15 open Sputum posttive B Mav 8, 147 Patient hits nonolt +1%,
mtr pleural pneumonoly s, right, porformad twace nd oped pmt“:I Novi i
right, performed cJsewhere Admitted to Fitzeimons Arnn Hospits vemn e
her 16, 1917 Lung would not reespind amdd n ‘tulwrt(ulﬂlql* ‘"ilr:;th* aftir
veloped  dugge-tive cnvatation, lTeft € March 3, 1040 “? ‘::lnlnu'r dlv
thoracoplusty two =tiges, five nibs, right  Lung puare el el (rafive s
Patint hospitihzad for 1t months after cargens 51’““;'"‘ n IL() Loties P
thorwoplwty - Patient 1= well imd has been workmg reguin? \. 1
weeh smee Tanuary, 1950 He recaved 112 grame of gtreptomyfin
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Extrapleural thoracoplasty has been the one procedure which has continued
to bepemployed on flarga scale Its use has been cluefly mn association
with extirpative surgical methods  As an independent method of choice
1t 13 beng used m bout 10 per cent of patients The results of extrapleural
thoracoplasty emplot ed mdependently during the earlier phase of this era
were very satisfactory but the benefits of chemotherapy 1 bringing about
resolution end localization of the pulmonary disease process has lent 1tself
so well to extirpative surger that thoracoplasty as an extensne opera

tion requiring the removal of more than five ribs 19 now seldom necessary

except m empyema  Several other surgical collapse therapy measures
remamn excellent surgical procedures finding varying degrees of favor
with different authorrties
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Chapter

7
Extirpative Surgical Therapy

General Considerations. The pathogenesis of pulmonary tuberculosis
1s characterized by the generalization rather than the localization of the
disease process This factor long deterred the therapeutic efforts directed
toward the surgical removal of tuberculous lung tissue The discovery of
streptomycin and other chemotherapeutic agents admimstered alone or m
combination has been the most effective medicament m resolving and
localizing the disease, especially 1ts pulmonary mamfestations The use of
such chemotherapeutic agents, adequate bed rest, and the surgical removal
of tuberculous lung tissue 1s now widely practiced with lughly satisfactorv
results

History. The historical aspects of extirpative surgery are fascinating,
and reveal such efforts to have been generally unsatisfactory prior to about
1940 * In 1881, Block of Danzig resected the apices of both lungs m one
operation, and then, upon the death of his patient, a relative, was prompted
to sweide A medicolegal mquest disclosed that the patient did not have
tuberculosis Tuffier, m 1891, resected the apex of the lung in a twenty-
two-vear-old male The excised tissue “contamed a tuberculous nodule
the size of a small nut which was surrounded by dissemimated tubereulous
nodules, but there was no cavity " The patient made an uncyentful
recovery Tuffier proposed the carly surgical removal of localized pul-
monary lesions of unilateral extent  Accurate determination of the pres-
ence and location of such lesions would have been impossible prior to the
perfection of the roentgenogram, hut his visionary consideration of the
problem 1s now being reahzed

In 1940, Dolley and Jones summaiized their own experience and ﬂ‘m(
of several other Jeadmg thoracic surgeons in the Umted States regarding
lobectomy and pnewmonecctomy m the treatment of pulmonary tnl30rru-
lous® The mdications then employed lnmmted the chnical materinl to
desperate case problems  OF 19 pneumonceetomized patients onlv 3 were
well and 8 were dead  Of 31 lobectomized patients 16 were well and m}!]}‘
were dead  Sweet continued the work of Churelull and Klopstock, and his

report concerning 63 patients treated by lobectomy and pnvumnn('(tmu‘\
for pulmonary tuberculosis prior to 1946 1< representative ?l: the best re-
wults before the era of chemotherapy 1372220 (Table 21) I'his work e
tended the mmdications for extirpative surger), and exersion wais nftm;
performed as the method of election m patients who presented the ‘l'““f'
imdheations for thoracoplasty  Although 1075 tubereulous patients hud been

(112)
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treated at Fitzsimons Army Hospital by extwpatne surgery, with 73
lobectomies 23 scymental resections and 7 pneumopectomies in & com
paratively short period ending i 1046 the results reported 1n that year
by Sweet led me to the temporary abandonment of the wide use of ex
tirpatie methods, Sweet expressed the need and the hope for a medica
ment which would overcome the inyvading orgamsm and thus prevent the
development of the well known mamfestations of the disense by elimin-
ating their source # Such n medicament 13 not yet available, although
extirpative mensures have been made feauble for extensve use through
the advent of chemothernpn This emphamzes that the apphcation of
feasible concepts of therapy are often a matter of proper timing

Table 21 Lobectomy or P tomy for Pulmonary Tuberculosis
Prior to the Chemotherapy Era (Sweet) 37 Years After Surgery

No 1pparently
Patients Operation Dennd Well

27 Lohestomy 0 12
{33 3% (18%,)
10 14
62 7%) (30 B%R)

10 1 noumonectomy

Changing Trends Cur acceptance of extirpatie surgery 1n the treat-
ment of pulmonen tuberculosis was characterized by & gradual extension
of 1ts use the careful evaluntion of results and finallv 1ts wide appliention
n eonjunction with the new chemotherapeutic agents *-*** The increased
use of extirpative surgicel methods and the decreasing use of thornco-
plasty alone 1s depicted ;n Graph III During the period Tanuary 1 1647
through June 30 1953 651 patients were treated by extirpative surgery
in the management of pulmonan tuberculoms

Distribution of Extirpative Procedures. The selection of the extirpa
tive procedure 13 dependent principally upon the extent and distnibution of
the disense  In general the more locohized the disense the smaller 15 the
amount of lung tissue removed The location of the lesion 1s important 1n
that lesons stuated close to the lulus often require more extensie re-
moval of lung tissue than those of o mmilnr mze located perpherally
Bilateral 1nmvolvement requiring therapeutic mensures bevond bed rest
amd chemothernpy may influence the extent of extirpative surgery on the
more disensed mde  The hugh imedence of gross cawvitam disease 1 the
lung trssuc at the time of 1ts removal about 50 per cent of cases has m
fluenced us to elect Jobectomy 1 most instances (Graph IV)  The ana-
tommienl stricture of the hing through the nreangement of the broncho-
pulmonary segments permits removal of one or more disensed segments
with the preservation of other normal or less mvolved segments The
benefionl effects of streptomvemn and para ammosalicvhe aad 1n localizing
the disease have steadily increased the number and percentage of patients
trented by segmental resection (Graph V) Wedge excision of the locolized
lemion 1. tuberculoma and resdunl foea has also steadily tncreased
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Graph 1II. The Increasing Use of Entirpative Surgery and
the Decreasing Use of Thoracoplasty
1947-1953¢
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Graph IV Distribution of Entirpative Procedures
1947-1953°
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Concepts Practiced in Extirpative Burgery It 18 evident from the
distnbution of the extirpatiye procedures employed that pneumonectoms
has seldom been considered as indicated and that lobectomy hns been the
prefersble procedure.  Further the cffectieness of chemotherapeutic
agents has resulted 11 & mached merease 1n the use of procedures directed
toward removing the localized lemon and preserving n consideruble portion
of the normal or less nvolsed lobe

The first concept practiced has been the recognition that tuberculosis
15 & generahzed disense usualls chmienlly mamfested in the lungs. The
involvement 1 usually bilateral although rocntgenographic evidence may
be doubtful or lacking rs concerns the less involied mde Tt 18 repeatedly

Graph V. Increasing Use of Segmental Resection and Wedge Excision
of Tuberculous Lung Tissus
1047 1953*
Mo. Putrants Totel 282
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noted at operation that except for the well-cireumseribed tuberculoma the
rematmng 1psilateral lung tissue contains vimble and palpable tuberculous
nodular lemons, even though recent roentgenograms nre interpreted as
efuttve. If 1t were fensible to examime the contralateral lung n 2 similar
manner 1t 1s beheved that 1t would often reseal previoush undetected
{todulur lesions. Thus the thernapeutic surgienl removal of tuberculous
unp tissue does not imply 1n many ipstances that the total disease aren
L} Cxltlrpatcd but that rather the most involved portion 18 removed  This
g]‘ﬂu ts 1n decrensng repented endogenous reinfections and mids 1n healing

¢ remuning mfected tissue by relieving the body of its chief mite nnd
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source of disease The balance then shifts to favor the reparative forces of
the host 1n overcoming the effects of the remammg disease

The second concept practiced has been that a period sufficient to permit
resolution of the new exudative lesions 1s allowed to elapse before extirpa-
tive measures are accomplished The time required 1s variable and de-
pendent upon factors not thoroughly understood ~Gradually, clinical and
experimental studies have developed highly satisfactory methods for the
administration of chemotherapeutic agents closely comnciding with the
increased employment of the surgical removal of lung tissue The chemo-
therapy agents are most beneficial in recently developed disease and have
httle effect on the old fibrous lesions Their chief effect 1s noted n four
to six months, though benefit may continue for several months and the
maximum resolution and locahization may not be accomplished until
twelve to eighteen months or even longer periods of chemotherapy We
have gradually increased the period of drug admumstration, and now
generally elect surgical removal of tuberculous lung tissue, except the fibrous
type of known long duration and circumseribed lesions, after six to twelve
months of drug therapy Chemotherapy is usually continued fou: to six
months after operation The effect which such protracted drug therapy
will have on the need for long hosprtalization 1s problematical Our
tendency has been to decrease the period of hospitalization following
surgery It 1s also probable that, under suitable conditions, the period of
hospitalization before surgery may be decreased, although we have not as
vet advocated such a policy The steady decrease in the incidence of
empyema associated with extirpative surgery, along with the increasing
use of segmental resection m which lung tissue 1s transected, 1s further
evidence of the effectiveness of the chemotherapeutic agents in decreasing
the mecidence of this complication The examination of surgically removed
tuberculous pulmonary tissue treated with streptomyecin often reveals
areas of fibrous scarring 1 which there 1s a suggestion that submihary
tubercles has been present but have undergone fibrous orgamzation.’*

Until more accurate methods of measuring the degree of the healing of
new exudative lesions are available, 1t 15 necessary to continue to employ
additional aids in determining the proper time mterval from disease onset
to surgical intervention These aids include an evaluation of the chmen
Justory, nature and course of the disease, physical examination findings,
mterpretation of serial roentgenographic examinations of the chest m-
cluding apical, oblique, lateral or other special projections, determimations
of acid-fast bacterial content of the sputum, bronchoscopic exammation
and microscopic study of sputum aspirated bv bronchoscopic instrumenta-
tion, ervthrocvte sedimentation rate, daily- temperature determination, and
weight variations In a few instances untoward reactions to the chemo-
therapeutic agents may necessitate an alteration in the timmg of extirpatine
measures The concept of the application of surgery in a large percentage
of patients withm one vear from the onset, 15 marked contrast to the
practice before the chemotherapy era ® Military personnel are fortunate
i that roentgenograms of the chest are required on entrance mto the sery -
ice and repeated on the <hghtest mdication, thereby pernmtting carly
disease detection and the appheation of proper therapy



Extirpative Surgical Therapy 147

A third and &n essential concept practiced at Fitzsimons Arms Hos-
pitel has been that the remoal of & considerable amount of tuberculous
lung tissue should be preceded accompanied or followed by thoracoplasty
collapse of the upper chest wall It has been our practice to precede ex
tirpative surgery wherein lobectomy or pneumonectomy 15 contemplated
b one or two stages of upper phase thoracoplasty  The first stage removal
of the upper three mbs 15 accomplished three weehs before lobectomy or
pneumonectomy  and the second vtage 14 performed at the time of excrs-
tonal surgery by removing the fourth and fifth ribs as in the standard
thoracoplasty operation  If the entire thoracoplasty 13 accomplished at
the time of extirpative surgery smaller segments of ribs are apt to be re-
moved resulting in poor chest wall collapse If thoracoplasty 13 regularh
deferred unti two to four weeks after extirpative surgery expansion of the
remaming lung tissue has already occurred and the lung has become ad
herent to the chest wall Thoracoplasty at this time famils to prevent the
remamnng lung from filling the space resulting from the removal of a lobe
and instead a portion of the expanded lower lobe 13 collapsed
The use of thorecoplasty as a space-closing procedure 1n relation to
extirpative surgery 1s controvermal and must await a long term evaluation
made by comparing results achieved with and without its use The de
cifton as to the extent of the surgical extirpation and the applieation of
thorncoplasty or other space-closing measures 19 & responstbility of the
surgeon and it may occamonally be wade onlt after exposing the lung and
asseanng the extent of disease This decision should take cogmizance of the
previous roentgenographic studies the clinical course of the disense and
the tuberculous seeding of the lung tissue not removed T believe that
thoracoplasty usualls removing five ribs 1s the best space-closing pro-
cedure presently available Chest wall deformuty following lobectomy and
a five-nb thoracoplasty 1s not noticeable (see Fig 9 p 32)  Its applica
tion on the basia that the expansion of the remamning lung tissue containing
latent or active tuberculous lemons 1s undesirable and preventable by
thoracoplasts 18 practical and feasible The use of plastic substances to
dose the space follow ing lobectomy or pneumonectoms has been adyocated
by several authorrties 112
In some mstances the excsed lobe 18 markedh shrunken The re
maining lung trssuc has minimal or no 1y olsement and has for n consder
able period vccupied much of the space resersed for a normal sized lobe
This precludes the need for a space-closing procedure  ¥When less than
ove-half of a lobe except the nght middle lobe 1s removed a thoracoplasty
15 usually not recommended unless there 1s apprecable s ol ement 1 the
remainng lung tissue  If 1n such instances & first stage thoracoplasts has
{Jrceeded the extirpative surger the fourth rib 1s resected to permut opera
(:)‘;;ﬁlathl':élce mto the thoracte cavity and further nb resection 1s not ac-
A fourth concept concerns the period of hospitalization following
extrpative surgery and 1s also mn the controversial phase It was our
{)\::ttlmf prior to 1952 to inmist upon a minimum of one vear hospitaliza
from ?h ollow lobectomy or pneumonectomy and 1 fect Lttle deviation
B poliey 19 now practiced  Ilowever the cupaeity of the chemo-
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therapeutic agents and bed rest to bring about resolution and better local-
1zation of lestons which a few months earlier were rather widely dissem-
1nated, has called for a restudy of the period of post-surgical hospitalization.
The final answer must await a longer period of evaluation of the rather
rapidly changing surgical practices m the treatment of pulmonary tuber-
losts  As a working basis we 1ecommend and carry out the followmg A
conference by members of the Chest Surgery Review Board, consisting of
the surgeon, phthisiologist, and others of the tuberculosis therapy team, 1s
held weekly and recommendations are made concerning the length of hos-
pital stay of patients treated suigically during the previous two months
This deciston relies heavily upon the findings at operation The extent of
the disease, including both that removed and that remamning, and the histo-
pathologic study of the excised tissue, are paramount considerations The
general working rule 1s that mihitary personnel who have had a circum-
scribed pulmonary granuloma removed, are returned to active duty m
forty-five to sixty days if the lesion contains no tubercle bacilli by bac-
teriologic study of the surgical specimen, and if the lesion, caseous or not,
was otherwise undiagnosed If in such a lesion tubercle bacilh are demon-
strated, chemotherapy is continued for three to four months and usually
six to eight months of hosprtahization following surgery 1s recommended If
the active area of disease 1s sufficiently well localized to permit segmental
resection of less than one-half of one lobe, exclusive of the right mddle
lobe, and the remammng lung tissue 1s uminvolved or only to a mimmal
extent, chemotherapy 1s contmued four to six months and maximum hos-
pital benefit mav usually be anticipated within six to twel e months after
operation
In disease of such extent as to require lobectomy, 1t 1s generally obsery ed
that other significant disease foc1 are also present mn the lungs, and best
results will be obtained if a pertod of one year of hospitalization after
surgery 1s urged The same recommendation 1s ordinarilv made where
pneumonectomy has been performed Chemotherapy i cach mstance 15
continued four to six months or longer after surgery The patient 15 ad-
vanced through the classes idicating improvement as warranted, and 1
not discharged until the discase 15 considered mactive for three to «iv
months  If chemotherapy has been admimstered for twelve to cighteen
months hefore surgery , and the sputum has been negative for three or more
months prior to surgery, the period of postsurgical hosprtahization has
been reduced, under favorable circumstances, to six to mine months  These
working plans must be individualized and not arbitrarily apphed, but the
patient's acceptance 1s best when the program 1s outlined m advance H(f‘
has an end-pomt n sight which 1s beneficial in his meeting the challenge o
recorvers from pulmonary tuberculosis, and the post-hospitalization plan
of further rehabilitation must begin long hefore the patient 15 diseharged
from the hospital
The application of these four coneepts, namels, that tuberculo
generahized disease, that a sufficient period of chcmnthem;‘)\l e
precede extirpative surgers, that thoracoplasty should preferab \‘ t)m;n
comphished, at least the first stage, prior to lobectomy or pnenmone " H
and that a sufficient pertod of hospitalization should follow extirpats

(S L L |
should
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surgery 18 rapidly widening the sphere of the surgical removal of tuber
culous lung tissue thereby permitting earher surgery  quicker mmactivation
of the disease shorter periods of hospitalization and decrensed dangers of
reactnation

Lobestomy  Indications The indications for lobectomn have gradu
ally evolved 1o orderly array from experience ¥ 7 #1018 In the ab-
sence of recognizable surgical contrundieation the following have been the
indications which we have followed (1) The removal of the tuberculomn
like lesions which nre not surtable for wedge excision or segmental resection

F1a 42 —Lobectomy performed hecause of location of lesion noar hlus and its an-
determined etiology  Soldler age 35 v earn surgical spertmen of tubereuloma.
Lobectomy October 26 1M Preoperntive clinical dingno~is was neoplasm.
Tubercle bacalh were 1dentified from the lemon  Disense dotected as o remlt
of routine hest roentgenogram for reenlistment in the Army  Patient 1a well
and has been regularly attending college for tno years.

