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Pneumonectomy for Pulmonary Tuberculosis 

D A ~ ,  V. PECORA. M.D.' 

Ray Brook, New York 

A TIME WHEX THE ER4DIG.4TION O F  

pulmonary tuberculosis is heralded 
as a soon-t-be realized accomplishment, it 
might seem presumptuous to discuss pneu- 
monectom: for the disease. It is now over 
30 yean since the fim successful human 
pneumonectomy was performed and almost 
20 years since the introduction of specific 
antituberculosis drug therapy. During the 
intewening time, much has been accom- 
plished and, often through bitter experi- 
ence, much has been learned. These levons 
should be recorded. Although the series to 
be presented is small, it represents the total 
experience in an active hospital devoted to 
the care of tuberculosis, in which each pa- 
tient was carefully studied and attended b\ 
a rather homogenous staff. 

to the latter if there was any growth after 
two weeks' incubation in Dubas liquid me- 
dium containing 5 pg. per ml. Of the 63 
patienu, only 24 harbored organisms sus- 
ceptible to streptomycin ( S M ) ,  para-ami- 
nosalicylic acid (PAS) ,  and isoniazid 
( INH ) . Two harbored organisms resistant 
to one drug, 1 l to two drugs, and 26 to all 
three drugs. 

Early in this series, patients received 
short c o u m  of antituberculosis drugs, oc- 
casionally singly. O n  three occasions, no ef- 
fective drug therapy was given. Later it be- 
came customary to employ two or more 
effective drug? for at least a year postoper- 
atively. The term "effective" drug therapy 
indicates a d m i n i s t r a t i o n  of drug(s) to 
which the patient's organism proved sus- 
ceptible in vitro by the standards previously 

MATERIALS AND METHODS outlined. When combinations of SM, P.4S 
Between Januan. 1, 1950 and Janua? and/or I N H  could not be utilized, cvdo- 

1, 1964, 63 pneumonectomies were per- serine, ethionamide, kanarnycin, thiazolsul- 
formed for pulmonary tuberculosis, con- tone, pyrazinamide and viomycin were sub- 
stituting approximately 0.5 per cent of all stituted. Details of drug therapy have been 
pulmonar). resections for the disease. Ac- previously reported.' 
cording to the classification of the National After 1954, timed and total vital capac- 
Tuberculosis Association, 54 had far ad- ities were performed routinely preoperative- 
vanced, eight moderately advanced and Iy and at intervals postoperativelv on all 
one minimal disease. The latter patient had surgical candidatcs according to methods 
complete atelectasis of the lung which was previously described.' These parameters 
excised. There were 27 women and 36 have proved mcst valuable in following the 
men. Thirty-four were in the first four dec- serial changes which occur in ventilation 
ades, 19 in the fifth, eight in the sixth and after pulmonar). surgery. In  addition, since 
two in the seventh. The following concom- 1958 pulmonary a r t e r i a l  pressures have 
itant discases were present, each in one pa- been performed at the time of pneumonec- 
tient: asthma, amyloidosis and glomerulo- tomy as previously outlined.' 
nephritis, carcinoma of the thyroid, dia- l,,dications for sursrv, of which morr 
betes mellitus, gastric ulcer, genitourinan than one may have been present in a single 
tuberculosis, and advanced silicosis. patient, may be listed as follows: advanced 

Methods of culturing for tubercle bacilli, infectious disease 41, bronchicctasis, five; 
including in uitro drug susceptibiit). studies bronchostenosis, five; extensive pulmonary 
have been dffcribed,' except for ethiona- destruction, 61; severe hemopty3is, two; 
mide. Organisms were considered resistant tuberculous bronchitis, three; and techni- 

*Fmm the Ray B m k  State Tuberculoris Hospital. cal difficulties which precluded planned 
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subtotal resection, two. Preoperative tuber- 
culous empyema was present in five pa- 
tients, staphylococcal empyema in one and 
uninfected pleural effusion in two. These 
pleural complications do not ordinarily re- 
quire pulmonary resection unless the under- 
lying lung is affected by disease requiring 
removal. Twenty-three patients had tho- 
racoplasty prior to pneumonectomy. Four- 
teen had previous unsuccessful ipsilateral 
subtotal resections. Three patients had suc- 
res-ful contralateral pulmonary resections. 

