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Foreword

UCH OF THE SUCCESS of surgical therapy 1n prolong
ing life and restoring health has depended upon the
principle of excision Tissue irreparably damaged or

destroyed by infection, neoplasm, or wnjury may require re
moval if the host 18 to survive The individual not only suf
fers the loss of the tissue involved, but the cconomy of other
organs may be threatened by a spread of the discase Sixty
years of application of excisional therapy in abdominal
disease have estabhished this principle firmly Advances 1
all branches of medical science have not changed the funda
mental concept of salvaging the host by excision of the organ
containing the life threatening disease. Since man also falls
prey to potentially fatal discases which destroy lung tissue,
there 15 a real need for a program of therapy, the goal of
which 1s lung resection

Surgeons working 1n the thoracic field have found 1t neces
sary to become 1individual pioneers Often they have worked
without benefit of text, atlas, or a system of surgical practice
dictated by wide experience Books on thoracic surgery are
few and most antedate the era of visceral thoracic surgery
The contributions on technical matters pertaining to lung
resection which have appeared during the past fifteen years
have been included, for the most part, with a discussion on
disease entitics such as pulmonary cancer, bronchiectasts,
chronic abscess, or tuberculosis They have not dealt solely
with details of exploration and dissection or with plans for
every type of resection that confronts the thoracic surgeon

The first part of this book takes up technical matters that
arc common to any type of resection Preparation, anesthesia,
exposure, exploration, and planning the extent of the resec
tion, together with general principles of dissection, treatment
ofdth:d\nnous clements of the lung, and closure are con
staer
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Vi THE TECHNIQUE OF PULMONARY RESECTION

The second part of this book considers in some detail the
anatomy of the lung itself as it applies to problems of dis-
section at the primary, secondary, and tertiary hilar levels.
A thorough knowledge of the surgical anatomy of the bron-
chovascular pulmonary segments 1s necessary 1if the surgeon
is to be free to make that choice of resection most ideally
suited to each individual pathological process from the
standpoint of safety, permanency of control, and functional
conservation. Each specific type of resection 1s then con-
sidered. The removal of either lung 1s described, then the
excision of the various lobes, and finally the resection of the
bronchopulmonary segments

The last chapters deal briefly with problems of postopera-
tive care and management of complications A consideration
of delayed post-resection thoracoplasty and the techniques
involved 1s included.

Since this book 1s Iimuted largely to technical matters of
resection, we have purposely omitted several related subjects
A discussion of disease entities which require pulmonary
resection for their successful treatment has not been included.
A description of essential diagnostic tests and procedures has
also been omitted. Reference has not been made to available
methods of detecting intrathoracic disease at an early and
favorable time for treatment

The history of pulmonary resection is such a new chapter
in the development of thoracic surgery that most facts arc
fresh in the mind of the reader Historical data has therefore
been omitted

This book 1s primarily a presentation of the technique of
resection as used by the authors. Reference is made to alter-
nate steps that we occasionally find to be helpful. It seemed
unwise to burden the reader with references to methods
recommended by other surgeons as these are available in the
literature It is believed that many of the practices which we
have adopted are also standard practices of other surgeons
No particular claim of originality 1s made for most of the
steps which are described Two new technical advances
which were originally developed 1n our clinic are included
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and seem to us important The prone position of the patient
during the operative manipulation, with the diseased lung
maintained 1n a dependent position, has been of great help to
us 10 carrying out all types of resection The second onginal
1dea concerns an atraumatic and precise technique of dis
section of the intersegmental plane which permuts the re
moval of a segment without the use of clamps This method
allows one to use the segment as a surgical unit with greater
freedom rather than the lobe, provided the disease 1s so
limited

It 1s our purpose to set forth 1n a convenient and usable
form our own accepted practice of removing segments, lobes,
or an entire lung Every surgeon, through reading, observa
tion, and practice develops his own style and method which,
for him, produce the best results There 13 no end point of
perfection, so surgical practice 13 always a changing pano
rama of shifting detail This work 13 undertahen with the
full knowledge that by the time this book 13 published certain
details of procedure will have been discarded and others
added However, there are basic and fundamental principles
many of which are known and these will not change It 1s our
hope that a well illustrated description of our current ap
proach to the problem of lung resection will be helpful to
students and thoracic surgeons

Practices 1n surgery are influenced by many tangible and
intangible factors Countless individuals have contributed
Not only does the success of any operation depend upon a
highly integrated team but basic concepts of how that team
can best function evolve from suggestions, criticisms, and
discussions from many sources

Asuistants most intimately associated with a surgeon over
long period of time influence his work to the greatest degree
Our first acknowledgment and thanks go to those who re
cerved trayning in thoracic surgery during this develop
mental period of excisional pulmonary surgery Dr Reeve
H Betts Dr John S Harter, Dr Oswald § Tubbs, Dr
Willlam Ray Rumel, Dr Bert H Cotton, Dr Emul A
Naclerio, Dr Norman J Wilson, and Dr John T Szypul
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ski Much help in a more direct way has been given by Dr.
Reeve H. Betts and Dr. Francis M. Woods who have gone
over the manuscript and have made valuable suggestions as
to content and presentation To them we are grateful.

We are also indebted 1n no small measure to the artists,
Miss Etta Piotti1 and Miss Evelyn Olsen who have skillfully
worked long hours to portray technical steps, and to Mr.
Sherman Atwell who did the photography. The editing of
the manuscript has been the work of Miss Helen Adams and
for taking over this task we extend to her our thanks

Ricaarp H OverzoLT, M.D
LAZARO LANGER, M..D.
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CHAPTER 1

Pre operative Preparation

w

all instances Sufficient tme may, thercefore, be taken to
make certain that the patient 18 brought up to his best

possible physical state Certain patients are confronted with
the necessity for resection when other systems are 1n balance,
and the general state of the health 1s reasonably good How
ever, many thoracic discases, serious enough to demand re
section, attack the individual i the later decades of life
(cancer), or are of such a nature that other systems have
already been seriously handicapped This 1s particularly true
when suppuration 18 present (lung abscess, bronchicctasis, or
infection superimposed upon cancer) Prolonged periods of
bed rest and complications tn other forms of treatment are
also factors which undermine the general physical status of
patients requiring resection This applies particularly to
complicated forms of tuberculosis

All of the known supportive measures which are used in
the preparation of patients for any type of major surgery
apply 1n thus field These are well known and need not be
elaborated upon here It should be emphasized, however,
that 1n long standing cases of chronic pulmonary suppura
tion, severe forms of secondary anemra and hypoprotetnemia
are often encountered Then, obviously, replacement therapy
18 indicated and essential A diet rich 1n carbohydrates and
protein should be given with vitamin and 1ron supplements
Pre operanve treatment by venoclysis in the form of aminag
acids, plasma, and whole bloed will do much to restore
proper protein levels

Added to consideration of the constitutional state of the

3

PULMONARY RESECTION 15 an elective procedure 1n almost
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patient before operation are particular problems which per-
tain to the disease process itself within the lung that require
pre-operative treatment. These have to do with the clement
of infection and with respiratory function.

THE ELEMENT OF INFECTION

Infection enters the picture in four common conditions for
which lung tissue 1s resected : chronic abscess, bronchiectasis,
and malignancy or tuberculosis with associated pyogenic 1n-
fection Chemotherapeutic drugs, principally the sulfa com-
pounds, have been of great service and still may be used in
isolated 1instances to reduce the severity of infection prior
to resection. The antibiotics have proved to be even more
effective and helpful. Penicillin has had wide clinical use
and _its effect on respiratory infections 1s well known. Re-
ported experimental work and the early clinical trials of
streptomycin indicate that it, too, will eventually be useful
in clearing up or reducing the severity of pulmonary in-
fections caused by certain gram-negative organisms Fortu-
nately, both these antibiotics may be administered in two
ways to combat intrapulmonary infections, systemically by
intramuscular injection and directly via the bronchial system

by inhalation

Pre-operative Penicillin—At the present time penicillin
1s administered routinely in the preparation of those paticnts
for resection 1n whom there is any evidence of rf:;piratory or
bronchial infection The patient inhales the nebulized drug,
20,000 units dissolved in o0 5§ cc normal saline, every three
hours during the waiting period. A glass nebulizer connected
to a tank of oxygen or compressed air 1s used. The solution
is nebulized by the passage of the gas at four to five liters
per minute. A glass tube 1s placed in the rubber tube con-
necting the gas tank and nebulizer The patient closes his
mouth about the mouthpiece during inspiration and inhales
the fumes of penicilhin The open end of the tube is closed
by the forefinger of the patient during inspiration and the
finger is removed during expiration. In this simple way the
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flow of the gas 1s interrupted and the vaporization of the
drug 1s stopped during the expiratory phase. The use of
a rubber re breathing bag placed between the mouthprece
and nebulizer 18 somewhat more economucal of the drug
Most patients prefer not to re breathe in the apparatus and
the simpler apparatus has been found to be of greater
practical value (see Figure 1)

Fia. 1 Apparatus used for nebulization of pemcillin or streptomycin ‘The
patient clotes hus lips on the mouthpiece and exhales through hus nose The

flow of gas 15 broken during expiration by finger control of the Y tube
opening

If there 18 evidence of a systemic reaction to the pulmonary
infection, the inhalation method of admnistration 18 sup
plemented by intramuscular injections of the drug The
customary dosage of 15,000 Oxford units in 3 cc of saline 15
injected every three hours

The length of time over which treatment 15 continued
vanies considerably,~usually not less than three and rarely
longer than fourteen days Soon, if the antibiotic 13 to be of
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value, there will be noted a decrease in the amount and
character of the sputum The sputum thins out and becomes
less purulent 1n character If an odor was present, it fre-
quently disappears The general condition of the patient 1s
seen to improve with increased strength, weight gain, and
better appetite

Streptomycin has not so far been extensively used by us 1n
the pre-operative preparation of patients Reported experi-
mental work and a Iimited clinical trial suggest that as this
drug becomes commercially available and its cost not pro-
hibitive, 1t may be used to great advantage 1f gram-negative
organisms are present Patients with infections due solely
to pathogens of known susceptibility to streptomycin may
be prepared by the use of this drug alone It may be ad-
ministered by nebulization as well as by intramuscular 1n-
jection. Mixed infections of the respiratory system are so
common that the nebulization of mixtures of antibiotics will
1n the future come to be most helpful in the preparation of
patients for resection

IMPROVEMENT OF RESPIRATORY
FUNCTION

If the respiratory function of the patient requiring resec-
tion 1s to be improved upon, 1t 1s quite obvious that the
diseased segments themselves cannot be expected to con-
tribute However, interference 1n the function of healthy
segments can often be minimized, thus bringing about great
improvement before operation The ntimate connection of
all pulmonary segments by the bronchial system results 1n
a high degree of vulnerability of any segment to a reduced
or total loss of function The flooding of the bronchial system
with secretions 1n varied amounts and viscositics are the
principal offenders TInternuttent obstruction duc to bron-
chospasm 1s another The entire bronchial system may be
kept 1n a hyper-irritable state by diseasc in onc part or by an
assocrated generalized bronchitis Allaying the effects of
infection before operation 1s therefore obviously of great

ll)‘,
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ymportance from the standpoint of functional improvement
Attention must also be directed to purely mechanical factors

Reduction of Bronchial Secretions—The airways of the
healthy segments should be hept as free of secretions as
possible during the pre operative period The patient should
arrive 1n the operating room with the lungs as dry as possible.

All patients who raise over thirty grams of sputrum daily
are placed 1n a head down position during sleeping and rest
periods The foot of the bed 1s elevated to a distance of
12 to 18 inches Pillows are not permutted For lesions of
the posterior basal segments the pronc posttion 15 advised
For lesions in the anterior portion of the lung the
patient 15 advised to lie for the most part in the dorsal re
cumbent position In unilateral cases of bronchiectasis the
patients may alternate between the prone position and the
lateral position lying on the univolved side

The continuous positioning during the resting period 1s
supplemented by three to five minute 1ntervals of dependent
drainage of an eatreme degree carried out five times a day
This 1s accomplished by 1nstructing the patient to lean over
the edge of the bed with the head as near the floor as possible
Forced coughing 18 encouraged during this period

In certain cases where the sputum 1s particularly tenacious
and copious, bronchoscopic aspiration repeated at stated 1n
tervals a few times may be very beneficial It has been our
experience, however, that with well supervised postural
drainage and inhalation of penicilhin a satisfactory bronchial
toulette can be provided for the great majority of cases
Bronchoscopy should be avoided, 1f possible, during an
nterval of tno to three days prior to resection Instrumenta
tion may cause gome mucosal irritation or 1njury, which
decreases the tolerance of the mucosa for the mdwelling
intratracheal tube necessary at the time of resection

An associated upper respiratory or oral condition may
demand attention before resection Sinus disease frequently
complicates the picture 1n bronchiectasis Carious teeth and
gum infections very often need care in patients coming to
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resection for chronic abscess In most instances these as-
sociated conditions can be managed conservatively until the
patient 1s 1n the convalescent period after resection The
diseased lung undermines the health of the host to a greater
degree than the other conditions and should have priorty.
Furthermore, 1n many cases definitive treatment of the lung
with the adjunct use of antibiotics clears up the entire con-
dition so that a radical attack on the sinus may not be
necessary THowever, 1t has been our experience that if a
radical antrum operation and a segmental pulmonary resec-
tion are both necessary, 1t 1s just as safe or possibly safer to
treat the lung first Relief of symptoms and improvement
in general health 1s more accelerated than with the reverse
sequence The operation upon the sinus can be performed
during the convalescent period without prolonging the hos-
pital stay for a period longer than that required by the lung
resection 1tself

Pre-operative Pneumothorax—One other step may be
taken in an attempt to improve respiratory function before
operation 1n addition to those measures which reduce secre-
tions and thereby clear airways This applies to older patients
who require a total resection of the lung and particularly
to those with questionable respiratory reserve It has been our
clinical observation that a preliminary period of gradual
deflation of the affected lung before its total removal has
advantages

1 It has value as a functional test i1f a portion of the lung
which 1s to be removed carries part of the resprratory
burden Advance knowledge of the ability of the con-
tralateral lung to carry on 1s important

2 Tt allows a gradual collapse of the Iung The cardio-
vascular system can then adjust itself more casily to the
post-resection state

3 Symptoms arc influenced favorably Cough 1s reduced,
often considerably Sccretions diminish Uncomfortable sen-
sations of constriction or pain duc to forces contracting the
lung, particularly 1n cancer cases, are often rchieved com-
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pletcly All of these gains are important because sleep,
appetite, and strength are improved

4. The presence of air 1n the pleural cavity prior to €x
ploration under local anesthesia allays disturbing reflexes
which may tahe place with the first incision of the pleura
Without previous air injection 1n patients with a free pleura,
several minutes may be required for respiratory movements
to quiet down Often coughing spells develop which are
troublesome There seems to be a greater mediastinal swing
and morc often higher intrapulmonic pressures are required
than 1n cases where previous air injection has been given

Preliminary pneumothorax 1s not attempted 1o bron
chtectasis cases or 1n other lesions where suppurative proc
esses are present The inflammatory process in these patients
has usually produced adhesions and stiffiened the mediastinal
structures so that pneumothorax 1s either impossible or less
helpful

The greatest ficld of usefulness 15 1n older patients with
cancer who have a low respiratory reserve Itis of particular
value where the disease prevents gas interchange yet has not
blocked the pulmonary circust to the corresponding seg
ments In this event, a shunt 13 produced that 1s stmilar to a
large arteriovenous fistula Varying amounts of blood go
through the pulmonary circuit without benefit of oxygena
tion These patients may have dyspnea and show some
cyanosis yet may be switable rishs for resection The pre
hminary collapse of such abnormal pulmonary shunts 1m
proves the cardio respiratory mechanism

Pre operative pneumothorax 1s induced gradually and
maintained over a period of four to eight days On rare oc
casions, 1n borderline cases, 1t may be necessary to give a
longer period of time for an adjustment Usually 300 to soo
cc of air can be given daily for three or four days, then the
interval s lengthened and the refills varied according to the
position of the lung as determined fluoroscopically The
presence of adhesions that interfere with the progress of the
treatment are contraindications to 1ts continuance.
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Operative Preliminaries

PRE-OPERATIVE MEDICATION

HE AVERAGE PATIENT 1s given three grains of nembutal

(o2 grams) two hours before operation, morphine,

gramns 1/6 (o o1 grams), and scopolamune, grains 1/150
( oo4 grams), one hour pre-operatively. Very nervous or
robust persons are sedated more heavily. For children the
same medication 1s used, but the dose, of course, 1s 1n pro-
portion to their age and weight

VENOCLYSIS

A positive control over intravenous medication immedi-
ately before, during, and after operation 1s important Under
local anesthesia the long saphenous vein, just above the ankle
on one side, 1s dissected and a cannula of appropriate size is
introduced into the vein Normal saline 1s used as a slow drip
until the incision 1s begun This 1s replaced by citrated blood
as soon as the incision 1s made The flow 1s regulated to re-
place the estimated loss of blood cubic centimeter for cubic
centimeter as 1t takes place The amount of blood given
varies with the estimated blood loss The average patient
recerves 1,000 to 1,500 cc during the course of the operation

In serious risk cases or where dissection 1s obviously going
to be difficult, 1t may be wise to cut down on two veins and
have a double venoclysis running If an actual double cut-
down 1s not done, a second venoclysis set should be ready
for immediate use On rare occasions the sudden loss of con-
stderable amounts of blood demands rapid replacement

10
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LARYNGEAL AND TRACHEAL
ANESTHETIZATION

Preparation for intratracheal intubation 1s made by topical
admnistration 1n a manner simlar to that used 1n bron
choscopy Cocaine, 1n a 10 per cent solution, 13 used as a
spray and for direct applicaion with cotton swabs The
anesthetization of the pharynx and larynx can be accom
plished for the most part with an atomuizer Following this,
3 cc of 2 per cent cocaine solution 1s slowly dropped 1n the
laryny under murror vision and 1s permutted to trickle down
cach side of the trachea

The next two steps 1n the preparation—skin washing and
local block—are carried out before the actual insertion of the
intratracheal tube This interval provides sufficient time for
a better diffuston of the anesthetic agent and thus facilitates
the intubation

FINAL WASHING OF THE SKIN

The skin of the chest 13 thoroughly scrubbed with green
soap and water for about ten minutes At the conclusion of
the scrubbing the soap 18 carefully washed away with large
quantities of body temperature sterile water Following the
skin washing, ether and then alcohol are used to remove the
soap and greasy substances It is important that the skin be
completely devoid of soap since the antiseptic agents used

later in preparing the field may be neutralized and rendered
less bactericidal

ANESTHESIA

Objection to General Anesthesia—The conventional
method of administering anesthesia and for controlling pres
surcs during resection of the lung employs a closed system
with an intratracheal tube Many anesthetic agents have been
used such as cyclopropane, ether, nitrous oxide, and ethylene
It has been necessary for the anesthetist to carry a fairly deep
plane of anesthesa 1 order to abolish the cough reflex which
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is overstimulated by the indwelling intratracheal tube. The
maintenance of a patent airway and the removal of secretions
have presented the anesthetist with a difficult task. Repeated
intratracheal aspirations throw the patient into broncho-
spasm, and control over the anesthesia 1s momentarily lost
Degrees of anoxia result, and occasionally disturbing vago-
vagal reflexes follow Prolonged general anesthesia over two,
three, or four hours may lead to tissue anoxia and favor
shock Deep anesthesia relaxes bronchial musculature and
favors the intrabronchial flow of secretions The state of
semi-consciousness with depressed cough reflex following
prolonged periods of general anesthesia favors stagnation of
secretions 1n the bronchial system

Not being entirely satisfied with general anesthesia, we

adopted a method of paravertebral block anesthesia and
local infiltration followed by intratracheal intubation. This
method has these advantages.
1 A better control of intratracheal secretions can be ob-
tained
a Retained secretions 1n the abnormal lung are not
released by bronchial relaxation

b The plane of anesthesia is not disturbed nor are
periods of anoxia induced by aspiration via the in-
tratracheal tube

¢ The cough reflex 1s present throughout the operation
and 1s effective at the conclusion of the operation.

2 The anesthetic agent 1s less toxic This is an important
consideration 1n long operations.

3 The immediate postoperative condition of the patient is
better and nursing care 1s simplified Nausea and
vomiting rarely occur. The oral intake of flud and
nourishment can be started without delay.

Anatomical Considerations in Blocking Intercostal
Nerves—After cach thoracic nerve emerges from the inter-
vertebral foramen, 1t gives off a meningeal ramus, and t.hc
trunk then divides into two primary branches—the anterior
and the posterior, the anterior branch being the larger of
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the two (sce Figure z) The posterior branch tahes a back

ward course and supplies the muscle and shin of the back
The anterior branch, after grving off the ramus communi

cans to the sympathetic system, enters the intercostal space
between the external and internal intercostal muscles The
intercostal nerve encircles the hemuthorax Iying close to the
lower margin of the upper rib 1n each intercostal space
and 1s accompanied by the vein and artery Near the mid

axillary line, the anterior branch of the intercostal nerve
gives off a lateral cutaneous branch that in turn divides into
anterior and posterior branches w hich supply the skin of that
region The terminal branch, called the anterior cutancous
nerve, emerges 1n the parasternal line

Practical Details-—After emerging from the interverte
bral foramen, the thoracic nerve hies halfway between the
transverse processes of the adjacent vertebrae and enters the
subcostal groove at the level of the angle of the rib At this
level, the intercostal nerve lies between the external inter
costal muscle and the posterior intercostal aponeurosis,
which structure replaces the internal intercostal muscle
between the tubercle of the rib and 1ts posterior angle
In order to block a nerve, therefore, the anesthetic solution
should be deposited between the external intercostal muscle
and the internal intercostal aponcuross

Landmarks—The spinous processes and the angle of the
ribs are the superficial landmarks The ribs and the trans
verse processes are deep landmarks and serve as a guide for
the needle

The t1ps of the spinous processes of the dorsal vertebrae do
not comncide 1n position with their homologous 1ntercostal
spaces Therefore, while injecting laterally from the midline
of the back opposite a spinous process, the operator does not
reach the nerve corresponding to that spinous process The
spwnous processes, especially from the fourth to the ninth,
slope downward and point to a rib or an interspace below
The spinous processes can usually be easily felt by palpation,
butit1s not always possible to count them with accuracy The
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Fic 2 Drawing of paravertebral block anesthesia 1llustrating the anatomy
of the thoracic nerves with their anterior and posterior divisions The ex-
ternal intercostal muscle has been removed from the intercostal space to
expose more of the intercostal nerve The anesthetic solution 1s mnjected
around the nerve at the level where the posterior division comes off

D12 spinous process 1s generally prominent and oval in
shape The C7 1s also prominent.

Solution—Procaine hydrochloride, o 4 per cent, 1s used
in the amount of 400 to 500 cc. Two minims of adrenalin
1.1000 are added for each 100 cc of the procaine hydro-

chloride solution.
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Techmque—For the purpose of 1njection, a paravertebral
Line 15 selected 3 centimeters from the spinous processes, and
cutaneous wheals are placed about 1 centimeter above the tip
of the spinous process (see Figure 3, a) Routinely, two
nerves above and below the ribs to be resected are 1njected
For example, 1n cases of pneumonectomy where the full
length of the sixth and short posterior segments of the fifth
and seventh nbs are resected, the nerves D3 to Dg are
blocked Thuis 15 done because the posterior branches widely
overlap The needle 13 introduced, pornting shightly down
ward, inward, and forward toward the spine In this way
there 13 little rish of puncturing the pleura or the lung The
needle will enter erther the intercostal space directly or will

e
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Fro. 3 Drawings of paraverte-
bral block anesthesix illustrating
the correct position of the needle
for injection of the nerve
a. Cutaneous wheals at the
sites of injection
A sagteal section of the
intercostal regron close to the
midline with the correct panition
for the onginal msertion of the
needle indicated by dotted lines.
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Impinge upon the upper or lower margin of the upper rib.
The needle 1s then shifted downward and advanced to a
depth of o.5 of a centimeter to 1 centimeter, varying the
distance according to the individual patient (see Figure 3,
b). If the needle happens to hit the nerve itself, injection 1s
made without moving the needle Into each intercostal space
10 to 15 cc of the procaine-adrenalin solution 1s injected
This amount will suffice to infiltrate the intercostal space
between the muscles and anesthetize the anterior and pos-
terior divisions of the thoracic nerve After that, the pos-
terolateral line of incision and the underlying muscles are
infiltrated Due to overlapping nerves from the opposite
side, anteriorly, the paravertebral injection does not anesthe-
tize to the midline This area should also be infiltrated
subcutaneously The subcapsular space 1s next injected with
approximately 30 cc of the solution.