(2) Permstent cavitary disease i olving prineipally one lobe  Broncho-
stenosis of the lobe bronchus further increases the indications for lobectoms
and patients m whom thoracoplasty has failed to close upper lobe cavitar
lesons are included  (3) Permstent chrome non-cnvitary disense 1n
volving princpally one lobe The nodular lesions are widely distributed
and not sutable for wedge excision or segmental resection  This group
presents rather wide individual varations and causes du ergent oprmions
tmong competent phthusiologsts and surgeons The merersingly longer
Penods of chemothernpy administratron encournge greater resolution and
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localization of lesions, but there are an appreciable number of case prob-
lems mn which the localization withmn the lobe 1s msufficient to permit
segmental resection  Eighty-two patients, or 18 1 per cent of the patients
treated by extirpative surgery during 1947-1952, required lobectomy for
non-cavitary disease The results are among our best (4) Certain sus-
pected but unproven chronic tuberculous lesions confined to one lobe but
not sufficiently locahized to permit segmental 1esection

The grouping ot indications based on the nature of the disease process,
1 ¢, whether (1) cavitary, (2) non-cavitary, (3) tuberculoma, or (4) of
suspected but unproven tuberculous etiology, 1s a convenient and descrip-
tive hsting  There were 163 1n the cavitary group, 82 non-cavitary, and 16
suspected tuberculosis m our experience during 1947-1952 This includes
23 patients treated for tuberculoma lesions

F1¢ 43 —Markedly shrunhen diseased lobe treated by lobectomy A December 2,
1946 B Surgical spectmen  Right upper lobe which 15 shrunhken to ap-
proximately one-sith normal size and fibrotic There was no cavity Fe-
male, age 27, 11l siee 1939 Multiple therapeutic procedures were employed
meluding bilateral artificsal pneumothoray and hemidinphragmatic paraly s,
right, prior to 1946 Thoracoplasty, sin-rib, left, and right upper lohectonn
performed 1 1948 and 1949 respectively  Patient 1< well and has heen work-
mg as 1 mamcunst for two vears Decortieation, right, improved function

In the consideration of lobectomy, the contralateral lung shou]d' ‘bc
roentgenographicallv clear or under adequate therapeutic control T'he
use of contralateral pneumothorax in patients treated by extirpative
surgery has declmed rapidly since chemotherapy  The location of the
lestons within the lobe mayv deternune whether or not lobectomy 1 md}-
cated  Lesions cJose to the hilus, even though considerably limmted in
extent, often recuire lobectomy for their removal, whereas similar lmmn‘:
atuated peripheralls are surtable for segmental or wedge resection .
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lesion of undetermined nature may requre the performance of lobectomy

It 19 our practice to recommend removal of a single 1nvolved lobe if the
opposite lung and the remaimng lung tissue on the same side are unin

volved 1n certain nstances m which a proper diagnosis cannot otherwise
be estabhshed (Fig 42)

The mdications for lobectomy may be mfluenced by the ineffecty eness
of other therapeutic measures. The use of artificial pneumothorax theraps
has decreased rapidhy during the chemotherapy era VWhen meffective 1t
hes been a cause leading to the performance of lobectomy 1n 48 patients m
our group The presence of a markedhy shrunken lobe 1n which segmental
resection or wedge excision would not result in the conservation of a sig-
nificant amount of lung tissue 13 an indication for lobectomy (Fig 43)

Briefly lobectomy has been the extirpative procedure we have con-
sidered most useful and most widelv emploved 1n the chemotherapeutic
era of the surgers of pulmonary tuberculosis  As the experience of this era
hag increased and chemotherapeutic and surgical methods have improved
lobectomy hes given wa) 1n an appreciable measure to segmental resection
and wedge excision as the choice of the extirpative procedures® In 1950,
our data reveal that lobectomy was performed on 80 tuberculous patients
as compared to 16 on whom segmental or wedge resection was accomplished
In 1802 the situation has markedly changed there were 45 treated by
lobectomy s compared to 80 treated by segmental or wedge resection On
the bams of experzence of the first six months of 1953 these latter procedures
have been applied to 288 patients during 1047-1953 and 208 will have been
performed 1n 1952 end 1803 (see Graph V)

4ge Race and Sex  Of the 261 patients on whom lobectomy was per
formed durng 1047-1052 202 were males whose overage age was thirty
years 59 were fernales and therr average age was twenty nme Two
hundred thirty five were Caucamians 23 were Negroes and 3 Amans. The
age 1n relation to the nature of the disease 13 presented 1n Table 22

Table 22. Lobectomy for Pulmonary Tuberculosis Age of Patient in
Relation to Nature of Diseass 261 Patients

1947 1052
Age Camtary  Nomcamtary  Suapected Tolal
21 01 less 31 8 1 0
2-3p "1 13 7 111
3140 4 2 ] 70
41-50 14 13 2 20
B14 1 1 0 2
Totan 163 82 16 261

Effect of Disease Duration on Results  The determination of the dura
fion of the disease 13 often difficult and lachs exnctness The mitial pogitiy e
bacterologic finding hustors of previous therapy such as bed rest or
collapse therapy or the knowledge that a spot on the lung was noted on
Previous roentgenographic examinations are mgmficant but the dusease
mn be of months or even vears duration when first detected Tlus in-
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terval may allow considerable healing, but the balance between disease
progression and resolution 1s often delicate With the mcreasing use of
routine chest roentgenographic examinations, abnormal shadows sugges-
tive of pulmonary tuberculosis are being brought to the elimcian’s attention
with a markedly mcreased frequency, and these require decisions as to
their management There 1s considerable tendency to defer surgical ther-
apy 1n proven or suspected tuberculosis, based on the knowledge that an
appreciable number of patients recover without its use  Surgical therapy
will accomplish most when applied to patients in whom the mortalty rates
may reasonably be expected to be low, when the morbidity m comparison
to an indefinite bed rest regimen will be lessened, and when 1mmediate
and long term results will be better than that reasonably expected by
other management methods

Table 23. Data Concerning Patient’s Age, Disease Duration of 6 Months
or Less, and Result. 57 Patients

Drgease Well, Warl-

Inactive g, and An-

Not Hospital-  Hospital ticrpated Com-

Age No Working 1zed Discharge  Well &  plete Rehabili-

(years) Palients Dead (Sp Pos) Sp Neg 1952 Working tafion
21 or less 6 0 0 0 1 5 6
22-30 17 0 0 0 7 10 17
31-40 22 0 2 1 6 13 20
41-50 12 2(mon O 1 2 7 10
the)
ToTAL 57 2 2 2 16 35 53 (93%)

Throughout this treatise, emphasis has been placed on the relatiely
early application of surgery mn conjunction with chemotherapy 1n the
treatment of pulmonary tuberculosis In considering 261 patients trgntcd
by lobectomy during 1947-1952, this thought 1s further elucidated  Fifty-
seven, or 22 per cent of the patients, had a known disease duration of s1v
months or less prior to lobectomy  Thirteen of this group were fm ad-
vanced, 39 moderately advanced, and 5 had mmimal disease  There were
no operatine deaths, and 93 per cent are well and working, able to worh,
or their condition 15 such as to anticipate then returning to work as soon
as sufficient time has elapsed since lobectomy  (Table 23) 11 the duration
of disease was thirteen to eighteen months, the results were less favorable
It might be predicted that the best results would be mn those patients whose
disease duration was between these two groups With disease of a com-
parable extent there was, however, no sigmficant improy cpwnt over those
of shorter duration Of 109 patients whose disease duration prior to sur-
ger was seven to twelve months, 90 per cent are presently worhing or it
seems assured that they will be able to work as soon as sufficient time i
elapsed sinee operation to permit that recommendation  Aetually shghﬂ\l
more than one-half of the patients treated by lobectomy and discharges
i 1052 arc actually workig regularly forty hours per weceh, although m
many mstances sufficent tune has not elapsed for us to mahe such recom-

mendations
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Fffect of Age and Short Disease Duration on Results  In my experience
there 19 no evidence to ndicate that short duration of disease 1 youny,
adults unfavorably mfluences the results or that thev become better
surgienl rishs or the disense more amenable to surgery by delaving opera
tion I obectomy for pulmonary tuberculosis m conjunction with chemo-

: ¢ 3

Fra 41 —Tlluatrative cases of young adults with short disease duration trented by
lobertomv A Female, age 27 onset to lobectomy 12 montha two em
cavity and endobronehial involvement in removed lobe.  Chemothermpy
108 grama of streptomyein and 1420 grama of para-ammnamlicy ko acid. Pa
tient well and working two years after nght upper lbobertomy and flvenb
thoracoplasty B Soldier white mals, age 18, sputum negative but tubercle
bacilli dentified and small eavitation noted in mrgeally removed left lower
lobe. Patient well end doing part time farm mork 18 months after rurgeny
Chemotherapy  Btreptomycin 22 grams and parn-smincsahieyhe aeid 348
gams. Onset to bobectomy seven montha. ( boldier white raale age 26
onset to nght upper lobertomy and five-nb thoracoplasty 12 months  One
M. cavity in surgical specimen.  Patlent well and working regularly as glas
Cograver muce tho vears after smurgery, D Awman male nlute age 28,
Onset, to right upper lobectomy and fveerily thorncoplats seven months,
latient well and working regularly as flight control elerk mnee two yenrs
after wrgen
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therapy has reached such a high degree of eftectiveness, with complete
rehabilitation of approximately 90 per cent of the patients seemngly
assured, that delay in 1ts application beyond that necessarv to obtain
maximum benefit of chemotherapy i1s unwarranted 1f the indications enum-
erated are present. This bright picture is capable of wide achievement
(Fig 44)

Eatent of Disease and Effect on Results  The extent of the tuberculous
disease m patients treated by lobectomy is depicted i Table 24 These
data are mdicative of the widening of the sphere of extirpative surgical
therapy m pulmonary tuberculosis During the years 1947 and 1948, 186
patients were treated by means of extrapleural thoracoplasty, which com-
prised 80 per cent of our major surgical efforts At that time, I felt that
surgery was being widely applied With no appreciable change m the
patient census, 232 patients were treated by extirpative surgery during
1952 and the first six months of 1953, representing 88 8 per cent of the
major surgical efforts The increase has been m the group of patients
with moderately advanced disease There has also been a steady decrease
in complications, with a gratifying lessening of mortality and morbidity
Chemotherapy has been the common denominator influencing this change
As would be expected the results are better in patients with moderately
advanced disease as compared to those having far advanced disease
Ninetv-five per cent of the former are well, working, able to work, or the
prognosis for complete rehabilitation 1s excellent as compared to 78 per
cent of patients with far advanced disease reaching this goal

Table 24. Extent of Disease 261 Patients Treated by Lobectomy

1947-1952
Non-

Extent of Disease Cavitary — cavitary  Suspected T'otal

Far Advanced 81 10 0 91
(35%)

Moderately Advanced 82 69 11 162
(62%)

Minimal 0 3 H 8
(3%)

Torar 163 82 16 261

In evaluating the effect of discase extent according to the classification
of cavitary, non-cavitary, suspected, or the tuberculous lesions, the cavi-
tary lestons are indicative of mereased severity of the disease proees
Iightyv-siv per cent of all patients with evidence of cavitation m the
removed lobe are well and working, able to work, or their prognosis i %0
favorable as to anticipate their complete rehabihtation to @ work capacits
otatus as soon as sufficient time has elapsed to recommend such activity
In the 82 patients on whom lobectomy was performed for non-o.mtur:-'
disease, 2 are dead, neither due to tuberculosis, and all others are 1 ﬂi‘(
work category status defined aboy e, an uneseelled record inour expertenet
The 16 patients having lesions suspected but unproven by bae terolog
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methods are well and working a8 defined above  Among the 23 patients
having tuberculoma lesions trented by lobectomy 3 were far ndvanced
and 1 had minumal disense  There was 1 death m the tuberculoma group
thirty months after operntion 1 patient 18 unable to work because of
brucellosis wlile all other patients treated for tuberculoma arc well nnd
working or able to work  In summam 88 per cent of the patients having
avitars lesions, 97 6 per cent of the patients with non-cnvitary lesions, and
100 per cent of those whose disense 1+ without bacteriologic confirmation

F1a. 48 —Tllustrative furgen! specimenn of patients treated by kobectomy A Female
280 26 onset to left lower lobo Wobectomy 13 months  Two and onehalf em
cavity in mrgical mpecimen.  Putient left the bompital against medical advice
w0 monthe after surgers  Bputum poddtive one vear after sugers  Prohable
eavitaton opposite lung  (hemotherupy  Streptonnein 84 grams  pam

Lic ackl, 1188 grama and tilwone, 12 100 mgm. B Holdier malke
2xe 25 known dumtion to lobeetomy esght montha Lewion 1e a tubercaloma
which has eavitated ono and onehalf em. cavity in surmcal specimen  Chemo-
thernpy Btreptomycin, 04 grams. He is well and working e a farmer 18
months after left upper bobo bobertomy and five-rib thoracoplasts

;cn‘l:liil working eble to work or 1t 1s anticipated that they will soon

indrcat mh“l"‘)l'}u The over all epprusal of end results and rehabilitation
or vl €3 that 00 per cent of all patients trented by lobectomn ha e reached
of th reach this goal q strilang contrast to the approuumatels 10 per cent

¢ &roup of 511 patients trented by thorneoplasty at Fitzsimons during
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the period 1926-1946, the pre-chemotherapy era (see Table 2, p 51) This
represents a statistical alteration of 1improvement of 800 per cent These
facts become even more significant on recalling that only approumately
one-half of the original 511 patients treated by thoracoplasty, prior to the
chemotherapy era, were surviving when a study was made m 1950 In
order that these data will not be misconstrued as suggesting that the ex-
tent of the disease m the group of patients treated by thoracoplasty during
1926-1946 and those treated by lobectomy during 1947-1952 was essentially
the same at the time of operation, 1t 1s emphasized that although exact
mformation 1s lacking, it 1s reasonably certain that more than 80 per cent
of the former group were in the far advanced classification as compared to
35 per cent of those treated by lobectomy- It 1s not the surgical procedures
which warrant comparison but rather emphasis i1s directed toward the m-
proved general condition of the patient, and to earlier application of sur-
gical therapy made possible to a major degree by chemotherapy (g 45).