Both prone and lateral decubitus p i -  
tions were used on the operating table. The 
type of anesthesia varied considerably in 
the early cases. However, for several yean 
succinylcholine ch lor ide  a n d  minimal  
amounts of a rapidly metabolized barbitu- 
rate have been employed intravenously to- 
gether with nitrous oxide-oxyen endotra- 
cheally. .-\ light plane is maintained, which 
permit? rapid resumption of respirations 
and coughing mtoperativelv. Blood loss 
has been effectively limited bv use of the 
Bovie apparatus.' Tracheotomy was em- 
ployed postoperatively in three patients. 
The cuirass tvpe of Emerson respirator wa. 
employed postoperatively in two patient?. 

r2lthoug.h the tracheobmnchial tree in 
tuberculosis is usually free of pyopenic or- 
ganisms, it is possible for the main bronchi 
to become contaminated bv the anesthesi- 
olo@'s suction catheter. T o  limit this pos- 
sibility, the catheter ts soaked in a 1 : 1000 
solution of benzalkonium chloride (Zephi- 
ran) when not in use. Furthermore, until 
the bronchus has been sutnred, the anes- 
thesiologist is careful not to insert the tip of 

the catheter be!ond the main coryna. We 
have employed antibiotics postoperatively, 
most frequently aqueous penicillin. Intra- 
pleural catheters are never imgated, since 
this might introduce infection. 

Bronchi have been closed with a single 
layer of suture material, usually interrupted 
silk. Every effort has been made to cover 
the bronchial stump with tissue. 

All ptpneumonectom! pleural space 
were drained b! one or two catheters em- 
ploying three t)pes of apparatus. During 
the fimt four yean, underwater seal was 
used in 18 instances. Balanced drainage' 
was used in the next 28 patients. The  re- 
maining 17  were treated with continuous 
suction of approximately minu.; 40 cm. of 
water. The occurrence of subcutaneous em- 
physema ha? been effectively prevented by 
coverine the wound area with a well pad- 
ded elastic handaxe which is p a w d  about 
the chest and occasionally over the ipsilat- 
era1 choulder. It has not been possible to 
demonstrate that this t\pe of dresqing ad- 
vewlv affects the vital capacity in the in- 
tact patient. 

Early in this series thoracopla?ty was em- 
ployed to obliterate all postpneumonectomy 
pleural Fpace?. Later thoracoplast\ was 
omitted in patients who did not harbor vi- 
able tubercle bacilli, after it had been de- 
termined that the risk of tuberculou? infec- 
tion is practically nonexiftent. The tech- 
niques of thoracoplast? varied wmewhat. 
Early, little or no attempt wa? made to 

...-.. ". . . -. . .- . 
TABLE I- Effective Drup Treated 

COMPLICATIOAS FOLLOWTNC P?CEVYOSECTOMY Vnn. 

Number of 
-- - Nllmhnrnr ",,-h.- T ~ b e r c ~ l o ~ s  

Complications 
. 3 3 

Operative vawular =r-idmr. 
- 

3 .- 3 I "secondaryM* 2 
O x n t i v e  cardiac amst 1 2 "secondaryw 25 3 
Bronchopleural fuhlla without infeetion 2 I "majoru*+ 2 0 
Nontuberculous l ~ a l i a d  pleural infeetion 3 2 "major" 2 0 
Mixed tuberculous and 3 "major" 1 0 

rtaphylococcal pleural empycma 2 P.4S. Cyclo, Kana 1 0 
Tuberculous pleural empyema 4 Kanh PAS I I 
Tuberculous bronchial rtumo abweu 1 Vio. PAS I I 
Pmtopendve contralateral tubemulour spread .,,Secondary,,=Dm8. other than SM, PAS and 
Relapv of tuberculosis (bacteriologic) INH: **"Major"=SM, PAS and INH: Cycle= 