INTRATRACHEAL INTUBATION

After the completion of the paravertebral block and local
infiltration, the patient 1s turned on his back With the use
of a laryngoscope, an intratracheal tube of appropriate size
with an inflatable cuff is introduced Care 15 taken not to
insert the tube beyond the carinal level The patient’s mouth
1s packed with gauze and the tube 1s secured 1n place with
adhesive tape The inflatable cuff s not inflated until positive
pressure 1s required Irritation caused by the intratracheal

tube 1s thus minimized

PRONE POSITION

Until three years ago the patient was placed 1n a lateral
position for pulmonary resection The conventional side
position and posterior approach was favored over an anterior
approach because of a greater width of thoracic cage spread
and the shorter distance to the hilum However, the side
position had four distinct disadvantages

1. The discased side was placed directly over the sound

side Gravity drainage of sccretion and debris from
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the bad to the good lung was favored (sce Fagure 4, a)

2 Excursions of the thoracic cage on the sound side were
impaired by the weight of the body

3 Mediastinal sag dimimished the volume of the sound
lun

4 Tht;g imbalance between thoracic cage excursion and
diaphragmatic movement of the dependent side seemed
to 1ncrease the aspiratory power and at the same time
diminish the expelling force.

Our current practice 1s to reverse the relative position of

he two lungs during the operative mamipulation The

patient 1s suspended face down with the chest turned so that

the sound lung 15 uppermost (sce Figure 4, b)

Advantages of the Prone Positon—This new reverse
position has proved to be of great help from several pornts

of view

1 It s the most favorable of all for the natural dramnage
of bronchial secretions Material that does not sponta
neously flow out or 18 not expelled by coughing can be
more easily reached by aspiration Flooding of the con
tralateral lung s far less hikely

2 The attainable range of thoracic cage and diaphrag
matic excursion 18 greater than 1s possible 1 the side
position

3 The amphtude of mediastinal swing or displacement
18 less

4. The use of intrabronchial positive pressure 1s not
obligatory and 1s used only to test the bronchus or
demark segments

5 Exposure of the posterior aspect of the hilum 1s
facilitated The early and preliminary ligation of the
bronchus 1n cases of pneumoncctomy can be accom
plished with minimal dissection and lung mampula
tion This 1s most important when the lung 15 densely
adherent.

6 The weight of the lung 1tself allows 1t to fall forward,
clinnating the necessity of lung clamps and the use of
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. S7cle Dosrtiorn

b Lrone
Posrrron

Fic 4 Drawings illustrating cross section of lung and the patient in the
lateral and prone or face-down position The relationship of a fluid-contain-
ing lung cavity, the bronchial system, and the healthy lung 1s shown. Note
the influence of gravity dramage 1n spill-over to the good lung. The routine
position (a) used for thoracic cases and the new position recommended (b)
are shown In the prone position the patient 1s supported and tilted so that
the diseased lung 1s lower than the healthy lung during the operation

traction during dissection For most cases, the complete
hilar dissection can be done by working entirely from
the posterior aspect

7 Cardiac irregularities, bradycardia, or cardiac stand-
still have been practically eliminated as complications.
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This may be due to avoidance of hilar traction during
dissection

8 In the event of hemorrhage from the hilar arca, the
blood flows away from 1ts source, thus permitting 1ts
control with greater ease In the side position the hilum
15 at the base of the cavity and quickly becomes sub
merged 1n a pool of blood

Support for Prone Position—A special support® which
can be adapted to any standard operating table has been

Flo 5 Photograph of the operating table with the special apparatus for sup-

porting the patent 1n the prone or face-down pesition. Pelvic, shoulder and

supports arc all adjustable. The apparatus may be quickly assembled

and attached to any standard operating table. (Thw attachment was con

‘at}'\xth)d for us by P Tuzik and Sons, 82 Chickatawbut St. Dorchester
ass.

devised (sce Figurc 5) The support consists of three parts

1) head rest, 2) shoulder braces, and 3) saddle for pelvic
girdle. The head rest 18 horseshoe shaped and cushioned
with rubber It allows exposure of the face The mechanism
of the head rest can be adjusted to any position or angle
The cushioned shoulder braces are arranged so that they can

_
* Constructed by P Tuzil and Soms, Dorchester Mam.
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be raised or lowered and moved from side to side inde-
pendently The pelvic girdle support 1s a heavy canvas
saddle which 1s attached to the operating table It i1s movable
and can be raised to any desired level After the patient has
been placed on the support, the shoulder and pelvic saddle
on the affected side are lowered about 20 degrees In this
way, the affected side becomes the more dependent side
Furthermore, the operating table top can be tilted laterally
to increase the dependency of the affected side The head end

L4

Fic 6 Photograph of the patient on the operating tabl’c Iying 1n face-down
position on supporting apparatus Note that the patient’s head 1s lower than
his hips The left side 1s the diseased side and 1s more dependent than the

healthy side.

of the table may be adjusted to obtain any desired inclination
of the head and chest The lower two-thirds of the chest and
upper abdomen are free of supports and clear the top surface
of the operating table sufficiently to permit access to the

anterior midthorax (see Figure 6) “
A thoracic table (experimental model)? has been con-

structed with shoulder and head supports incorporated with
a half-length table top This permits placement of the patient

* Developed by the American Sterihizer Campany, Lrie, Pennsylvama
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lower extremities 1s movable fore and aft 1n the horizontal
plane This permits an adjustment for varying shoulder-
pelvic lengths of different patients

4 The table top 1s adjustable in the vertical plane inde-
pendently of the shoulder and head supports

5 The entire superstructure of the table may be elevated
as a single unit by means of a hydraulic pump similar to
that of a standard operating table,

6 The table top and supports may be tilted up to 20
degrees 1n either direction (40 degrees total) A body brace
at the side of the hip stabilizes the patient 1n the lateral tilt
position.

Fic 7 Onerholt-Comper Thoracic Table

b Table with x-ray-penctrable table top 1n place and patient in broncho-
«copic poation The clearance below patient provides space for x-ray unit
Film exposure and fluoroscopic examination may be made with patient on
table 1n erther position (Thus table was constructed by the American Steri-
lizer Company, Erie, Pennss lvana )
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7 The table top and supports may be inclined, to place the
patient 1 the Trendelenburg position

8§ Conversion to a full length table 1s possible by insert
1ng, as an attachment, the upper half of the table top This 1s
constructed of + ray penetrable material which permits
fluoroscopic and radiographic examination Bronchoscopic
operations may conveniently be carried out under the fluoro-
scope (sce Figure 7, b)

CLOSED CIRCUIT, OXYGEN AND NITROUS
OXIDE, ETHER, OR CYCLOPROPANE

An anesthesia apparatus 13 made available for the ad
ministration of axygen through the intratracheal tube when
posttive pressure 15 requaired

For some cases, we have found it helpful to supplement
the paravertebral block and local anecsthesia with the
analgesic effect of nitrous ouide or ether A muxture of
oxygen and a low concentration of nitrous oxide or ether
18 gaven 1f patients become restless or indicate that they are
having pamn In most cases 1t 15 possible to explore and place
the preliminary bronchial higature without any supple
mentary anesthesia Upon rare occasions, cyclopropane has
been added to the breathing mixture to produce a more rapid
analgesic effect than can be accomplished with nitrous oxide.

SKIN ANTISEPTIC

Zephiran  chlonde  (alkyl dimethyl benzyl ammonium
chloride) 1 1000 solution 15 used as a shin antiseptic This
solution 13 liberally applied at the time of the procaine njec
tion and agan prior to final draping with towels

ULTRAVIOLET IRRADIATION OF
OPERATING ROOM

Two ultraviolet units* are permanent fixtures 1n the
operating room Each fixture incorporates one 12 1nch cold

Hanovia Chemical and Manafacturing Company Newark, New Jersey
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cathode type tube of pure transparent fused quartz A filter-
Jacket 1s provided which limits ozone production Each unit
1s an intense source of ultraviolet radiation with 95 per cent
of the radiation between 2500 and 2600 angstrom units Two
units will 1nstantaneously and continuously sterilize 10,000
cubic feet of air, if sufficient ventilation 1s provided. Air
movement 1s necessary to bring all air in contact with the
rays Stagnant air also permits an over-concentration of
ozone Dust particles 1n the air resist complete sterilization
and their exposure time 1s usually shortened due to increased
velocity The units are placed 1n the angle between the wall
and ceiling, one on either side of the operating table The
entire room is used as a chamber for air sterilization as the
rays reach practically all areas. Air currents constantly shift
the air position so that the bactericidal effect of the rays
1s continuously brought into play. The operating room per-
sonnel wear a clerk’s eye shade or plain glasses Either gives
ample protection to the eyes. This simple yet necessary pre-
caution has not proved to be 1nconvenient.
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General Considerations Pertaining to All Resections

THE OPENING

T IS A FACT that the prone position obligates the use of a
I posterolateral approach It could also be said that the
prone position was developed because of a preference for
a posterolateral approach Asde from 1ts necessity, because
of the position into which the patient 18 placed, there are
other preferential reasons for this approach over an anterior
one If occasion demands, a wider rib spread can be obtained
The approach to the posterior root of the lung 18 shorter and
can be reached with less manipulation of the lung The
posterolateral approach affords a better general viewn of all
mtrathoracic structures This 1s particularly true when the
lung mass itself fills or nearly fills the hemithorax after
the chest 1s open and pleural attachments have been sepa
rated Fmally, the dissection of hilar structures can be
carried out with more freedom with this avenue of approach

The Skun and the Muscles—The 1ncision 15 made pos
terolaterally It begins at the level of the fourth rib between
the scapula and the spine, 15 continued downward and for
ward two inches below the tip of the scapula, and 1s extended
to the anterior axillary or, at times, to the midclavicular line
A long incision of the shin and soft tissucs 18 a prerequisite
for proper exposure and convenient access to the thoracic
cavity The incision should be long enough to allow full
spreading of the ribs without the skin being under tension
Plenty of room facilitates a thorough exploration and mas
tery of any unexpected difficulty that may arise during the
course of the operation The handling of pulmonary tissuc

as
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and hilar structures 1s made easier if the rib spread 1s six or
seven inches, permitting the unimpaired work of the fingers
of both the surgeon’s hands within the wound. The wider the
exposure the less retraction of the lung 1s required. Undue
forcible traction or much handling of the lung produces
vago-vagal reflexes, slow heart action, depression of blood
pressure, and often troublesome cough reflexes

e L TR L T

Fic 8 Instruments used 1n pulmonary resection
a An adjustable double-bladed knife, used for the excision of the cutancous
scar 1n performing a post-resection thoracoplasty. Two long handle knives,
used for sectioming the bronchus (one with a blade angled to 45 degrees)
A standard Bard-Parker general utility knife The angle blade 15 manu-
factured by Rudolph Beaver, 478 Trapelo Road, Waltham, Massachusetts.

Fic 8 Instruments used 1n pulmonary resection.
b. A matched set of periosteal elevators (Overholt)
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Fic. 8 Instruments used 1n pulmonary resection.

¢. Costotomes. The larger one 15 an inexpensive tack cutter used by shoe
makers.

Fio. 8 Instruments used 1 pulmonary resection.
d Two dusecting scissors (\I:umbauﬂ‘l)5 curved forceps for holding

pauze pledgens for blunt disection (Overholt) night angle h
diseecting forceps (Lower) holding fo All By Thosate and
e e e ng forceps (Alls intestinal) and masquito
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Fic 8 Instruments used 1in pulmonarv resection

e Rib retractor (Finochietto)
f Rib approximator (Bailev)

The skin edges are protected with towels which are tempo-
rarily sutured to the superficial fascia since the wound cdges
may be exposed for considerable periods of time Towel clips
are too traumatizing and less certain of holding the towels 1n
position than sutures The added time neccessary to suture
protective towels 1n place 1s justified by more favorable
wound healing

The muscles of the back are divided in a line correspond-
ing to the skin opening By sharp dissection, the space be-
tween the inferior border of the trapezius and the superior
border of the latissimus dorsi 1s entered There is usually a
vessel here which requires higation Once the plane of the
peri-thoracic fascia has been reached, the forefingers of the
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surgeon and the assistant are introduced beneath the rhom
bordeus mayor and minor The fingers are apphed snugly
agawnst the muscles to stop any bleeding that may occur while
the muscles are being divided (see Figure 9, ) When the
muscles have been divided, the fingers are slowly released

Fic. 9. Drawings illustrating drvision of the muscles of the chest wall

a. The trapezius and the rhomboideus muscles are being divided with
finger control of the bleeding points. Note loops of thread (two pair) placed
diametrically opposite cach other before incision 18 made to facilitate accurate
realignment 1n closure,

b Dmvision of the latsnmus dorn and serratus magnus muscles 13 being
carried out

and, as the bleeding points are demonstrated, they are nd:
vidually secured The latissimus dorst and the serratus are
divided 1n the same fashion (see Figure g, b) With the use
of the long incision the scapula can be hifted up castly from
the thoracic wall making the fifth and sixth ribs accessible
along their entire lengths
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'The Ribs—For pneumonectomy cases 1t 1s important to
make provision for an air-tight closure of the thoracic cage
as control of intrapleural pressure postoperatively 1s essen-
tial The position of the mediastinum cannot be otherwise
regulated. It1s'éasier to close the chest in an air-tight manner

~_ f a-full rib length has been resected The intercostal muscle
RIS ot

N )\'C’”Lz‘ ~ 1
-

Fic 10 Drawings illustrating the subperiosteal resection of a nib

a The Overholt Surface Elevator 1s betng used to denude the outer sur-

face of the nib .
b The Overholt Edge Elevator 1s shown being used n two positions
clean the upper and lower margins of the rib

and periosteum provide adequate soft tissuc for suturing
whereas the singly divided intercostal muscle of an mtcr-’
pace cannot be so satisfactarily sutured We almost mutmc)‘)
esect the full length of the sixth rib (see Figurc 11, a) ()nb'»
\alf to one inch paravertebral segments of the fifth and sev-
nth ribs are also resected The intervening muscle bundles
re divided, and the vessels are higated (see Figure 11, D)
he intercostal nerves are dissected and are divided. After
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the full length of the sixth b and short paravertebral sec
tions of a rib above and below have been removed the
thoracic cage will spread eastly for 1 distance of siv to eight
inches The widest portion of the opening 1s directly over
the hilar structures (see igure 12) ‘

After lobectomy or after segmental rescction o ur tight
closure of the chest 1s not mandatory The escape of ur from
the pleural space does not influence nceessarily the posttion
of the mediastinum In fact an enit for air into the soft tissues
of the chest wall favors re expansion of the remuning lobe
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b k/“",}
V, = AN 2
B g e N W T
2 &
p7a s

Fia. 1y Dravings illu tratin, methed of opening, thoracic cage and pregs 5
ton for self retaning retractos P
{'m full lengzth of the sixth nib 1 beng, remosed. Inch sezmeney <4,
1ib above and below hasve been remosed.
b Intercostal sevsels are being hgated The fifth and srxth goeer o
%nes have been severed Fhe nerve has art been ncluded 13 ¢80 o,
Tature,
< Finger pressure 18 ben,, exerted on the lun,, surtace to facilres
f adhesions vrth «crenss The contal structures are beng smul a-m
tracted wath rajes L
4. Fina] expaure with Fmocchieto retractor m place.



32 THE TECHNIQUE OF PULMONARY RESECTION

Fic. 12 Photograph of intrathoracic exposure after completion Inf nt!ll«”
pneumoncctomy  Note width of nb spread The diaphragm hﬂf. M.?«l n
pressed shghtly with a band retractor The hilar area 15 well center

relation to the opening The arrow points to the bronchal stump

rai
~ £y -~

C taincd by removing
The exposure of the thoractc cavityis ol)taan(i by rc’n; ”“t
two short paravertebral rib segments (see Figurc 13, 2 "
intervening muscle bundle 1s cut The artery and t?lc ]]mlt-d
costal vein are ligated, and the nerve 1s cut but not indluddt
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Fic. 13 Drawings illustrating the opening and closing of the thoracic cage
for lobectomy and bronchopulmonary segmental resection

. Two small parayertebral nib sections have been removed subpenosteally
The mtervening ntercostal muscles and vestels have been ligated and cut
The intercostal muscle and parietal pleura are bang divided for the full
length of the intercostal space

b Two subpenesteal pericostal ligatures have been placed. The intercostal
muscle has been closed with interrupted sutures. The longusimus dors: has
been sutured to the intercostal muscles. A rubber tube has been placed 1n the
antenor portion of the wound for temporary negative suction and dramnage

in the ligature The intercostal tissues are incised for the
full distance of the rib (see Figure 13, b) For lower lobec
tomy, the sixth and seventh ribs are usually divided and the
pleural cavity 15 entered through the sixth intercostal space
If the upper lobe 15 overdeveloped and the lower lobe totally
collapsed or 1f one suspects dense diaphragmatic adhestons,
the seventh interspace may be preferable For an upper
lobectomy, small sections of the fifth and sixth ribs are re
moved, and the pleural cavity 1s entered through the fifth
Intercostal space Occasionally, in the past, in the perform
ance of lobectomy, a long, intercostal incision was used with
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. t
Fic 12 Photograph of ntrathoracic exposure after complct}l]on g’fc:fé};_
pneumonectomy Note width of mib spread The dxaphragmu as tf:rc 4
pressed slightly with a band retractor The hilar area 1s we cen

relation to the opening The arrow poipts t0 the bropcll}:il Stump - o ke
bors praag o en © TS T

. The exposure of the thoracic cav1ty]\15 ob’talpefi by rcmoggfé

oOtwo short paravertebral rib segments (see Figure 13, a) e

| intervening muscle bundle 1s cut Thf: artery and t!lc 1mdcd
costal vein are Ligated, and the nerve 1s cut but not inclu

1
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Fic. 13 Drawings illustrating the opeming and cloming of the thoracic cage
for lobectorny and bronchopulmonary segmental resection

a. T'wo small paravertebral rib sections have been removed subperiasteally
The interverung intercostal muscles and vessels have been ligated and cut
‘The intercostal muscle and panetal pleura are being divided for the full
length of the intercostal space

b Two subpenosteal pericostal hgatures have been placed The intercostal
muscle has been closed with interrupted sutures. The longissimus dors: has
been sutured to the intercostal muscles. A rubber tube has been placed 1n the
anterior portion of the wound for temporary negative suction and dramnage

in the hgature The intercostal tissues are incised for the
full distance of the rib (see Figure 13, b) For lower lobec
tomy, the s1xth and seventh ribs are usually divided and the
pleural cavity 1s entered through the sixth intercostal space
If the upper lobe 15 overdeveloped and the lower lobe totally
collapsed or 1f one suspects dense diaphragmatic adhesions,
the seventh interspace may be preferable For an upper
lobectomy, small sections of the fifth and sixth ribs are re
moved, and the pleural cavity 1s entered through the fifth
Intercostal space Occasionally, 10 the past, 1o the perform
ance of lobectomy, a long, 1ntercostal 1ncision was used with
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out resecting any rib segments The lateral spread 1s not
adequate for a traction-free and meticulous dissection of the
lung root It was also discovered that 1n a high proportion
of cases either the rib above, below, or both were fractured
by the rib spreader. We now elect to deliberately divide the
ribs above and below the intercostal line of 1ncision.

Thoracic Cage Opening in Complicated Cases—In
post-thoracoplasty cases requiring resection, the previous
posterolateral scar 1s excised The 1ncision 1s extended well
around anteriorly, usually to the midclavicular and occasion-
ally to the parasternal line Entering the pleural cavity may
present difficulties because of the irregular and snarled ar-
rangement of regenerated osseous tissue Access to the pleural
cavity 1s obtained more easily if the surgeon pursues the
route of the intercostal space from an anterior point, and
then works posteriorly rather than if he tries to remove large
segments of regenerated ribs at first After a cleavage plane
has been developed intrapleurally or extrafascially from an
anterior position, a spread of the costal cage there aids 1n the
development of the posterior aspect of the thoracic cage
Frequently, virgin rib stumps are found anteriorly In this
event, entering the pleural space 1n the fifth interspace an-
teriorly can be carried out with great facility The para-
vertebral regenerated portions of three or more ribs are
removed The rib edges are first spread apart with rake re-
tractors and the intercostal space 1s developed by sharp
dissection Paravertebrally, the regenerated ribs are cut as
high and low as 1s necessary to provide wide access to all
parts of the chest

In cases with draining chest sinuses, empyema, or caver-
nostomy openings, an effort 1s made to work 1n a clean field
for the resection An elliptical incision 1s made about the
chest wall defect or draining sinus The edges of the solated
ring are sutured over the opening, thus sealing off the in-
fected area The sinus tract 1s dissected free all the way down
to the visceral pleura The operative field is prepared agamn
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with the shin antiseptic, 1s redraped with towels and the
routine posterolateral ncision 1s made The intrathoracic
part of the operation s carrted out within a clean field After
the bronchovascular structures of the lung lobe, or segment
have been divided, the final dissection of the lung 1n the sinus
or empyema area 1s done The lung, sinus tract and inverted
skin are then removed 1n one sealed mass

The Exposure—The pleura 1s 1ncised 1a the bed of the
resected mib 1n pneumonectomy cases or 1n the intercostal
space 1n lobectomy cases The presence of extensiye adhestons
betneen the lung and chest wall at the mcision site requrres
careful dissection It has been found that certain principles
of pleural dissection and lung handling have been helpful

1 Theseparation of the lung from the chest wall 13 started

m areas where the adhesions tre thinnest Frequently
this area will be found anteriorly

2 Pleural adhesions are divided by sharp dissection (sec

Figure 11, ¢) to avoid injury to lung parenchyma
However, adhesions which are filmy, loose, elastic, and
avascular often can be released by blunt dissection
Adhesions containing vessels of consequence are di
vided between higatures First 1t 1s helpful to find the
soft areas of pleural symphysis to work between and
around the difficult areas, and then, after encirclement
of the densc adhesions, to complete therr division Ex
tensive firm and vascular adhesions may result in a
long and tedious operation However, even in cases
where the lungs are virtually frozen n the chest, the
dissection usually can be accomplished cleanly and
with httle loss of blood

3 Whenever possible, pleural adhesions are divided 1

preference to stripping the endothoracic fascia Tpe
nterpleural plane 18 less vascular In cancer cases, poy,
ever, it may be desirable to follow the cndothoracxcl
fascia layer if the growth has wnvaded the Viscera]
pleura In cases of tuberculoss, 1f the covering oyer o
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cavity 1s thin, 1t 1s often wise to strip the endothoracic
fascia in that area

The r1b spreader 1s placed only after the lateral aspect
of the lung has been liberated from the chest wall This
avoids tearing of adhesions and stretching of the lung
as the ribs are spread apart (see Figure 11,d) Itis very
important that the rib retractor be spread gradually
Sudden tension on 1ntercostal tissue and nerves may give
rise to painful sttmuli and throw the patient into breath-
ing 1rregularities and even into temporary apnea
Lung clamps or forceps are avoided, for they trauma-
tize the lung, increase the likelihood of contanunation,
and encourage assistants to make undue traction on the
lung root

If infected areas within the lung substance are inadvert-
ently opened, general soiling should be avoided 1f pos-
sible The incidence of postoperative empyema and
contamination at the time of operation are closely re-
lated Quick aspiration of infected material, the use of
gauze pads to wall off the area, and suturing of the rent
are important steps that should be taken immediately
After the area 1s sealed, thorough washing of the area
with sterile saline reduces the number of bacteria which
remain

Procaine hydrochloride, g to 10 cc of a 1 per cent solu-
tion, 1s 1njected 1nto the vagus nerve and perihilar tis-
sue early 1n the course of the dissection to block vago-
vagal reflexes On the left side care should be taken to
inject the vagus below the origin of the recurrent nerve.
Manipulation of the lung or any undue traction upon
the hilum may produce troublesome reflexes that im-
pair cardio-respiratory function Irregularities in res-
piration, a fall in blood pressure, slowing of 'thc heart,
or even cardiac arrest may result The cocainization of
the trachea and bronch1 before the operation also tends
to quiet these troublesome reflexes
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THE DETERMINATION OF THE EXTENT
OF THE RESECTION

Fortunately, the lungs lend themselves well to study by
\ ray, bronchogram, endoscopy, and differential functional
tests The thoracic surgeon 1s therefore furmshed with more
precise information concerning the nature, location, and ex
tent of the pathological process than 1s given the surgeons
who explore for internal disease n other regions of the body
Hovwever, the final decision as to the extent of the resection
must be deferred 1n many instances until after additional
data 18 obtained at surgical exploration

It 1s not within the scope of this book to 1nclude a discus
sion of clinical pathology of these conditions which require
resection for their successful treatment However the plan
of the extent of each individual operation 13 determined by
the character and extent of the disease The exploration of
the chest 13 1n reahity a diagnostic procedure The accuracy
of the pre operative diagnosis 1s checked A clearer picture
of the extent of the disease 1s obtained and operabnlity 1s
determined This final diagnostic examination also involves
technical procedures and governs subsequent operative steps
to be taken Therefore, 1t 13 appropriate to consider at this
time some of the adjustments forced upon the surgeon by
various situations encountered at exploration

With the chest open, changes in the pleura, the status of
the fissures, the gross aspect of the lung, pericardium, and
medrastinum should be appraised Removal of tissue and
microscopic study after frozen section are often required

Reference will not be made to the type of resection re
quired 1n the emergency treatment of traumatic lung lesions
In civilian practice pulmonary resection 1s almost always
an clective procedure However, during the last war 1n a
few 1solated 1nstances a thoracic surgical team was able to
remore 1 luag or labe for wounds of the great pulmonary
vessels and broncht The plan of resection 1n war surgery
may not be fully worked out prior to exploration The prob
tem however, 15 more clear cut than 1n the handling of
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diseased lungs, for the surgeon proceeds at once 1n checking
hemorrhage and in the removal of devitalized tissue.