Fie. 46 —Lobectomy for thoracoplasty fallure A iremendous exc avation left upper
lohe  Twoyears ifter eight-11) thoracoplasty, gputum positive and lnhwfnml\l
was performed  Sputum became negative  Hes well and has heen cmploy e
v 1 policeman since two veus after loheetomy

Multiple Eatirpatiee Procedures No more striking description n]f ﬂl“:
chemotherapy era 15 evident than the now nfrequent use of xnu“I"‘
extirpativ e surgacal procedures i comparison to their vers ('nmmm.l l“‘""t‘:
tice before the wide apphication of extirpative surgers  Of the 201 I"‘““’l
treated by lobectomy only 21 had lung tissue other than the lobe remoy ('l‘.
this mduded wedge exerston or segmental resection of the adjacent np]ﬂlr
or lower lobe  The combined removal of the nght middle lobe -ll""}!(‘)‘"l !
the right lower or right upper lobe 1o ineluded as a <mgle lobeetom) } I’v‘l;:‘
2 patients treoted by Jobectomy have subsequently had the r('m:nmn;;‘ lhi-
or lobes on 11 operated side removed  We hu\(: HO (Aperience W ‘lm--
Lateral Tobcor v for pulmonary tuberoulosis We hase also been



Extirpatwe Surgical Therapy 127

tant to emplov bilateral extirpative measures for the remoyval of residual
focs from both lungs  In the concept of extirpative surgenn I have advised
and applied thorncoplasty for 80 per cent of the patients treated by upper
lobectomy or pneurnonectoms  Seventy four per cent exdusnc of the
thotacoplasty failures were of the five-rb thoracoplusty tvpe  Twenty
of the 201 patients or 7 0 per cent had lobectorny perforined because of
thoracoplasty frilure 1n cloging the envitation (Fig 46)

Cardation  Cavitation evidenced roentgenologically prior to 1947 was
present probably 10 excess of 0 per cent of the putients trented by thomeo-
plastv  The changing trends in surgical thernpy are easily detected by
oting that only 62 per cent of the lobes removed durng 1947-1952 evi
denced casvitation  The size of the cavitation 1o the exased tissue repre-
sented the mimimal cavity size and 1n 163 patients was as follows 1 em
30 2em 47 3cm 33 4em 11 5ormorecem 12 and mn 24 patients the
megsurements were not recorded  Fighty-one of the patients were further
classified as having far advanced and 82 as having moderatels adsanced
disease, In our experience results cannot be predicted on the bauis of the
e of cavitation The smaller cavitary lemons doubtless respond better
than larger ones to bed rest chemotherspt and surgern  Of the 17 pa
trents who died 7 had cavitary lesions mensuring 3 centimeters 1n diameter
n the surgicalls removed lobe and 1n 1 patient the cavitary size was not
recorded  The disense process twas nactive n one of the patients while
14 had active disense at the time of death In the entire group treated by
lobectomy  the number of patients with cavrtar disense who are ill
unable to work end 1o whom the prognosis 1s guarded 15 only 9 Three had
Gavifies measuring 3 centumeters or less and 1n 6 the cavitan lesion meas-
ured more than 3 centimeters 1n diameter Two other patients are dis-
abled because of other disease. In classtfving the extent of disense on
roentgenographie findings and the climcal course of disease certan dis-
Grepancies are inevitable However there 13 rather close correlation m
this group of 163 patients The classification of onls four would definitely
have been changed as a result of cavitar size alone 1e the 4 patients with
Cvitany Jesions of 4 centimeters or more claseified n the moderately
advanced group would have been placed in the far advanced category
) e estimation of cavitary size from rocntgenograms may be mis-

eading Seven patients presumed to have giant cavitation preoperatively
whﬂemﬁ‘mu measuring less than 5 centimeters in the surgical specimen
patlents whose roentgenographic cxamnation did not indicnte

f‘ﬁt cavitation had such lesions demonstrated 1n the surgical specimen
01:3 hglc cavitstion has gseldom been noted 1n the surgieally excised lobe
dﬁ;‘mlzg{; cent or 15 patients had cavitation on the opposite side as
0 lobertan, \ roentgenographic findings wrthin aix to twelve months prior
“Dé‘l:;‘lt‘l fze 10 relation to disease duration and surgten] results was
the dl&cnsendthe 81 patients with cax itary disease classified as far ndvanced
monthy a5 uration was as follons Six months or less 12 seven to twelsc
les, Of b te 47 per cent had n known duration of twelse months or
uleras T:BC 3 are dend and 4 are unable to work 3 becuuse of tuber
e others arc well able to work worhing or thar prognoas ;
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excellent and they should be able to return to work as soon as the recom-
mended period of rest 1s completed The diameter of the cavitary lesion
these 38 patients with disease duration of one vear or less was 1 em,
9,2cm, 11,3 em, 8,4 cm, 3,5 cm, or more, 4, 1n 3 patients the size was
not recorded At the opposite end of the scale of disease duration there are
14 patients whose known duration 1s sixty months or more The diameters
of the cavitary lesions noted m the surgically excised specimens were |
em,3,2cem,2,3cem,3,4cm,2,5cem ormore, 3, and i 1 patient the
size was not stated Two of the 14 patients are dead  Only 1 of the sur-
viving patlents 1s unable to work This patient also has carcinoma of the
uterus Such a comparison offers no evidence to indicate that prolonged
delay 1n carrying out extirpative surgery is benefictal The comparison
fails to emphasize the dangers of disease progression with fatal termmation,
or the increased risk of surgical therapy In addition, the hazard of
spreading the disease to others because of expectorating sputum contamng
tubercle bacilli 1s a most sigmficant public health consideration and lends
encouragement to the concept of surgical therapy applied relatnely early
during the course of the disease In the remamning 29 patients with far
advanced cavitary disease the known disease duration was thirteen to
eighteen months m 9 patients, nineteen to thirty months in 4 patients, and
thirty-one to sixty months mn 16

Table 25. Duration of Chemotherapy, 233 Patients Treated by

Lobectomy
Monihs of Non-
Therapy Cantary cavitary  Suspecled Tolal
6 or less 102 47 12 161
7-12 42 20 2 64
13-19 ' 8 0 0 8
TotaL 152 67 14 233

Chemotherapy — The chemotherapeutic regimen of combmed, mter-
mittent therapy consisting of streptomy e, 1 01 2 grams every thud davy,
and para-ammosalicy lie aad, 12 grams daily, was well standardized :)\
the time most of these 163 patients with cavitary lesions were treated
lohectomn , as 88 per cent were operated upon after 1949 The data m{n-
cerning the duration of chemotherapy 1 233 of the 261 patients treated by
lobeetomy, and who have been discharged from the hospital are swmmar-
ized m Table 25 The amount of streptomy cin admimstered was, hower tlr
frequently greater than that which would be given over the period of t 1.1)
standard, combimed, mternttent regimen as the dosage w n's‘nftvn 1 (tr )-’:
grams of streptomy em daily, rather than every third day I'he (h’:ﬂﬂ"t‘ '
streptonn cin m relation to disease duration is shown Table 26 Fagh "d
four per cent of 220 discharged patients with mmlvr.nt(o’ or far ”d”;‘”:;u
disease rocavad 200 grams or less of streptomyan l\\n-thlrd; -”I o
patients with 7 r advanced disease had more than 100 grams of H‘ (-I::,j;'
as compared to ane-third of those having moderateh advanced c;\t“ N
Approvimatady ont of every 1 of these 226 patients hated o hnown dise



Extirpative Surgecal Therapy 169

duration of more than thirth months The dosage of streptomy cin 1n this
latter group was about equally divided between those having had 100
grams or less and those having had 101 to 200 grams

Prolonged duration of disease t.e sixty months or more was noted in
14 of 81 patients with far advanced cavitary disease treated by lobectom:
A shorter period and smaller dosage of chemothernpy might suggest 1tself
m this group  Actuallv this was not the case as the duration of chemo-
therapy was equally divided between those patients receiving streptomn ein
for six months or less, and those recenving the drug for longer pertods 1 ¢
seven to twelve months  The dosage of streptomycin 1n these 14 patients
was 100 grams or less 1n 4 patients 101 to 200 grams in 8 patients and more

Table 26 Lobectomy for Pul) y Tuberculosis Dosage of
Streptomycin in Relation to Extent and Duration of Disease

Discase Duration—Alonths

Amount of Sir
grams 6-Less -1 13-18 19-%0 8i+ Tolal
Less than 100
Far Advanced 4 0 5 3 8 2"
Aoderately Advanced 27 0 4 2 10 82
Mnfmat 5 1 8
101-200
Far Advanced 8 12 1 0 21 42
Moderately Advanesd 10 35 8 2 56
201-300 ! !
Far Advanced 2 2 1 0 3 8
Moderately Advanced 0 2 1 0 2 5
01400
Far Advanced 1 1
Moderately Advanced 1 1
4014
Far Advanced 2 2 4
Moderately Advanced
Torar. 51 01 21 7 57 2

tg:“ %ﬂ) BTRmS In 2 patients  None had cavitart lesions measuring morc
thend centmeters 1n the surgically removed lobe The determination of

osage of chemotherapy 18 fundamentally a clinical appraisal of the
th.eutmht and nature of the disease process This appraisal 13 best made by
ng gety:ﬁ:ﬂ who carefully studies each patient mamntaining and review
WD s case records at frequent ntervals and who conducts a follow
these ta:)kxon all patients entrusted to his care The accomplishment of
thorapn o will doubtless permit & further improvement 1o the chemo-
age u.g‘d of pulmonany tuberculosis  The results of the comparison of dos-

T ?teut of disease are shown 1 Table 27

to 7 of Hosputahzation A feature common to el problons related
‘hepmmﬂt"\ tuberculowis 15 the length of conttnuous hosprtaliantion of
ol the d "This varies considerably depending upon the extent and nature

18e8se proceas Early detection and nnmedinte hospituhization are
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oals for 1ealizing the best results, and these are being attamed m an
ent manner n the mihitary services The hospital stay 1 236 of the
atients treated by lobectomy at Fitzsimons Army Hospital has varied
Terably (Table 28)  The average stay before surgery was nine months
he average atter surgery was ten months, an ayverage total of mneteen
hs

ble 27 Compaiison of Duration of Chemotherapy and Resulls
Patients Treated by Lobectomy. 233 Patients

Well, Workiny

Unable  or Anlicipuled-
Exzxlen! of Duralion of lo Normal 1 ork
s Disease Chemotherapy Dead  Work Capacity
TFar Advanced 6 Mos or less 8 3 34 (75%)
Mod Advanced 3 1 107 (96 4%)
Min Advanced 1 0 4 (80%)
Far Advanced 7-12 Mos 4 3 25 (84 3%)
Mod Advanced 1 1 29 (93 5%)
M Advanced 0 0 1 (190%)
TFar Advanced 13 or more Mos 2 2 (_{-’%)
Mod Advanced 1{75%)
17 10 200 (88 1%)

able 28. Continuous Hosmtalization

961 Patients Treated by

Lobectomy®
Months Before Afler
Hospitalizalion Surgery Surgery

6 or less 79 47
7-12 110 111
13-18 49 01
19-30 15 15
314 S 2

201 230

* 235 paticuts are <tll in the hospit il

ndobronehial Tubercidosis

surgery. the detection of endobronchial tuberculosrs wi
1 bronchoscopie and post-mortem findmgs Present finding
argicalls removed lobes, indieate the himitations of the forme
wammnation, as endobronehitl myolvement was obsery eld m
of all surgically removed Jobes (Table 29)
Iing m view of the exeellent results noted bronchosoo)
stomvan therapy for endobronchal disease
e~, however, ol gross or microscopie evidencee
her considerad active or mactive, and, of conrse,me
tiny of the mmnor broneln not )
varintion of mterpretation by different pathologists i
i st

Prior to the wide appheation of extirpa-

as dependent
« noted m
r method
W per
These findings are rather
neally followmg
This high madence M-
of endohrondhial disease.
fudes the dosest

avsulable for bronehoscopie ot nn

o depn tead
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Lobectomy for Canitary Disease  Dersistent cavitary tuberculous dis-
ease 18 the major challenge to surgen in the treatment of this disense
Proper chemotherapy temporary collapse mensures such as pneumo~
perttoneunt or artificial pnenmothorax therapy and bed rest will result
the arrest and tnactivation of the disease m an appreaable percentage of
patients with non-cavitary disense  When persistent ea itation 1s present
the condrtions conducti e to mactivation of the discase are much altered
as & continuous source of tubercle bacillt bathes the bronchi erosion of
pulmonary vascular tissues and hemoptvais may occur and dissemination
to other parts of the lung 18 a reality 1n many nstances o release from
these dangers 18 assured unti long after the cavity appenrs to be closed
or the leson 13 extirpated  One hundred sixty-three patients with cavitany
disense have been treated by lobectomy during the period 1947-1952 1n
cusmve, and 13 additional patients durimg the first half of 1053 The latter
group are too few to permit defimtive appruisal  Suffice there have been
o operatine deaths and there 15 excellent evidence to indicate that results
will be equally as good as those noted earlter The over all results in this
group indicate that 86 per cent are well and working or their prognosis 1y
such as to anticipate their return to work.

Table 20 Endobronclual Disease Based on Histopathological Examina
tion of Surgically Removed Tuberculous Pulmonary Tissue (Lobectomy)

No Nature of Endobronchal
Patients Disease Tuberculosns
163 Cavitary 80 (40%)
£ Noo-cavitary 12 (14 6%)
16 Buspected 2 (12%)

During the period 1047-1952 65 patients have been clasified as having
ﬂ-ﬂﬂt (}:\1mtlon The selected method of surgers has been thorucoplasty
This bectomy 1n 21 pneumonectomy 1n 4 and segmental resection m 2
15 depenn cation 1. one cavity of o diameter of 5 centimeters or morc
pah?[); tem nrtilly on the roentgenographic nterpretation  Of the 21
s S treated by lobectomy a cavitar leson of 5 or more centimeters
mfg&m n the surgically excised lobe in 12 patients and n 5 of these
9 mhﬂ"""mphlc evidence of guant cavitation nas lacking However 1n
not mnﬁpatl;:t; the roentgenogrephic findings of & giant cavitation were
nze “nm‘ fb) measurements of the cavrty i the removed tissue the
these 2] 'Ulf rom 1 to 4 centimeters and sveraging 3 centimeters Of
vell w Patients dasmfled as having giant cevitation 16 or 73 per cent are
this extent mdor able to work. This 18 an excellent result i disense of
alone, represents a consderable superionty over thorncoplasty
e Igbe“i‘;?“ was also performed on 20 patients for thoracoplasty failure
completiop, :;utﬁnd positive sputum persisting six or more months after
tre well and o oracoplasty  Fourteen of these patients, or 70 per cent

1 tking  Three are dead all having active disense at the time
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of death Two are still positive One 1s hospitalized, has a negative
sputum, and the prognosis 1s excellent

Lobectomy for Non-cavitary Disease  General The principal reason
for which lobectomy 1s performed for non-cavitary disease is the rather
even distribution of nodular lesions throughout the lobe, with few or no
lesions noted in the remamnder of the lung The findings described by
Colonel H W Mahon, pathologist, Fitzsimons Army Hospital, m the
following case report are illustrative “The left upper lobe weighs 125
grams and measures 21 by 8 by 3 em  The pleural surface 1s everywhere
thickened The bronchi have their normal position, size, and distribution
The pulmonary parenchyma 1s subcrepitant and evervwhere nodular
Scattered throughout there are yvellow, white, firm nodules varying
size from 2 mm to 15 cm in diameter These are more numerous 1n the