Told 19 Cyclourine. Kana=Kanamyc!n, Vio=Viomycin. 
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TABLE 3-PLEURAL COMPLICATIOSS BY THOIIACOPLASTY AND BACTER~OLWY 

Relation of T h o r ~ o p h t y  Hvboring Viable Harboring N o  Viable 
to Pneurnonectorny Acid-Fast Bacilli Acid-Fast Bacilli 

None performed 0 6 ( 0 )  
Preoperative 12 ( 3 )  11 ( 0 )  
Portoperativc 16 ( 3 )  3 ( 1 )  
Pre- and patoperarive 3 ( 2 )  I ( I )  
Preoperative and with pneumoncctomy 8 (1) 0 
With oneumonectomv and mrtourative I 101 0 

evacuate the pleural cavity at the time of 
thoracoplasty. It then became obtious that 
material in the pleural cavit! under tho- 
racoplasty remained  a good spawning 
ground for future infection and \.ariaus 
methods were employed to remove it. Sub- 
sequently at thoracoplacty the pleura was 
routinely opened and evacuated. Catheter 
suction wac used until fluid formation de- 
creased to a minimal volume. Whenever 
thickened pleura was encountered a modi- 
fied Schede technique according to the 
method of Grow' was used. It is frequently 
possible to remove relativeh short axillar). 
segments of rib when catheter suction is 
employed ptoperatively, ac the axilia? 
soft ticsues form an effective plomb. By 
crushing the phrenic neme near the dia- 
phra-p  and instituting pneumoperitoneum 
after pneumonectomy, diaphragmatic ele- 
vation is encoura~ged, thereb\ further limit- 
ing the necesan size of thoracoplasty. 

.ill ptpneumonectomy pleural empy- 
emas were treated by thoracoplasty, usual- 
ly employing the Grow technique. When 
d r u g  other than Shl,  P.4S and INH were 
used it was usually neces-r?. to continue 
catheter suction for a number of month,  
until merely a sinus remained and no more 
viable tubercle bacilli were excreted. The 
catheter was then gradually withdrawn. 
The state of healing could be determined 
radiogaphically after injecting radiopaque 
material into the catheter. 

Nasal oxygen has been used freely past- 
operativel) especially in the presence of 
tachycardia or arrhythmia, as there is much 
evidence that an uneven ventilation-per- 
fusion relationship frequently exist? and 
may lead to hemoglobin oxygen desatura- 
tion.' Since hypoxia and other st- dur- 
ing this period may cause even a relatively 
normal heart to become decompensated, 
digitalis occasionally has been employed 
prophylactica1l~-. 

RESULTS 
Complications are listed in Table 1. Se- 

rious bleeding occurred on three occarions 
during surgery. In two instances, it neces- 
sitated the performance of pneumonectomy 
instead of a planned 1-r procedure. Two 
of the three patients died in the early post- 
operative period. .ill of these complications 
occurred prior to 1954. Since that time no 
serious difficulty has been encountered be- 
cause of vascular accidents; nor has it &- 
come necesar). to extend the size of resec- 
tion for this reason, presumably because of 
the adoption of precautions previously re- 
ported.' 

There were two bronchopleural fistulas 
uncomplicated by pleural infection. One 
patient remained aqmptomatic untreated; 
the other later developed a pvogenic pleural 
infection which was successfully treated 
with antibiotics. T o  prevent further infec- 
tion, a space-filling thoracoplasty was per- 

Month 
0-12 13-24 25-36 37-48 4 9 6 0  61-72 73-84 65-96 97-108 109-120 >I20 

Living 
non-infectious 6 9 5 4 4 4 5 3 4 2 3 

Liying 
~nfeetious 0 0 0 0 0 0 0 0 0 0  0 

Dead 7 1 2 0 0 0 I O I O  2 
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Cause 
Cardiac m r t  
Vascular accident and blood lozr 
Pulmonary edema 
Cardiomspiratory insufficiency 

Unknown 
Cnrdiomspintoy insufficiency 
Amyloidwis m d  chronic 

alomerulonephritu 

Time Pmtoperative 
During pneumoneetomy 

Operative day 
5th day 

24th day 
3 months 
5 " 
8 " 

17 " 

31 " 

54 " 
83 " 
98 " 

126 " 
134 " 

Age at Death 
I t  
4 ? 
?I 
43 
40 
36 
3 1 
35 

Bacte"ologie Statur 
Noninfectious 

Infcctiour 

Noninfectious 
Infectious 

63 Noninfectious 
64 
36 
43 
52 

formed. Minor air kakage from the bron- 
chus was easily treated by use of balanced 
drainage. 