Primary Malignancy—When thoracic exploration 1s per-
formed for primary carcinoma it 1s done either with the
advance knowledge of the presence of the cancer (broncho-
scopic biopsy or sputum examination) or because of strong
presumptive evidence that cancer is present In the event of
established cancer the unknown factors to be settled at ex-
ploration are first, to determine the presence or absence of
an extrapulmonary extension of the tumor, and second, to
decide whether or not 1t 1s technically possible to remove the
entire lung as a curative or palliative objective In the event
of suspected cancer the surgeon must first establish the diag-
nosis before proceeding with a plan for resection if verifica-
tion is at all possible

Inspection and palpation of the lung often give the sur-
geon a fairly clear 1dea of whether he 1s dealing with cancer
or with an inflammatory process As in malignancy of other
soft parts there 15 usually a tendency for contraction and
puckering of adjacent tissues There 1s also a characteristic
firmness to the tissue and fixation of contiguous structures
Small stem bronchus lesions may provide no parenchymal
changes due to the presence of the tumor 1tself However,
small lesions on which infection has not been superlmpos‘ed
may be palpated and directly located within the bronchial
wall 1n the primary or secondary hilum with a considerable
degree of accuracy. If tissue for frozen section can readily
be removed from a mass on or within the lung without the
danger of opening an infected area, this 1s done. Frequently,
1t 1s more expedient to examine hilar or medlastmalcglands
Positive findings of metastasis in a gland setth?s the diagnosis
and permuts the surgeon to proceed at once with a palliative
resection if the tumor extension has not made hilar treatment
technically impossible Experience has sho§vn that much is
to be gained from removal of a cancer-bearing Jung cven in
the presence of mediastinal or chest wall extension So often
in advanced disease secondary infection 1s present and precip-
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Fita 14. Photographs of vartown lesioos encountered upon intrathoracic ex
ploration.

a. A middle lobe which 18 indurated and airless as & result of suppurative
bronchiectasts. The lobe has been rotated and hifted up to better expose 113
mediastinal surface making the horizontal fissure appear vertical The basal
segments of the night lower lobe have just been removed The remaining
enlarged superior segment almost completely fills the infenor and postenor
portions of the chest

b The under surface of the superior segment of the lower lobe The basal
segments have just been removed (Same patient as i &) Note that the
;urkf‘m 1 relatively dn and that the segment remauns expanded without air

ea

¢ An atelactatic ingular segment of the left upper lobe There 15 a ruds
mentary fosure between the Lingula and the anterior segment The basal
segmuents have just been removed The remaining overdeveloped superior
scprment of the lower lobe 1s clearly shown

d A mant cvst of the left lower lobe and smaller cysts 1 the hingula. The
demarcation between healthy lung trssue and the cyst 1s clearly evident
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Benign Tumors—Exploration of the chest under a diag-
nosis of bronchial adenoma frequently forces upon the sur-
geon a difficult decision 1n regard to the extent of resection
There are two major considerations, first, the precise localiza-
tion of the base of the tumor, and second, the determination of
the presence or absence of 1slands of tumor cells 1n adjacent
or hilar glands For tumors well down a lobar bronchus
the safe level of lobar bronchial amputation can be deter-
mined reasonably well before exploration Upper lobe
lesions, with extension into the mucosa of a main stem
bronchus definitely indicate pneumonectomy The exact level
of bronchial wall involvement cannot always be determined
bronchoscopically Adenomas have a tendency to protrude
for some distance up the lumen of a bronchus obscuring its
base so only the dome of the intrabronchial mass 1s seen.
After exploration, in case of doubt the safe line for amputa-
tion may have to be determined by bronchotomy The wall of
that lobar bronchus known to need resection 1s opened and
the precise level of bronchial involvement 1s determined
This procedure increases shightly the risk of empyema but
this 1s justifiable if a lobe of the lung 1s thereby conserved

The second consideration 1s the status of the hilar and
mediastinal glands as found at exploration The so-called
benign adenomata do occasionally metastasize. If 1slands of
tumor cells are found 1n mediastinal glands, then a complete
resection with removal of all possible glands 1s indicated
If the only involved gland 1s a lobar hilar gland and 1ts com-
plete removal can be accomplished with the lobe resection,
then lobectomy may be performed

In the treatment of right lower lobe lesions 1t 1s wisc tO
constder amputation through the intermediate bronchus.
This increases the margin of safety, for an extra 1 5 centi-
meters of bronchial wall may be removed with very small
additional sacrifice of functionable lung tissuc

Intrapulmonary benign tumors other than adenoma arc
rare Hamartoma, fibroma, and lipoma have all been found
beneath the pleura or not far down within the lung substance.
They are well localized, usually round, and with no evidence
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Fia 14. Photographs of variows lesions encountered upon intrathoracic ex
ploration.

a. A middle lobe which 1s indurated and airless a3 a result of suppurative
bronchiectasis. The lobe has been rotated and lifted up to better expose 1ts
mediastinal surface, making the honzontal fissure appear vertical The basal
segments of the nght lower lobe have just been removed The remaining
enlarged supenior segment almost completely fills the infenor and postertor
portions of the chest.

b The under surface of the superior segment of the lower lobe The basal
segments hiave just been removed (Same patient as i 2.) Note that the
surface 1s relatively dny and that the segment remains expanded without air
lenk.

¢. An atelactatic hngular segment of the left upper lobe There 13 a rud:
mentary fissure between the lingula and the anterior segroent. The basal
scgments have just been removed The remaining overdeveloped superior
sepzment of the lower lobe 1s clearly shown.

d A pant cvst of the left lower lobe and smaller ysts in the hnpula, The
demarcation betw een healthy lung tissue and the cyst 13 clearly evident
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Fic 15 Photographs of various lesions encountered upon intrathoracic ex-
ploration

a A peripheral bronchogenic cancer in the left upper lobe The tumor 1s
being palpated between the surgeon’s thumb and forefinger It was situated
near the surface of the lobe Tissue for frozen section was easily obtmned
prior to resection

b Exposure of a left lung which contained a carcinoma 1n the left upper
lobe This lobe 1s small, contracted, and indurated Its surface shows pucker-
ing, and nodules of tumor appear on the hingular segment The lower lobe
1s normal to gross inspection The interlobar fissure 1s not well developed

¢ Exposure of a tuberculous lung and empyema cavity Both the visceral
and panetal pleura are markedlv thickened The visceral pleura has been
opened exposing a portion of the lung at the level of the great fissure

d A large pedunculated fibroma which 1s attached to the left Jower lobe
The tumor has been Iifted out of the chest and 1s connected to the lower lobe
by a broad vascular pedicle The patient was in the conventional side position

at operation
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of invasion The pleura 1s not puchered, and adjacent lung
tissue slides over the tumor surface The tumor 13 2almost al

ways near some surface and accessible for biopsy Benign
tumors naturally should be treated by the most conservative
type of resectton that ensures their complete extirpation

Local removal, segmental resection, or at the most lobectomy
will be sufficient for the great majority

Suppurative Disease—Chronic non specific inflamma
tory processes may present all the clinical and gross features
of a neoplastic lesion The lesion may appear indurated, 1r
regular, and invastve The hilum may be filled with enlarged
Iymph nodes A representative frozen section of various
glands will be negative for malignancy A hasty decision and
diagnosis of cancer 1n such a situation may lead to the sacr1
fice of functional tissue 1f pneumonectomy 1s performed The
surgeon 18 not entitled to label a doubtful condition as car
cinoma and proceed with a radical extirpation until histo
logical verification has been made if 1t 13 at all possible to
obtain tissue A biopsy may be done 1n solid areas of paren
chyma The pathologist's report may be misleading, since
very often small endobronchial tumors will lead to tnflam
matory changes 1n the periphery of the bronchopulmonary
segment. Often peribronchial tissue at a suspicious area of
bronchial thickening may be obtained In the event that a
defimite differential diagnosis between a unisegmental or yn:
lobar inflammatory lesion and carcinoma cannot be made
the involved segment or lobe should first be removed and thé
surgical specimen given to the pathologist for careful study
If then carcinoma 1s found, pneumonectomy may be com
pleted For extensive lesions involving all lobes, this recom
mended plan of treatment obviously does not apply

Bronchiectasis—In  bronchiectasis, careful broneho.
graphic studies will usually serve as an accurate guide as to
the extent of involvement in the +arious broncho

ul
segments The surgeon 15 able therefore to plan ?n a’g;’:ar)
the number of segments that should be resected A car;;fﬁ

inspection and palpation of the lung tissue wall furmish m
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portant data as to the gross anatomical changes in both
the affected and uninvolved segments The 1nvolved seg-
ments may be contracted and airless or they may be emphy-
sematous and oversized with scant pigmentation The
healthy segments, because of their vicarious function and
compensation for volume loss, may be enlarged When the
chest is opened, 1t 1s interesting to watch the effect of open
pneumothorax upon the lung Emphysematous diseased seg-
ments fail to deflate as rapidly as the normal segments. Also,
normal segments expand more rapidly than the diseased
segments as the intrabronchial pressure 1s raised

The state of the fissures between the lobes, and the surface
markings of the lung suggesting rudimentary fissures be-
tween the bronchopulmonary segments deserve special con-
sideration since we are dealing with a pathological condition
that only affects certain portions of the lung and should be
treated accordingly

Truly complete fissures are a rare finding The minor fis-
sure between the upper and middle lobes is incomplete 1n
most cases The great fissure 1s frequently undeveloped at 1ts
upper portion Normally developed fissures frequently be-
come fused as a result of disease However, undeveloped
and fused fissures can always be separated by retrograde dis-
section. No lung tissue should be sacrificed because of the
absence or incompleteness of the fissures

Rudimentary fissures or notches indicate peripheral
boundaries of segments or subsegments One 1s frequently
found dividing the upper and lower (lingular) divisions of
the left upper lobe Less often 1s a rudimentary fissure found
between the superior and basal segments of the lower lobes

The most important exploratory finding 1n bronchiectasis
is not determined visually however. Palpation of the various
segments for areas of induration and thickening 1s often morc
reliable than the bronchogram This partcularly applies to
subsegments of the lingula, the right middle lobe. and to Subi
segments of the anterior division of the upper lobe Norma
lung tissue when palpated between thumb and forefinger has
a characteristic softness and delicate crepitation with som¢
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variations due to age Minimal arcas of discase may be
readily determined by palpation Indurated borders or
fringes of the segment may be the only evidence of mvolve
ment. These areas cannot be palpated with accuracy unless
all adhesions are divided and the lung tissue 1s hiberated from
chest wall, diaphragm, and pericardial fat pads Areas of
induration, spotty nodulanion, and thickened bronchi are m
dicative of chronic pneumonitis and bronchiectasis Seg
ments so 1nvolved should be resected regardless of the bron
chographic interpretation Earlier in our experience various
changes of this kind 1n the hingula were not used as a basis
for resection if the bronchi were clearly within normal limats
as to width 1n the bronchograms Later 1t was demonstrated
by re examination with liprodol that the bronchi of the
Lingula were involved and should have been removed

Tuberculosis*—The plan of resection in tuberculosis may
be very obvious and clear cut prior to exploration Senal
x rays over 2 long observation period and bronchoscopic
findings usually mahke an accurate appraisal possible For
example total lung involvement or main stem bronchial
disease will require the surgeon to proceed at once with a
total resection 1f excisional therapy 1s to be undertaken A
total resection 13 also obviously required for cases in which an
cxtensive and complete thoracoplasty has been previously
performed In planning a resection for night basal tubercu
losis with endobronchial involvement 1t 15 wise to deliber
ately plan to sacrifice the middle lobe and amputate through
the intermediate bronchus This permuts the highest bron
chial closure short of complete removal

In certain cases the localization of disease with respect to
scgments and lobes 1s not possible prior to exploration X rav
studies may be misleading and if so the process 1s found to be
more extensive than anticipated Marked contraction of an

The authors, with Norman ] Wikon and Jobn T Szypulskl have dlscussed at
length che con Iderations that should be glven to plavning the extent of resection
of the tubercufous lung §n Pulmonsry Revecuon io the Trestment of Tuberculoss,”
J Theracic Sarg 15 484 317 1996, and In Pulmonary Resection in the Treatmept
of Pulmonan Tubercultsis " Americen Retiew of Tubercalens 557193 323 1947
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upper lobe with displacement of the lower, particularly 1ts
superior segment, may have occurred Careful palpation of
the supposedly healthy segments should be carried out. Areas
of induration or discrete nodules may be found 1n unsus-
pected segments A difficult decision 15 forced upon the
surgeon. Unless the nodules found are calcified or of known
stability, a more extensive resection than originally planned
1s usually the best. The superior segment of the lower lobe
has occasionally been found to be involved when only upper
lobe disease was previously suspected If the disease is con-
fined to the superior segment of the lower lobe, this segment
should be removed at the time of the upper lobectomy, n
preference to pneumonectomy

The principle of conserving uninvolved lobes or segments
should apply 1n tuberculosis as 1n other non-malignant dis-
eases The presence of a fused or undeveloped fissure with
a normal continguous lobe should not force the surgeon to
resort to a total resection on technical grounds Fused lobes
can be taken apart safely and precisely in a manner similar
to that used in segmental resection

At times when upper lobectomy has been elected as the
most promising form of treatment, exploration may reveal
sufficient involvement 1n other lobes to contraindicate lobec-
tomy Here, the surgeon must decide whether to perform a
more extensive resection or abandon resection in favor of
thoracoplasty Such a decision would have to be based on the
type of disease, the presence of endobronchial tuberculosis,
and the status of the contralateral lung Every surgcon must
finally appraise the risks involved, not only the immediatc
operative risk, but also the ultimate risk of the diseasc stself
without resection

In the event that exploration reveals a well-circumscribed
tuberculoma with no evidence of mnvolvement of other parts
of the lung, a local excision may be possible and if soas pref-
erential The fate of the remamming lung is unknown, and
this applies to all cases, regardles of the type of trecatment or
the eatent of the resection I'n cases treated by lobectomy ‘f‘"
a solitary tuberculoma, late studics have shown the appear-
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ance of new disease in the 1psolateral lobe The overdisten
tion of the remaining lobe may have predisposed to this
development It 1s our practice now to carry out as limited a
resection as possible with lacal removal or a segmental re
section for tuberculoma

Cystic Disease—When the chest 13 explored for the
purpose of excising a pulmonary cyst or cysts, fairly com
plete knowledge of lung pathology has been furnished 1
advance 1n most instances Because of the tendency of cystic
disease to be bilateral and multilobar, 1t 1s important to be
as conservative as possible 1n 1ts surgical treatment Em
physematous cysts (blebs and bullae), solitary or multiple,
are best treated by simple plication of the walls after a
partial excision The climcal history and findings at times
suggest that a cyst 1s merely the remains of a segment or
subsegment after 1ts destruction by an inflammatory process
At other trmes the cyst scems to represent an rmproperly
developed segment or subsegment Whenever the cyst totally
mvolves such a surgical umt 1t may be treated by segmental
resection Rarely has lobectomy been necessary for solitary
cysts

TREATMENT OF BRONCHOVASCULAR
STRUCTURES

Sequence—In the performance of a pneumonectomy, the
order 1n which the structures are dealt with 1s as follows
unless pathological conditions make this sequence techmcally
impossible temporary ligature of the main bronchus, com
pletion of lung mobilization, ligation of the artery, division
of the pulmonary ligament, ligation of the tnferior pulmo
nary vein, ligation of the superior pulmonary vein, severance
of the bronchus, removal of the lung mass, and finally re
amputation of the bronchus at a high level The bronchus 1s
scaled as carly as possible 1n order to exclude infected ma
terial, secretions, and debris from the remainder of the
bronchial system The division of the bronchus 1s the last
step n order to prevent contamination of the field The
artery 18 Iigated before the veins to conserve blood The
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dissection moves downward from the posterior approach. 1f
the inferior pulmonary ligament 1s next separated, the 1n-
ferior vein comes readily into view and can be disposed of,
The lung must then be reflected upward or downward to
expose the superior vein, which s readily dissected and
treated The field 1s next protected with towels to avord soil-
ing, and the bronchus 1s clamped distally just beyond the
temporary ligature, divided, and cauterized. If this is care-
fully done, there should be no spillage. The prehmunary
bronchial ligature has an additional advantage for it permuts
removal of the lung itself before final dissection of the
bronchus at a high level and the final placement of bronchial
sutures The preliminary ligature also 1s useful 1n preventing
air escape and dissemination of infected bronchial material
via air currents during the final treatment of the bionchus

In lobectomy cases, primary temporary hgation of the
bronchus is not usually feasible Pursuit of the artery in the
interlobar fissure constitutes the first step. Ligation of the
vein and bronchus follows

In segmental resections, the segmental artery is ligated
first, and then the segmental vein and segmental bronchus.