__J

¥16 47 —Lobectomy for non-cavitarv disease  March 1, 1951 White, female, age 27,
known disease duration of five vears prior to left upper lohe lobt;c'ffm(\ﬂv
April 26, 1951  Cawity, left upper lobe, suggested n roontgcnogrnm' )lql”? !
demonstrated w surgical spectmen  Patient 15 well  Chemotherapy Stre)
tomn cin, 230 grams, and para-aminosalieviic acid, 3996 grams

apicoposterior segment but only slightly less evidenced 'throughou;l_fi]:é
anterior segment Smears from these nodules were positive for acid o
bacill  No cavity 1s demonstrated ” (Fig 47) Any other e]‘l‘t_lrp“l;ltq
procedure, except pneumonectomy, m such case problems usuaily I‘(C;Z o
m leaving as much diseased tissue as 1s removed In our ‘3"~P’3”Cntw"ts
other surgical method has equalled the results obtained in those pa
treated by lobectomy for non-cavitarv pulmonary tuberculosis ot
Roentgenographie Evndence of Cavitation  Although cavltn?m.l “-i:{cnco
present m any of the removed lobes, there was roentgenograpc eV 7 ner
of excavation noted 1n the lobe during the course of the (IISC&H(‘} l‘" - r;IZ-M
cent of the patients  In several mstances the scarring noted mtt 1:(':‘();‘{;".
specimen doubtless represented earlier eavitation  The nmportar
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dmictan 1ncluding the surgeon accepting responsibility for the interpreta
tion of the chest roentgenographic examination 1s agnin emphasized as he
13 hest able to anticipate such discrepancies
Indieations  Lobectorny waa considered the procedure of election m
71 of the 82 patients without am theraps other than bed rest and chemo-
therapv  In 9 1t followed artificial pneumothorax farlure In 2 patients
neoplasm was the clinieal diagnosts which led to the lobectomy and tuber
culosis was evidenced after the lobe was removed and tubercle bacill
demonstrated in the excised tissue
(Tlassification The terminology emploved 1n classifving the tuber
culous lesions surgically removed varied with different pathologists  The
nclusive term fibrocnseonodose appenrs preferable In this group of
82 patients the clasification was tuberculoma 1n 5 fibrous 10 3 caseo-
poeumonic 1n 3 and fibrocaseonodose 1n 71 Ten were far advanced 69
moderately advanced and 3 were mmmmal In the vanation of the tvpes
of lemons which characterized the disense process certmn mteresting
observations arc encountered The sudden onset 1s tvpical of the caseo-
preumontc tvpe of disease but with increasing evidence of consohdation
and atelectasis malignanes often warrants consideration (Fig 48) Tuber
culous disease of several vears duration fibrous and active often seems to
be 80 hopeless that the surgeon masy despair of his efforts (see Fig 43)
Betw een these cxtremes are the majority of the patients treated surgically
nemely the fibrocaseonodose tvpe  There 1s often much uncertaints, es to
the course which the disease will pursue for there 13 a delicate balance
between disease progression and healing If the Intter wins mn a long strug
gle the danger of reactivation 1s ever present The marhed lessening of
these hazards by properly tumed extirpation 1s a great boon to the therapt
of pulmonary tuberculosis Emphass placed on the earher applteation of
Burgery 1. mx to twelve months after disease detection 18 becoming
increasmgly sigruficant (Fig 49)
4ge Race Sex and Known Duration Prior to Lobectomy  The average
nge was thirty two years shightly higher than for the entire group of
batients treated surgiealls  The voungest was mincteen and the oldest
fittr four  Eight were twenty-one years of age or vounger 33 were be-
tween twenty two and thirty 40 were betw een thirty-one and fifts while 1
wan over fifty vears of age Seventy six were (aucamans and 6 were
egroes. It 13 noted that the disease process 1n this category was seldom
f):lﬁe and at the same tune the incidence of Negro patients was low  there
nlllz only 7 per cent a3 compared to an average incidence of appronimately
per cent of all those treated by extirpative surgery ot by thoracoplasts
: mnt.‘h suggest that Negroes respond less feivorably than the white race
eolghmt wd e development of a relatively benign tuberculosus diease  Fift:
; ere male and 24 female where the hosprtal admissions for tubereu
0518 are approumately 80 per cent males
m&f Bl;':mgc known duration of disease based on the demonstration of
(Tableeao allt 1n the sputum or gnstric contents was twenty two months
" Pahcnt)a Of mterest 13 the pertod of hospital stay following lobectoms
obeats 10 whom the known duration was sixty months or more before
M\ One patient left the hospital against medical advice tvo months



Fic 48 —Caseopneumonic tuberculosis suggestive of neoplasm A4 January 30, 1050
Sudden onset of acute pulmonarv symptoms, December 10, 1949 Sputum
repeatedly negative Admitted to Fitzstmons Army Hospital, March 21,
1950 The patient was asymptomatic and contraction of the upper right lobe
beeame rather marked The diagnosis of tuberculosis was considered doubt-
ful Right exploratory thoracotomy, April 10, 1950, revealed the lung to he
adherent throughout to the chest wall by recently formed thin adhesions which
bled readily on being separated and left a raw granular surface The upper
lobe was very firm, contmiming multiple evenly distributed nodular nreat
Excision of one of the nodular areas was accomplished and upon examination
tuberele baeillh were 1dentified  The edges of the excised area were sutured,
and hceauce of the acute nature of the lesion the wound was closed  Chemo-
therapy has been started before operation and was continued until Aupust,
1950, with mirhed resolution of the lesions  Right upper lobedtom and
upper phase thoracoplasty were performed durmg December, 1950 and Jan-
uary, 1951 The lesions mn the removed lobe were deserbed as diffuse ¢aeco-
nodose with considerable scarring and widehy scattered nodular lesions of
varving 817¢ . Smears and eulture from the lobe were poatne for ard-fast
bacil He w e discharged from the hospital January 23, 1952, by dicense
having been mictive for three months  He has remamed well B Suorgcad
<pecimen, right apper lobe
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after lobectomy 1 after scven nonths 1 required twenty-onc months
hospitalization and the other 6 were hospitalized approximatelv one \ear
after lobectomy  In restudving these O case problems there 1s every reason
to believe that at the present time chemotherapy and surgical extirpation
would be recommended within o few months of disease detection  Precise
wformation 1s not avalable but probably 80 to 90 per cent of far advanced
pulmonary tuberculosis develops from lesions which are often considered
small and 1nsigmficant with the pa
tients often being incorrectly advised
that these are innocent lesions Fur
ther 1t 18 mv belef that the therapy
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Fra 49 —Lobectomy for noncavitary tuberculosts. A4 February 20 1850 A 26-year
old white soldier had been fll 15 months before lobectomy was performed.
Chemotherapy was given in the form of atreptomyan 2 grams eve.y third
day and para-aminosalicy s acid, 12 grams every dayv from Beptember 10
1950 to December 1950 Bronchoscopy in September 1050 revealed endo-
bronchual tuberculosis. Roentgenographio examination revealed cavitation
but no calvty was present in the nght upper lobe which was removed No-
vember 21 1050 His post-surmcal bospitalization was 12 months. He 1
nﬂmdhubeenrezuluﬂyunpbyadwhomlwwknmh]v 1862 A
five-nib thoracoplasty was part of the plan of therapy B Sursical specimen

of right upper lobe removed November 21 1850

of pulmonary tuberculoss has improved so greatly during the past seven
i:':‘b?at the falure to recommend surgery 1n such cases though the dis-
tubere] very hmited i extent 18 unwarranted The demonstration of
e bacills 1n the sputum or gastric washings 13 not mandatory before
x-rsm U chrucal data are mdteative of tuberculosis  In fact such lesons
berculous or nontuberculous are best managed by surgical exploration

and their removal  In most 1nstances such case problems of tuberculous
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etiology may be properly treated by segmental resection, conserving
considerable normal lung tissue Age, race, and sex did not appear to
nfluence the result m these patients

Table 30. Disease Duration Prior to Lobectomy for
Non-cavitary Disease. 82 Patients

Months No Patients
6 o1 levs 19
7-12 37
13-18 11
19-24 2
25-36 2
3760 2
60 or more 9

82

Dragnosis It was earher pointed out that the diagnosis of pulmonary
tuberculosis may require surgical exploration of the chest, removal of
suspected tissue, and histopathologic and bacteriologic examination of the
excised tissue to confirm the diagnosis This requirement 1s well demon-
strated in these 82 patients Prior to surgical exploration the diagnosis
of active pulmonary tuberculosis had not been proven by the demonstra-
tion of tubercle bacilli 1n the sputum or gastric contents in 22 per cent of
these patients, but the specific microorgamsms were identified 1n the sur-
gically removed tissue in all mstances However, tubercle baclli were
cultured from only 7 per cent, 6 patients, of the surgically removed tissue.
Less than a decade ago the concept of surgical exploration of the chest
for ascertaiming the nature of unexplained lesions was seldom advised,
especally if the lesion was suspected of being tuberculous That morpho-
logically 1dentifiable tubercle bacilli are dead simply because they cannot
be cultured 1s at the present time not a climeally acceptable thesis

Endobronclaal Tuberculosis In apparently sumlar tissues the classi-
fication of endobronclial imvolvement varies appreciably with difterent
pathologists In the 82 patients bemng considered, endob onchml_ mvolve-
ment was present as determined by bronchoscopic exammation m 3
patients, wlile m the exammation of the surgical specimen, 12 patients
weie diagnosed as having imvolvement of the bronchn ‘

Chemotherapy Only 1 patient did not receive chemotherapy, and as
79 of the 82 patients were operated on after 1948 the chemotherapy Tt‘gl“
mmen was much the same, streptomyein, 1 to 2 grams every third dav, ‘}‘“‘
para-ammosalicshie acid, 12 grams dally  Isomazid, 300 mg daily, s
now largelv replaced para-aminosalicvlic actld  The duration of thcra{),\
has steadily mereased, and mn this group one-fourth of the patients “l 10
have been discharged from the hospital recenned seven to twelse mont 1%~
chemotherapy, onlv § patients recerved more than one year of clheu;gp
therapy  The amounts of streptomy e administered have decrease bu(.w
the carlier period of 1947-1948, when massive doses of qtr(-ptmn\n'n v]» o
prescribed  Only 3 patients have recens ed more than 200 grams, and 45
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per cent of the discharged patients recen ed less than 100 grams whch s
a stnking contrast to the 300 to 400 grams or more frequently employed
1n the patients treated by thorncoplasty ~ Untoward manifestations of the
drugs under present dosages amd methods of admmustration are almost
entirely eluminated Doubtless a very nppreaable number of these pa
tients could have successfulls undergone the surgienl procedures and their
disease become mactne without chemothernpv  The selection of such
patients lachs much m exactness. However the utiization of chemos
therupy 10 all patients cuuses fuw complientions low mortahty and mor
brdity and the excellent results lenve hittle room for improvement  They
are probably not to be dupliented without chemothernpy  The pre- and
post-surgical chemothernpy periods are dependent on the nature and
extent of the disense. More amxl more eight to twelve month pertods of
chemotherapy npproumately equally divided between the pre- and post
surgery period nre being advised and folloned Becnuse of the untformly
excellent results, incduding no operative deaths no late deaths due to
tuberculoms and all patients worhing able to work or their prognosis
such as to anticipate that they will be able to work as soon as the recom
mended period of rest 18 completed lobectomy 13 preferable in the manage-
ment of these patients
Tkoracoplasty As a Space Closing Idjunct in Upper Lobectomy In
only 3 of these paticnts on whom upper lobectomy was performed wus
thorecoplasty not accomplished Thus exlubits my belief that thoraco-
Plasty 18 presently the best method of accomplishing n decrense m the mze
of the hemithorax which the remnining lung tissue after lobectoms 13
required to fill  The use of arr paraffin fat musce and the now excellent
plastic materals have not 1n my opion replaced thoracoplasty A
three-rnb upper phase thoracoplasty 13 accomplished three weceks
pror 1o & planned lobectomy  The fourth and fifth nbs are removed at
the tume of lobectomy  If the dingnosis 13 1n doubt preoperntnely the
urgical exploration of the chest 1s commonly carried out first and if the
removed lobe proses to be tuberculous an upper four nb thorneoplasty 13
curied out threc wechs later the fifth rib having been removed at the tune
of lobectomy A thoracoplusty performed ufter lobectomy 15 of course
less effective 1n preventing reexpansion of the remauning lower lobe
bhe(;tm!hmg of the phremie nery e within the hemmithorax at the ime of low er
¢ omy decrenses the size of the space which the upper lobe 13 required
o fill. On this basis 1t 18 occasionally practiced but without a clear esti
mate s to 1ts effect:v eness bemg possible
Results The results have been unexcelled m our experience  There
::g: 1o operative deaths Two late deaths occurred neither bemng due to
deuthmuom and the disease was mactive at the time of the patients
ezed] All others are well working able to work or their prognosis 13
ent and complete rehabilitation 1s anticipated
breates omy for Tuberculoma The pulmonary tuberculoma frequentls
o 0“1111 liberating viable tubercle bacilll and resulting in spread of
mtﬁ* It 18 this type of tuberculomatous lemon which 13 usually
3 lobectomy  The well circumseribed subpleural firm nodule 18
surgically amenable to wedge excision  Betw cen these tnwo ranges of opern
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tive procedures the segmental resection of certain tuberculomatous lesions
15 feastble During 1947 to 1952 mclusive, 23 patients were treated by
lobectomy for tuberculoma lesions, 18 of these had cavitary and 5 non-
cavitary disease Three have been classified as far advanced, 19 as mod-
erately advanced, and 1 as having mimimal tuberculous disease In only
2 of the cavitary lestons was roentgenographic evidence lackmg The
upper lobe was the site of involvement m 22 cases, and the lower lobe m 1

therapsy.
Fr 50 —Tuberculoma developing from a large eavitar lesion after collapse

. lue to
lobcctomy performed  Patient died two and one-half v n‘f*l t]":l‘;r,(.(r labe
dise n~e progression A February 18, 1946 Large cavity, Tighl upl

Jeural
2 April 23, 1946 Ineffective artificial pnmunr)'ﬂmm\ (0218“(‘;2);;;“'"4;& of
pue 1monohy sis accomphished m June, 1946 € August 24,

omy, nght
ther scd density e collapsed upper lobe, fuber "‘m;m] I.“jhlnqthr,u u"\ e
uppe lobe, and five-nb thoracoplasty was pe rformed during

Muare 1949
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instance Thomcoplasts with removal of either three or five rbs was
accomplished 1n all patients having upper lobe cavitars disease  The only
major comphertion was the late deveclopment of a bronchopleural fistula
1n 1 patient who died of disense progression (Fig 50) Of the 23 patients
113 dead and 113 unable to work becnuse of chrome brucellosis all others
are well working or able to work.