There were five pyogenic infections of 
the pleura. Two of these also contained 
tubercle bacilli. Both patients with mixed 
infections were treated by modified Schede 
thoacoplasty with one recove5 and one 

death. The remaining three recovered with 
drainage alone. 

There were eight pure tuberculous com- 
plications consisting of four pleural empy- 
emas, one postoperative spread of disease, 
two bacterial relapsg and one stump ab- 
sew. One patient developed empvema aft- 
er leaving the hospital againqt advice ap- 
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proximately two weeks after pneumonec- 
tomy. He received no further effective drug 
therapy until hi death five months post- 
operatively. The three othen with empy- 
ema were treated by modified Schede tho- 
racoplasty and drugs other than ShI, P.\S 
and INH. Two died and one recovered. 
All other tuberculous complications were 
successfully treated with antituberculosis 
drugs, two receiving combinations of d r u g  
other than Shf. P.\S and INH and hvo re- 
ceiving INH as the only effective drux. 

It is not surprising that all complica- 
tions except one (technical difficulties ne- 
cessitating pneumonectom! in a planned 
lobectomy) occurred in patients who had 
far-advanced disease. It is interesting that 
eight of the 13 who had infections were 
operated upon prior to 1955. 

Forty-one patients harbored culturahle 
tubercle bacilli at the time of pneumonec- 
tom!. All tuberculous complications oc- 
curred in this   yo up. These results are in 
agreement with our experience with all 
types of pulmonan resection. The relation- 
ship of drug therapy to tuberculous com- 
plications in patients harboring culturable 
tubercle bacilli (excluding two who died 
in the first postoperative week) is sum- 
marized in Table 2.  Although this series is 
too small to be of statistical significance. 
these data confirm what has been common 
experience, that extensive pulmonar). re- 
section must be performed under the pro- 
tection of antituberculosis drug therapy 
and that combinations of SM, P.4S and/or 
INH are the most effective. 

The relationship of thoracoplasty to pleu- 
ral complications is summarized in Table 
3. Patients who died within the fint past- 
operative week are excluded. Infectiouc 
(tuberculous a n d  non-tuberculous) a n d  
noninfectious types are included. The num- 
ber of complications is listed in parenthesis. 
Empyema did not occur in any case in 
which the pleura was completely obliterat- 
ed at the time of pneumonectomy. Crea- 
tion of an empt! pleural space could he 
avoided by performing an apicolysis and 
upper stage thoracoplasty preliminan to 

pneumonectomy when a small number of 
additional ribs could be removed. 

The bronchial stump was covered with 
tissue in 29 instances. Four of the nine in- 
fectious pleural complications and the tu- 
herculous stump abscess occurred in this 
g~oup.  .\ccordingly, there does not appear 
to be overwhelming evidence in this g o u p  
or in our total experience that this maneu- 
ver is of critical importance. It appean 
more likely that infection plays a dominant 
role. 

Although a thorough effort was made to 
obtain follow-up information on all pa- 
tients, 22 could not be located. This reflects 
the large indigent composition of this group. 
Final results are therefore tabulated ac- 
cording to the time when the patient was 
last seen (Table 4 ) .  At present all living 
patients are noninfectious. Forty-nine (78 
per cent) are living and weU and 14 (22  
per cent) are dead. The death$ are listed 
in Table 5. The cardiac arrest and vascular 
accidents occurred early in this series, and 
with modern techniques are avoidable. The 
 great majority of these patients died of car- 
diorespiraton failure which not only re- 
flect$ the extent of resection, but also the 
extensive disease. 