Temporary Occlusion of the Bronchus-—Before pro-
ceeding with an extensive mobilization and manipulation of
the lung, it 1s advantageous to occlude the bronchus 1f 1t 15
technically possible to do so. It 1s important to divide the

~~~~~ -y

Fic 16 Temporary ligation of left main bronchus and treatment of the pul-

monary artery |
a The posterior mediastinal pleura has been meised and vagal hranches

have been hLigated.

b A scction of rubber tube has been placed aganst thc‘ membranous
portion of the bronchus A temporary hgature encircles I?()t’l The pulmonary
artery 1s exposed and the posterior arterial branch 1s being d’h‘-a('u(-(l‘n\n

¢ The anteror surfacc of the artery 1s being dissected  “The apical and
posterior artenial branches arc clearly shown

d The final freeing of the arterv has been accomphshed by blunt finger
dissection i

¢ Individual branches of the mam artery have been hgated dimally, F'wo
mass hgatures have been placed provimallv, A transfivion suture s being

placcd between the mass hpgatures

f The transfivion hpature 1< being ted @ second time aronnd the arters
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posterior vagal branches before the complete inciston of the
posterior mediastinal pleura over the hilar structures This
will allow a wider separation of the mediastinal pleura and
give a better exposure to the hilar structures After the
posterior exposure of the bronchus the dissection can be
carried downward to its inferior surface; then, after the
artery has been separated, complete encirclement 1s accom-
plished A heavy braided silk ligature is used Before tying
the ligature, the surgeon applies a section of catheter tubing
1 centimeter in length against the membranous portion of the
bronchus, and the ligature 1s tied snugly (see Figure 16, a
and b). The enclosed rubber tube invaginates the soft part of
the bronchus against the cartilaginous portion and effects
an airtight occlusion Especially in tuberculous patients, the
sooner the bad lung is divorced from the good one, the less
likelihood 1s there of contralateral spread of the discase
Fortunately, in most of the tuberculous patients requiring
pneumonectomy, where spill-over 1s most serious, the hilar
structures usually are not bound down by inflammatory
changes and the main bronchus can be reached and dissected
with minimal manipulation of the lung itself If, however,
dense adhesions, active infection, or enlarged or metastatic
lymph nodes (frozen hilum) make the dissection of the main
bronchus difficult, the artery should be dealt with first.

« The Pulmonary Vessels—The intrapleural portion of
the pulmonary artery is short, and the arterial cuff may not
be long enough to place proximal and distal sutures The
first arterial branches may be dissected out before the main
artery is freed Distal ligatures can be placed around the
branches This provides a greater space between the proa-
imal and distal ligatures It seems important to have thrC(f
sides of any great vessel exposed prior to the final dissection;
then, if the vessel is injured during the course of the dissec-
tion, the thumb and forefinger may rcac!lly he apphied t(j
give control The sulcus between the superior vein and nrtcr\
can readily be seen and the structurcs identified Tt hm‘thL’n
our practice always to transfix two proximal hgaturcs ter
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an original mass ligature has been placed The distal sutures
on large vessels are transfixed 1f these sutures have not been
placed 1n the branches This will avord troublesome back
bleeding (see Figure 16, ¢ f)

In cases of total resection where the dissection of a great
vessel 18 found to be complicated because of pathological
changes, it may be wise and expedtent to deliberately carry
the dissection to the intrapericardial level This will be
necessary most frequently in performing palliative pneu
monectomy for cancer Either vein or pulmonary artery on
the right oc left may be approached from below after open
ing the pericardium It should be remembered that a ves
ugual fold of serous pericardium passes from the left pulmo
nary artery to the left superior pulmonary veimn postenor to
the left extremity of the transverse sinus This fold encloses a
fibrous strand, the ligamentum venae cavae sinnstrac The
vestigial fold must be divided prior to placement of a mas
ligature around the left pulmonary artery Also, in treating
the vewns from this approach a fold of pericardium usuall:
1s found between the two veins On the night side the pen
cardium can usually be conventently opened by a paralle
incision just posterior to the phrenic nerve

Final Bronchial Closure—Permanent closure of th
bronchial stump 1s of great importance for the ultimat
success of the operation Clinical observations, bronche
scopic examinations, the study of pathological specimen:
and a critical survey of the experumental work done 1n thy
field have impressed us with the necessity of carrying ov
the bronchial closure with the following principles 1n mind

t In the pertormance of pntumonectomy, the bronche
should be divided as near the carina as posstble, thus creatin
a small bronchial pouch or eliminating 1t altogether Thy
diminishes the amount of secretion which may later ac
cumulate there High amputation of the bronchus also pet
muts the stump to retract well into the mediasttnum and the
be covered with more loose areolar connective tissue tha
if a long stump remains
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2 The bronchus should be so handled that contamination
1s avoided or mimimized Spillage of bronchial contents
should be prevented. Bronchial air currents should be
avoided.

3 The sutures should be placed in the bronchus so as not
to interfere with 1ts blood supply

4 The bronchus should be covered with living tissue

The cut end of the bronchus 1s clamped with two Alls
forceps The encircling ligature and rubber tube are then
removed Three mattress sutures are placed close to the
carina 1n the axis of the bronchus and including a cartilag-
nous ring These mattress sutures act as a first line of defense
against the strain on the end sutures of intrabronchial pres-
sure which 1s increased with cough The mattress sutures
flatten the bronchial stump and also decrease the size of the
intrabronchial pouch The mattress sutures, so placed, do
not deprive the end of the bronchus of its blood supply (sec
Figure 17, a-d)

Objections have been raised by many to the use of mattress
sutures which bring mucosa to mucosa The placement of
mattress sutures, however, does reduce strain on the end
sutures, and permits a meticulous treatment of the end of the
bronchus with exclusion of air currents It minimizes con-
tamination and allows chemical cauterization of the mucosa
down to the mattress suture line We feel, therefore, that the
advantages of the mattress sutures offset any theoretical
objections

The bronchus 1s now reamputated 3 millimeters distal to
the mattress suture line Complete severance 1s not carricd
out immediately as the bronchial cuff 1s used for traction
The interior of the bronchial stump is painted with a non-
irritating  antiseptic, such as zephiran chloride 1°1000
solution In the event that the resection s carried out for
tuberculosis with extensive involvement of the main bron-
chial wall at the line of division, the mucosa distal to the
mattress sutures 1s cauterized A bead of sodium hydroside s
used for this and contact maintained for ten to fiftcen seconds
only Care 1s taken to prevent its touching any tiscuc other
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Fie 17 Drawings illustrating final treatment of the left maun bronchu:

«. Divuan of the bronchus between temporary Iigature and distally place
holding clamps, Note protecting gauze pad and suction tip mamtained clos
to the bronchial opening

b Top and lateral appearance of the cut end of the branchus shown
nvagination of the pasterior wall by rubber tube beneath temporary higatus
cffecting air tight closure

¢. Placement of mattress sutures. Two strasght needles are used for eac
suture. The cross section shows bronchial Iumen at suture level. Note thy
both cartilaginous ring ends extend around to include the edge of t
poatenior wall The membrasous wall » shorter than the cartilaginous wal

d Reamputation of the bronchus. The upper edge has not been completel
divided as the bronchial cuff 1s being used for traction The kmife blade
shown dinding the upper angle of the cartilage. The cross section show
bronchial lumen after placement of mattress sutures and after cartilage ¢
has been sectroned.
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F16 17 Drawings illustrating final treatment of the left main bronchus

e Chemical cauterization of the mucosa using a bead of sodium hvdroxide
which 1s immediately neutralized with acetic actd .

f Washing of the bronchial stump with normal saline solution The
bronchus s tested for air leak The washings arc immediately aspirated

g. Placement of end sutures

h Flap of endothoracic fascia and pleura turned down over the bronclial
stump and sutured 1n position.

Fi6 17 Drawings illustrating final treatment of the left man hronchus

1 Method of mamn bronchial closure by vertical approsimation The L"m;’
lages are fractured in their center and the membranous wall 1s mv.'lﬂ“’-“";
This method 5s cmployed when the membranous portion 15 disproportionately
narrow or when cartilages are unyielding A minimal number of sutures are

l’l‘(llllfl"{‘



GENERAL CONSIDERATIONS 55

Fic. 17 Drawings illustrating finsl treatment of the Jeft main bronchus.

) Use of a free graft of pleura or fascia in place of flap of endothoracic
fascan and pleura as employed in (h)

k Free graft being held 1n place with an Allis forceps and sutures being
inserted through the end of the bronchus.

1 Mediastinal opeming beng closed with & flap of endothoracic fascis
and pleura,

m. Alternate method of mediastinal closure by direct suture as employed on

left side. The pleura and endothoracic fascia are released by a linear incision
lateral to the aorta.

n Drawing of same step used on the night side Here the releasing
incision 18 made parallel to the esophagus and lateral to the azygos vein

than mucosa A small pledget of gauze saturated with a
6 per centsolutton of acetic acid 1s then applied to neutralize
the alkali Cauterization of the mucosa reduces the bacterial
content and also 1nvites better cicatrizatton The bronchial
stump 15 washed with saline and tested for air tightness Be
fore positive pressure 1s induced the anesthetist aspirates the
bronchial system 1n order to avoid dissemination of secretions
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as the pressure 1s raised If the bronchial end does not easily
flatten out, the last two bronchial rings are cut where their
curve 1s greatest, Through-and-through end sutures are 1n-
serted Three or four of these will usually suffice The re-
maining bronchial edge for traction 1s then divided (See
Figure 17, e-h.)

A useful vanation 1n bronchial wall approximation should
be mentioned Quite often the membranous portion of the
main bronchus will be found to be narrower than average
and will constitute one-third or less of the total circumfer-
ence The closure can be more securely effected by dividing
the last two or three cartilages in their precise mid-point,
and by then suturing the ends to each other (see Figure
17, 1) This suture invaginates the membranous portion
between the two opposed half sections of the cartilages. A
mimmal number of sutures are necessary and the structures
can be brought together without tension This method 1s
also useful in older people where firm or calcified cartilages
are found

A flap of endothoracic fascia and pleura 1s dissected from
the costovertebral portion of the chest wall It 1s developed
until 1ts length 1s sufficient so that after attachment the bron-
chial stump will retract well within the mediastinum The
flap 1s sutured to the bronchial stump with three additional
end sutures

Sometimes we have used a variation 1n the reinforcement
of the bronchial stump A free fascial or pleural graft may be
removed from any area and sutured to the bronchial stump
with three or four end sutures (see Figure 17, J-n) While
the free graft 1s being attached, the vagus nerve 1s retractc
The stump then retracts into the mediastinal tissue carrying
with 1t the free graft The mediastinal pleural vpening 1s
covered either by a pleural flap dissected from the costo-
vertebral portion of the chest wall or by suturing bot_h cdges
of the mediastinal pleura When the mediastinal rent is wide,
a releasing incision in the panetal pleura and cndothoralClC
fascia 1s made parallel and lateral to the aorta or the esop lal-
gus. Tt 1s then possible to draw the edges of the mediastina
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be used 1n all tissues with the exception of the bronchus The
strength and fineness of the material, 1ts precise placement,
the proper settling of knots, and the degree of tension placed
upon the tissues have more to do with satisfactory results
than the particular suture material used Every surgeon has
a preference for material for routine use That suture ma-
tertal to which he 1s accustomed may have practical supe-
riority 1n his hands.

For bronchial closure a non-absorbable material 1s ad-
vised For closure of the segmental bronch: and for closure
of most main bronch: we prefer fine interrupted silk (size
3-0) From time to time we have given Iimited trial to other
materials but have invariably returned to the use of silk.
Its ease of handling, its high tensile strength 1n the finer sizes,
and the minimal reaction that takes place 1n the tissues are
all commendable features Recently in the closure of main
bronch: 1nvolved 1n tuberculous disease we have used fine
stainless steel wire (size 34) Wire sutures are more difficult
to handle than silk and the setting of the knot has to be done
with extreme care Kinking of the wire may prevent the
<not from sliding down to 1ts proper position Therefore
he first half-knot should be pulled down without kinking
‘he wire strand After 1t 1s properly set, a twist or rotation
>f the two strands for 25 or 30 degrees will temporarily hold
he half-knot 1n position The second half-knot should be
squared The wire should be cut close to the knot so that the
ends are not palpable Apparently there s very little reaction
to the wire sutures and they become embedded 1n the tissucs
and remain there without giving any evidence of irritation
The condition of the interior of the stumps observed bron-
choscopically has been consistently satisfactory 0

Fine silk (size 3-0) 15 our preference for the higation of a
vessels of the chest wall and for all sutures used in the closure
of muscles, fascia, and skin Silk ligatures of the same s1z¢ ar(]:
also used for all hilar vascular hgation and for bronchia
closure 1n segmental and lobar resections There 1s On? rﬂfi
=xception to this practice and that 1s 1n an operation “':1“ !
carried out in the presence of gross infection when sothng
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of the wound 1s inevitable Then stainless steel wire higatures
and sutures (size 34) are used throughout the operation 1n
the chest wall and for all phases of the intrapleural and hilar
work

The costal cage 18 re approuimated and firmly held by
pericostal, subperiosteally placed hgatures of double strands
of chromic catgut No 1 In the presence of gross chest wall
contamination stainless steel wire sutures (s1ze 34) are used

In the event that a subsequent thoracoplasty 1s to be per
formed with certainty or 1if a very hasty closure of the chest 18
demanded because of the condition of the patient, pericostal
metal clips arc used Stainless steel bands® of varying length
have been designed with curved ends which fit the b edge.
These clips can be apphied quickly and with ease and provide
sccure approximation Clips of stainless steel cause no tissue
reaction and may be contained 1n the chest wall permanently
However, for roentgenological cosmetic reasons, the clips
have been used electively only 1n cases where the thoracic
cage 18 to be re exposed, permutting their removal An excep
tron to this rule 1s their use in emergency closure

CLOSURE

Chest Wall Reconstruction—An effort 1s made to rest
the mechanical efficiency and integnity of the chest wall .
intact thoracic cage 18 necessary for proper lung ventilat;
and for the natural expulsive {oree of the cough mechams
As we have said before, 1n pneumonectomy cases an air ti
closure of the thoracic cage 1s important Sudden loss of
or flmd from the hemithorax results in sudden shifts
mediastinal position It 1s, therefore, important to seal
pleural cavity and regulate pressures periodically af
manometer readings have been taken

It 13 well known that pain impairs the efficiency of cou;
Experience has shown that the inclusion of the ntercot
nerves an pericostal sutures and an unstable thoracic ¢
are responsible, to a large degree, for the production

* Thewe were uggested by and developed in conjunction with Dr Emll Nael
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postoperative pain Ribs can be reapproximated with sub-
periosteal sutures that carefully avoid the intercostal nerves
and securely hold the ribs in their proper position. The ribs
to be drawn together are denuded of periosteum for about
1 centimeter at the suture site Two pericostal sutures are
necessary. INotches are made in the rib edge with a small
rongeur This will prevent the suture from sliding Chromic
catgut No 1 is used. The ribs are then drawn together with
a Bailey r1ib approximator (see Figure 8) or with rake re-
tractors, and the sutures are set (see Figure 18, a) After the
ribs have been secured, the pleura, the periosteum, and the
intercostal muscles are sutured 1n a single layer. Stainless
steel clips are used for rib approximation if the chest wall 1s
to be exposed again for thoracoplasty. This method gives
positive fixation and permits a rapid closure of the thoracic
cage (see Figure 19).

In all cases where some lung tissue remains an air-tight
closure is not obligatory or even desirable The escape of air
and fluid out into the subscapular space favors re-expansion
of the lobes or segments and does not interfere with primary
healing In our experience we have never seen a single casc
where the escape of fluid from the pleural cavity has resulted
1n an infection of the chest wall even when the field has been
contaminated. After approximation of the ribs has been ef-
fected with the two pericostal sutures, no attempt is made to
completely seal the intercostal space The edge of the longis-
stmus dors: muscle is sutured to the intercostal tissue to close
the paravertebral aspect of the thoracic cage defect Threc
or four sutures are placed anteriorly in the intercostal open-
ing to prevent hermation of lung or pericardial fat in this

area .
The back muscles (trapezius, latissimus dors!, rhomboides,
and serratus) are re-approximated with interrupted sutures
1n two layers (see Figure 20) The rhomboideus and scrratus
are sutured in the first layer, and the trapezius and latissimus
dorsi 1n the second layer. Tt is important that thc'fascm';)g
the muscle edges be re-apposed 1dentically Two pairs of s1 X
sutures are placed as markers on opposite sides of the mus
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Fic 18 Drawings illustratnng thoracic cage closure after pneumonectomy
a. Small areas of perniosteum have been separated completely around two
ribs and the outer rib edges notched for pericostal subperiosteal suture.

b The thoracic cage has been sealed in an air ight manner Interrupted
sutures have been placed 1n the intercostal muscles and penosteal bed of the
previously resected rib The paravertebral aspect of the openung has been
closed by suturing the longusimus dorst muscle edge to the 1ntercostal muscle

cles before their division as an aid 1n precise re alignment

The subcutaneous fascia 13 drawn together with closely
placed, interrupted sutures inserted so that when tied the
knots lie beneath the fascial layer This layer reinforces the
muscle closure and does much to prevent subsequent widen
ing of the visible cutaneous scar It should be properly re
aligned

The shin 18 closed with interrupted sutures after the pre
viously placed cross hatches are re aligned Incxpensive
mulliner’s straight needles are used They are threaded and
autoclaved 1n advance The use of multiple needles, already
threaded, makes a rapid skin closure possible and avoids
multiple shin punctures by a single needle At first all the
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Fie 19 Dravwing ilustrating the use of ~tamlees steel chips to re-approvimte
the thoracic cage Chpe are ued routinely n closure after pncumoncctoni
if thoracoplisty s to follow, at w hich time they are remosed T he metal chp-
1re hool ed subpcriostealls around the edges of the ribs Insert show s different
size metl chips (in millimeters) This method gives positne fivation rew rd-
less of <tress. Early ambulation with mimmal diccomfort 1 possthle
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Fic. 20 Drawings llustrating closure of the soft tisues of the chest wall
followng, resection of a lung Fascial planes of muscle have been cxaggerated
11 order to emphasize their precise re-approumation and re alignment.

needles are 1nserted through both skin edges This fixes the
skin 1n proper re alignment as the final closure 15 effected
The assistant pulls the individual needles through as the
threads are tied The suture line 18 covered with silver foil
before the dressing 1s apphied

Dramnage—Pneumonectomy cases are closed 1n an air
tight manner without a drain Intrapleural pressures are
regulated by air aspiration or injection after manometer
readings are taken When thoracoplasty, however, has pre
ceded pneumonectomy, the pleural space 1s small These
cases show sudden pressure changes with very small amounts
of flud accumulation Routinely, the pleural cavity 15
drained wath a soft flesible Penrose type drain which 1s left
1 place for about 48 hours

In lobectomy or segmental resection cases, the primary
concern 1$ early re expansion of the remaining 1psolateral
lung, and obhteration of the pleural space All these cases,
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therefore, are drained for about 48 hours with one or two
rubber catheters (size 26) which emerge through the an-
terior end of the incision (see Figure 13, b) or through
separate stab wounds The draining catheters are later at-
tached to a suction system with a negative pressure of 10 to
12 centimeters of water Higher negative pressure suction
during the first 24 hours is not desirable because 1t may pre-
dispose to intrapleural bleeding, formation of flurd, and oc-
clusion of catheter openings by sucking lung tissue against
them before all air or flurd has been aspirated

Final Steps—At the completion of the operation, 1n
pneumonectomy cases, intrapleural pressure 1s checked and
regulated to the normal physiological level by means of
needle aspiration of air In lobectomy cases, fluid and air are
aspirated through the draining catheter and at the same time
the anesthetist applies gentle positive pressure to aid in re-
expansion of the remaining lung tissue

A spica type of dressing of an elastic adhesive (clasto-
plast) 1s applied to the shoulder and chest (see Figure 21)
The strips are applied generally at right angles to the wound
to afford relief of all tension on the wound regardless of arm
or shoulder position or of motion The patient 1s then trans-
ferred to a bed directly from the operating table This elimi-
nates another transfer 1n the patient’s room A thorough endo-
tracheal aspiration 1s carried out in the opcrating room
Careful auscultation of the chest 1s done to make surc that
the airways are free of sccretions The intratracheal tubc 1§
then removed If there has been difficulty with the re-cypan-
sion of any segment or 1f there 1s any suspicion th‘at sccretions
remain 1n the bronchial system, the patient 1s immediately
bronchoscoped and aspirated under direct vision Seldom
has postoperative bronchoscopy been ncccssar_\; mthlmlf'
present method of management on the table We attributt
this to the case with which secretions pour out 0f the n-
tratracheal tube 1n the face-down position, to carly tcmpf):
rary higature of the bronchus, thorough aspiration of "hf
bronchial systemy with a catheter via the intratracheal tube.
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Fia. 21 Photograph of panent with clastoplast dressing applied to give
clastic support to chest and shoulder The upper strips are placed at nght
angles over the wound and scross the shoulder to the anterior chest in such &
manner that arm motion 15 not limited

and the conscious status of the patient during the operation

With the anesthetist, surgeon, and assistants all working
to complete the final details of the operation, there 13 a
tendency to subject the patient to too much simultaneous
mamipulation The various maneuvers necessary at the con
clusion of the operation should be carried out gently and 1n
sequence and not simultaneously For example, aspiration
of the trachea should not be done at the same time that air 13
being aspirated from the chest, nor should the intratracheal
tube be immediately withdrawn after the patient 1s turned

Before the patient 1s returned to his room, the blood pres
sure, the puise, and the respiration should be satisfactory
We prefer that the patient not leave the operating room
unless he 15 conscious Additional blood 15 given 1f bload
pressure 1s below 100 10 patients with normal readings pre
operatively After the blood pressure becomes stabilized the
venoclysis 18 discontinued
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EMERGENCY SITUATIONS

Sudden and dramatic situations may arise during the
course of an intrathoracic operation that can best be de-
scribed as true emergencies The dramatic changes are all
concerned with cardio-respiratory difficulties It 1s possible
to practically eliminate them by following two principles
First, known factors that bring them about should be
avoirded. Second, at the first impending sign of these dis-
turbances, maneuvers pertaining to the operation itself
should be abruptly abandoned and all energy devoted to re-
storing the cardio-respiratory balance

Many years ago 1n the early days of visceral thoracic sur-
gery 1t was considered more important to hastily finish the
operation and either abandon resection or discontinue a me-
ticulous dissection and use a tourniquet for a rapid treatment
of the hilum, close the chest, and get the patient off of the
table before he expired It became a race between the sur-
geon and the factors which operated to throw the cardio-
respiratory mechanism out of balance It s now known that
it 1s far safer not to hurry the operation itself, and that it 1s
possible to restore normal heart and respiratory rhythm and
re-stabilize the blood pressure at any time during the course
of the operation The cardio-respiratory mechanism can
best be kept 1n balance by careful attention to the factors
which are known to upset this mechanism

Danger Signals and Suggestions—At no time should the
blood pressure be permitted to shide down and remamn for
anv length of time at a pre-shock level A falling pressurc
usually means blood loss A sudden rise 1n blood pressurc 1§
another warning A rising pressure means a scvere degrec of
anovia Blood loss can be miminuzed by starting the infusion
of blood simultancously with the ncision and regulating 11s
flow so that 1t equals blood lost If at any timc the gravity
flow of citrated blood 15 too slow as mdrcmcd.b_v ”,]f drip, the
flow can be augmented by accessory pumping Fhis as ace
comphished by using a syringe, needle, and three-way adapter
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which permuts an assistant to draw blood from the transfu
ston system and force 1t 1nto the venous system at any desired
speed Care should be exercised 1n cheching all bleeding
pornts, particularly chest wall areas which are out of the
direct vision of the surgeon Slow oozing from several areas
can bring the patient into an unsuspected pre shock state n
operations which last one, two, or more hours This 1s par
ticularly true when the surgeon’s attention s focused on a
meticulous dissection 1n a different field

What 15 even more serious than a gradually falling pres
sure 18 4 rising blood pressure which 1s due to a lowered
oxygen content of arterral blood Almost invariably the
anesthetist will find occlusion of the airnays This 15 2 me
chanical problem that can be corrected The airways should
be free of secretions It 18 the anesthetist’s tash to be alnays
on the alert to test constantly the system and asprrate at regu
lar intervals whether there are obvious signs of obstruction
or not. In lobectomy cases, 1t 1s important to periodically
reinflate the remaining lobes during the course of the opera
tton In patients with low pulmonary reserve and particu
larly 1n those undergoing treatment for bilateral bronchiec
tasis, 1t may be necessary to continuously maintain a state of
partial inflation of healthy segments on the side of operation
This practice has permutted the successful completion of
treatment for many patients 1n whom the deficieat contra
lateral lung could not even temporarily carry the respiratory
load The color of the ntissues can be checked better by the
surgeon than by the anesthetist Anything more than a mo
mentary darkening of the blood calls for a cessation of opera
tive maneuvers and full cooperation of all members of the
surgical team with the anesthetist until proper oxygenation
15 assured  Difficulties 1n maintaining proper ovygenation
usuaffy appear early in the course of the operation and often
before the incision 1s made

The surgeon should be open minded about altering plans
for continuing an operation 1f things are not going well
Breathing must be regular and unobstructed The heart ac
tion must be satisfactory and the blood pressure level must
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be brought back to a safe range A sustained elevated pres-
sure is a serious sign and unless promptly corrected calls for
an abandonment of further operative acts There 15 always
a critical point in any operation from which there 1s no
turning back In pulmonary resection that point is not
reached until the bronchus 1s actually divided The pul-
monary artery or even the artery and both veins may be
ligated and the lung left in situ The chest may then be
closed to continue on a later day The abandonment of the
operation before the lung 1s removed, but after the bronchus
has been divided is a conceivable situation that might be
forced upon the surgeon. Development of infection would
almost certainly follow In the event that the exposure it-
self has consumed a considerable amount of time with an
excessive amount of unavoidable blood loss, the surgeon
should decide early how he can stage the operation to best
advantage. If staging is necessary it is better to anticipate its
necessity rather than be forced into a sudden reversal of plans
without the benefit of election as to where to stop If the
procedure is to be divided into two stages, 1t is well to divide
the necessary work about equally This situation arises most
frequently in post-thoracoplasty resection or whenﬁmfcc-
tion of the chest wall complicates the picture. Here 1t is well
to deliberately plan to appraise the situation after the lung
is exposed and before any hilar dissection 15 carried out If