Streptoms ein was udministered nlone 1 14 patients for a period of six
months or less In the others purn amimosalievlic acid was added to
streptomvan  Only 5 patients recenved chemothernpy for more than six
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Flo 61 —Lobectomy for suspected but unproven tuberculoms. A October 22 1049
Lexion 1ight upper Iobe B Rught upper Jobe November 7 1049  Tubercu-
lomus but not proven. Patient 18 well and has completed a three
Years course 1n the study of law after lobectomy (1) Apical segment. (2)
Posterolateral segment (3) Anterolatersl regment (4) Indurated area

months The dosage of streptomycin was 100 grams or less m 14 patients
and exceeded 300 grams 1n 1 patient
Tobe Cavitary sire based on measurements of the surgically removed
69 n the 18 patients demonstrating such lesions was as follows 1 cm
S cm 4 and3cm 1 In7 patients the measurements were not recorded
¢ patients wrth cavitary lesions were hospitalized continuously for an
verage of 225 months 105 before and 12 months after surgen  The
th ¥ disense duration was a1x months or less 1n only 4 patients and in 10
e duration exceeded three years the longest being eleven years All of

'Xmedw{g}]): duration of more than three vears had cavitary lesions 1n the
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The age variation was considerable Two patients were twenty-one
years of age or younger, 12 between the ages of twenty-two and thirty,
six between thirty-one and forty, and 3 over forty Tiwenty-one were
Caucasians, 1 Negro, and 1 Asian

Lobectomy for Suspected Tuberculosts Sixteen patients mn our exper-
1ence have had lobectomy for suspected but unproven tuberculosis This
means that the sputum or gastric washings were repeatedly negative on
examination for acid-fast bacilli and the specific organsms were not ident:-
fied in the surgically removed specimen The histopathologic exammation
of the removed lobe and clinmcal manifestations were interpreted as of
tuberculous etiology despite bacteriological negativity All of these patients
are well and working The possibility of these lesions being due to fungous
infection or some other ill-defined etiological agent 1s possible, but we have
been unable to verify this conjecture (Fig 51)

Follow-up Data  All patients have been followed 1n the group treated
by lobectomy during the period 1947-1952 The 39 who have undergone
lobectomy during the first six months of 1953 are still hospitahized

Comphcations The complications of lobectomy have been few
Bronchopleural fistula developed mn 2 7 per cent and empyema 1n 2.3 per
cent All occurred 1n patients with cavitary disease Spread or reactiva-
tion of the disease 1n the same or opposite side during the first six months
postoperative pertod occurred m only 19 per cent Four other patients
demonstrated evidence of reactivation after a period of six to eighteen
months Only 10 patients had major complications mncluding broncho-
pleural fistula, empyema or spread In Table 31 are histed the comphca-
tions of lobectomy including those which occurred following thoracoplasty
performed on patients treated by lobectomy

Table 31. Complications of Lobectomy (Including Thoracoplasty)
261 Patients

Atelectasis, requiring bronchoscopy (3 fol- 22 (8 4%)
lowed thoracoplasty)

Bleeding, requirmg opening of the wound 2 (0 8%)

Embolism, pulmonary, followed thoracoplasty 1(0 4%)

Empyema (All were cavitary disease) 6 (2 3%)

Fistula, bronchopleural (All were cavitary 72 7%)
disease)

Pleural fluid, requiring thoracentesis (6 fol- 218 %)
lowed thoracoplasty)

Spread or reactivation, within 6 months after 5(1 9%)

lobectomy (All were cavitary disease)

Results  The results m our experience with lobectomy 1n the trCll:tll)fi‘zl‘t
of pulmonary tuberculosis have been gratifying  They have been rclwt( -
above m the different categories as to mdications and nature of ”lbhll)‘ut’
1e, cavitary, non-cavitary, tuberculoma lesions, and ﬁufspcct:‘; o1
bacteriologically unproven case problems The over-all results m -]?n‘;np
patients <o treat d mdicate 90 per cent have had exc cllent results, et
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that they are working, able to work, or that their prognosis 1s <o fuy orable
that 1t 15 seemingly nssured that thes will reach the goal of complete
rehabilitation at on early date  In the 130 patients having cavitary disense
evidenced 1n the exased lobe So per cent are m the above category while
8.5 per cent of those who did not have demonstrable cavitation have or
are reaching the above goal  Onlv 26 patients did not obtain an excellent
reslt. Seventeun are dead and mn 3 deaths were not due to tuberculosts
as this disense was inactive at the tune of death  Nine an ulne and n
cach the sputum 13 positive

There were 4 operntive or enrly deaths 1.5 per cent  Tlus includes
all deaths from all causes within a period of sisty davs after lobectomm
Thrteen additional patients have died dunng the follon-up purod of «x
monthy to five and one-half vears

Summary Lobectomy has n our expertence since the advent of
chemotherapy  been the most cffectin e surmenl method of trentment of far
advanced or cavitars tuberculosis (Fig 02)  The indications for 1t< apph
cation are now dearly defined and have been discussed  Earhy disense
detection and effective chemotherapt have made earlier application of
extirpative surgers feasible often permitting <egmental resection or wedge
excion.  Lobectomy continues to be the choice procedure mm approx
mately 40 per cent of the patients treated surgicallv at Fitzsimons Arms

Apprawsal of This Experience and Its Influence on the Surgical Therapy
o Pulmonary Tubereulonis  Since the advent of streptomycin 1t has been
\ demonstrated that lobectomy s a lughly feasble and practical
means of treating pulmonar tuberculosis It has been adaptable both
Irom the standpoint of the extent of disense and surgically tn approimately
half of the patients undergoing major surgienl efforts It has acted as a
spearhead 1n the present wide use of extirpative surgenn  extending this
of therapy to encompass an ever mcrensing percentage of patients
amenable to surgert 1o the treatment of pulmonar tuberculosis
eomonectomy  General  Pneumoncctomy 1 the treatment of
K‘;‘lmomn tuberculosis has seldom been 1ndicated m my experience  Only
== Patients in & group of 547 trented by extirpative procedures during the
{:nmod 1 Jenuary 1847 through 30 Tune 1903 have recened pncumonee-
tbor:;a 8 percentage of only 42 In 6 instances it was performed following
Momlﬂu‘t\ failure and 1n onlv 17 patients 31 per cent was pneumo-
'I‘:J\ selected as the procedure of choice

other principle of pneumonectomn 13 fundamentalls different than am
extirpative procedure  The removal of all lung tisme unilaterally
an empty hemithorax deprived of lung tissue to cover the severed
lew fay l{)lllmp and fill the hemithorax. These fentures are I believe far
ot wei o h0' to bronchial stump healing than mn lobectomy segmental
of the ﬁ;cmon_ Pneumonectom: brings about a complete deprivation
o 1on of one lung a most sgnificant difference from amy other
mmlp“v(_m;g‘mfcedurc. Further 1t 13 1mpossible to accurately nssess the
Wterpretate, o fthc contralaternl lung tissue and despite a negative
lesons thu of senial chest rocntgenograms the presence of tuberculous
© oppostte lung 1n pattents requiring pneumoncctomiy is &

tavey
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reasonable assumption This 15 & basis upon which to expect that the
madence of reactivation or spread to the contralateral lung will be as high
or higher than n other extirpative procedures Finally there 13 o large
empty hemithorax which must become occupied or obliterated and there
are differences of opinion as to the preferable method of meeting this
problem I favor thorncoplasty U2 In our experience bronchopleural
fistula and empiems as compheations following pneumonectomy  are
more numerous than with anyv other extirpative measure Because of
these fundamental differences we have seldom considered pneumonectomy
mdicated

Indieations Pneumonectomy 13 advised if there 18 main stem bronchial
tuberculous stenosis and total or almost total unilateral loss of lung func
ton due to extenmve unilatersl tuberculous myolvement Pneumonectomy
occasionally 18 indicated 1n thoracoplasty fatlure to convert the sputum to
negative if other sources for the positive sputum are not demonstrable In
one patient njury to the main pulmonary artery neceasitated s pneumo-
nectomy ruther than an upper lobectomv which was contemplated Swit
able pulmonary function should be evidenced by the opposite lung and 1t
should be considered roentgenographically and bacterologically free of
active disease.

dge Race Sex and Lung Remoted There was 1 eleven-vear-old pa
tient the only one 1n the group less than twenty two years of age Eleven
were between twenty -two and thirty years of age while § were over forty
vears of age. There was only 1 over fiftv vears old  Sixteen were males
Five were Negroes 2 of whom are dead 1 was an Asian and the other 16
were Caucasians  The nght lung was removed n § patients and the left
m 18 or 78 per cent Sixty nmne per cent of the patients treated by lo-
bectomy had the upper lobes removed and of these 68 per cent were the left
upper lobe Onlv 1 patient treated by pneumonectomy did not have a
thoracoplasty to decrease the mze of the hemithorax

Extent of the Dwsease The tuberculous disease was considered far
advanced n 20 of the 23 patients and moderately advanced in 3 patients

Cantation Roentgenographic evidence of cavitation was considered
present 1n the involved tung 10 all mstances during the course of the dis-
ease  In 7 of the 23 patients a cavity was not demonstrated n the sur
gicalls removed lung  In 10 patients the cavity size varied from 1 to 3
cm 1n diameter 1 4 this measurement was greater than 3 em while n 2
patients the cavitr size was not recorded

Duration of Diseass Prior to Pnewmonectomy Ten of the 22 patients
had & known duration of more than thirty-one months prior to pneumo-
nectomy while in only 3 was the duration s1x months or less

Chemotherapy  Fourteen of the 22 patients had chemotherapy for
stx months or fess and none had chemotherapy for more than eighteen
meonths  The dosage and nmount of streptom cin varied greatly  Rleven
putients had less than 100 grams 6 hnd 101 to 200 grams 1 had 202 to 300
grama and I patient had over 400 grams  Five are still recerving chemo-
theraps in the hospital ~ Six recenved streptoms cn alone and the others
hed streptom cin combined with para-nmsmosalics ic acd or other agents
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l1¢ 53 —Pneumonectomy far tubeyculosia A May 28 1951 Lesion, right npper
lobe. Sputum nogative for acid-fast bacilll. Patients age, 57  No eymp-
toms. Not howpitalited. B August 23 1952 Samo patient as A increaso
in sise of lamon. Symptoms of welght Joss of 85 pounda from January te July
1852 Exploratory thoracotomy performed Septsmber ¢ 1952 Carcinoma
was conmdered as the likely etinlogy an repested sputum ovaminatione, ex
copt for one culture were pegativoe for acid-fast bacilll. The [ung contalned
conmderable nodular fnyolvement throughout the left lower lobo as well as
extenaive disease in the upper lobe. Pneumoneotomy was elected as the
preferable method of surgical therapy Tuberole bacifll were numerous 1o
the excised lung There was marked bronchuial stenoms of the upper lobe, and
the ca ] t pred ed. Patient In still bospitalized.
€ Prneumonectomy for destroyed lung. Ten cm. eavity 1n left upper lobe
and a 4 om. cavity in the left lower Iobe  Extonmve duseass throughout lung
Patient s well bat not working D Burgical specimen, laft lung Pneumo-
pectomy for main stem bronchual stencais. Disease duration of aight vears.
Mamive doeage of chemothorapy had heen admimstered. Throughout the
removed lung thete was extenmve multiple cavitation averaging 2 em in
dlameter and nodular disease  Patlent has been well and leading w pormal
Ife mnoe two years after pneumopectomy  E Pnrumonrotomy for thoraco-
plasty falluro performed eight years previously  Bputum copverted after
preumoneotomy ' Pneumonectomy left for main stem bronchial involve-
ment and destroved lung  Colopel H W Mahon Pathologist, Fitumon
Army Howpital, whoee experience has been conmderable, mads the following
pote In his report  “Thia 1 the most extensive caseonlcerative
bronchitis I have seen 10 surglenl specimens of Joben and lung  Patlent i
well end leadlog « normal Ife.  Poeamonectoms performed on April 24,
1850 @ Tuberculous bronchiectasis and cavitary disense in u contracted
long, (Forsee ot al courtesy of Ann. Tnt. Med.)

Other Surgery  Surgieal procedures which had been performed on the
molyed side prior to pneumonectoms 1 an effort to arrest the tubercen
lous disense mcluded closed intrapleurnl pneumonols sis 1 2 patienta and
phrenemphraxis 1n ¢ Thoracoplasty bnd failed to close cavitation 1 6
patients

Length of Hospiialization  The total continuous hoapital sta prior
to amd after pnenmonectomny was less than asix months 1n enh 1 patient
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while 12 were hospitalized more than nineteen months The preoperats e
stay was less tha.n six months for 7 patients, and more than mneteey
months in 5 patients, averaging thirteen months. The Post-pneutmo-
nectomy” stay averaged ten months. varying from less than s months iy
8 patients to more than eighteen months i 3 patients  Three patients
died less than three weeks after operation  These data further confim
the feasibility of the working rule of one Aear post-surgical hospitalizatimg
following lohectomy or pheumonectomy

Complications. Three patients, or 13 per cent, had 2 broncho-pleural
fistula and empyema postoperatively. Three patients had a spread to the
opposite lung. One patient developed an empyema but did not hae s
bronchopleural fistula

Endobronchial  Tubcreulosis  All patients were bronchoscoped, and
8 patients had bronchoscopic evidence of tuberculosis sometime prior to
pneumonectomy. Of special interest is the fact that 18, 82 per cent, had
evidence of endobronchial involvement in the exeised lung o

Tuberele Baeilli in the Remored Lung Tissue  The specific mien-
organism was identified in 16 of the removed lungs, only 1 specimen “!‘q °
negative., and in 5 patients the record of tlus study was not avaifable
I'ﬁfomnmtely. the records as to the growth of the mcroorganis ?:1
culture is not sufficiently complete to be of value m this group olfl pahe:lm
All patients had positrve sputum exammations for acid-fast bacilli prio

pneumonectomy {Fig. 53)

A e — l) pnelullollec ,\ )
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4 dying within sixty daxs or less following operation, d and m 4 the
tality of 17 per cent. Five patients are still hosPl’fﬂhzeI (itslense The
sputum is negative: 1 is hospitalized because of méenta it Toche
prognosis in 3 for complete rehabilitation 1s considere exci K Thero
patients are well and 9 are actually working forty hours pe

15 o follow-up on 1 patient. ) JImonary

ngvr(zisal}qf This Evperience in the Surgieal T ]I‘g"? (:J 1§{e£01n} ane
Tuberculosis This experience coupled with that regnrt:{b indications for
other extirpative measures coufirms the very I““.‘t il considered
pueumonectomy, It is emphasized that the case materk

vet an
. ) suraical therapl, !
this book represents that most favorable to surgic

up t)f
a large gro
neidence of over 23 per cent of pucumonectonues 11 F

tubereulous patients treated surgically appears C‘WC:’SI::P of segmental 7
Segmental Resection. General  The mcreasmgﬁl »)l cffects of cheme-
seetion has been brought about as a result of the belll) g::}om praces i {he
therapy in the resolution and localization of the tuber to mdicate that the
long.  This should not be construed, I my Opm]m;:;ctom\ Fnthusasm
operatiye procedure s in itself to bc'preforrod to tO e an 01
for its application should not result in enforemg 1ts v ed than the egment
effort to conser ¢ lung tissue which, though lc\&alm\ O]]OHS disease L"}"'Ci
or segments removed, contains appreciable tu )(:m(,\ <hould be ebitet
tomy in such mstanees is preferable Some !wsrtl.l;.l) o1 m that C‘\plor:muf)
in apply mg segmental resection for small residua l(c 'e\ idence of such #
of the chest momstances wherein roentgenograp ;l nee of these coneepts
Tesion s doubtful seems l-advised  With the aceepts

r-zealats
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segmental resection becomes a procedure wluch we are emploving with m
creasng frequency  In fact during 1052 segmental resection was em
ploved 1n 35 patients 1 comparison to 45 patients treated by lobectoms
and during the first a1ix months of 1013 there have been 30 patients treated
v Jobectoms and 50 trented by segmental resection  As pulmonury tuber
culoms most often involves the apical and posterior portions of the upper
lobe the apical and pusterior segments were remosed 1n 7o per cent of all
segmental resections performed during 1H7-1002  Becnuse segmental
resection has been emploved much more frequently i 1002 and 1903 than
previoushy & considernble proportion of the patients are still hospitalized
Segmental resection i contmdistinction to wedge exaision requires the
wolation and division of the respecttve bronchus and vrscular structures
(see Fig 28) Sixty five patients hnyve been treated by segmental resection
durtng 1947-1002
Duration of Duwease Prior to Surgery  The known disense duration
priar to surgers was six months or less in 12 patients scven to twelve
months 1n 31 patients thirteen to eighteen months m 10 mneteen to
thirtv months in 4 and more than thirtyone months 1 § patients thus
mdicating the wide range of appliecability of segmental resection (Fig 54)
Length of Hosprtahization  Twenty-one patienta are still hospitalized
Of the remaiming 44 approximately 00 per cent wcre hoapitalized one v ear
or less after segmental resection  Actuallv 14 were discharged within six
months or less 25 within seven to twelve months and 5 within tlirteen to
eighteen. months winch represents the longest period of post surgical
hospitalization  The total period of hospitulization was less than six
months 1n onlv 3 patients while 21 patients required nineteen to thirty
months and onlv 2 remained a longer period  The over-all hospital stay
\ epproximates our experience with lobectomy A significant factor
18 the mcreasing tendency toward protracted chemothernpsy to obtmn
manmum disense localization prior to surgery  In amy event the presenta
tion to the patient of a resonably definrte statement as to the penod of
bosprtalization which wall be required 19 0 mnjor advance in the therapy of
Pulmonary tuberculows amd contributes mmmeasurably to the patient 8
acceptance of recommerxled thernpy
Extent and Mature of Disease The putients treated by seginental
:tsechon \\:.l‘c dasafied as far ndvanced m ¢ instances moderntelv ad
L:nttlfd 042 and 17 patients had mmmal disense  ( avitation was present
e surgically excised tiwue from 24 patients and 1o 41 there was no
:’Vl;c{dmce of cavitation  Cavitary size a3 determined by mensurements of
surgical specimen rev ealed cavitation of 2 em or less in 12 patients and
pm:'ntfilm 2em 10 6 whie the measurements were not recorded m 6
tegmental The largest cavity measured 6 ecm 1n diameter In general
o 1ocuh1,$em0n 13 often the preferable procedure for small envitar
e 1 associated lesions  Dissemninated lesions and cavitars disense
ﬂmwilml best treated by lobectomy  Of the 0 patients with far
Cﬁsegmuf:]m treated by segmental resection all are well  Five of the
e B resections were for tuberculomatous lesions.
7 Hace and Ser These factors seem to have no apprecinble -

fluen
":20“ the results, Eight patients were twenty-one vears of age or
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younger 31 were between twents two and thirty years of age 24 between
thirty -one and fortv while only 2 were torty vears of age  Sixty-one were
Cancasians and four were Negroes while 40 were males and 16 were females