Figure I summarizes the postoperative 
changes in vital capacity. These mean val- 
ues are based on 116 obsenrations upon 43 
patients. There was some scattering and 
overlapping of individual values in the vari- 
ous categories, but only ten observations 
varied by more than 2 1 2  per cent from the 
mean. The  number of ribs removed at pre- 
pneumonectomy t horacoplas ty  generally 
varied between five and ten. When tho- 
racoplasty wac combined with pneumonec- 
tomy, rarely more than four ribs were re- 
moved. The  extent of thoracoplasty in the 
three categories represented in Fig. 1 was 
comparable. 

The trend of functional changes is ob- 
vious. Removal of a lung with relatively 
good ventilaton function has a greater 
deleterious effect than removal of one with 

 1965, by the American College of Chest Physicians
 by guest on October 15, 2011chestjournal.chestpubs.orgDownloaded from 

http://chestjournal.chestpubs.org/


PEWRA 

poor function. Performance of thoraco- 
plasty at the time of pneumonectomy de- 
p m x s  ventilation by an additional amount 
for approximately six weeks, after which 
vital capacity becomes stabilized. This is 
undoubtedly the length of time it requires 
for a chest wall to lose its flaccidity. Gen- 
erally, the curve of the postoperative chang- 
es in vital capacity following pneumonec- 
torny (with the exception of pneumonec- 
tomv and thoracoplasty) is flatter in the 
early pmtoperative period than the cur\,e 
which has been recorded following sub- 
total.' This may be due to the fact that 
pleuritic changes Jtfect respirations to a 
lesser deg~ee when the lung is not present 
in the hemithorax. 

Gaensler and Strieder' showed that tho- 
racoplasty over a poorly functioning lung 
or pmtpneumonectom\ space tends to de- 
crease function further by interfering with 
chest wall motion. Since there ic much 
evidence in this .wries that the l m  of func- 
tion is proportional to the extent of thora- 
coplasty, the operation is now avoided in 
patients who do not harbor viable tubercle 
bacilli. When thoracoplasty is indicated. 
the extent of rib resection is limited as 
much as possible. 

Crushing the phrenic nerve, pneumoperi- 
toneum and intrapleural catheter suction 
have not appeared to affect ventilatory 
function adversely, and may spare function 
by decreasing the size of thoracoplasty. Me- 
diastinal shift to the side operated upon of 
the degree which is encountered has no ef- 
fect upon blood pressure or pulse rate. Ven- 
tilator). studies before and after removal of 
several hundred ml. of air and fluid from 
the pastpneumonectomy pleural space on 
several occasions have consistently indicat- 
ed that vital capacity can be increased by 
as much as 100 rnl. Furthermore, there is 
much evidence that distension of the con- 
tralateral lung may benefit obstructive dis- 
ease by dilating the bronchi." Since this 
could not be verified in this series by com- 
paring pre- and postoperative one, two and 
three second forced expiratory volumes, it 
is believed that the changes are probably 

too subtle to measure by this method. There 
is no evidence that hyperinflation of the 
contralateral lung alters arterial blood gas 
\ralues," increase5 respiratory dead space 
or predispaw to emphmma." 

Pulmonary artery pressure? were deter- 
mined immediately following pneumonec- 
tom) upon 22 patients. Of these, 14 were 
in excess of 35 cm. of water, which in our 
experience appean to represent the upper 
limit of normal. Four of these patients with 
pulmonary hypertension died of cardiopul- 
monary failure, two within four months 
postoperatively. .\lthough mortality in the 
h!pertensives is high. patient? may not suc- 
cumb for a considerable period of time 
after pneumonectomv (one having survived 
for seven years). 

In nine patients, pre- and postpneumw 
nectomy p u i m o n a ~  artery pres5ures were 
determined. Of six patients who had nor- 
mal preoperative pressures, two developed 
elevations following pneumonec  tomy. It 
would thus seem advisable to determine 
pressures before and after occlusion of the 
pulmonar). artery routinely in all candi- 
dates for pneumonectornv. 