it then seems best to divide the procedure, the operation
should be discontinued. If one proceeds cautiously as out-
lined previously, it has been our experience that stage opera-
tions will rarely be necessary ’ o
Stimuli produced 1n the lung or hilar area involving bot

afferent and efferent branches of the vagus nerve (so-called
vago-vagal reflexes) inhibit cardiac activity, slow 1ts ratf:,
and may even cause cardiac standstill Elsewhere we have
mentioned the routine practice of njecting the vagus nerc
at the level of the main stem bronchus using a onc per cent
solution of procaine hydrochloride The peribronchial txssucls
are also infiltrated to interrupt the branches of the Puf'
monary plexus The injection may be repeated Jater 1
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bradycardia 15 again evidenced In patients where these dis
turbing refleacs continue to be troublesome an intravenous
njection of atropine, grans 1/150, 15 given Careful and
gentle handling of the lung and hilar structures does more to
chmrnate vago vagal reflexes than any other precautionary
measure Undue traction upon the lung pedicle should be
avolded at all umes The use of lung clamps makes 1t very
casy to unconsciously exert too much traction on the lung
root The assistants eventually find their hands on the clamps
and, 1n their attempt to 1improve vistbility, quite invariably
exert undue traction We have found 1t safer to eliminate all
traction clamps except for their brief application for a spe
cific dissection

‘We make 1t a practice to interrupt temporartly the opera
t10n any time that the patient’s condition 18 not satisfactory
as shonn by irregular breathing, fast breathing, nise or fall
mn blood pressure, bradycardia, or cyanosts The rib retrac
tors are removed, the ribs are quickly approumated with
temporary metal clips, and the wound 15 covered with hot
saline packs The anesthetist cechecks airways, the exchange
of gases, and the flow of supplementary blood If these three
factors are mn order, the temporary interruption of the opera
tion will permit proper adjustments to take place

Upon occasions blood clots or debris may suddenly block
the contralateral bronchus and removal by catheter suction
via the in lying tracheal tube may not be successful An
emergency bronchoscopy 1s possible but difficult to carry out
during the course of an operation Seconds count and any
delay may spell death Tn most instances when this emer
gency arises the chest 1s open The obstruction can be more
quickly and posmitively dealt with by immediate bronchot
omy The main stem bronchus 1s rapidly opened by shtting
the membranous posterior wall and a catheter 1s introduced
wn that way for suction In the event that lobectomy 1s to be
performed, the emergency bronchotomy should be per
formed 1f possible, upon the lobar bronchus

Cardiac Standstill—Sudden cardiac standstill occurred
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In rare occasions early in our experience with resections
This complication 1s the most serious of all and the time 1n-
terval for the re-establishment of the circulation 1s short If
the period of cessation of blood flow exceeds 3 to 4 minutes,
irreversible changes 1n nerve tissue take place During the
past two years careful attention to preventive details has
provided immunity from such catastrophes In the past
when cardiac standstill occurred the following steps were
instituted immediately and simultaneously In approximately
half of the cases 1t was possible to re-establish cardiac pulsa-
tions

1 Immediate manual compression of the heart was car-
ried out so that its pumping action was temporarily taken
over After each forceful squeeze, the heart was allowed to
fill The rate of this action was 40 to 5o per minute.

2 The system was checked for bronchial occlusion.

3 Rhythmic positive pressure of the closed anesthetic sys-
tem was applied adding only oxygen Pressure was produced
with manipulation of the re-breathing bag at a rate of 15 to
20 per minute

4 Anntracardiac injection of adrenalin, 1 cc of a 1.1000
solution, was given. In the future, 1f the necessity for cardiac
resuscitation arises, adrenalin solution will be used 1n smaller
amounts and will be 1njected 1nto the aorta rather than into
a chamber of the heart Dr Leo Hand has pointed out that
if ¢ minims of adrenalin 1n 20 cc normal saline solution 1§
injected 1nto the ascending aorta, the adrenalin will more
Iikely find 1ts way 1nto the coronary artery than if a solution
of less volume 1s injected into the heart He also warns
against the use of larger doses of adrenalin becausc of a real
danger of overexcitation and the production of circus move-
ments A failing heart should not be too severely whipped.

Technical Accidents—Technical accidents involving the
great vessels may occur regardless of how meticulous the
care 1n dissection In palliative resection for carcinoma the
vessel walls may be invaded by tumor tissue and therr treat-
ment rendered difficult Calcified hilar glands and the
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changes following long standing suppurative disease may
greatly complicate vessel dissection Avordance of injury 1s
far better than the most skillful maneuver to repair aninjury
Employment of the mtrapericardial approach for protumal
hgation should be always kept 1in mind In the dissection of
vessels prior to their Iigation 1t 18 well to dissect mn such a
manner that two sides of the vessels can be surrounded by
thumb and forefinger for compression 1f the necessity arrives
Peripheral hgatures can often be placed on branches prior to
final dissection of the main stem of the vessel Should the
vessel be torn care should be exercised not to 1ncrease the rent
by hasty application of hemostats Often manual compres
sion, flushing out the wound vith saline, and aspiration of the
fluid will permut the surgeon to appraise the extent of the
injury The vessel may then be sutured and preserved or
ligated as conditions dictate It has been found that the apph
cation of an Allis forceps to a torn main artery or vein gives
better control than any type of hemostat The handle of the
Allis forceps may be shifted with less danger of the blades
of the instrument pulling away from the vessel wall or tear
ing 1t Twisting the handle of the Allis forceps 1s a very use
ful maneuver at times 1f direct application of the forceps
does not stop blood flon Suture ligatures can often be placed
in a through and through mattress fashion by employing
straight needles Tiwo round pointed needles are used, one on
cach end of the thread If multiple mattress sutures are
needed, the loops are overlapped

In the performance of segmental or lobe resections, njury
to the principal vessels of adjacent lobes may occur The con
dition under which this 1s most likely to happen 1s 1n resec
tion of the left upper lobe Because of the vulnerable position
of the entire trunk of the left pulmonary artery the wall of
this vessel may be injured beyond repair and sts ligation
become necessary A decision then must be made as to total
resection versus leaving the defunctionalized lower lobe 1a
place It would seem more expedient to alter plans and do =
complete resection In most 1nstances, with the dissection of
the left upper hilum so complicated that the main artery has
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been injured, 1t 1s far simpler to move to the next higher level
and dissect the structures of the main hilum. The patient
sacrifices no more vital tissue and probably the safety factor
1s 1ncreased

The 1njury of segmental or lobar bronchi of healthy lobes
during dissection 1n the performance of subtotal resection 1s
of more serious importance than vascular injury The repair
of bronchial walls without resulting occlusion from mucosal
swelling or stricture 1s difficult to accomplish The opening
of a bronchus also introduces the added element of infection.
Any serious 1njury of a bronchus obligates the surgeon to
immediately enlarge upon the plan of resection and include
that segment or lobe whose bronchus 1s involved in the in-
jury Small or minor 1njuries of the bronchial wall may be
meticulously sutured with success An overlying graft of
muscle may be useful for 1ts sealing qualities Bronchial in-
juries or leaks of the cartilaginous portion are easier to repait
than posterior wall injuries



CHAPTER IV
Intrapulmonary and Hilar Surgical Anatomy

READY KNOWLEDGE of the bronchovascular pattern and
1ts most common variations within the lung, lobes, and
segments 15 essential 10 the modern performance of

pulmonary resection In the tourniquet era, the surgeon was
not concerned with the relative position of the structures in
the primary or secondary hilum A meticulous dissection,
with individual treatment of hilar structures, demands a
more intimate acquaintance with intrapulmonary anatomy
Proper adjustment of the extent of the resection to the extent
of the disease requires great precision i dissection The con
sideration of pulmonary segments as surgical units requires
the thoracic surgeon to famihianze himself with the vanious
tertiary hila and the relative positions of bronchopulmonary
segments

The description of structures i1n this book 1s undertaken
within the frame of usefulness for the thoracic surgeon The
arrangements of the bronchi and larger vessels and their con
nections 1n the root of the lung, 1n the lobar hilum, and 1n
the interlobar fissures are described as seen 1n the surgical
approach, and from angles fammliar to and used by the sur
geon The vanations of interrelated anatomy of the various
components of the hilum which are of practical concern to
the surgeon are given The peripheral arrangements of the
vessels are not constdered 1n detail, for they have no bearing
on surgical problems

Thus surgico anatomical study 18 based on patterns found
in dissecting heart lung specimens and from observations
made n the surgrcal amphitheater

Lung structure as seen at the operating table after cYposure

73
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of the hilum posteriorly through the interlobar fissures and
anteriorly 1s 1llustrated

The dissections were carried out with the heart-lung speci-
mens so placed as to duplicate as closely as possible the view
encountered during operation with the patient sn the face-
down position For clarity’s sake, the fissures have been
widely separated The dissection of the anterior aspect of the
lung root was done with the specimen retracted upward. The
Iymph nodes which normally fill the crevices between the
vascular and bronchial structures were intentionally onutted
in the 1llustrations

NOMENCLATURE

Jackson and Huber’s bronchial terminology has been
adopted in our clinic (see Figure 22). They have madc a
painstaking study of the bronchial system and have given
careful consideration to other suggested names for segments
They have attempted to work out a terminology which is
“acceptable to the bronchoscopist, the thoracic surgeon, and
the radiologist, and which will meet with the approval of
the anatomist.” They have chosen to use the position of the
segment within the lobe as a basis for 1ts name The use of
the word “axillary” has been dropped since both upper and
lower lobes have axillary surfaces, and 1n the upper lobe por-
tions of two segments face the axilla The terms ventral and
dorsal have also been eliminated since they could apply to
segments in either lobe Jackson and Huber’s sclcction of the
name ‘‘superior” for the upper segment of the lower lobe
rather than “dorsal” scems logical

We have adopted the same nomenclature for the vnscyl,ar
tree with the exception of the naming of the vens of the right
upper lobe. Segmental arteries which accompany the Cojs
responding bronchus can casily be given the samc nanfn ’- .
the bronchus The veins which run in the periphery o “3

segments, cither between adjorming oncs or on the plcul:izl‘l
surface of the lung at the level of the lobar hilum, paralic

j i «t and
a segmental bronchus on 1ts medial or inferior aspect an
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will also be named according to the corresponding bronchus
The bronchoyascular segmental arrangement, however, n
the right upper lobe shows lack of umformuty This applies
particularly to the veins, according to Boyden, and they,
therefore should be identified with a different terminology
than the bronchi

THE ROOT OF THE LUNG

Within the root of the lung, the following structures are
found bronchus, pulmonary artery, pulmonary veins, bron
chial artenies and veins, nenve pletuses, lymph nodes,
lymphatic vessels, and areolar tissue These structures con
nect the lung to the heart and trachea On the right side, the
root lies behind the superior vena cava and part of the right
atrium ‘The azygos vein hes above the root and partally
circumscribes the right main bronchus The root of the left
lung lies beneath the arch of the aorta and 1n front of the de
scending aorta On the anterior surfaces of both pulmonary
roots are found the phrenic nerves, the pericardiophrenic
arteries and \eins, and the anterior pulmonary plexuses The
vagus nerves posterior pulmonary plexuses, and bronchial
arteries lie 1n the posterior aspect of the pulmonary roots On
both sides at the level of the hilum, the chief structures of
the pulmonary root are arranged 1n a similar manner An
teroposteriorly the pulmonary verns are 1 front, the artery
in the middle and the bronchus behind From above down
ward, the arrangement on the Ieft differs from that on the
nght On the night side, the bronchus, the artery, and the
vewns are found in that order On the left side, the artery 1s
the uppermost structure, then the bronchus and the vewns
All these structures 1n the hilum are covered by the pleura
The v esting pleural lavers come 1nto contact at the lower
border of the hilum and form the pulmonary hgament which
reflects 1nto the medrastinum at the level of the esophagus
and 15 usuallv attached to the esophageal fascia The inferior

pulmonan vem 18 enveloped by the pulmonary ligament as 1t
reaches the hilum
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THE BRONCHIAL TREE

The segmental bronchi have come to equal 1n surgical 1m-
portance the lobar bronchus The bronchopulmonary seg-
ments have definite clinical, anatomical, and pathological
characteristics Often diseased processes are limuted to indi-
vidual segments Accurate segmental localization can often
be made by x-ray, bronchogram, and with the bronchoscope.
The most common pattern consists of ten bronchopulmonary
segments on the right side and eight on the left side (sce
Figure 22).

Bronchi of the Right Upper Lobe—The right upper lobe
1s divided 1nto three bronchopulmonary segments (sec Fig-
ures 22 and 23) . the apical, the anterior, and the posterior.
The upper lobe bronchus arises close to the bifurcation of the
trachea. It i1s very short and branches immediately The pre-
cise localization of tuberculous lesions emphasizes the vul-
nerability of the posterior, then apical segments for cavity
formation Two of the subdivisions of the segmental bronchi
of this lobe are of special interest. The branches of the an-
terior and of the posterior segmental bronchus which supply
the region of the axilla are the most common sites of lung
abscess in the upper lobe.

Bronchi of the Middle Lobe—The portion of the right
bronchus between the orifice of the upper and nuddle lobe
bronchi 1s called the bronchus intermedius 1t varies from 10
to 15 millimeters 1n length The middle lobe bronchus comes
off from the anterolateral aspect of the bronchus intermedius
at almost the same level as the superior segmental broncl?us
of the lower lobe (see Figures 2z and 23). At times, the mid-
dle lobe bronchus may arise at a slightly lower level This
bronchus 1s usually 8 to 12 millimeters 1n length and then
divides into its medial and lateral branches.

Bronchi of the Right Lower Lobe—Two large divisional
bronchi form the lower lobe bronchus: the supcrior scg-
mental and the basal bronchus The superior bronchus arises
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from the posterior and lateral aspect of the main bronchus
at the origan of the lower lobe bronchus and at the level of
the middle lobe bronchus, or shightly above 1t (see Figures
22 and 23) The surgical sigmficance of this 1natomical
feature deserves special comment When a lower Jobectomy
15 being performed, the bronchus to the superior and basal
segments should be divided separately in order not to ob

struct or injure the middle lobe bronchus The basal divi

Supans
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Fi6. 23 Drawing from an anatomical dissection llustrating the bronchial
tree of the nght lung 1n the prone pesition scen from the postenor aspect
The lobes have been retracted to expose the segmental bronch:

stonal bronchus constitutes 1n reality, the prolongation of
the main bronchus It has a common stem which branches
nto four segmental bronch: The basal segmental bronchi
are the medial, the anterior the lateral, and the postersor
Some authors also describe an independent subsuperior seg
mental bronchus Neil and co worhers have named this seg
Mment the “subapical” and found 1t to have an independent
bronchus interpolated postertorly between the superior and
the basal segments and citending sometimes as far as the
midavillary hine
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Bronch: of the Left Upper Lobe—The left upper lobar
bronchus divides 1nto two main divisional bronchi desig
nated as upper and lower (lingular) divisions (see Figures
22 and 24) The upper division has an ascending course and
divides 1nto two segmental bronchi  the apical posterior and
the anterior bronchi The apical posterior segmental bron

Raght Mawn
oS
Trachea ---3 =
T
Left Mamn=-—--- =
Lingulad --- -

ANtenor—-~—
Apical Posterior

Fio 24. Drawing of an anatomucal dissection showing the bronchial tree of
the left lung m the prone position observed from the posterior aspect. The
lobes have been retracted to expose the segmental bronchy

chus branches into two subsegmental bronchy, the apical and
the posterior, considered by some authors as individual seg
ments Tuberculosis cavities are most frequently found 1n
these segments The antenior segmental bronchus gives off a
lateral subsegmental branch which ventilates an area of
clinical importance In this subsegment, abscesses of the left
upper lobe are most frequently found

The inferior or hingular division 1s considered anatomi

cally and clinically the counterpart of the middle lobe on



So THE TECHNIQUE OF PULMONARY RESECTION

the right This divisional bronchus takes origin from the in-
ferior aspect of the left upper lobe bronchus. The Iingular
bronchus has a descending and anterior course It divides into
two segmental bronchi: the superior and the inferior
branches. Sometimes a variation 1n the pattern of the seg-
mental. bronch: of the upper lobe 1s seen The anterior
segmental branch may originate from a common trunk to-
gether with the lingular division.

Bronchi of the Left Lower Lobe—Two large divisional
bronchi arise from the lower lobe bronchus, as 1s found on
the right: the superior and the basal bronch: (see Figures
22 and 24) The superior segmental bronchus arises from the
postero-lateral surface of the left bronchus about 5 milh-
meters below the level of the upper lobe bronchus The basal
segments—anterior-medial, lateral, and posterior basal—
originate from a common stem and constitute the prolonga-
tion of the left bronchus. The proximity of origin of the
superior segmental bronchus to the upper lobe orfice war-
rants special mention In performing a lower lobectomy,
it 1s often safer, as on the right side, to divide the basal and
superior segmental bronchi separately rather than the main
stem above the orifice of the superior divisional bronchus.

Some Variations in Bronchial Patterns—On rare occa-
sions, the segmental broncht of both lobes virtually take
origin from the left main stem bronchus much 1n the way
spokes are 1n relation to the hub of a wheel This appecarance
1s due to an absence of lobar bronchi or to those which arc
extremely short and wide

One encounters from time to time anomalies which gne
freak bronchial patterns. They are recogmzed after bro;l-
choscopy or complete bronchography An accessory ;lg!t
upper lobe bronchus may be found which takes origin 1:0:1;
the lateral wall of the trachea slightly above the onfice o
the right main stem Neil has called attention to n‘nm?ﬂ
accessory segment (subapical) which, if present, 15 ':n;m “
below the superior division of the lower lobe with n‘(s })r:in-
chial orifice just below that divisional opening Often br
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chial cysts are found which have a bronchial attachment
indicating the presence of supernumerary bronchial
branches

A reverse situation may be found, that 1, the congenital
absence of a segment, lobe, or lung We recently explored
the right chest of a patent for total bronchicctasis on that
side The right upper and muddle lobes were absent. The
superior segment of the lower lobe was overdeveloped and
extended almost to the pleural dome The extreme apex was
opaque by \ ray At exploration, this portion of the chest was
occupted by a lipomatous mass Concurrently with the ab-
sence of the upper and muddle lobes, the arteries and the
veins of those lobes were also absent

An azygos lobe 18 another abnormality that may be encoun
tered 1n a dissection of the right upper lobe It 15 not a true
accessory or supernumerary lobe and there has been no
fault 1n the development of the bronchial system The azygos
lobe represents an area of the right upper lobe which has
become divorced from the lobe proper by an aberrant course
taken by the azygos vein The vein 1s found 1n the substance
of the lung at the base of an imfolding of four layers of
pleura, two visceral and two mediastinal The abnormal
lobe lies betwween this septum or abnormal fissure and the
upper mediastinum  Stibbe has proposed the plausible and
most accepted theory as to the development of the azygos
lobe. Early in embryonic development the azygos vein
runs over the nght apex and as the lung grows the vein 15
pulled down by the heart and normally slides down over the
medial aspect of the lung to 1ts position over the right
bronchus If there 18 a slight alteration 1n the position of the
vew or if the lung bud fails to clear the venous arch, the vein
descends within the substance of the lobe Tt then carries
with 1t the mediastinal pleural layer and visceral pleura
which form the septum This abnormality 13 an important
one to heep in mind for 1t 18 not infrequent Chive found the
condition 1n 011 per cent of mass radiographic films of

30,000 persons and Hjelm and Hulten found 1t 1
cent of 3 000 films i o3 per
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lobe The inferior pulmonary trunk 1s the part of the pul

monary artery which, deep 1n the mnterlobar fissure, supphies
the middle and lower lobes As we shall see later, this artery
also supplies the pasterior bronchopulmonary segment of the
upper lobe through ascending artenal branches Both div1

si0ns of the right pulmonary artery, superior and infetior,
can be 1dentified 1n the root of the lung

Arteries to the Right Upper Lobe—Usually three seg
mental arteries can be identified 1n the right upper lobe
the apical the anterior, and the posterior (see Figure 25)
As was mentioned before, the supenor pulmonary trunk 1s
the main supply to the right upper lobe It1s the first branch
of the right pulmonary artery and has a common stem which
divides 1nto two branches to supply the apical and antenor
bronchopulmonary segments’ arteries entering the lung 1n
front of the right bronchus at the level of the ongin of the
upper lobe bronchus At 1ts origin the superior pulmonary
trunh lies behind the superior vena cava and 1n front 18 cov
ered by the visceral pleura The common stem of the apical
and anterior segmental arteries divides at once when 1t enters
the lobe Tt 1s distributed to the apical segment and to the
greater part of the anterior segment It 1s the exception to
find that these two segmental arterics are the sole supply for
the upper lobe 1t occurs in less than 10 per cent of the cases
according to Appleton The third segmental artery supplies
the posternior segment Thus artery, which 1s an ascending
ane, anises from the inferior trunk 1n the nterlobar portion
of the right pulmonary artery It 15 not seen in the anterior
hilum This branch 1s also referred to as the postenior
ascending artery or accessory upper lobe artery It varies
greatly n size and ongin According to Appleton, 1t may
supply only a small pulmonary lobule adjacent to the hilum
or 1t may on the other hand, supply the whole postcnml
bronchopulmonary segment The segmental arteries to the
night upper lobe are noted for their variation 1n number and
positon A recurrentartery 13 described It takes origin from
the common stem to the apical and anterior segmental ar
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Fi16 25. Drawings from an anatormcal dissection illustrating the night pul-
monary artery and 1ts branches The mamn drawing shows the inferior pulmo-
nary trunk with the great fissure widely exposed The lower lobe has been
rotated to exposc the artery more completely, making the pulmonary artery,
anterior to the bronchus, appear to be posterior The pulmonary artery de-
scends below the upper lobe bronchus The middle lobe arteries run posterior
to the bronchus They arise as two separate vessels from the maun trunk In
this dissection the larger of the two was the uppermost and had three
branches All diverging branches of the pulmonary trunk are exposed The
posterior ascending segmental artery extends upward into the posterior seg-
ment of the upper lobe This branch 1s variable in size 1f large, 1t 1s the sole
supply of the posterior segment If small, another vessel i usually found

This 15 a recurrent artery originating in the apical artern The posterior
ascending arterv mav divide in the mterlobar fissure and give ascending
branches to that portion of the anterior segment facing the nunor fissure

Exceptionally, the posterior segmental artery mav arice from the superior
segmental arterv The only two arterial branches not viable in this approach
are the apical and antertor branches The nsert 16 a drawing of the pulmo

nary artcrial trunk from another dissection illustrating a <hght saration
in the artcrial pattern The apical-anterior arteries arse from the superior
pulmonars trunh mn front of the bronchus m the antcnor hilum Nore also
the postertor ascending scgmental artery ansing from the anterolateral aspeet
of the artery opposte the muddle lobe arteries and just bove the superior
sepmental artery This speamen reveals the most comsmon tipe of mddle
lobe arterial arrangement. The largest artenal branch o the medial ey

mental The basal artery s anterolateral to the bronchus in the mterlobar

fisstire
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teries or from the apical branch Its course 13 posterior and
above the upper lobe bronchus and 1t supplies a portion of
the posterior bronchopulmonary segment

Appleton has made an outstanding contributton to the
knowledge of the arterial supply of the bronchopulmonary
segments of the right upper lobe From his studies he states
that the apical bronchopulmonary segment recerves its main
supply from the apical artery The part of the segment ad
jacent to the anterior segment 18 not uncommonly supplied
by a branch of the recurrent artery The anterior broncho
pulmonary segment 1s supplied by the anterior artery, a
branch of the supertor trunk or common stem artery to the
apical and the anterior segments It 1s interesting to note that
sometimes this segment receives an anterior ascending artery
from the 1aferior pulmonary trunh 1n the interlobar portion
of the pulmonary artery The posterior bronchopulmonary
scgment blood supply 18 derived from the posterior ascend
ing arterial branch from the interlobar portion of the main
pulmonary artery or inferior trunk This segment 15 also very
often supphed by recurrent branches of the apical segmental
artery and less frequently by branches derived from the
anterior segmental artery Exceptionally 1t receives a branch
from the middle lobe arteries or from the superior segmental
artery of the lower lobe

Infertor Pulmonary Trunk (Arteries to the Lower,
Middle, and Upper Lobes)—The inferior pulmonary trunk
constitutes the inferior division of the pulmonary artery and
supplies the middle and lower lobes and, 1n addition, gives
off branches to the upper lobe The inferior pulmonary trunk
1s found anteriorly 1n the root of the lung This artery lics
below the upper trunk of the pulmonary artery and runs
downward and laterally into the nterlobar fissure between
the upper lobe bronchus and the main bronchus In the
nterior pulmonary hilum, the artery 1s crossed 1n front by
the superior pulmonary vein (sec Figure 26) and the apical
anterior segmental vern Only a small portion of the arter
15 above the vein and at that level the artery lies beneath the
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FiG. 26 Drawing from an anatomical dm‘;ctton tllustrating the right pulmo-
nary root from the anterior aspect The structures of the hijum hasve been
dissected for some distance peripherally. The pericardium has been reflected
shghtly The phrenic nerve runs antertor to the root of the lung between the
mediastinal pleura and the pericardium The superior vena cava lics in front
of the pulmonary arterv. The azvgos vein runs above the artery and right
bronchus Only a small portion of the right bronchus above the apical-
anterior artery 1s vistble from this approach The branches of the apical-
anterior arterv occupy the highest position in the hilum in front of the upper
fobe bronchus The pulmonary artery lies superior and posterior to the
superior pulmonary vein as they emerge from the mediastinum Soon 1t 1
covered almost completely by the superior vein except for a portion of s
superior trunk and a small portion of its inferior trunk The apical-anterior
segmental veins cross the anterior arterial branch before they enter t.h(‘
superior pulmonary vein Upon deeper dissection the posterior and inferior
vemns can be found These veins separate the upper bronchus from the in-
ferior pulmonary arterial trunk and then cross the base of the interlobar
fissure Two vens from the middle lobe cnter the superior pulmonary yem
at its lower margin antersor and infertor ta the middle lobe bronchus Upon
deeper dissection the mddle lobe arters 1s found superior and posterior to
the bronchus The main trunk of the inferior pulmonary vemn i not well ex-
posed through this approach because it lies shightly posterior to the superior
pulmonary vein Both yvemns form a crotch into which the arteries and bronddn
fit. and upon deepcr dissection, we find the artery and the main bronchas
behind and <hightly below 1t The tributary veins to the inferior pulmnnan
vern <how i this drawing for the lower lobe has heen ifted ind rotued
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pleura The artery lies anterior to the intermediate bronchus
The posterior and inferior veins of the upper lobe separate
the artery from the anterior segmental bronchus of the upper
lobe The artery 1s at first anterior to the bronchus, but upon
entering the lung and descending toward the lower lobe, 1t
comes to occupy an anterolateral position 1n relation to the
bronchus This artery, in the depth of the fissure, lies beneath
the pleura immedsately behind the junction of the oblique
and horizontal fissures