Chemotherapy ~ Chemotherapy 1n patients treated by segmentsl re-
rection 15 recerving & cose apprasal  Certam data related to chemo-
thernpy m this group of patients are depicted 1n Table 32

Table 32 Chemotherapy in Segmental Resection 85 Patients®
Rewult—W orking

Able to Work or
Ezreellent Prognons
Duration of Dosage of Jor Clw:wp{dz
No Palienis g Aerapy Streplomy Rek
31 6 Months or lese 100 grams of loss 22
101200 grams 7
11 7-12 Months 100 grams or less 1
101-200 grams 10
1 13- 18 Months 300400 grams 1
Toran 43 41 (95 3%)
One patient did not have cl herapy 21 are still hospitalised

Indications  The question as to the need for surgical ntervention 13
often appropriate a8 doubtless many of these patients would recover
without 1t and not suffer later reactivation. On the other hand the abilsty
to predict with accuracy whether or not eny given patient with a lesion
contamning tubercle bacilli will experience progression or regression of the
disesse process 1 lacking The small lesions become the larger ones
mimimal disease 13 the forerunner of a far advanced process and surgical
excigion of the small diseased ares 13 feasble and practical The surgeon
who advocates thus latter concept accepts a responsibility probably even
greater than advocating surgicel therapy n far advanced disesse The
surgeon 14 charged with the responsibilty of all factors concerned with
operation and the only death m this sertes resulted from adminustering
compatible blood by transfusion  Thig 18 offered to reemphasize that
l;lood transfusions are often not needed and are fraught with a degree of

anger
Complications The postoperative complications m  our experience
with segmental resections 1 pulmonary tuberculoss have been more fre-
quent than after lobectomy There have been few major compheations
but several which prolong morbidits and are disturbing to the patient
Fifty patients had an entirelv uneventful postoperative course  Atelec
tosis requinng bronchoscopic aspiration of retained secretions was required
4 patients  Thoracentens was required i 6 patients after the intercostal
dramnage tubes wero removed Wound infection occurred m 1 patient
An empvems arose 1n 1 patient and & bronchopleura! fistula and empyema
developed 1 another Their responses to therapy were excellent the fistula

closed and the empvema cleared 1n three weeks  Both patients are well
amd worling
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Results  The long term results m this group of patients 1s not avail-
able due to the large percentage who have been operated upon during the
past eighteen months However, certain encouraging information i this
regard 1s availlable Of 30 patients operated prior to 1952, 2§ are well,
working, or able to work One died, an operative death due to mcom-
patible blood transfusion, and 1 still has a positive sputum from contra-
lateral lung disease During and since 1952, 85 patients have undergone
segmental resection Of the 24 patients operated during 1947-1952 who
had cavitary lesions, there have been no deaths, 9 of these have been
recently operated upon and are still hospitahized, only 1 of these has a
positive sputum  Of the 15 other patients only one is not well, while all
others are well, working, or able to work Of the 41 patients who did not
have cavitary disease, 4 were not bacteriologically proven Twent)-eight
are working or able to work, 1 1s dead, and 12 have been recently operated
upon and are still hospitalized In evaluating the results 1n relation to the
extent of the disease, they are very satisfying (Table 33)

Table 33. Results of Segmental Resection. 65 Patients

Stll Not Able lo
Hospitalized  Work, Sputum Able to
Na Pty Extenl of Discase Sputum Neg Positive Dead Worf
5 Far Adv 2 0 3
16 Cavitary ¢ Mod Adv 4 2 10
3 Mimmal 3 0 0
1 - Far Adv 0 0 !
25 iz?::tur\ Mod Adv 11 0 iy
i1 Minimal 1 0 10
i Suspected (Unproved bacteriologieally ) ] 1
65 21 2 ! H

Summary - Sntv-two o1 95 4 per cent hayve an excellent prognoss

Wedge Excision  (eneral  The 1emoval of tuberculons Tung fissue
by wedge exeision of locahized lesions has markedly mereased as the selected
methad of surgical management since the advent of the chemotherap
era  In our evperience there have been approximately 8§ times as mam
patients treated by this method i 1952 as compared to 1947 During the
period Junuary 1, 1947 through June 30, 1953, 109 patients ]m_w l'n:('!l
treated by wedge exesion and 95 of these were treated prior to 1933 I'he
common factor m this des elopment has been chemotherapy  Streptomy 1t
has been the basie drog employed, and mcreasad understanding of 1ty
dosage, method of admmistration, and combmation with other agents h";
resulted m a striking improvement 1 the resolution and ]()(.dmnmtll }0\
pulmonary tubereulons lesions  Nimety -six per cent of patients t""m‘ ').r
wedge exerston during 1917-1952 are well, working, :}b](- to worh, or t ;fhl‘
prognosis 15 <o favorable as to antieipate full rehabilitation as soon as
recormmended period of rost s completed
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Indications Two basic considerations comprise the indieations for
wedge excision  First localized lesions are usuelly situated peripherally
and subpleurallh  These may represent the residual foc of previously
larger areas of disease mvolvement or initially detected lesions which may
have recently appeared or they may have been present and remamed
unchanged for months or years. Cavitstion may or may not be present
If present the cavitation 13 usually small It 19 thus evident that wedge
exasion 18 a surgical method applicable to & rather wide vanation of the
disease process and 1 confined techmeally to lesions which are localized
near the periphery of the lung tissue  If the corresponding bronchus and
vascular structures require individuel 1solation and ligation segmental
resection of the diseased aren or lobectomy 1s selected Thirty patienta
treated by wedge excision had tuberculomas This lesion 18 fully discussed
mn Chapter 2 page 31 In 52 per cent of the tuberculoma lesions treated
surgically dunng 1847-1952 the wedge excimon procedure was employ ed

Extent of Dueasse  None of the 95 patients treated by wedge excision
during the period 1947-1052 was classified as far advanced They were
about equally divided into the categores of moderately advanced or of
minimal disease according to the National Tuberculosis Standards  Bac-
terological confirmation of tuberculosis 18 lacking in 18 of the 30 patients
Prior to 1951 we did not employ a satisfactory staining techmque for the
demonstration of Histoplasma capsulatum and 1t 18 probable that 1n several
of the unproven lesions these microorganisms mayv have been identified
by the presently aveilable periodic acid-Schuff stain

Cantation  Cavitation was demonstrated 1 22 of the surgical spe-
cimens The cavitary size was not recorded in 4 patients 1 4 1t was be-
tween 1 and 2 em 10 diameter and 1 14 1t was 1 cm or less In 3 the
tubercle bacilli were not Wentified 1n the surgical specimen but had been
demonstrated preoperatively 1n the patient s sputum

Age Race and Sex  The age vanation 1n this group of patients varied
from eighteen to fifty-seven Ten patients were twenty-one jears of age
or less while 5 were more than fifty vears The largest age group comprised
44 patients m the twenty two to thirty vear categorn  Twenty -eight were
between thurty-one and forty vears and 8 between forty-one and forts
mine years  Seventy-seven were males and 18 females Eighty-six were
Caucasians only 0 were Negroes and 3 were Asians

Chemotherapy The dosage duration and agents admimstered to
patients who underwent wedge excision was not appreciably different than
1n those treated by other extirpative measures except in one respect This
exception wns the relatively large number 13 who did not have chemo-
therapy  These were 1 the group of patients m whom bacteriological
confirmation was lacking and generally represented lesions of known long
duration wrthout the patients displaving svmptoms  Streptomycin
combined with some other drug usually pare-aminosalicvlic acid was
administered to 69 patients while 13 recet ed streptom: cin alone

Twenty five patients are still in the hospital and hate recened or are
receiving streptomiem combined with para-aminosalicyic acid or 1so-
nazid Of the 70 patients who have been discharged 35 recenve 100 grams
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or less of streptomycin, 22 received between 101 and 200 grams, and 13
did not receiv e chemotherapy

Duration of Disease Prior to Wedge Iveiston  Often the locahzed
lesions switable for wedge excision are of comparatively long duration
prior to therr removal  They represent, on the part of the patient, lesions
which produce no sy mptoms, mimmal symptoms, or the lesseming of symp-
toms due to the healing of more extensive lesions  The latter group com-
prise the residual foer remaming after effective resolution brought about
bv chemotherapy and the 1est regimen It 15 the area m which mereasing
use of segmental resection and wedge excision 1s applicable  Seventy-five
patients, or 78 5 per cent, had a known duration of disease of one year or
less, indicating that an appreciable number of lesions m this group repre-
sented residual foe1  Iorty-one per cent of the 95 patients had a known
duration of six months or less, while 1 20 patients the duration was more
than a year and 1 6 of these 1t was more than thirty-one months The
results of surgical therapy were no better in those with a prolonged disease
duration

Other Surgery  The continuing decrease 1n the use of multiple thera-
peutic procedures 1s desirable  In this group of 95 patients, 2 had had
closed mtrapleural pneumonolysis and 4 had had phrenemphraxis on the
side of the wedge excision Tour had received artifictal pneumonthoray
therapy for relatively short periods, less than one year on the operated
side Thoracoplasty was not performed in 78 of the 95 patients In 17
1t was accomphshed, and 1n 14 patients 1t consisted of a three-rib upper
phase thoracoplasty prior to the exploration of the lung  On determming
that the disease area was removable by wedge excision further stages of
thoracoplasty were not performed The fourth rib is usually resccted
in order to explore the lung  Three patients had a two-stage, five-rib
thoracoplasty performed

Length of Hospitalization, The average length of continuous hos-
pitalization before and after wedge exersion was fifteen months  In only
6 patients was this period less than six months and onlv 1 had a period
longer than thirty months  Thus latter patient 15 well and 1 now perform-
ing full military duty  Twentv-five are still hospitahized  The average
stuv 1 the hospital after surgery was nie months  The period of hos-
pitahzation before surgery has decreased shghtly i this group as compared
to the patients treated by other extirpative measures  Only 2 patients
were hospitalized more than mneteen months before surgery and the aver
age was siv months  The period of hosprtalization referable to the asvmp-
tomatic tubereuloma lesion m the absence of a presurgical diagnosts s @
agnificant eonsideration In the absence of demonstrable tuberele hacill
m the surgicallv exersed tissue, 1 ¢, the mature tuberculoma, hospitalization
1 brief, appronimately forty-five daye  If tuberele baclll are demon-
strated, the regimen for the management of active pulmonary tubere nloss
is imvoked

Compheations There were no major compheations sueh as cmps o
or bronchopleural fistula  Pleural flmd was removed by thoracenteses
mm S patients aftcr the mtraplenral dramage tubes were removedd, Teo
patients required bronehoscopie aspiration of secretions
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Results  Ninety-six per cent of the ptients treated by wedge exasion
are well working able to work, or their prognosis 18 good and enth return
to work 1s seemingly assured  Ninetcen had envitart lesions and all are
1n the above work category  Forty five of the 40 patients n whom there
wan 1o cavitery lesion 1 the excised specimen have achieved excellent
results as defined above The 27 patients who do not have bacteriologicallv
proven tuberculosts are well  Onlv 1 patient 14 dend un operatne death
The patient suffered cardiac arrest after return to the ward following n
firt stage thoracoplasty, three neeks after wedge exason had been per
formed None of the surviving patients has posttive sputum  kollow up
data are lacking on 2 patients and the other surviving patient 18 not well
although the sputum 13 negative

Extirpative 8urgery for Localized Tuberculous Disease General
The evolution which has charnctenzed the surgery of pulmonary tuber
culosis since the mtroduction of streptomyein presents interesting facets
Recaprtulation of these developments uncovers the recent past and en-
Iightens the future The changes in the application of surgical procedures
have resulted principally from the increasing beneficial effects of the
chemotherapeutic agents rather than the superionty of a faxored surgical
techmque The operntive procedure must fit the patient and lus disease
rather than attempting to make these fentures fit the operation

Defimtion  The localized lesions deseribed heren are defined as any
tuberculous process cevitarn or non-cavitary nvelving an ares not ex-
ceeding 1n extent that occupied by one lung above the level of the second
costochondral junction nt the time of extirpative surgerv  Imtially and
during the course of the disease the defiurtion further limits the process to
one fobe upper or lower This does not restmct the disease process to
minimal as defined by the National Tuberculosis Association s Dingnostic
Standards

(ase Materal  During the period January 1 1347 through December
31 1852 there were 200 patients in this entegory of localized lesions repre-
senting 00 per cent of the patients trented by extirpative surgen  In 1953
the percentage of patients with loenhized lesions treated surgically as
compared to the total subjected to extirpative methods may exceed the
77 per cent noted m 1852 (Craph VI) It 1s this trend of operating upon
leas extensiy e and more loenlized disense which 13 extending and 0 murkedls
improving the results of extirpative surgery  YWhen 00 per cent or more of
the patients undergoing surgical trentment for pulmonan tuberculoats an
1 this category and this 18 1 «ght 1t 18 rensonable to predict that 88 per
cent of those so treated will make o complete and lasting recovery

Classification The lesions encountered were prinaipally  classiflied
roentgenographically s fibrocaseous or caseofibrous and these two tvpes
of lesions arc classed together as fibrocaseonodose 1n the histopathologie
exammatian of the surpienlly excised tissue in 96 per cent of the patients
The sgmficance of studving the pathology of pulmonar tuberculoss using
tixsues from the Iving patient has become widely apprecuted due to the
application of cxtwpative surgieal methods  Grouping the surgically
removed lesions on the basis of histopathology as tubercalomn cavitar
and cazeonodose rendily lends itaelf to the clmscinn s use B this group-
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Graph V1. Increasing Frequency of Patients With Localized
Pulmonary Tuberculous Lesions Treated Dy Extirpative Surgery®
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Graph VII. Routine Roentgenographic Eaamination of the lecs{
Leadng to Detection of Pulmonary Tuberculosis (Localized Lesions
Treated by Eatirpative Surgery)
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ing the lestons in the 206 pntients are tuberculoma excluding 22 cavitar
lestons 33 cavitary 101 ncluding the cavitary tuberculomns cnseonodose,
132

Detection by Rowtine \ ray Lranunation of the Chest  The use of mass
chest surveys conusting of having large groups of the population undergo
\ ray examination of the chest 15 an excellent method of detecting evidence
suggestn e of tuberculony as well as many other diseases mamfested 1o the
chest The repctition of such examinations at vearls mtervals or at the
onset of svmptoms referuble to the chest on all persons admitted to hos-
pitals as o part of the emplovinent examination of persons m ndustr
business and aunilar situntions warrants effectin e encouragement  In the
mulitary servico this plan of roentgenographic examination at frequent
mtervals such ns induction annunl phvsical examinations separation from
the service reenhstment on ndmssion to hospitals and enroute overseas
provides an excellent facilits for the earlv detection of pulmonary dis-
enses (Graph VII)