;\lthough pneumonectomy ma)- at times 
be technically the simplest procedure to 
perform, the h i ~ h  morbidity and mortality 
which follows the procedure dictatm that it 
be employed only when a more congerva- 
five approach is impmsible. Every effort 
should be made to conserve functioning tis- 
sue. Indeed, a lung which does not venti- 
late well may be perfused; and in border- 
line cases removal of even a small part of 
the lesser circulation may precipitate pul- 
monary hypertension. 

Pneumonectom\ is rarely indicated when 
viable tubercle bacilli cannot be recovered 
from the expectorations. Functionless lung.;, 
even when bronchiectatic, are usually well 
tolerated. Superimposed pyogenic infection 
usually responds to antibiotic treatment. 
Rarely, repeated sepsis, localized aspergil- 
losis or severe bleeding may require local 
excision of cavita? disease." Pneumonec- 

 1965, by the American College of Chest Physicians
 by guest on October 15, 2011chestjournal.chestpubs.orgDownloaded from 

http://chestjournal.chestpubs.org/


tomy may be required for extensive invasive 
aspergillmis or detroyed lung accompanied 
by bronchostenmis. 

Currently, the most frequent indication 
for pneumonectomy is treatment of the de- 
stroyed lung which harbors viable organ- 
isms resistant to SM, PAS and I N H .  If 
some of the lung is functioning, pneumonol- 
ysis and tube cavemmtomy may be suh- 
stituted. The latter technique has heen pre- 
\-iouslv described." 

Thoracopla~ty is necessar). only when 1-i- 
able oqanisms resistant to SM, P.4S and 
I N H  are present at the time of pneumonec- 
tomy, since the risk of tuberculous emp>- 
ema is almmt nonexistent under other cir- 
cumstances. 

Whenever pmible, combinations of SM. 
Pr\S and/or I N H  should he administered. 
\\'hen organisms are resistant to these. a 
combination of at least two of the more 
recently introduced antituberculosis d m p  
should he used. \\'hen pneumonectomy i~ 
necessary in the presence of active tuher- 
culosk, antituherculmis therapy should he 
continued for at leaqt a year pmtopera- 
tively. 

Fourteen >ears' experience with pneumo- 
nectomy in the treatment of pulmonary 
tuberculosis is reviewed. Sixty-three opera- 
tions, constituting approximately 0.5 per 
cent of all resectionc for tuherculmis, are 
reviewed. Forty-nine (78 per cent) of the 
patients are living and well, and 14 ( 2 2  per 
cent) are dead. The mast common cause 
of mortality was cardiorespiratory failure 
which is believed to reflect not only the 
amount of tisue removed, but also the ex- 
tent of the original disease. Bacteriologic, 
physiologic and clinical data sugqest that 
pneumonectomy, with r a r e  exceptions,  
should be reserved for the patient with de- 
stroyed lung who harbon organisms resist- 
ant to  SM, PAS and I N H .  

Z c s ~ n ~ ~ x ~ ~ s s c s c  

Es wird eine 14-jihrige Erfahrung mit der 
Pneumonektomie in der Behandlung der Lungen- 

tuberkulow besprochen. 63 Operationen, d.s. 
annahern 0,5% aller wegen Tuherkulose durch- 
gefiihrten Resektionen werden iiberblickt. 49 Pa- 
t ien t~"  178%) der Patienten lehen und fiihlen 
rich wohl, 14 (22%) rind gestorben. Die hiu- 
figte Todesumche war fine rardio-respiratoris- 
che Insufiienr; man nimmt an, dafJ d i m  nirht 
nur das AurmafJ dcs entfemten Grwebes, son- 
dem auch die Schwerr der urspriinglirhen Er- 
krankuna widers~ieaelt. Baktrr~oloaisrhe. phvsiol- 
ogisrhe und klin.ische Dawn lrgpn-nahe, haQ dip 
Pnrumonektomie, ron .whenen Aurnahmen ab- 
qesehcn. den Patienten mit cinpr ~rratiinen Lunge, 
die qrqrn Streptomycin. PAS lrnd I S H  reszstente 
Kein~e  khrrhergen. \.orbehaltm hl~iben  mu@. 
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