Arteries to the Middle Lobe—The arteries to the middle
lobe arise from the interlobar portion of the pulmonary
artery and from 1ts antertor aspect (see Figure 25) Usually
they are found two in number, one to each bronchopulmo
nary segment, medial and lateral Sometimes the artery to the
middle lobe can be seen to originate from a common trunk
which divides frequently 1nto two or three major branches
In these instances, very frequently, a smaller accessory mid
dle lobe artery 15 found supplying the medial broncho
pulmonary segment This accessory branch also originates
from the anterior aspect of the interlobar portion of the
pulmonarv artery 5 to 10 mullymeters below the common
trunk to the middle lobe arteries The arteries to the middle
lobe, deep 1n the interlobar fissure, lie posterior to the cor
responding bronchi and slightly above them (sec Figures
25 and 26) The med:al segmental artery supplies the medi
astinal surface of the lobe and the part of the lobe adjacent
to the medial interlobar surface Sometimes, the medial
artery may cross the ntersegmental plane and supply the
adjacent portion of the lateral bronchopulmonary segment.
The lateral segmental artery supplies the remaning portion
of its segment Exceptionally, small branches from the mid
dle lobe or 1ts medial segmental divisional artery are found
which supply a small portion of the anterior interlobar sur
face of the right upper lobe

Arteries to the Right Lower Lobe—The arteries to the
right lower lobe follow the corresponding bronchi more
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closely than those to the upper and middle lobes and almost
duplicate the bronchial pattern Branches to the superior
segment and basal segmental arteries all originate n the
inferior pulmonary trunk, some in the interlobar portion of
the pulmonary artery deep 1n the fissure, and some almost
within the lung substance (see Figure 25)

The first branch arising below or at the level of the nuddle
lobe artery, but from the posterolateral aspect of the inter-
lobar portion of the main pulmonary artery, 1s the superior
segmental artery This artery 1s shightly posterior to the main
bronchus and runs superoanteriorly to its corresponding
segmental bronchus This segmental artery divides within
the lung into two or three branches to supply the segmental
subdivisions Sometimes, two separate segmental arterics,
both originating from the interlobar portion of the main
artery, are found This arrangement, however, 1s not com-
mon. In rare instances, we have found an ascending arterial
branch originating from the superior segmental artery. This
branch, when present, supplies the posterior portion of the
interlobar surface of the upper lobe Boyden has called atten-
tion to an arterial ramus originating n the supcrior seg-
mental artery which extends downward n a paravertebral
direction as far as the lower third of the lower lobe

The arteries to the basal segments arise from the inferior
pulmonary trunk, either 1n the depth of the oblique inter-
lobar fissure immediately below the arteries to the superior
segment and to the middle lobe, or from the inferior portion
of the pulmonary artery within the lobe itsclf. The mfcn’m:
portion of the pulmonary artery lics anterolaterally to tht
bronchus 1n the lobar hilum, and the varjous ccgmcmﬂ‘
arterial branches follow the corresponding bronchi vern
closely Four segmental arteries are recogmzed and ?rl’%:
independently from the anterior and posterior aspects . ‘:
pulmonary artery Sometimes a different pattern :; ;nwl]!“
tered The pulmonary artery almost within the lobe ma)
divide into two trunks, anterior and posterior, which mm;c
diately subdivide tnto two smaller branches to supPl)' lt' :(I
four l;mnchr)pulmf)n-’lr}' sepments In this wav, the medi
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and anterror basal arteries have a common stem, and the
lateral and posterior basal have another stem

Left Pulmonary Artery—The left pulmonary artery,
from 1ts origin untl 1t gives off the first arterial branch to the
left upper lobe, curves 1n a posterolateral and shightly up
ward direction ‘The artery lies above the left bronchus and
the superior pulmonary vein It lies inferior to the aortic
arch and vagus nerve Anterolaterally, the artery 1s covered
by the mediastinal pleura and 15 crossed over by the apical
posterior segmental vetn Posteromedaally, the artery crosses
the main bronchus 1n a posterior and upward direction The
artery ascends over the superior surface of the main bronchus
arching over the left upper lobe bronchus and then enters the
interlobar fissure (sce Figures 27 and 28) In contrast to the
right side, where the artery 15 anterior to the bronchus, on
the left side the artery passes around and behind the upper
lobe bronchus The arrangements of the structures i the
upper lobe hilum 1o both anteroposterior and nferosuperior
directions are vein, bronchus, artery

Arteries to the Left Upper Lobe—There 15 a certain
similarsty 1n the arterial supply of the left upper lobe and
of the right side 1f we consider the arterial supply of the
right upper and middle lobes as equivalent to the arterial
supply of the left upper lobe The arteries to the upper lobe,
however, may vary in their origin, arrangement, and num
ber We have found them most frequently from four to siv
n number ansing from the pulmonary artery independently
as short stems At other times the segmental arteries have
been found to have common trunks The apical posterior
trunk has two branches for the apical posterior bronchus,
and the anterolingular trunk has three branches, one for the
anterior segmental bronchus and two for the lower diviston
of the left upper lobe bronchus (lingula) (see Figures 27
and 28)

The apical posterior segmental artery arises from the su
perior or convex surface of the pulmonary artery It has a
common trunk that 15 very short almost sessile, and soon
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divides into two branches: the ascending or apical and the
posterior segmental artertes. These two branches sometimes
originate independently. The ascending apical artery orig-
inates from the anterosuperior surface, and the posterior
branch originates from the posterosuperior surface of the
main pulmonary artery, almost 1n the interlobar fissure The
anterior segmental artery arises in the interlobar portion of

Superior Arles y

MamBrenchus ’
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Apical
Posterior Antery.. Y
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Fic 27 Drawing of an anatomical dissection illustrating the Jeft Fl;h::\":?c
artery and ste branches with the lobes widely separated f;bscn Nt crmnmnn
mterlobar approach This particular disscction shows the ;nmom .
arterial pattern The main pulmonary artery emerpes from “C’ zwhind the
lung anterior ta the man bronchus and as 1t arches above :m; e e
upper lobe bronchus the artery courses downward and fnnl'. ar ;mfn o
interlobar fissure As the artery bends over the upper lohe 1;0‘!1(‘ ,h couries
off 1ts first branch, the apical-posterior artery to the !1pp{‘l‘ '; ;“'"r ol aspect
through the fissure and large branches anse fmmf;ss medin .uu) :]hc :m;w”m
diverging toward the upper and lower fohes, The artery 1 e elat
<egrment arsee at a higher lesel than the arteries to the n}ntrrmr .’t‘t’m ot
sepments The artery terminates in the low er lohe wath three or

hranches far the various basal sepgments



SURGICAL ANATOMY 91

Fio. 28. Drawings of an anatomical disection dlustrating the left pulmo-
nary root seen from the posterior aspect. Insert shows the arrangement of the
lobes and their fissures at the ymitial exposure wnth the patient 1n the prone
pontion. [n the main drawing the mediastinal pleura has been opened and the
lung has been permtted to fall forward All of the structures which have
surgical significance have been dusected and are labeled. The vagus nerve
runs posterior to the lung root contributing branches to the pulmonan
plexus. The recurrent nerve leaves the vagus nerve at the infertor edge of
the nortic arch and turns back lateral to the ligamentum arteriosum to en
circle the aorta The left bronchial artery 1 vanable in size and 1n position
It arises usually from the first portion of the thoracre aorta and reaches the
posterior wall of the bronchus by a short direct course anterior to the vagus
nerve. The pulmonary artery 13 anterior to the man bronchus and only that
portion of the artery that arches over the upper lobe bronchus before entening
the fissure 15 shown in this drawing The apical-pestenior artera] segmental
branches anse from the superior convex surface of the pulmonary artery
The arterial branches to the superior segment anse supenior to their re
spectrve bronchi. The main artery enters the fissure after 1t has arched
around the upper lobe bronchus. The main bronchus and the lower lobe
bronchn are esily approached through the postenor hitum. Between the
main bronchus and the inferor pulmonary vein there 1s a triangular space
usually concealed by lymph nodes. The perrcardium lies in front of this space.
¢ inferior pulmonary vein 1 contaned 1n & pericardial reflection All the

tributaries to the inferior pulmonary vemn can be identified They eme
postertar to the bronche ° e
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the pulmonary artery as a branch of the anterolingular arte-
rial trunk or independently from the main artery. According
to Appleton, the anterior segmental artery may occasionally
arise anteriorly before the left main artery arches over the
upper lobe bronchus. The Iingular artery arises 1n the nter-
lobar fissure below or at the level of origin of the superior
segmental artery to the lower lobe (see Figure 277) The
common arterial trunk for the lhingula divides into two
branches for the superior and inferior lingular bronchopul-
monary segments Occasionally, they are seen arising as inde-
pendent branches We have already mentioned that they also
may originate from a common trunk with the anterior seg-
mental artery The lingular artery usually arises after the
pulmonary artery has arched over the bronchus and lies
slightly below and posterior to the lingular bronchus deep
1n the interlobar fissure

Arteries to the Left Lower Lobe—All the arterial
branches to the lower lobe arise from the interlobar portion
of the pulmonary artery (see Figure 277). The highest ar-
terial branch of the lower lobe 1s the artery to the superior
segment Its level of origin 1s, as we have already mentioned,
higher than the origin of the lingular arteries The superior
segmental artery lies in the lobar hilum antertor and superior
to the corresponding bronchus It soon branches into two
smaller arteries for the subdivisions of the segment Some-
tumes these two branches arise independently from the pul-
monary artery at some distance from each other According
to Boyden, there may be a third small branch which overlaps
the basal segments 1n supplying the middle Fhlrd of the verte-
bral portion of the lower lobe The arteries to the various
basal segments lie anterolaterally to the bronchi in the hilum
and follow these very closely into the lung substance There
are usually four arterial branches for the basal segments,
one for each segment: anterior, medial, lateral, and posterior
basal. The anterior and medial basal arteries, the same as
their respective bronchi, may originate from a common
arterial trunk which soon divides
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THE PULMONARY VEINS

The relationship of the veins to the bronchopulmonary
segments shows a very different pattern from that of the
arteries and bronchs Whercas an artery 13 closely related to
its corresponding bronchus and, therefore, 18 centrally lo
cated within the segment, the veins course peripheraily
beneath the pleural surface and those which are deep within
the lung substance follow the intersegmental plane These
deep veins collect blood from adjacent segments Anomalies
n the various tributary branches to the main pulmonary
vens, superior and inferior, are much more frequently seen
than anomalies of the arteries Communicating veins cross
ad)acent areas of the lobes when the fissures are incomplete
or fused Even in the presence of complete fissures, veins can
be found to cross from one lobe to another collecting blood
from adjacent interlobar surfaces In performing a seg
mental resection or 1n separating fused lobes, the communi
cating 1ntersegmental and 1nterlobar veins will require
ligation

Rught Superior Pulmonary Vein—The right superior
pulmonary vein 13 formed by all the tnbutaries from the
upper and middle lobe veins (sce Figure 26) 1n the hilum
of the lung the superior pulmonary vein lies in front of the
inferior trunk of the pulmonary artery and on eatering the
pericardium the vein 1s almost entirely below the main right
pulmonary artery

Vems of the Upper Lobe—The nomenclature of the
veins of the upper lobe does not follow the one we have
adopted for the segmental bronchi because the veins are not
strictly segmental in distribution "The three main tributaries
which can readily be dissected are the apical anteror, the
inferior, and the posterior veins

Apical Anterior Vein—The course of the apical
anterior \ein 18 mostly superficial underneath the pleura
and recenves tributaries from the apical and antersor
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segments In the hilum, 1ts two main tributaries can be
seen coursing down from their corresponding segments
The apical-anterior segmental vein in 1ts descending
course crosses over the anterior segmental artery which
lies behind and then reaches the superior pulmonary
vein at its lateral and superior margin (see Figure 26)

Inferior Vein—The inferior vein runs along the 1n-
ferior margn of the upper lobe It 1s a superficial vein
and 1s found 1n the interlobar surface between the upper
and middle Iobes (see Figure 26) The inferior ven
collects blood from the lower portion of the anterior
segment and reaches the superior pulmonary vein 1n 1ts
lateral aspect below the apical-anterior segmental vein
and in front of the posterior vein. It usually joins this
vein to reach the superior pulmonary vein

Posterior Vein—The posterior vein emerges from
within the lung substance It 1s deeply situated and m
the hilum courses 1n a posterior position to the arteries
and bronchi of the upper lobe (see Figure 26) It col-
lects blood from the areas adjacent to the apical-anterior
and apical-posterior intersegmental planes where 1t
runs At the hilum, the posterior vein 1s concealed by
the apical-anterior segmental vein at the line of reflexion

of the pleura

Veins of the Middle Lobe—The veins of the middle Iobe

are two 1n number, the medial and the lateral segmental, and
drain their corresponding bronchopulmonary segments
They reach the superior pulmonary vein as a single trunk 05
separately. In the pulmonary hilum, they are medial an
slightly inferior to the middle bronchus and jon the superior
pulmonary vern at 1ts lower margin (see Figure 26)

Veins of the Right Lower Lobe—The inferior pulmo-

nary vein 1s situated below the superior vein and 1s shghtﬁy
posterior to 1t (see Figure 26) The inferior pulmonary
vein cannot be seen easily 1n the anterior hilum because 1t ;s
partially concealed by the inferior lobe The inferior pul-
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monary vein 1s formed by all the segmental tributarics from
the lower lobe

Two groups of veins should be considered the tributaries
from the superior segment, and the tributaries from the basal
bronchopulmonary segments The superior vein collects

Fio. 29 Drawing from an anatomical dissection 1llustrating the nght pulmo-
nary root 1n prone posmtion seen from the posterior aspect. Insert shows the
arrangement of the lobes and their fissures after imtial exposure of the lung
with patient 1n the face-down position In the main drawing all of the lobes
have been scparated and permitted to fall forward. The pulmonan artery has
been omutted intentionally The vagus nerve runs postenior to the bronchus on
the esophagus and mives kmall branches to the pulmonary plexus The azygos
vein 15 the uppermost structure n the root of the lung and arches over the
nght man bronchus ending 1n the superior vena cava The night bronchial
artery 13 varmble in mize and 1n position. Thus artery may ongmate directly
from the aortic arch or from the intercostal or one of the esophageal
arteries. The bronchial artery divides into small branches which follow the
bronchi and may sometimes run slong with the vagal branches. The broachul
veins are not thown. They are tributary to the azygos vein but they are not
easy to 1dennfy dunng dissection and are of no surgical 1mportance Note
that 1n this position a large proportion of the rght main bronchial system
comes into view The infenor pulmonany vein hies below and slightly an
temtor to the main bronchus yet most of 1ts tnbutanes crom the inferior
bronchi posteriorly The trunk of the inferior pulmonary ven 1s short and
contaned 1n 2 pencardual reflemon The supenor segmental vein croses
belund the basal bronchus and reaches the inferior pulmonary vein at the
superior margin of this vein.
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blood from the superior segment by means of two or three
branches which emerge from the lobe, cross the basal bron-
chus posteriorly, and join the inferior pulmonary vein as a
single branch atits superior and posterior margin (see Figure
29) The basal veins, three or four in number, emerge from
the lobe between the segmental bronch: joining the inferior
pulmonary vein separately or 1n one or two common trunks
(see Figure 29) The lowermost basal vein 1s the branch
from the medial basal segment and 1s the first branch en-
countered after completing the division of the inferior pul-

monary ligament

Left Superior Pulmonary Vein—As on the right side,
the left superior pulmonary vein lies 1n the hilum anterior
and inferior to the artery (see Figure 30). This vein receives
all the tributaries from the left upper lobe.

Veins of the Upper Lobe—The veins of the upper lobe
are all superficial at the hilum 1n contrast to the right side
where, as we have already seen, there is an important deep
posterior branch Three or four trunks enter the superior
pulmonary vein (see Figure 30) These trunks, at the hilum,
can be found anterior and inferior to their corresponding
bronchi These superficial and anterior trunks collect blood
from the anterior and mediastinal surfaces of their segments
The central and posterior portions of the segments are
drained by veins which run in the intersegmental plane, but
are tributaries of the anterior trunk An apical-posterior vein
collects blood from the segment of the same name This vein
1s formed by two branches—apical and posterior—which
join the superior pulmonary vein as a single trunk at the level
of the superior and lateral margin of the vein (see Figure
30). During 1ts descending course, the apical-posterior vein
crosses the posterior artery which hies behind In the hilum,
this vein lies 1n front of and below the corresponding seg-
mental bronchus The anterior vein drains the anterior seg-
ment It1s formed by two tributaries—anterior and posterior
—which join before entering the supertor pulmonary vein
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Fia. 30. Drawing of an anstomical dissection dlustrating the left pulmonary
root observed from the anterior aspect with the patient in the prone posmtion.
The lung has been hfted up The surgically significant structures have been
dsected The pericardium has been reflected shightly The phrenic nerve
rums anterror to the root of the lung between the medrastinal pleura and the
penicardiumn. The pulmonary artery runs along the left and inferior aspect
of the sorte. The apical posterior segmental artery appears arsing from the
supenor and convex surface of the main artery before the man artery bends
betund the upper lobe bronchus. The supenor pulmonary vein hes antertor
and infertor to the artery and upon deeper dissection the bronchus 1s found
The aprcal postenior segmental vein crosses over the posterror arternal branch
of the apical-postenior artery before jorming the supenor pulmonary vein at
1ts supernior lateral marmn The segmental veins are all superficnl, antenor
and slightly infenior to their respectrve broncht Between both main pulmo-
nary veins there 1s a crotch where the bronchus can be seen. The inferior
pulmonary vein Lies below and slightly behind the superior pulmonany vein
It 1s less obscured than on the nght but 1s better visualized through the
posterior approach. In this drawmg the lower lobe has been rotated to give
better exposure to vascular structures. Upon deep dissection the artery 13
found on the lateral and anterior aspect of the bronchus Because of the rota
tion of the lobe, the artery appears supenor and posterior to the bronchus.
The superior segmental vein 18 not completely exposed 1n this view Only
anterior basal segmental veins can be scen

below the apical posterior ven (sce Figure 30) The pos
terior tributary to the anterior vein runs in the inter antero
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6. The inferior pulmonary ligament

7. The inferior pulmonary vein

The lung 1s permutted to fall forward and the azygos vein
comes 1nto view. This vein 1s used as a landmark to start the
incision of the posterior mediastinal pleura which extends
downward toward the inferior pulmonary vein The vagal
branches to the posterior pulmonary plexus are dissected out
and ligated This step will afford a better exposure of the
posterior aspect of the pulmonary hilum and will also allow
dissection of the mediastinal pleura medially and laterally
The right main bronchus which emerges below the azygos
vein 1s readily identified by inspection and palpation The
first major step 1n performing the pneumonectomy 1s the
temporary ligature of the bronchus. The right main bron-
chus 1s short and 1t may be safer, therefore, in some cases,
to place temporary ligatures around the upper and inter-
mediate bronchi separately (see Figure 31, Insert b). How-
ever, 1if technically expedient, it 1s preferable to place the
temporary bronchial ligature around the main bronchus.
The ligature can be placed around the main bronchus with
less delay and with less danger of injury to the posterior
ascending artery The main bronchus 1s dissected out by
blunt dissection For this purpose a right angle clamp and
gauze pledget are used. The lymph nodes and connective
tissue are stripped away gently from the membranous por-
tion and the anterior surface of the bronchus By opening
and closing the instrument which 1s maintained always
against the bronchial wall, the separation can be effected
without 1njury to the pulmonary artery. Blunt dissection
with the index finger passing 1n front of and the thumb be-
hind the bronchus often aids the dissection. If inflammatory
changes make the bronchial dissection a difficult or hazarg~
ous preliminary step, this should be accomplished after the
pulmonary artery and veins have been tr.catcd .

Mobilization of Upper Lobe and Ligation of Supertor
Arterial Trunk—The next step after the main bronchus h}fs
been temporarily ligated 1s the dissection of the arteryFtlo :11-2
upper lobe which lies 1n front of the bronchus (sce Fig
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31) With the patient 1n the face down position, the prefer
ential approach to the hilum being from 1ts posterior aspect,
the sequence of treatment 13 as follows the artery to the
upper lobe 1s ligated first, and then, after the superior pul
monary vein has been divided, the lower arterial trunk 1s
ligated (see Figure 32, Insert) The preliminary dissection
of the artery below the origin of the first branch provides a
higher level to which the surgeon may retreat 1f the vessel
18 mnjured n the course of dissection The upper lobe 13

F1a. 31 Drawings of a nght pneumonectomy illustrating hilar exposure with
the patient 1n the prone pomtion. Insert (2) shows placement of temporary
bronchial Ligature and rubber tube for invagination of postenor wall of the
bronchus. The Ligature encircles the main stem. Insert (b) shows a varation
10 nte of placement of the temporary bronchial ligature. The 1ntermediate
bronchus has been ligated and the upper lobe bronchus 15 being tied. The man
drawing shows the supenior aspect of the hilum waith a temporary occluding
ligature on the main stem bronchus and the dissection of the superior pulmo-
nary artenal trunk completed The subdivisions of the apical and antenor
branches have been tied separately for the distal hgation The common apical

anterior stem (supenior pulmonary trunk) has been hgated proximally
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mobilized, exposing important mediastinal structures. The
superior vena cava and the phrenic nerve which runs on 1ts
lateral surface are 1n full view The vagus nerve 1s clearly
seen coursing diagonally across the upper mediastinum. Be-
neath it the innominate artery and trachea can be palpated
‘The azygos vein 1s a landmark for the pulmonary artery
since this artery emerges into the pleural cavity inferior to
the vein The upper lobe 1s retracted inferiorly and poster:-
orly, exposing the supero-anterior aspect of the hilum The
superior pulmonary trunk or common arterial stem for the
apical and anterior segments of the upper lobe 1s dissected
out 1n the periphery where 1t divides, one branch to the ap1-
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Fic 32 Drawings of a night pneumonectomy 1llustrating hilar exposige Wl?;
the patient in the prone position In this view the upper lobe 1s ht;1 upthc
expose the anterosuperior aspect of the hilum The main drawmgds mlvsh ¢
superior pulmonary vein dissected out and ligatures placed The dista ({);;ls
tures are on the tributaries and the proximal ligature 1s on the mamovgn us
trunk Just above and behind the superior pulmonary vein the in (I::no-
trunk of the pulmonary artery begins Note cuff of ligated supc;xordpg mo
nary trunk (upper lobe artery). Insert shows the superior vemn divided ¢
the nferior trunk of the artery ligated and ready for division
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cal segment and another to the anterior segment. The apical
anterior veins cross 1 front of the artery and sometimes
should be ligated first in order to provide better exposure
of the artery

Lagation of Superior Pulmonary 7 ein—The anterior as
pect of the lung 1s freed from the pericardrum and costal
attachments The antertor hilum 18 exposed and the medias
tinal pleura 18 1ncised posterior to the phrenic nerve The
superior pulmonary vein which hes antenior and infenior to
the artery 18 exposed It should be remembered that the vein
18 contamned 1n a pencardial reflexion and care should be
exercised not to enter the pericardium under ordinary ar
cumstances In the performance of palhiative pneumoncc
tomy for cancer, however, 1t may facilitate the treatment of
the veins to deliberately open the pericardium, as suggested
by Allison The vein and its three main tributaries are ex
posed by sharp and by blunt dissection Since the common
trunk 18 short, we usually place distal hgatures on the
branches and proumal lLigatures on the main vein (see
Figure 32)

Ligation of the Lower Artertal Trunk—After the su
penor pulmonary vein has been divided, the retraction of
the lung 1n a posterior and inferior direction 1s maintained
The pulmonary artery comes into view in front of and
shightly lateral to the bronchus By blunt dissection the
posterior surface of the artery 18 more completely separated
from the bronchus The proximal ligatures are placed erther
above or below the previously ligated upper lobe branch,
whichever location 1s most convenient (see Figure 32, In
sert) The distal ligature can usually be set 1 to 15 centy
meters lower down Later on with the Jung out of the way
1t may be destrable to re hgate the artery at a higher leve)
in cancer cases (sec Figure 33, b}

Ligation of the Inferior Pulmonary Vein—The lung 1s
allowed to drop forward again The posterior aspect of the
hilum has already been exposed The inferior pulmonary
vein hies below the bronchus and 1n the upper portion of the
pulmonary hgament (see Figure 33) Thelung s freed from
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the diaphragmatic surface and the pulmonary ligament 1s
divided In cancer cases it may be expedient and wise to open
the pericardium and ligate the vein there, as suggested be-
fore 1n connection with the superior vein This maneuver 1s
most frequently used when there 1s actual 1nvasion of the vein
by tumor or when the size of the tumor mass makes extraper:-
cardial ligation unsafe

Amputation of the Bronchus—The lung 1s now solely
attached by 1ts bronchus. T'wo right angle clamps are placed
on the bronchus distal to the previous temporary ligature
of the bronchus Before the bronchus 1s divided, the pleural
cavity should be adequately protected from soiling by the
placing of gauze pads around the bronchus, and by keeping
the suction tip constantly applied at the line of division of the
bronchus The bronchial artery may have been included 1n
the previous temporary ligature; 1f not, 1t should be dissected
out and ligated separately at the level where the permanent
closure of the bronchus will be effected (see Figure 33, a)
The reamputation and closure of the bronchus has been
described 1n the chapter on “General Considerations Per-
taining to All Resections” (Chapter ITI) Again 1t should
be emphasized that the final point of diviston of the bronchus
should be high On the right side 1t 1s easily possible to pal-
pate and visualize the angle between the right and left mam
stem bronchus 1n the infracarinal area The mattress suturc
line 1s made so that 1t runs 1n an oblique direction, higher
laterally than medially This keeps the line of amputation
as nearly flush with the lateral wall of the trachea as possible
and helps to eliminate a bronchial pouch The large si1zc of
the right main stem bronchus and the strength of the cartxlag-
inous rings at this level make 1t more difficult to approvi-
mate the membranous and cartilaginous walls than at any
other site Calcification of the rings increases the difficulty
of closure Partial incision and fracture of two or three rings
aids in bronchial wall approximation without suture tension
The mattress suture line should be carefully tested for ﬂ“:
leak and the closure checked again after the end sutures have

been placed (see Figure 17)
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Diosion of the Right Phrentc Nerve—After the pncu!(lllgd
nectomy has been completed, the phremc nerve 13 dwxd .
between ligatures which include the phrenico pericartia
vessels (see Figure 33, b) The immediate clevation of th;
right diaphragm 13 desirable for undue cardiac rotation an
displacement 1s prevented The vertical diameter of the
right hemuthorax 1s also greatly reduced Gastrotntestinal or
cardio-respiratory disturbances have not been noted 1 right

P

Bronchual A Ly, ted
Moy B

Fio. 33 Drawinps of & nght pneumonectoms

3 Drawing of the posterior hilum with mediastinal pleura separated. The
pulm.anari hgament has been divided and the inferior ven dissected Distal

Igatures have been placed around the basal and supertor divisions and the
proxamal higature around the main trunk The ligated bronchial artery 1

b Drawing of the arrangement of the stumps of the hilar structures. Note
their related positions. The superior pulmonary vein 15 the most antenor and
the bronchus the most postesior The cuff of the man pulmonety artery 1s