Duration of Diwsease Prior to Surgery  any more persons are being
operated upon enrlier as a result of the effectiveness of chemothernpy
Percentage-wise the difference has probablyv been less strikang and thisis
doubtless due to the incrensing number of persons with protracted disense
who are now readily accepting surgical therapy  In 1848 4 or 27 per
cent had a disease duration of more than five vears and n 1902 the per
centage was 17 The more sygnificant factor 13 the earlier npplication of
surgery eg 60 per cent of the patients undergoing surgenn for locnlized
lesions 1 1902 were known to have had actine pulmonar tuberculosis for
less then one vear prior to therapv and in approximately one-half of
these the period was six months or lezs. Earlv detection affords the best
opportunrt) for effective therapy and by way of reflection this 1s g0 vastly
preferable to the vears required by and the uncertamn result of chasing the
cure pror to the present ern that comparison 19 odious (Fig 56)

Cartation  The presence of cavitation 18 alway 8 of serious importance
Thirty -e1ght per cent of the patients grouped in this category of localized
lesions had evidence of cawvitars lesions in the surgienlly excised tissue
(Graph VIII) The detection of cavitation prior to operative removal 18
dependent principally upon roentgenographic findings which though
satisfactor contam an error of approximately 2o per cent 1n not detecting
cavities which 1n the removed tissue are 2 cm or less in dinmeter  The
dimcian should be expert i the interpretation of chest roentgenogrums
and mn fluoroscopic exnmination  This applies equally to the phthimologist
end the surgeon The ndded informntion readily available to them, 1n
cluding the patients clinieal course temperature sputum production
weight fluctuation cte ards 1n evaluating roentgenographic findings  In
the localized Icsions containing cavities apprommatels 90 per cent were 2
em or leas in dameter as mensured 1n the remotved tissue. The incrensing
tendency to perform murgery on less nnd less extenaive disease coupled
with improv ed locahzation of the leson due to chemotherapy 1s markedly
incrensing the use of segmentnl resection of cavitnry lesions. The de-
crensing inckdence of envitation i the surgreallh removed lobes accom
panies the grenter use of lobectomy 1n those patients whose nodular lesiona,
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though principally confined to one lobe, are dispersed and have not coa-
lesced or become destructive (Graph IX) The low rate of spread of the
disease associated with 261 consecutive lobectomized patients, 2 per cent,
15 further supporting evidence of the efficacy of chemotherapy

o, ‘

- 2.t sl

F16 55 —Localized tuberculous lesions, 1952 A February 2, 1952 Solder, age 26,
il five months  Small eavitary lesion, left upper lobe Lesion unchanged
after four months of chemotherapy  Sputum negative since operation Pa-
tient discharged February 10, 1953 Heiswell B Surgical specimen Small
amount of nodular lesions and residual eavitation  The lingual division was
lurge, unimvolved, and was not removed
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Tubercle Baeillh Dessonstrated Prior to Surgery A decade ago a patient
rarely underwent surgery for pulmonary tuberculoms when the tubercle
bacillus had not been 1solated from the sputum or gastric contents. This
situation no longer prevails, and m spproumately 40 per cent of these
266 patients repeated efforts had failed to demonstrate the specific organ
1sms 1 the sputum or gastric culture prior to surgery Also worthy of
thought 18 the fact that 1n 24 per cent the final diagnosis was based on
evidence that the tubercle beallus was noted in the sputum or gastric

Graph VIII Cavitation in the Surgically Removed Lung Tissue
of Localized Lesions
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content, although not demonstrated in the surgical specimen The listo
pathology was interpreted m this light as tuberculosis The specific or an:
1sm was demonstrated 1n the sputum, gastric contents, or the surglgallv
excised tissue 1n 86 per cent of the 266 patients In the remaming patlenfs
the diagnosis 1s based solely on the clinician’s evaluation of the patient’s
chnical course, and the histopathological examimation of the surgically
excised tissue by a pathologist expertenced n diseases of the chest These
aiteria are, of cowse, subject to error, and future developments may

n
llml[llgp[ﬂllmmfpllllll(l)llllﬂllwlI[llllllgllplllllglllllllllw | I;

B

Fic 56 —Histoplasmoma A Round dense lesion Jeft Jower lung ficld Proved to be
histoplasmoma B Surgical specimen Histoplasma ¢apsulatum wdentified

1 the lesion
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lessen mistahes. Recently the use of the periodic acid-Schiff stain 1
\dentdyng Histoplasma capsulotum m the surgreally excased  so-called

round pulmonary lesions has shown that mans of these lesions are due to
Histoplasmoss  These were formerl clagsified as of tuberculosis etiology
but the tubercle bacilli could not be demonstrated 1n the specimen (Fig
76)

Increaeed Use for Surgery The widemng of the scope of surgical
therap 1 pulmonan tuberculosis 18 evidenced by the fact that approx
imatels 1 of evern 4 patients at Fitzsimons Army Iospital who has pul
monary tuberculosis 15 now recerving surgieal therapy It 13 reasonable
to anticrpate that with the very low mortalty morbidity and splendid

Graph X. Chemotherapy for Localized Tuberculous Lesions
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results a further and probabls greatly increased percentuge will be treated
by surgical messures In the pre—chemotherapy era when thoracoplastt
was the sheet anchor of surgical therapy less than 5 per cent of the
tuberculous patients at Fitzsimons were treated by major surgeal efforts
( hematherapy  The mcrensing usc of extirpative surgical methods
durwg the past few vears has been predieated almost entirely upon the
development and improved methods of admimstration of the chemothera
peutic agents  The story of the surgical extirpation of localized lestons 18
the storv of chemotherapy m pulmonany tuberculems The period prior
to 1850 may be charncterized as the time required to adjust to tht:epnmv
wonder drugs  Their desages regimens and the response of the human
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host were not clearly understood During 1949 para-ammosalicylic acid
was 1ntroduced, and when combined with streptomycin markedly de-
creased the development of bacterial resistance to streptomycin therapy
This permitted much longer use of the latter, employing smaller total
dosages and administration at three-day intervals rather than daily The
essence of such a regimen 1s the more prolonged and effective use of the
drugs, six to eighteen months, which permits maximum resolution and
localization of the disease and protection agamst mfection of the pleura
when tuberculous lung tissue 1s transected at operation

Other beneficial drugs have been developed and employed Isomazd
15 eftective when given alone, but 1t is preferable to use 1t as a part of the
streptomyecin regimen, and 1t has largely replaced para-aminosalicyhic acid
because 1t 1s much more
palatable and equally
effective The preferable
regimen 1s streptomycin
1 or 2 grams every third
day, dependmng on the

4 B

Fie 57 —Localized tuberculous lesion (tuberculoma) left, 1948 4 Round lewon, left
lower lobe B ('ross section of surgieal sperimen, tuberc uloma

individual’s weight, and 300 mg of 1soniazid daaly ~ Patients weighing 150
pounds or less are given 1 gram of streptomycin Only 1 per cent of the
patients treated by extirpative surgery mn 1952 did not receive strepto-
mvyem In all instances it was combined with para-aminosalicylic acid or
other drugs, and there has been a marked lengthening of the period during
which chemotherapy 1s being admmistered (Graph X) )

Another significant factor 1n the ncreasing use of extirpative surger
in pulmonary tuberculosis 1s emphasized by the rapid decline in the ma-
dence of the tuberculoma lesions In 1947 and 1948 this type of lesion
occurred 1 80 per cent of the patients with localized lesions w ho \\ﬁ?r(l-
treated surgically In 1952 only 1 per cent of the lesions were classifice
as tuberculoma (Figs 57, 58 and 59)

Choice of Surngcal Procedure m Localized Lesions  The t:actnr:.. ::i"
prolonged nse of streptomycm without the development of resistanee

§ e
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the drug 1mproved resolution and localization of remaining lesions together
with mproved surgical techmques have enhanced the use of segmental
resoction In 1952-1053 wedge excision and segmental resection of tuber
culous lestons m locelized lesions composed approximately three-fourths
of the surgical procedures employed and from which remarhably good
results were obtained

-
=
A

Fio 58.—Localsed tuberculous leeion 1951 4 July 26 1951 Large cavity nght
lower lobe. B April 4 1852 Decreame In mis of eavitaton. C Burgical
mpecimen.  Begmental roscetion baml megmonts, right lower lobe. Nodular
?:]hm and 1 cru cavity present. A 23-vear-old white roldrer became 1l in

> 1861 Bputum positive for tuberele beeill  Eight months ehemo-
mtfl) mdbedmtrmﬂtcdlnmnﬂda—nbbdmlnmofmv{t) Beg
men rueuﬂcm,bn,ul-qunmu.nghtlowulobe,mdrrushingolrl;ht
g-mhrmm nerve performed May 2 1852. In March 1053 the patlent

harged from the hospital and placed on temporary military retireren "
1 nnticipated that he will retumn to militany dufy 1n 12 to 18 manth T
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Complications  The complications have been few There were no
spreads of the disease associated with smigery Two patients evidenced
reactivation or spread one year after surgery Two patients developed
bronchopleural fistulae and empyema, 0 75 per cent, one following a seg-
mental resection, the other after lobectomy  One wound mfection occurred
and 1 patient chinically had a pulmonary embolism from which he re-
covered Few patients, 10, developed pleural fluid requiring thoracentes:s,
4 m wedge excision, 4 in segmental, and 2 i the lobectomy group The
meticulous operative surgery and splendid postoperative care 1s largely
responsible for the low mecidence of complications

Results  The results of extirpative surgery 1n the treatment of localized
lesions have been almost phenomenal One hundred sixty-five of the pa-
tients 1 this group were operated prior to 1952 Of the 160 surviving
patients on whom there are follow-up data, 98 7 per cent are well, working,

or able to work (Graph XI)

J16 59 —Locahzed tuberculous leston, 1951 A Large cavity, Jeft upper lobe, dc-
creaced marhedh m size under chemotherapy and mtiheml pnmmmhmiu;
B Surgical specimen, segmental resection, ipito-posterior negments, (‘“"
upper lobe  Area of cavitation reduced to firm nodule noted l;lﬁpC})lm :)
This 1s a rather extreme type of localhized lesion now b?mg treated )\'( xcn: :
therapy and extirpative surgery  Patient 1s well - Sputum negative sinc

operation

Decortication. General Decortication of the lung in the treatment of
pulmonary tuberculosis 15 included here as the most :1])])1‘0[)1‘1:1&:L pl.lc‘c]f?]:
its presentation  In this disease decortication 15 a verd (hﬂcrcf\ prlu)tchc
than 1ts application m the management of traumatic hexpothnr.n nt ¢
former the underlying lung parenchyma 1s chronically discased conTrln‘
distinction to the latter in which a normal lung has suffered tmu!;m, ‘ 1‘(1
“pecling” from the pleural surfaces of the abnormal Inyer of fibrm an
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fibrous tissue, which hrs formed as a result of a traumatic hemothorax 1s
usuallv accomplished with ease and the cleayage plane readily developed
The adherence of the fibrous peel to the pleural and parenchvmal tuber
culous disease increnses the difficulty 1n developing the cleavage plane and
the separation of the peel from the lung may be impossible The best
results, therefore nre obtaned 1 instances wherein the disease in the lung
1s mummal or moderate 1n extent

Indieations  The unexpanded lung resulting from artificial pneumo-
thorax therapy or pleural effusion 13 the preferable indication  In instances
wherein an empvemn has developed decortication may be indicated The
objective of decorticntion 13 to obtain reexpansion of the lung to fill the

Graph XI  Results * Working or Able to Work. Localized Tuberculous
Lesions Tiwo Years or More After Surgery 165 Patients
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Three patients are dead only one had active tuberculosis at the tune of death.
thero are no follow-up dats on two paticnts, and two patients have pomtive sputum

hemithorax. Y entilation 1s mmproved but oxvgen uptake by the lung 18
often glow to mmprove Removal of diseased parenchymal tissue may be
combined with decortication of the remainder of the lung  If the etiology
and extent of parenchvmal disease 13 not ascertainable prior to decortica
ton which 18 often the mtuation 1t 13 usually preferable to carm out
decortication and evaluate the feasibility of further surger after
4on of the lung  If the sputum or gastric washings have been repeatedly
And recently within three months posttive for acid-fast bacill an upper
stage thoracoplasty should precede decortication and both procedures
deferred ynty] after adequate chemotherapy If lobectom 13 contem-
- Plﬂtedlann upper first stage thorncoplasty should precede decortication and
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extirpation of the lobe The second stage thoracoplasty, removal of the
fourth and fifth mbs, 1s accomplished at the time of decortication It 15
not unusual to encounter the need for decortication 1 instances wherein
extirpative surgery is bemng performed, although the lung filled the hen-
thorax prior to surgery A portion of the lung may be markedly shrunken
and followmg the release of 1ts encasement by decortication, wil] expand
carry on improved function, and fill the space formerly occupied by the
removed lobe This type of case problem is not mcluded 1 thus discussion

The mdications employed in our seres of 55 patients treated by de-
cortication alone or m association with other surgical procedures were
(1) unexpanded lung followmg artificial pneumothorax therapy, 20, (2)
pleural effusion, 29 Sixteen had acmd-fast bacill demonstrated m the
pleural fluid prior to decortication, and (3) empyema due to mived mfec-
tion, 6

Decortication was accomphshed at the same time as extirpative surgery
n 18 patients as follows lobectomy, 15, segmental resection, 1, and wedge
excision, 2

Pathogenesis  The pathogenesis of the pleural peel 1s essentially the
same whether 1t 1s due to an unexpanded lung followmg artificial pneumo-
thorax therapy, effusion, or empyvema In the latter, the peel deseclops
quicker and to a greater degree The pathologic changes may a1y con-
siderably The earliest 1s that of opacity of the pleura which 1s richly
vascularized and infiltrated with leucocytes and histocytes  As the mem-
brane becomes thicker the middle lay er 1s more fibrous and the perpheral
area contains more of the blood vessels The fluid 1n the space betw een the
parietal and visceral attachments may be clear or turbid and contan acid-
fast bacilli  If an empyema 1s present the peel 1s usually densely adherent
to the visceral pleura and underlying rarenchymal disease The contents
of the sac are purulent from which tubeicle bacilh are often demonstrable
The ever thickening membrane or peel may produce an mfolding of the
lung which does not, however, bring about fibrosis but rather the fibrosis
1s a product of the underlymg parenchy mal disease Determination of t:u:
degree of reexpansion which will occur following decortication cannot bhe
based solely on a study of the pre-collapse roentgenograms, m mstances )ot)
artificial pneumothorax therapy or pleural effusion, as extension ]of the
disease may proceed 1n the compressed lung  This does not Iessm}) the lm;
portance of studymng and evaluating the p?rﬁncllx,\ mal disease by scrit

enograms taken prior to compression of the lung ‘

roen;gcll7tz§11(e The telzhmcal principles of decortication hm'f: .bi(‘l}l ;l:i
scribed by Wemberg * We favor removal of the visceral and paric :!cllwﬂ;t
m toto, when possible The thick partetal peel prevents nm\f)m:xr]qion ¥
wall collapse if thoracoplasty 1s employed and 1t also Inmt]s (\Cl)mw o
the thorax The cleavage plane between the lung and pee hl ,%f et
casier established anteriorly as the parenchymal dlsczllsc.l% usu.frt ’;\lqi.m"l”‘
postertorly. The peel 1s generally thinner mltCI‘lOIi]_;' )eu‘lf;l:élt?\ e
Jymg discase  Small air leaks m the Jung are scldom ¢ o GO
' lependent upon con
and the early reexpansion of the lung 1s more d ]I" haeh emerge from the
suction apphied through 2 or 3 large Cllthett‘liq, 40’1‘]1’ “\\;mlc hlood replace-
intrapleural space antertorly and posteriorly ¢
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ment should exceed by about 50 per cent that estimated as Jost by the dry
roethod

wetghed sigfcm{ﬁ Derortication  Those patients 1 whom decortication
18 carmied out because of the inabihty of the lung to reexpand after artifieal
poeumothorax therapy hes brought about mactivation of the parenchvmal
disease which was minimal or moderate in extent, furnish the most suitable
case material  If the status of the underlying lung 15 not discernable pre-
operstinely or 1if tuberculous etiology 1s pot established two courses of
action are avnilable at the tume of operation  First decortication 1s aceom-
plished the lung allowed to reexpand and evaluation of the parenchvmal
disense 1s made later Second 1f extirpative surgery 1s deemed advisable
and accomplshed, the remamder of the luog 1s decorticated 1t serial
roentgenograms and other clintcal data permit an esaluation of the extent
of the ongmal diseare and 1ts response to therapy much valuable mforma-
tion 1 guned  If such an appraisal indicates tuberculoss far advanced
cavitary or non-cavitary 1 beheve decortication should seldom be selected
as the principal surgical therapy  Rather appropriate and adequate
chemotherapy should precede extirpative surgers s the choice surgical
method and s first stage upper phase extrapleurnl thoracoplasty accom
plished prior to o lobectomy or pneumonectoms  The lung tissue which
remains should be decorticated 1f feasble Extensive parenchymal
tuberculous disease m our expenence has seldom been favorablv n
fluenced by decorticution as the primary surgical themapr  If pleural
cffusion 13 the principal ndication for decortication the some general

ciples as outlined above are followed In the presence of a mixed
infection empsema we seldom elect to carm out extirpative surgery (sce
Fig 16 p 44) The extent of the parenchvmnal disease prior to compres-
sion of the lung the duration of such compression and whether or not an
empyemn hes developed are of peramount importance Necrotic foa
and cavitary fesions mey be reactivated by decortication The treatment
of empyema by decortication does not lessen the need for ohserving other
prninciples previoualy d