shawn Although the artery was divided ongnally after separate higation of

e superior and the infertor trunks 1t was re ligated at 2 higher level and
feamputated
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sided pneumonectomy cases where the diaphragm has been
permanently paralyzed

Retrograde Sequence—Altered local conditions in the
hilar area, inflammatory changes, or tumor infiltration may
have so fused all the structures that dissection 1s extremely
difficult or apparently impossible

An abandonment of the routine sequence of treatment of
the various structures and substitution of a retrograde se-
quence may be necessary The path of least resistance 1s then
followed, the surgeon disregarding the desirability of ligat-
ing arteries before veins or of dividing the bronchus as the
last step to avoid contamination of the field during hilar dis-
section Whichever structure yields to dissection with the
least difficulty 1s tackled first In most cases, the following
plan will ke successful

The first step 1s the division of the pulmonary ligament
Once the ligament has been divided, the basal tributaries
of the inferior vein are dissected free and ligated dlstfxlly
Thesuperior vein 1s ligated also peripherally The proximal
ligatures are placed either on the main ven or on the
branches depending upon the length of the main trunk

The mediastinal pleura over the posterior hilum is in-
cised The vagal branches are then ligated If the bronchial
artery 1s easily 1solated at the point where the artery applies
itself to the under surface of the bronchial wall, 1t 1s ligated
If not, the bronchial artery 1s included 1n the bronchial su-
tures No attempt 1s made to encircle the bronchus with a
preliminary ligature The postero-inferior wall of the bron-
chus can be exposed from below without danger of injury to
the pulmonary artery or the superior pulmonary vein as these
structures are on 1ts opposite side The bronchus 1s dlﬂVldC‘d
halfway across The cut portions are grasped with an Allis
type” forceps The division of the bronchus is then com(;
pleted from within 1ts lumen (see Figure 34) This rcvcr:
procedure permits bronchial division without the ncccssll y
of a supero-anterior dissection 1n the vicimity of the vascu gn:
elements There 1s greater likelithood of contammathH y
this method but with the use of the aspiration tp the
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Fig 34 Drawings of 2 night pneumonectomy illustrating the retrograde tech
mque used when structures of the hilum are o firmly fused that the routine
sequence of dissection 13 impossible. The main drawing shows exposure of the
postertor hilar regron The inferior pulmonary higament and van have been
divided The bronchus 1s 1n the process of being divided without previous
Ligation or supenor and antertor dissection

a. The stump of the bronchus 1s bang held up with Alln forceps and the
pulmonary artery has been exposed and higated Note that 2 proximal ligature
has been placed on the masn trunk and distal Ligatures on the superior and the
infenor divisions. Note the bulge of the superior pulmonary vein just 1n front
and below the artery

b The supcrior pulmonary vewn has been disected and hgatures placed.
The bronchial stumps are being retracted with Allis forceps. The related
posttrons of all hilar structures are clearly shown The mawn broachial stump
will be reamputated at a higher level

exposed bronchial mucosa 1s hept clean Mattress sutures
are then put 1n immed:ately and the mucosa beyond the line
of suture sterihzed with chemical cauterization (sodium
hydroxide)

After the bronchus has been disposed of, the vein and the
artery are higated either individually (see Figure 34, Inserts
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a and b) or en masse After all the bronchovascular struc-
tures have been dealt with, the remaining pleural and medi-
astinal attachments of the lung are separated and the lung 1s
lifted from the chest In most instances the bronchus will re-
quire reamputation since 1t 1s difficult to carry out its division
at the preferential high level at the time of the 1nitial hilar
dissection. In rare instances the hilar structures have been
found to be virtually frozen together by dense fibrous tissue
and at times calcific deposits This situation has been encoun-
tered in long-standing bronchial tuberculosis associated with
suppurative disease. If the hilar structures resist all efforts
at dissection from any approach, the surgeon, rather than
abandon excisional therapy, may resort to mass treatment
of hilar structures Through-and-through steel wire or silk
mattress sutures are inserted Straight round-pointed skin
needles are used, each end of the suture being threaded with
a needle to facilitate the placement of the mattress suture
The sutures are alernately reversed so that the knots are tied
on both the posterior and the anterior surface of the hilum
Each mattress suture is slightly overlapped to ensure positive
control of all areas The technique 1s similar to the outmoded
tourniquet method in that 1t secures the vessels and bronchi
together This type of mass ligation has an advantage over
the tourniquet method It creates a shorter and less bulky
stump because the closure 1s effected 1n a linear rather than
in a circular manner After the lung has been amputated the
exposed mucosa of the bronchus 1s destroyed by chemical
cauterization and the edges of the hilar stump are pulled
over the end with interrupted wire sutures

Usually, even in the most difficult cases, a partial dissec-
tion of the hilum can be done The remainder of the h:lumy
1s then managed by the retrograde dissection method or by

mass ligation

Left Pneumonectomy—The components of the left p]r;-
mary hilum which require dissection and treatment arc the

same in number as on the right side.

The lung 1s allowed to drop forward and the border of the
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lung 1s retracted to expose the posterior aspect of the pul
monary hilum All the posterior vagal branches to the pul
monary plevus are higated and divided (see Figure 35) The
mediastinal pleura 13 incised from belon the arch of the
aorta to the inferior pulmonary vein

Ligation of the Mawn Bronchus—The bronchus lies pos
terior and inferior to the artery The postenior aspect of the
bronchus can be dissected out with ease from 1ts surrounding
peribronchial glands and areolar connective issue The main
point of danger 13 the dissection of the anterior aspect of the
bronchus because at the level of lhigation the bronchus 1s

Fio. 35 Drawings of a left preumonectomy illustrating the left post

supenior hilum Insert (a) shows the patient in the pronge position metr};:
outhned nasion Insert (b) shows the first step n hilar dssection the di
vision of branches af the vagus nerve The man drawing shows the medins-
final pleura wrdely separated and the pulmonary artery completely and the

bronchi exposed
the hm‘:chm‘;r\nmy The next step wall be the temporary higation of
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almost entirely surrounded by vessels and the pericardium 1s
in close relation to 1t The descending trunk of the pulmonary
artery encircles its superior and posterior surfaces The vein
1s 1n front and the pericardium adheres to 1t below Blunt
dissection with the index finger passing in front of and the
thumb behind the bronchus will assist 1n separating 1t from
the artery The bronchus may be retracted posteriorly and
downward The reflexion of pericardium can often be visual-
1zed and sharply dissected. If the connective tissue between
the artery and the bronchus 1s unyielding and difficult to
separate, it may be safer to expose the superior aspect of the
hilum, dissect out the arterial branches, and dispose of the
artery first

Ligation of the Pulmonary Artery—The upper lobe
should be mobilized, exposing the antero-superior aspect of
the lung hilum The artery runs beneath the aortic arch It s
anterior and superior to the main bronchus After the upper
JIobe has been mobilized, important structures of the superior
mediastinum come into view These are the subclavian
artery, the vagus and the phrenic nerves, and the aortic
arch The intrapleural portion of the main pulmonary artery
is short It 1s safer and more expedient, therefore, to dissect
the common trunk to the posterior apical segment and the
remainder of the main trunk (see Figures 35 and 36, Insert)
and place, 1n that way, two distal ligatures By blunt and
finger dissection the areolar mediastinal tissue surroundlgg
the artery 1s freed and the proximal ligatures are placed. The
separate distal ligatures eliminate the necessity of placing
additional suture ligatures on the lung side and the distance
between proximal and distal ligatures is increased '

Luigation of the Inferior and Superior Pulmonary Vems;
Before the veins are treated, it 1s necessary to complete the
division of all peripheral attachments of the lung andlt(l)) f;ﬁ‘f
the pulmonary ligament, provided the contralatera rh-
chial system 1s protected from spill-over during mfl}mPUm‘)t
tion by preliminary main bronchus ligation. If it 12;6!“
been posstble to so occlude the main bronchus, the trea
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of the veins and then the bronchial diviston can precede
extensive mobilization of the lung The lung 18 permutted to
drop forward, and the posterior aspect of the hilum 1s ex
posed Theinferior pulmonary vein can readily be 1dentified
below the main bronchus Peripheral Ligatures are placed
on the tributaries and prouimally around the main trunk

Fio 36 Drawings of a left pneumonectomy illustrating the posterior hilum,
Insert shows the pulmonary artery being ligated Separate dustal higatures are
placed around the apical-postertor branches and the main artery below these
branches. The man drawing shows the stump of the mamn pulmonary artery
the temporary higature about the marn bronchus and the inferior pulmonary
vein beng lLigated

Care should be exercised not to enter the pericardial re
flexion which extends out above the vein and below the bron
chus To expose the superior pulmonary vein, the assistant
retracts the lung upward and bachward The vein lies ante
for and inferior to the artery and superior to the inferior
vein Here again the pericardium extends over the verqn
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Fi¢ 37 Drawing of a lett pneumonectomy illustrating exposure of the
anterior aspect of the hilum as seen from below with the lung held up The
tributaries of the superior pulmonary vemn have been ligated and the suture
around 1ts trunk 1s ready to be tied Note cuff of divided inferior pulmonary
vein which 1s posterior and inferior to the superior vemn

The main tributaries should be isolated and ligated sepa-
rately after the margin of the lung has been wiped away
Centrally the ligatures are placed around t}}e main trunk
(See Fagures 36 and 37 ) In carrying out palliative resection
for cancer it may be advantageous to deliberately open the
pericardium and ligate one or both veins at that level ;
Amputation of the Bronchus—The lung 1s now attache
only by the bronchus The techmique of amputation of the
bronchus is similar to the one applied on the right The left
bronchus is longer than the right facilitating all the mancu;
vers for 1ts isolation and treatment The bronchial artery
easily identified should be ligated separately (sce Figurc

360)
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LOBECTOMY

Right Upper Lobectomy—The components of the
secondary hilum which require dissection and treatment are
1 The superior pulmonary arterial trunk with branches
to the apical and the anterior segments
2 The posterior ascending artery, a branch of the inferior
pulmonary trunk

A - h 7 and. o
4.%(4‘;700;1 ré’ ¥ :u:;;.f 1

Pulmonary A4

F1a. 38. Drawings of a right upper lobectom illustrating the trexs e p o
the arteries and vesns of the lobe In the mam drawing the upper 7, .
mobilized and permutted to drop forward Proxmal and dunf 4 .,
ve been placed on the apical and antenior segmental arterier §, da
imstances 1t 4 convenient to place the proxumal Ligatures on 1l
pulmonary trunk. Insert shows the antertor hilum after the Uppee 0
been Lifted up and retructed postenody The apical anterior ars o7, '
Postertor segmental vetns (tributanes to the superror pulmonary 3 , /"
been ligated scparately The lowermast tributary to the supenqy et
vein i the middle lobe vern and has been preserved 1
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3 The tributaries to the superior pulmonary vein, the
apical-anterior, the inferior, and the posterior.
4 The apical, the anterior, and the posterior segmental
bronchi
Mobihzation—The lobe should be mobilized 1n order to
expose the supero-anterior portion of the pulmonary hilum.
This step 1s carried out in the same way as has been described
in the right pneumonectomy. The azygos vein is a guiding
landmark for the artery After the upper lobe has been re-
tracted downward and backward, the supero-anterior aspect
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Fic 39 Drawings of a right upper lobectomy illustrating the mtcrlt?h(:llr’;flc‘;;
and the final appearance of the hilum after the lobe has been rcmmt' o
main drawing shows both fissures widely developed, the posterior glcﬁ)'roncin
ascending artery and the apical, anterior, and posterior scgr;mr;t:;mc e
exposed Insert shows the three segmental bronchial stumps \'v e 1] l.ls c
closed individually. Note the relationship of the upper lobe bronch
supertor and inferior trunks of the pulmonary artery.
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of the hilum 18 exposed The superior pulmonary trunk with
1ts two branches 18 the uppermost structure lying 1n front of
the upper lobe bronchus 1n the root of the lobe The arterial
branches are dissected out separately and ligated periph

erally Proumally a mass ligature 1s placed on the com

mon stem for the two arterial branches, or separate higatures
are placed on each branch (sce Figure 38)

Anterior Step—The upper lobe 1s retracted backward 1n
order to expose the superior pulmonary veins Only the
apical anterior and postero inferior venous tributarics
should be ligated The other tributaries of the superior pul
monary vein are the middle lobe veins and 1njury of them
should be carefully avoided The proximal and distal hga
tures should be placed on the branches (see Figure 38, In
sert) The apical anterior vein crosses over the anterior
segmental artery which runs behind At times 1t may be
safer to ligate the vein first and then the anterior segmental
artery

Interlobar Step-—The portion of the oblique fissure be
tween the upper and lower lobes should be developed 1n
order to expose the posterior ascending segmenta) artery
(sce Figure 39) We have already mentioned clsewhere that
this segmental artery 18 variable in size and also 1n origin
It may be crossed over by anomalous veins The dissection of
the posterior segmental artery 1s onc of the most important
steps and sometimes the most difficult operative procedure
1n the performance of a right upper lobectomy It has been
found that 1n cases where the oblique and horizontal fissures
are fused or incompletely developed, dissection of the pos
terior segmental artery is more safely done 1n a retrograde
manner

Retrograde Technigue—After the arterics and the veins
to the apical and the anterior segments have been ligated, the
segmental bronch are tred temporarily with an encircling
mass ligature and then divided separately (scec Figure 40)
The lobe 1s turned over and down The lower lobe 15 1n
filtyated and the demarcation line betw een the lobes becomes
evident The contiguous surfaces of the upper and lower
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Fic 40 Drawings of a night upper lobectomy illustrating a retrograde tech
nique of hilar dissection used when lobes are fused or hilar structures bound
by inflammatory changes In Insert (a) the apical and anterior segmental
arteries and posterior and apical segmental bronchi have been divided The
anterior segmental bronchus has been prepared for ligation The main draw-
ing shows further development of the secondary hilum after all bronch of
the lobe have been divided The posterior ascending segmental artery has been
dissected out and 1s ready for hgation Insert (b) shows preparation for
separation of the upper from the middle lobe The lobes winch reman have
been inflated and the line of demarcation between the upper and middle lobes
has been located The separation of these two lobes will be done 1n a retro-
grade manner similar to that used 1n the development of an intersegmental
plane The superior pulmonary vemn 1s not shown. It 1s disposed of either
before or after the dissection of the fissure

lobes are separated by sharp dissection Some small veins
may have to be ligated The oblique interlobar fissure is thus
exposed. The interlobar portion of the pulmonary artery lies
deep 1n the fissure covered by the visceral pleura Usually
the branching of the artery can readily be scen Any artery
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which 1s found to enter the upper lobe from this region 1s
the ascending posterior artery On very rare occasions an
other small anterior ascending artery will be discovered
After the posterior segmental artery has been ligated, the
upper lobe 15 completely detached except for variable an
charages to the muddle lobe With great frequency the hori
zontal fissure 13 found to be ncomplete or absent. The line
of cleavage between the lobes 1s then developed after the
lung has been 1nflated by means of positive pressure (sec
Figure 40, Insert b} The upper lobe which has been
dwvorced from the bronchial system remains collapsed The
middie lobe inflates and the hine for separation 1s easily fol
lowed The dissection and separation 18 done without the use
of clamps on lung tissue, as 1n the removal of individual
segments Communicating veins may be found and require
lLigation Bronchial and pulmonary arterial branches do not
cross the interlobar plane where there 13 an undeveloped
fissure. The denuded surface of the middle lobe 1s not
sutured This1sunnecessary and interferes with re expansion

Ugpper Lobe Bronchus—Preferentially, the bronchus 1s
sutured at the level of the segmental bronchy (see Figure 40,
Insertb) We have found this to be safer than trying to place
mattress and end sutures 1n the lobar bronchus The lobar
bronchus may have a short stem, and the sutures may en
croach upon the main bronchus Sutures placed extremely
close to the main stem bronchus may produce an edematous
reaction with varying degrees of obstruction This may cause
difficulty 1n the re expansion of the mddle lobe or superior
segment of the lower lobe

Middle Lobectomy—The components of the secondary
hilum which requires dissection are

1 One or two middle lobe arteries which arise from the
inferior pulmonary trunk

2 The lobar bronchus, a short common trunk or two
segmental div1sions

3 The muddle Jobe vemn or vewns, tributaries to the su
pernior pulmonary vemn
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The Chest Wall Approach—The face-down position and
the posterolateral approach to the right hemithorax are pre-
ferred for this resection as for others For quite some time
after the anterior approach for other types of resection was
abandoned 1n favor of the posterolateral method an excep-
tion was made 1n resection of the middle lobe and an an-
terior, submammary ncision was used. Many surgeons who
use the conventional side position routinely for most intra-
thoracic explorations continue to make an exception 1n an-
ticipated resections of the middle lobe It 1s true that the
adherent surface of the middle lobe presents itself im-
mediately 1n the antertor wound However, after 1ts Iibera-
tion or if the pleura is free, the lobe and hilum fall away to
create a deep field. Undue traction may be necessary to ac-
complish the hilar dissection The most serious objection
to the anterior approach 1s that after exploration a more
extensive resection than originally planned may be required.
Often a resection of one basal segment or an anterior scg-
ment 1n addition to the resection of the middle lobe is neces-
sary Occasionally, a malignant process will be found when
the chest 1s opened under a diagnosis of bronchiectasis and
total removal of the lung found necessary The surgeon must
be prepared to alter plans of resection easily and safely. The
use of a universal approach for all types of lung rescction
ensures freedom of action

Interlobar Approach to Artery and Bronchus—The bron-
chovascular structures to the middle lobe can be a‘pproachcd
through the interlobar fissure The hilar portion of the
oblique fissure 1s developed The fissure between the lower
and muddle lobes 1s almost always well developed The 1n-
terlobar portion of the pulmonary artery 1s C\po‘SCd (50;3‘;
Figure 41) At that level the artery can be scen ngn;gbo
divergent arterial branches for the lower and nuddle lo c;
The middle lobe artery or arteries have a downward an
forward course They arise opposite the superior scgmcx?ta}l
artery We have found two arteries to the middle lobe mt]1
more frequency than one artery Before placing prm.n}lzq
ligatures on the artery, 1t is well to dissect out 1ts branches
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Fic. 41 Drawings of a nght middle lobectomy illustrating mterlobar ex
posure and dissection of artenes of the muiddle lobe Insert (a) shows the
prone poution of the patient with the incusion outhined Insert (b) shows the
nght pul ry artenal arra from the interlobar approach The
arcle includes the working 2rea shown in the main drawmng The man
drawing shows the great fissure widely separated at the level of the onigin of
the ounor fissure. A portion of the pulmonary artery has been drssected and
artentes of the middle lobe have been identified The artery may be found at
a slightly higher pornt than 18 shown here. The artery at i1ts ongin may
parallel the bronchus and be just above 1t. Note that the infenor of the two
comes off the mamn trunk 1n & low position placing it close to the basal
artenies. This vessel 14 not constant

first Exceptional cases may be found where the middle lobe
artery gives ascending branches to the upper lobe These
branches may be the only source of supply to the posterior
bronchopulmonary segment of the upper lobe, and should
therefore be avorded 1n the ligature Immediately on deeper
dissection the middle lobe bronchus appears as 1t Les anterior
and slightly inferior to the artery (see Figure 42) A tempo-
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rary mass ligature 1s placed around the lobar bronchus or
around the two segmental bronch: if they come into view
in the beginning of the dissection.

The Vein—The lobe 1s retracted upward and rotated
clockwise go degrees The middle lobe vein comes into
view after the mediastinal pleura has been divided below
and on the anterior surface of the middle lobe hilum Care
should be taken to dissect in this area with caution as the
principal trunk of the superior vein must not be injured In
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Fic 42 Drawings of a right middle lobectomy illustrating further (llqﬁct;lll‘(lllz
of the interlobar area The arteries of the middle lobe have been divided 'l"
posterior aspect of the middle lobe bronchus and 1ts two segmental brone lll
are shown A branch of the vein 1s seen posterior to the Jateral scgmcml.l
bronchial division just before 1t swings forward and downward vAftc;ntuM\
great fissure below has been completelv developed the middle lobe vein cf e
into view 1n front of the bronchus Insert shows the final trcntmcnf 10 Y
bronchus. It is being divided after mattress sutures have bccn{plnlclu - I
next step will be inflation of the upper and lower lobes, ‘mdllllm-l '\ﬁ:(.Cl(.(l
pletion of the separation of the lobe along the fissure hines will be «
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the event of an undeveloped fissure, no attempt should be
made to find and ligate intercommunicating veins between
the middle and upper lobes until later 1n the dissection

The Brenchus—The middle lobe bronchus 1s divided and
the stump closed It should be remembered that the bronchus
originates at the same level as the superior segmental bron
chus It should therefore not be sutured too close to its
main orifice 1f the middle bronchus stem 15 long enough to
allow the placement of end sutures, the common stem of the
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Fic 43 Drawings of 2 nght middle Jobectoms {llust
vein and the hinal dnasion of the minor ﬁuur)c. Tuh’:rl:‘l:?frtg:;ﬁ;o{:;eh;
completelt separated below An Alln forcepy 1y making gentle traction on the
distal bronchial stump This expases the middle lobe vein whih 1 bem,
lgated Insert showes the arrangement of the hilar structures of the mxddls
:]obc after therr divisson The aneT 1 posterior the vein anterior and the
ronchus in between the twvo. The Jobe, now solely attached by tssue ar the
basc of the minor fissure 1 being cut with scssors,



124 THE TECHNIQUE OF PULMONARY RESECTION

bronchus 1s closed Otherwise 1t 1s safer to close both seg-
mental bronchi separately.

The Minoi Fissure—The final step 1s the dissection of the
munor fissure, or more properly the separation of the inter-
lobar plane between the middle and upper lobes An un-
developed minor fissure 1s more frequently found than not
The middle lobe 1s separated from the upper lobe by a
method similar to that used in removing segments Traction
forceps are placed on the peripheral ends of the severed
bronchus, artery, and vein (see Figure 43) The anesthetist
inflates the remaining lobes for the purpose of demarcation
Shight traction 1s made with the forceps holding the bron-
chovascular structures Gentle blunt dissection 1s made with
thumb and forefinger pressing the lung substance between
A small sponge forceps or wiper 1s also used The intercom-
municating veins are delicate and the dissection must be done
with a light touch The few crossing veins are readily
clamped with mosquito forceps and ligated. The lobe can
then be peeled away with gentle traction, after the division
of interlobar connective tissue (1n cases of undeveloped
fissure) or fibrous bands and fused visceral pleura (post-
inflammatory) In the event of an incomplete major fissurc
of fusion resulting from disease, the same method 1s used
as for the minor fissure, that 1s, the lobes are separated after
the hilar structures have been divided

Right Lower Lobectomy—The components of the scc-
ondary hilum which require dissection are:

1 The superior and the basal segmental arteries, branches

of the inferior pulmonary trunk

2 The inferior pulmonary vein and 1ts tributarics

3 The superior and the basal bronchi '

Interlobar Step—The pulmonary artery 1s accessible deep
in the oblique fissure and 1s usually visible beneath ‘th’c
visceral pleura unless there are enlarged ]ymph nodes w hl(‘(;
fill out the crevices between the bronchi and arterics an ‘
obscure these structures. The oblique fissure 1s opened for its
entire length 1f this can be accomphished casily at first Arcas
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of dense fusion or mncomplete formation are avoided and
their dissection postponed until after the bronchovascular
structures have been divided The broncho arterial pedicle
of the lower lobe 15 found deep in the fissure at the level
where the minor fissure takes ongmn The supenior artery
1s above and anterior to 1ts bronchus and will be found to
anise from the posterolateral aspect of the mamn artery
directly opposite the mddle lobe artery or arteries The
superior artery should be dissected out peripherally 1n 1ts
branches before 1ts igation On rare occasions the posterior
ascending artery to the upper lobe may be seen to originate
from the superior artery and should be carefully preserved
Dissection of the basal arteries 1s then continued The basal
artery lics anterior and lateral to the basal bronchus The
common stem of the basal artery 1s short It 1swell to expose
the four arterial basal branches peripherally and tie them
separately or 1n pairs (sce Figure 44) Sometimes the medial
and the anterior basal arteries have a common stem as do the
lateral and the posterior basal arteries Lf so, the peripheral
ties are placed on the main lobar pulmonary artery The
muddle lobe artery should be partially exposed before ligat
tag the mawn pulmonary artery to avowd occlusion of the
rmiddle lobe artery 1n the proximal Ligature

Proximal Step—The lower lobe 13 allowed to drop for
ward 1n order to expose the pulmonary ligament and the
inferior pulmonary vein In wet cases 1t 13 often possible
and advantageous to ligate the vern and place a preliminary
occluding branchial ligature before the lung 1s completely
mobilized In dry cases the dissection of the vein 1s facilitated
by a complete inferior mobilization of the lobe The pos
terior border of the loner lobe 1s retracted laterally and the
posterior mediastinal pleura over the vein 1s incised The
lower lobe veins emerge from the lobe posterior to the
bronchus The basal segmental veins are found immediately
above the hilar end of the pulmonary higament A sentinel
Iymph node 1s almost always present at that level A second
node 15 frequently found 1n the crotch between the superior
and basal vein tributaries The branches are tied 1n two
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Fic 44 Drawings of a right lower lobectomy tHustrating the steps i the
treatment of the hilar structures In the main drawing the superior portion of
the oblique fissure has been developed and the superior segment retracted
posteriorly The lower lobe bronchus and the pulmonary artery and its
branches are exposed The superior and basal segmental arteries have been
tied separately Note the related positions of the various segmental arteries
Insert shows bronchial exposure after the arteries to the lower lobe have been
divided The superior segmental bronchus has also been treated and the basal
bronchus 1s ready for division

R R O - ———

séparate groups to prevent slipping of the distal hgatures.
The proximal ligature 1s placed on the maim vein It should
be remembered that the trunk of the inferior pulmonary vern
1s short and 1s contained 1n a pericardial reflexion

Ligation of Lobay Bionchi—Once the arteries and the
veins have been ligated, the bronchr to the Jower lobe can be
approached, ecither infertorly, posteriorly, or through the
interlobar fissure The bronchial pattern resemblce the
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arterial distribution to the lobe and 13 treated 1n the same
order as the arteries The superior segmental bronchus and
the basal bronchus should be divided separately (See Figure
44, Insert ) The superior bronchus arises at the same level
ag the middle lobe bronchus It 15 therefore technically dif
ficult to carry the line of amputation above the origin of the
superior segmental bronchus without endangering the orifice
of the middle lobe bronchus

In the performance of right lower lobectomy for basal and
bronchral tuberculosis a high amputation 18 important Re
moved tuberculous lower lobes have almost invariably shown
submucosal nfiltration of the disease in the superior seg
mental bronchus Therefore, this entire segmental bronchus
should be removed Because 1t 18 on the level or above the
middle lobe orifice a trans section of the intermediate bron
chus 18 necessary Therefore, 1f the indication for resection
15 tuberculosis, the middle lobe should also be included with