Resulls  An evalustion of results relative to decortication 18 com-
pliceted when 1t 15 combined with other procedures In our experience
26 of the 55 patients have also recenved extirpatne surgers or thoraco-
plasty  Of the 18 who had extirpatine surger mcluding 15 treated by
lobectomy a3 well as decortication 2 patients are dead due to progresson
of the disense and 118 stall hospitalized and has o negative sputum  Of the
other 15 patients 9 are working full or part tune and 1t 1s reasonsble to
predict that the others will be able to resume work as soon as their post-
surgery period of rest therapn 1s completed  Of the 8 patients who also
recewved thoracoplasts 2 are desd  Death was due to tuberculosss 1n 1
while in the other the tuberculous disease was inactive The other 6 pa-
tients have a good prognosis or are well There were 29 patients who had
decortication tlone  There have been no deaths m this group and there
13 1o follow-up on 2 patients. Of the remanung 27 1 continues to have g
positive sputum 2 are sputum negative but st 13 antieipated that they will
not be able to return to & work status. Of the other 24 g good prognosis 18
predicted or the patients are considered well
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The evaluation of pulmonary function was accomplished 1 7 of the
55 patients In all mstances the ventilatory capacity was mmproved The
evaluation of the oxygen uptake usually requires a long tume for evaluation
and is dependent, to a large degree, upon the extent of parenchymal dis-
ease A one-year post-surgical evaluation of pulmonary function has re-
vealed, 1n several instances, appreciable 1mprovement m oxygen uptahe
Preferably, pulmonary function studies should be accomplished prior to
and at six-month mtervals for two years following decortication %

Summary of Experience with Extirpative Surgery m the Treatment of
Pulmonary Tuberculosts The surgical therapy of pulmonary tubercu-
losis of the past fifty yvears, spans a dismal and discouraging era to a period
of brilhant achievement The first half of this period produced etra-
pleural thoracoplasty which required another decade to perfect The
results achieved by thoracoplasty varied considerably and were not trace-
able directlv to the surgical method but rather to the extensiveness of the
disease process Operations on the phrenic nerve producing paralysis of
the corresponding half of the diaphragm were also developed and applied
during this period The second half of the century witnessed the develop-
ment of closed and open intrapleural pneumonolysis and extrapleural
plombage The further stabilization of the indications of these various
procedures and their perfection was rewarding n increasingly better results
Extirpative surgical efforts prior to about 1946 were considered interesting
and stimulating but the concepts of surgery 1 pulmonary tuberculosis
were rather serene and sterile for a decade before the advent of chemo-
therapy A long term evaluation was made of 511 patients treated by
extrapleural thoracoplasty at Fitzsimons Army- Hospital during the period
1926 through 1946 which demonstrated that only 10 per cent were well mzd
working, three to twenty vears after thoracoplasty Approximately 50
per cent were dead The results of thoracoplasty since about 1935 have
been universally much improved over the preceding twenty-year period

With the advent of streptomycin and the contimued development of
other effective antituberculous drugs, the entire therapy and surgical
considerations have been so altered that extirpative surgery 1s now the
preferable therapy 1 more than 90 per cent of patients treated surgically.
In addition, these developments have already brought about a five-fold
increase mn the percentage of patients who are treated by surgery The
proper timing of surgerv 1 the therapv of pulmonary tuberculosis and the
definition of indications are now well understood and extirpative surgery
is feasible on an even larger basis with mereasinglv good resulgs I—n our
experience with extirpative surgery m 443 patients during 1047-1952, all
but 1 were adults, 91 per cent have achieved excellent results  An addi-
tional 12 patients, or 2 7 per cent, have converted their sputum to negatne
but are unable to work

"The recent trends toward the use of surgery carlier 1 the course of the
disease as a result of the excellent aid in the resolution and localization of
the disease process aftorded by chemotherapy has permitted the applica-
tion of surgery to more and more patients with less and less tubercnlons
disease  The surgical removal of localized disease, cavitary or non-tay 1tu’r,\.t.
is presenting such promising results that it scems reasonable to P”i" "h
that more than 95 per cent of patients who develop pulmonary tuberautos
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and who do not suffer muliary or memngeal dissemination or empyema may
through chemotherapy proper bed rest and surgery be completely re-
habulrtated

)
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Chapter

8

Results of Surgery in the Treatment
of Pulmonary Tuberculosis

THE results of surgery m the treatment of pulmonary tuberculosis
during the past seven years are vastly improved over that of the era prior
to chemotherapy The long term evaluation, five to ten vears, of disease
mactivation following surgery must await an appropriate time interval
All evidence now available indicates that these results will be equally
striking 1n their excellency The following tables depict the results which
have been obtained at Fitzsimons Army Hospital since the begmmng of
1947 Included under the condensed tabulation designation that the pa-
tient 1s well are those whose prognosis 1s so favorable as to indicate com-
plete rehabilitation The favorable features of early disease detection,
good general condition of the patients, facilities for complete therapeutic
management and rehabihitation have been constantly available and
utihzed The continuing improvement of these features will further
erase the hazards of pulmonary tuberculosis

Table 34. Results of Extrapleural Thoracoplasty in the Treatment of
Pulmonary Tuberculosis. 1947-1952. 313 Patients

No of patients who are well of tuberculosis 232
Working or able to work 212
Hospitalized, sputum negative, prognosis good 11
Hospitalized for other causes, tuberculosis inactive 2
Tuberculosis, mactive Unable o work berause of 7

other unrelated diseases

No of patients not well 39
Hospitalized and have posttive sputum lf}

Not hospitalized, sputum positne 15
Sputum negative but patient unable to work 8

No of pitients on whom follow-up data were not obtmned 3

No of patients who are dead 3
Tuberculocis was the eause of death 31

(Eight deaths within 60 day < of operation) .

Deathe due to other enuces, tubereulosiw nactive
Facellent recult=an 74 per cont
Total No of patients 319
(108)
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Table 35 Results of Extrapleural. Thoracoplasty in the Treatment of
Pulmonary Tuberculosis in Relation to Disease Duration 1047
1852 313 Patients

Palients

Known Not Well of
Duration Patrents  Tubsreuloms
of Disease No of Wel of and No

{months) Patients Tuberewlosts  Follow-up Dead
6 or loss 82 48 3 3
7-12 71 &7 7 7
13-18 48 36 8 (]
19-30 43 28 0 (]
3150 37 2 8 7
60 or more (73 43 ¢ i0

Torats 313 232 = 74% 42 + 30 (B1=26%)

* No follow-up on 3 patlenta (1 0%,)

Table 368 Results of Extrapleural Thoracopl in the Treatment o

Pulmonary Tuberculosis in Relation to Agcyof Patients 1047 1052
313 Patients

Patients
Not Well of
Paizenis Tuberculons
Age n No of Well of and No
Years Paiients Tubarevloss  Follow-up Dead
21 or les 50 15 6 5
2-30 137 108 18 11
3140 61 13 I 9
4140 s 25 5 ]
50 or moro z 11 4 8
Totais 313 W2=74% 42+ 3D (81-26%)

No follow-up on 3 patients (1 0%)
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Table 37. Results of Eatrapleural Thoracoplasty in the Treatment of
Pulmonary Tuberculosis in Relation to Cavitary Disease 1947-1952.
313 Patients

Cavitation Present

Patients Patients
No of Well of Not Well of
Patients Tuberculosts Tuberculosis* Dead
271 197 =729, 38 4+ 36 (74=28%)
Cawvitation Not Present
42 35=839, 4 3 (7=17%)
Torars 313 232="749, 42 4+ 39 (81=269)

* No follow-up on 3 patients (1 09%)

Table 38. Results of Eatrapleural Thoiacoplasty in the Treatment of
Pulmonary Tuberculosis in Relation to Classification of Disease
1947-1952 247 Patients (39 Miscellaneous Not Included)

Patients
Not Well of
Patients Tuberculosis

No of Well of and No
Type of Disease Patients T'uberculosrs  Follow-up* Dead
Cascopneumontic 35 28 4 3
Fibrocaseous 70 56 7 7
Caseofibrous 72 59 10 3
Fibrous 29 24 2 3
Empiema 30 19 3 8
Giant Cawvitation 38 21 11 6
ToTars 274 207=76% 37 + 30 (67=21%)

* No follow-up on 1 patient (0 4%)

Table 39. Results of Eatirpative Surgery in the Treatment of
Pulmonary Tuberculosis 1947-1952. 443 Patients

No Patienis
Not Well of
No Paticnts  Tuberenlosis

No of Well of or No
Surqery Patients Tuberculosis  Follow-up* Dead
Lobeetomy 261 235 0 ’:_
Prieumoned tomny 22 1 } )
Segmental 65 62 2 1
Rescection
Wedge Iaavon 05 91 3 1

Toras 13 02=019 17 4 21 (1190
¢ No follow-up on 3 patients (0 7%)
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Table 40  Results in Extirpative Surgery in the Treatment of Pulmonary
Tuberculosis in Relation to Duration of Disease 1947 1052

443 Patients

Patients
Not Well of
Enown Patienis  Tubereulons
Duration of No of el of or No
Dusease(mos)  Patients Surgery Tubsrenlons Follow-up Dead
8 Moa. or less 57 Lobectomy 53 2 2
3 Prneumoncetomy 1 1 1
12 Begmental Rew. 12 [} ]
30 TWedge Fxcimon 38 1 0
TorsL 1 104 =94% 4+ 3 (T=0%)
7-12 100 Lobectorny 100 4 b
1 Puneumonectomy 1 0 0
a Segmental Rea. 30 [} 1
6 Wedge Exelsjon 34 1 1
ToraL 177 105 =03% 5 + 7 (12=7%)
13-18 20 Lobectom)y 21 2 3
2 Preunonectomy 2 0 0
10 Segmental Res. 9 1 0
8 Wedgo Exeinon 8 0 0
ToraL 10 10=87% 3 4+ 3 (6=13%)
19-30 11 Lobectomy 10 0 1
] Pneumoncctomy @ 4 1 1
4 Segmental Res. 4 1] 0
o Wedge Excision I 0 o
Totar 27 24-80% 1 4+ 2 (3=11%)
31-59 31 Lobectomy b 1} 1
[} Pneumonectomy 3 1 2
3 tal Ren 2 1 0
5 Wedge Excieion 5 0 0
Totar 15 37 =82% 2 + 8 (8=18%)
90 or more k1] Lobectomy 21 1 2
4 Pneumonectomy 3 0 1
5 Begmental Rtes. 5 0 o
1 Wedge Exeimon 0 1 a
Tome W 2-80% 2 + 3 (5=14%)
Grarn Toran 443 102 =01% 17+ 24 (41=0%)
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Table 41. Results of Extirpative Surgery in the Treatment of Pulmon-
ary Tuberculosis in Relation to Age of Patient. 1947-1959,
443 Patients

No Patients

Not Well of
No Patients Tuberculosis

Age m No of Well of or No
Years Patients Tuberculosis  Follow-up* Dead
21 or less 59 53 2 4
22-30 197 184 6 7
3140 136 121 7 5
4149 42 35 1 6
50 or more 9 6 1 2
ToTtaLs 443 402=919, 17 + 24 (41=9%)

* No follow-up on 3 patients (0 7%)

Table 42. Results of Extirpative Surgery in the Treatment of Pulmonary
Tuberculosis in Relation to Cavitary Disease. 1947-1952. 433 Patients

No Pahients
Not Well of
No Patients Tuberculosis

No of Well of and No
Surgery Patients Tuberculosis  Follow-up*  Dead
Cawvitation Present

Lobectom 166 142 9 15
Pneumonectomy 16 9 3 4
Segmental Resection 24 22 2 0
Wedge Excision 22 22 0 0

228 195=86% 14 + 19 (33=14%)

Cawvitation Not Present

Lobectomy 95 a3 0 2
Pneumonectomy 6 5 1
Segmental Resection 41 40 0 1
Wedge Iixeision 73 69 3 1

215 207 =969, 3 + 5 (8=1%)

TOTALS 443 102=919, 17 + 21 ({H1=9%)

* No follow-up on 3 patients (0 7%)

Table 43 Results in Lobectomy for Pulmonary Tubcrculos_is in °Relalion
to Duration of Chemotherapy. 1947-1952 233 Paticnts

Duration of No Patienls No quwnts
Chemotherapy  No of Well of Not Well of
win Months Patients Tuberculosts  Tuberculosts Dead
G or less 161 146 3 1'-2-
12 G 56 3 2
13-18 7 6 1 0
19 or more 1 0 1 0
ToTiis 233 208 =52, § 4 1T @y=119)

* 25 piticnts are stll hospitahized

3
3 ptwcnts did not have ¢ hemotheor i
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Table 44 Results in Lobect for Pul, y Tuberculosis in
Relation to Age of Patient 1847 1052 201 Patients

No Patients ho Patients

Apemn Mo of Well of Not Well of
Years Patients Txberculosts  Tuberewlosrs Dead
21 or lem 40 38 1 3
= 111 104 3 4
3140 70 72 4 3
4140 28 22 1 ]
80 or more 3 1 [} 2
ToTaLs 261 233 =00%, 9 + 17 (286=10%)

Table 45 Results in Lobectomy for Pulmonary Tuberculosis in Relation
to Duration of Disease 1047 1952 261 Patients

Duseare No Palienls No Patienis
Duration No of Well of Not Well of
Afonths Patrents Tuberculoms  Tuberculosta Dead
8 or lems 87 53 2 2
7-12 109 100 4 5
1318 20 21 2 3
19-30 11 10 0 1
31-50 31 b1l 0 4
60 or mote 7 24 1 2
ToTALs 261 235w 00F, 0 + 7 26 =10%)

Table 46  Follow-up Data on Patients Treated by Extirpative Surgery
or Extrapleural Thoracoplasty in Treatment of Pul y Tubercu
losis. 1947 1952. 756 Patients

Year of Last Follow-up No
No of Hosputal  Follow-

Surgery Patients 195051 185743 Dead 1zed up

Lobertomy 201 4 20 17 20 0

Poeurnonectom prd 0 13 5 3 1

Begmental a5 0 50 1 14 o
Reecction

Wedge 05 1 5 1 16 2
Rescetion

Thoracoplasty N3 3 254 30 14 3

Torua 7 8(11%) 612(30 0%) 63 (8 3%) 67(8 0%) 0( 8%)
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