the excision of the lower lobe

Left Upper Lobectomy—The components of the sec
ondary hilum which require dissection are
1 The upper lobe branches of the pulmonary artery, four
to seven 1n number
2 The superior pulmonary vern and 1ts tributartes
3 The upper (apical posterior and anterior) and the
lower (lingular) bronchial divisions
Superior Step—The upper lobe 18 completely separated
from chest wall attachments The fissure 15 then developed 1n
1ts superior aspect. The upper lobe 18 retracted 1n an anterior
and downward direction and the mediastinal pleura over the
pulmonary artery 1s mcised The apical posterior artertes
are the uppermost branches of the pulmonary artery and
will be casly 1dentified by exposing the main pulmonary
artery and dissecting toward the lobe They arise from the
convex surface of the main trunk shghtly anterior to 1ts
mud pomnt Prouimal and distal Ligatures are placed on each
of the branches (see Figure 45) Tt may be expedient to
hgate the apical posterior segmental vein prior to the dis
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Fic 45 Drawings of a left upper lobectomy illustrating the treatment of
segmental arteries Insert (a) shows the prone position of the patient for left
thoracotomy with the incision outlined Insert (b) shows the left pulmonars
artery and all its branches seen through the interlobar approach The crclc
includes the apical and posterior segmental arteries The main drawing shows
the upper lobe held dow n, the visceral pleura incised, and the apical-posterior
segmental arteries dissected and Ligated
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section of the apical-posterior arterial branches The vein 1s
anterior to the artery which it crosses before entering nto
the superior aspect of the main ven

Interlobar Step—After the two arterial branches have
been ligated, the main pulmonary artery 1s followed as 1t
courses deep 1n the fissure. The remaining arterial branches
for the upper lobe originate lower down on the main trunk
In the chapter on anatomy the variations in number of the
artersal branches to the upper lobe have been discussed
With the patient 1n the face-down position, the upper lobe
will fall forward, but 1t 1s necessary to hold up the superior
division of the lower lobe to gamn access to the nterlobar
arca The remaining arterics to the upper lobe will be found
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Fi6 46 Drawings of a left upper lobectomy Hlustrating the pulmonary
artery 1n the base of the fissure Insert shows the left pulmonary artery and
all 1ts branches seen through the interlobar approach ‘The circle includes the
anterior and lingular segmental arteries, The main drawing shows the
superior divison of the lower lobe held up The upper lobe has been per
mitted to fall forward The stumps of the apical and posterior segmental
arteries arc seen The anterior and Iingular segmental arteries have been
ligrated separately Frequently these two segmental arteries orginate mn a
commen trunk.

as they originate from the lateral and anterior surface of the
main trunh as they course down 1n an anterior direction (see
Figure 46) Needless to say the main pulmonary artery as
well as the artery to the superior division of the lower lobe
should be carefully avoided while the arteries to the upper
lobe are being dissected The course of the artery as 1t en

circles the main bronchus, first above, then posterior, lateral,
and finally anterior to the lower lobe bronchus, places 1t 1n
2 most vulnerable position Inflammatory changes and en
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Fic 45 Drawings of a left upper lobectomy llustrating the treatment of
segmental arteries Insert (a) shows the prone position of the patient for left
thoracotomy with the incision outlined Insert (b) shows the left pulmonary
artery and all 1ts branches seen through the interlobar approach The circle
includes the apical and posterior segmental arteries The main drawing shows
the upper lobe held down, the visceral pleura incised, and the apical-posterior

segmental arteries dissected and ligated

section of the apical-posterior arterial branches The vein 18
anterior to the artery which 1t crosses before entering nto
the superior aspect of the main vein

Interlobar Step—After the two arterial branches have
been ligated, the main pulmonary artery 1s followed as 1t
courses deep 1n the fissure The remaining arterial branches
for the upper lobe originate lower down on the main trunk
In the chapter on anatomy the variations 1n number of the
arterial branches to the upper lobe have been discussed.
With the patient 1n the face-down position, the upper lobe
will fall forward, but 1t 1s necessary to hold up the superior
division of the lower lobe to gain acccss to the interjobar
area The remaining arterics to the upper lobe will be found
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tracted backward and the mediastinal pleura s mncised over
the vein The dissection 18 then carried out peripherally to-
ward the lung substance All the tributaries are 1solated and
Ligated separately (see Figure 47) The proumal higature
may be placed on the mamn stem of the vein or out 1 the
branches, whichever 1s most convenient, provided there s a
sufficient cuff between the ligatures

Upper Lobe Bronchus—After the arteries and the veins
of the lobe have been disposed of, the remaiming bronchial
structures are dissected They are best approached from the
postertor aspect for then the surgeon always has the mam
pulmonary artery tn full view It s preferable to amputate

Fre. 48 Dravwi
has been removed Note related positions of
arterws on the main trunk and of the three
this 1nstance onh end

stump of the supenor vewn has retracted beneath the bronchial stump

ng of a left upper lobectomy llustrating hilar area afrer lobe
stumps of ligated segmental
segmental bronchial stumps. 1n
sutures were placed 1n the sepmental bronchn, The
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larged glands may distort or obscure 1ts position It 1s well
at first to dissect at a safe distance out 1n the substance of the
lung 1f there is any question about the location of the main
pulmonary artery An injury to the main artery would con-
stitute a grave technical error and might necessitate 1ts liga-
tion and the functional loss of the lower lobe If severe injury
forces the sacrifice of the main artery, i1t 1s preferable to
abandon lobectomy and proceed immediately with total re-
moval of the lung

Superior Pulmonary Vein—In order to expose the vemn
and 1ts tributaries, the upper lobe should be mobilized from
the pericardium and the anterior chest wall The lobe 1s re-
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Fic 47. Dravwing of a left upper lobectomy illustrating treatment of the

supertor pulmonary vein The upper lobe 15 held up with a HI’Dn;llc Ihc]:cccl:;
has been dissected and 1s ready for division Distal higatures have seen pii o
on the tributaries Note the related positions of the pulmonan :mtlrhwn
pericardium, and the phrenic nerve The stump of the apical scgmental ar

1s shown just above the superior edge of the ven
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tracted backward and the mediastinal pleura 1s incised over
the vein The dissection 1s then carried out peripherally to
ward the lung substance All the tributaries are 1solated and
ligated separately (sec Figure 47) The proumal ligature
may be placed on the main stem of the vein or out 1n the
branches, whichever 18 most conventent, provided there 15 a
sufficient cuff between the ligatures

Upper Lobe Bronchus—After the arteries and the veins
of the lobe have been disposed of, the remaining bronchial
structures are dissected Thev are best approached from the
postertor aspect for then the surgeon always has the main
pulmonary artery 1n full view It 1s preferable to amputate

A ﬂ}l )!

F1a. 48 Drowing of a left upper lobectomy illustrating hilar area af

been removed Note related positions of ltumpsgof ligated u;;;?t:
arteries on the main trunk and of the three segmental bronchizl stumps. In
thit instance only end sutures were placed 1 the segmental bronchr The
stump of the superior vein has retracted beneath the bronchial stump
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the broné&s}at the level of the segmental bronchi (sce
Figure 48)c If the amputation of the bronchus 1s carried
through the lobar bronchus itself, there 15 a possibility that
the sutures may be placed too close to the main bronchus with
resulting edema and obstruction of the lower lobe bronchus

Left Lower Lobectomy—The components of the left
lower secondary hilum which require dissection are

1 Thesuperior and the basal segmental arteries, branches

of the main pulmonary artery

2 The inferior pulmonary vein and 1ts tributaries

3 The superior and the basal bronch:

Interlobar Step—All the arterial branches to the lower
lobe arise from the pulmonary artery deep 1n the fissure
Development of the mid-portion of the great fissure and the
exposure of the mediastinal surface of the lower lobe con-
stitute the first step 1n the dissection of the arterial branches
to the lobe. The pulmonary artery 1s accessible deep 1n the
fissure and unless there are inflammatory changes 1s visible
beneath the visceral pleura Before the arteries to the lower
lobe are 1solated, the arteries to the lingula should be 1denti-
fied. It has been pointed out that the arterial branch to the
superior segment of the lower lobe 1s the highest branch to
arise from the pulmonary artery in the fissure and should
be ligated separately If the common stem artery to the
basal segments 1s long, both the proximal and dlsta'l Ligatures
may be placed about 1t It s usually safer to place individual
distal ligatures on the basal branches (sce Figure 49)

Posterior Step—The inferior pulmonary ven 1s best ap-
proached from the posterior aspect of the pulmonary hilum.
The lobe 15 allowed to drop forward, the posterior border
of the lobe 1s retracted laterally, and the vein 1s exposed ThL:
mediastinal pleura over the posterior hilum is mcised Jt mg}
be necessary to divide small vagal branches The lower lobe
veins are seen conung from the lobe posterior to the bron-
chus The superior vein and the basal veins arc dlsscct?d ouf
and distal Ligatures are placed around them (sec Ix{zt;;c
c0) The proximal Iigatures can be placed on the mam ve
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Fia. 49 Drawings of a left lower lobectomy illustrating the interlobar
approach 1o the pulmonany artery Ivsert shows the left pulmonary artery and
all 1ts branches. The aircle includes the superior and basal segmental artenes.
In the main drawing the supenior divinon of the lower lobe 15 held up to
widely expose the upper portion of the interlobar area. The artery has been
disected and higatures have been placed on the supenor segmental and basal
artenies. Note that the point of onmin of the antenor and Lingular segmental
arteries 13 below the ongan of the superior scgmental artery

The diaphragmatic surface of the lung s freed and the in
ferior pulmonary ligament s divided In wet cases 1t 15 well
to first ligate the vein and set preliminary bronchial occlud
ing ligatures before further mobilization of the lobe Indry
cases a complete mobilization of the lung may be done with
safety at an early time and so expedite the hilar dissection

Luigation of Lobar Bronchus—With the arteries and the
vems to the lower lobe already ligated, the bronchi to the
lower lobe can be approached ether from below, posteriorly
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F16 50 Drawings of a left lower lobectomy illustrating the posterior hilar
area and treatment of the inferior pulmonary vein The lung has been per-
mitted to fall forward Note that the superior segmental vein crosses the basal
bronchus Insert shows division of the upper portion of the pulmonary Liga-
ment between clamps Treatment of the ligament and separation of the dia-
phragmatic surface of the lobe may precede the dissection of the inferior
vein We prefer not to mobilize the lobe completely early in the dissection
unless the bronchus has been occluded by early temporary ligation

or through the interlobar approach It 1s usually preferable
and 1n many cases one 1s obligated to divide and ligate the
superior segmental bronchus and the basal bronchus indi-
vidually (see Figure s1) If the dissection and the suture line
are kept down just below the superior divisional opening,
there 1s less danger of traumatizing the upper lobe bronchus
This 1s therefore considered the safest level Furthermore,
experience has shown that the two segmental stumps heal as
readily as the larger common stump and that the presence of
a shightly longer pouch 1n bronch: of this caliber 1s of little

consequence
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Fic. 51 Drawings of a Ieft lower lobectomy 1llustrating bronchial treatment.
The supertor segement 1s reflected downward All vascular elements and the
supertor segmental bronchus have been drvaded and their stumps are shown
A temporary ligature has been placed on the basal bronchus and 1t 15 ready
for division Insert shows the final appearance of the hilar area after the lobe
has been removed. Note that the segmental bronchi have been treated
separately

In some cases it may be technically possible and 1n a few
instances desirable to amputate the lower lobe bronchus
above the origin of the superior segmental bronchus Lobec
tomy for adenoma or tuberculous cavitation of the lower lobe

provides the most frequent indication for high bronchial
amputation

SEGMENTAL RESECTION

Indications for Segmental Resection—Pathological and
clinical obseryations have shown that certain diseases of the
bronchi and lungs have a definite segmental distribution A
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critical examination of complete bronchograms and detailed
studies of surgical specimens bear out the fact that bron-
chiectasss 1s primarily a segmental disease and rarely in-
volves an entire lobe. Tn addition, bronchiectasis tends to
involve the bronchopulmonary segments 1n characteristic
patterns The basal segments of the lower lobes are most
commonly involved Churchill and Belsey have called atten-
tion to the frequency with which the lingular segment of
the upper lobe is involved when the left lower lobe 1s dis-
eased, They also report that “the dorsal segment (superior)
of the lower lobe 1s found free of disease 1n a considerable
number of cases of lower lobe bronchiectasis ” As on the left
side the right middle lobe, the counterpart of the lingula, 1s
often found to be diseased concomitantly with the right basal
segments A frequent bilateral pattern 1s that showing in-
volvement of the right middle lobe, the lower divisions of
the left upper lobe (lingula), and both right and left basal
segments The superior segment of the lower lobe 1s rarely
involved It 1s not only the rule to find the superior segment
free of disease but also to find that this segment has under-
gone hypertrophy In many cases we have observed that this
individual segment has larger vessels and as large a bronchus
as the structures of the combined basal segments The ex-
panded segment will frequently be found to approach a nor-
mal lower lobe 1n size. This finding indicates a true hyper-
trophy in response to changes in the basal segments carly
in life

In our experience approximately 85 per cent of l?ron-
chiectasis cases have multisegmental involvement, and in 30
per cent the disease 1s bilateral Our studies show that the
lower division of the left upper lobe (lingula) 1s involved in
about 6o per cent of those patients whose principal disease 1§
in the left basal segments On the right side, if the right
basal segments are 1nvolved, about 45 per cent of the cases
will also show 1nvolvement of the middle lobe Chinical ob-
servation emphasizes the fact that good results parallel the
surgeon’s ability to eradicate all portions of lung that are dis-
eased If entire lobes are considered as surgical units, scrious
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respiratory embarrassment will result 1f the disease 15 com
pletely removed 1n bilateral cases For example, the removal
of the right middle lobe, both lower lobes, and the lower di
vision of the left upper lobe leaves the patient with one com
plete and one partial lobe which may not be sufficient for
anything more than an invalid exstence Furthermore, 1f
bronchiectasis of the basal segments of the left lower lobe
and bronchiectasts of the Iingula are treated by the classic
removal of the entire loner lobe and lingula, there will be
only two bronchopulmonary segments remaining in the left
chest to occupy the entire left hemithoracic space The
marked expansion forced upon these two segments results in
a pathological emphysema

Increased surgical experience 1n resecting pulmonary
tissue has demonstrated that the bronchopulmonary segment
can be employed as a surgical unit and lends itself to removal
without undue technical difficulties or risk Segmental re
section 18 now being used with greater frequency mn the
surgical treatment of bronchiectasis and other diseases which
are confined to a bronchopulmonary segment For well
localized benign disease, segmental resection 18 adequate and
specific It not only eradicates all of the discase, but 1t also
does away with unnecessary sacrifice of uninvolved lung
tissue This approach to the excisional therapy of certain lung
diseases more nearly complies with fundamental principles
of surgery than 1f lobes or an entire lung were used as the
excisional unit Furthermore, the preservation of as much
functional tissuc as possible becomes imperative when deal
ing with bilateral and multisegmental disease

Chronic abscess of the lung 1n some 1nstances may be found
to be localized strietly to one segment The superior segments
of the lower lobes and the anterior and the posterior seg
ments of the upper are the most frequent sites for pulmonary
abscess In Chapter 111, reference has already been made to
the co evistence of tuberculous lesions of the upper lobe with
involvement of the superior segment of the lower In a few
instances the remainder of the lower lobe may be entirely
free of discase as evidenced by careful palpation during the
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operation. Furthermore, well-circumscribed areas of tuber-
culous infiltration and tuberculomata involving not only part
of or a whole segment are not infrequently seen.

Pulmonary cysts and miscellaneous tumors are more fre-
quently confined to segments rather than to lobes. The former
are multiple 1n many instances, thereby forcing considera-
tion again for conservative excisional management, Occa-
sionally a solitary metastatic lesion may be found in the
lung upon surgical exploration. In these cases, a segmental
resection 1s a more logical procedure than either lobectomy,
pneumonectomy, or abandonment of excision. If the metas-
tasis recurs 1n the 1psolateral or contralateral lung, further
conservative excision 1s within the realm of consideration
Benign tumors such as hamartoma, fibroma, chondroma,
et cetera are almost always well circumscribed and confined
to one bronchopulmonary segment They are frequently
found 1in the superior division of the lower lobe

Past Limitations and Difficulties in Segmental Excision
—In the past subtotal lobectomy or partial excision of pul-
monary tissue has been Iimited more or less to one segment,
the lingula of the left upper lobe 1n cases of bronchiectasis
Churchill and Belsey have described a techmique for hingu-
lectomy and have suggested that 1t could apply to the excision
of other segments They preserved the superior segment
1n two cases of bronchiectasis of the left lower lobe Lingu-
lectomy has been performed quite generally by cutting
through bronchovascular pulmonary tissue between clamps
and placing erther a running suture or individual ligatures
in the lung substance held by the clamps. Distinct disad-
vantages of this practice became apparent to us and should be
mentioned ‘

1 It 1s impossible to place the clamps preciscly in the
intersegmental plane Either too much or too little
tissue 15 resected. Retained diseased bronchial frag-
ments contaminate the field and 1nvite empyema.

2 The application of clamps across the lung trquxnatlzcds
the tissues A dry field 1s not always obtained an
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hematoma formation 1n the remaining segment 1s not
infrequent
3 Excessive suture material 1s necessary which increases
foreign body reaction nd predisposes to secondary
infection
4. Puckering and reduction 1n stze of remaining segments
1s produced Re expansion places tension on sutured
lung edges and disruption of the suture level may take
place
Of all the pulmonary segments the lingula 13 the most
accessible It hangs tongue like below the remander of the
upper lobe and the intersegmental plane represents a small
proportion of 1ts surface The narrowness of the segment has
invited surgeons to use clamps and sutures in 1its excision
However, complications 1n 41l reported series have been
higher than for single lower lobectomy Recently Clagett
and Deterling have described a method of removing the
lingula by retrograde dissection without the use of clamps
They recommend the use of sutures 1n the inferior edges of
the upper lobe, with complete pleuralization of 1ts inferior
surface We have found that in the resection of other seg
ments the use of sutures has proved to be disadvantageous
They are difficult to place without 1nviting air leahs and the
normal shape of the remaining segment 1s altered and re
duced 1n volume

A New Technique for Segmental Excision®*—During
the past three years, a method of segmental dissection has
been developed which 1s fundamentally sound and um
versally applicable to all segments It 1s recognized that the
segment 15 held within the lobe by four principal structures
the bronchus the pulmonary artery, the vein, and the visceral
pleura All of these structures can be 1dentified and divided
prior to the dissection of the intersegmental plane The de

Thus pew techmique swas presented for the first Hme in May 1546 in a brief discas-

Dlo: of oo before the American A soclation for Thorsac Surgery m
rort, an. A more detalled account has appeared In Su G:

and Obstetrics 84.257-268 1947 ey Groecology
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velopment of this plane is then made possible and simplified
For practical purposes, the intersegmental plane 1s free of
intercommunicating structures Normally the bronchi and
pulmonary arterial branches do not traverse the interseg-
mental plane Only a few venous branches cross between
segments With extreme rarity small intersegmental bronchi
are encountered The supporting framework of connective
tissue 1s loose, slightly elastic, and yields to gentle blunt and
sharp dissection Auir leak of the raw surface 1s negligible
and self-sealing Prompt healing of the denuded lung surface
takes place since 1ts blood supply has not been jeopardized,
nor the tissue traumatized '

Technique as Applied to the Resection of Any Segment
—1 The segmental pulmonary artery is identified and
divided In all segments except the apical-posterior (left
side) and the apical and anterior (right side), the segmental
artery 1s located and 1dentified in the base of the major fissure
as 1t takes origin from the main arterial trunk The hori-
zontal fissure should be partially developed as well during
the search for the artery of the anterior segment on the right

side (see Figure 52)
2 The segmental vein 1s 1dentified and divided (see

Figure 53)

3 The segmental bronchus 1s 1dentified and divided Itis
usually expedient to place the final sutures in the segmental
bronchus at this time It has been our practice to use two or
three end sutures of fine silk On rare occasions 1t may be
necessary to place a temporary proximal mass ligature on the
bronchus, remove the segment, and carry out the meticulous
closure of the stump later (See Figure 54 )

4 The approximate line of demarcation between segments
is determined The accurate delineation of the interseg-
mental plane 1s accomplished by a) Deflation of the lobe
before drviding the segmental bronchus unless the segment
to be removed 1s already airless, b) Remflation of the lobe
by means of increased positive intratracheal pressurc a%l;;:r
the segmental bronchus has been ligated and divided e
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Fia. 52 Drawings of a left
basal segmental resection. The
bronchopulmonary structures
illustrated are shown through
the interlobar exposure the
man pulmonan artery (1)
the antertor segmental artery
(2) the superior segmental
artery (3) the lingular seg
mental artery (4) the basal
segmental artery  (5)
superior segmental bronchus
(B) the basal bronchus (C)
The basal arterics have been
dissected and other branches
are scen through the trans-
parent pleurn. Insert shows
the basal artery ligated and
dinided The basal bronchus
and 1ts branches are expased
‘The superior segmental artery
1s supero-anterior to the supenor segmental bronchus.

The indication for segmental resection 1 thrs case was bronchiectans and
atelectasis of the basal and lingular segments. The 1nvolved segments are
dark blue and contracted 1n appearance The supertor segment 13 greatly
hypertrophied and nearly equals in size shape, and sppearance a normal
lower lobe. (In all color drawings the artery 1 shown in red the vemn
1 blue, and the bronchus i1n yellow )

Fic 53 Drawings of & left
basal segmental resection il

lustrating the postenor hilar
arca. The lobe has been per
mitted to fall forwvard The
pul y 1 has been
cut. The inferor pulmonan
vein (6) and 1ts tributanies,
superior (7) and basal (8)
are exposed. The left main
bronchus (A) and the su

perior (B) and bassl (C)
segmental bronchi are shown
Insert 1s & close-up of the s e

and the bronchi The uﬁ‘
vern has been carefully pre
«erved It can be scen as 1t
crosses the badal bronchus
posteniorly
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velopment of this plane is then made possible and simplified.
For practical purposes, the intersegmental plane 1s free of
intercommunicating structures Normally the bronch: and
pulmonary arterial branches do not traverse the interseg-
mental plane Only a few venous branches cross between
segments With extreme rarity small intersegmental bronchi
are encountered The supporting framework of connective
tissue 1s loose, slightly elastic, and yields to gentle blunt and
sharp dissection Air leak of the raw surface is negligible
and self-sealing Prompt healing of the denuded lung surface
takes place since 1ts blood-supply has not been jeopardized,
nor the tissue traumatized

Technique as Applied to the Resection of Any Segment
—1 The segmental pulmonary artery 1s identified and
divided In all segments except the apical-posterior (left
side) and the apical and anterior (right side), the segmental
artery 1s located and 1dentified in the base of the major fissure
as 1t takes origin from the main arterial trunk The hori-
zonta] fissure should be partially developed as well during
the search for the artery of the anterior segment on the right
side (see Figure 52)

> The segmental vein is identified and divided (see
Figure 53)

3 The segmental bronchus 1s 1dentified and divided Itis
usually expedient to place the final sutures 1n the segmental
bronchus at this time It has been our practice to use two or
three end sutures of fine silk On rare occasions it may be
necessary to place a temporary proximal mass ligature on the
bronchus, remove the segment, and carry out the meticulous
closure of the stump later (See Figure 54 )

4 The approximate line of demarcation between segments
1s determined The accurate delineation of the interseg-
mental plane 1s accomphished by a) Deflation of the lobe
before dividing the segmental bronchus unless the segment
to be removed 1s already airless, b) Reinflation of the lobe
by means of increased positive intratracheal pressurc aft;:r
the segmental bronchus has been ligated and divided The
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Fie. 52 Drawings of a left
basal segmental resection. The
bronchopulmonary structures
lustrated are shown through
the interlobar exposure the
matn pulmonany artery (1)
the anterior segmental artery
(2) the superior segmental
artery (3) the hingular seg
mental artery (4) the basal
segmental artery (5) the
superior segmental bronchus
(B) the basal bronchus (C)
The basal artertes have been
dissected and other branihes
are scen through the trans-
parent pleura. Insert shows
the basal artery lLigated and
divided The basal bronchus
and 1ts branches are exposed
‘The supenor segmental artery
18 supero-antenior to the superior segmental bronchus

‘The indication for segmental resection 1n this case was bronchiectasis and
atelectasis of the basal and lingular segments The involved segments are
dark blue and contracted mn appearance The supenor segment 1s greatly
hypertrophied and nearly equals in sze shape, and appearance a normal
lower lobe. (In all color drawings the artery 15 shown 1n red the ven
tn blue, and the bronchus 1n yellow )

Fic 83 Drawings of a left
basal segmental resectron 1l
lustrating the postertor hilar
area. The lobe has been per
mutted to fall forward The
pulmonary ligament has besn
cut. The infertor pulmonary
vein (6) and 1ts tributaries
superior (7) and basal (8)
are exposed The left mam
bronchus (A) and the su
perior (B) and basal (C)
segmental bronch: are shown
Insert 13 2 close up of the

and the bronchi The (basa
ven has been carefully pre
served It can be seen as 1t
crosses the basal bronchus
posteriorly
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has been inflated by the anesthetist and the
demarcated A knife 1s shown which 1s used to

Fic 55 Drawings of a left
basal segmental resection 1l-
lustrating final steps 1n re-
moval of segment Insert
shows hand encircling seg-
ment so that finger and thumb
may be used in blunt dissec-
tion to locate the proper
plane The mamn drawing
shows 1ntersegmental plane
almost entirely developed An
intersegmental vein can be
seen Other small mtercom-
municating veins have been 1n-
dividually tied Bubbles indi-
cate minor air leaks which
are self-sealing The superior
segment has been inflated Its
relative size shows the amount
of functionable lung tissue
conserved

Fic 54 Drawings of a basal
segmental resection illustrat-
ing bronchial division and the
initial step 1n the development
of the intersegmental planec
Insert shows the superior seg-
mental vein (7) retracted to
expose the basal bronchus (C)
which has been closed with
mattress sutures and is in the
process of being divided Note
tip of aspirator in position to
remove bronchial secretion
The main drawing shows the
stumps of the segmental bron-
chus and vein A free pleural
graft has been sutured to the
end of the bronchus Allis for-
ceps make gentle traction on
the distal bronchus, vein, and
artery The superior segment

intersegmental line 1s clearly
incise only the visceral pleura
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excluded segment then remains atelectatic whtle the adjacent
segments are expanded

We have found that a reverse maneuver 1s occastonally
very helpful while dissecting the segment At times the
expanded healthy portion of lung so completely fills the
thoracic wound that the work of the surgeon 1s hindered In
cases where the discased tissue 13 a relatively small propor
tion of the entire lung, provided the disease has not caused
permanent atelectasis, 1t 15 well to obstruct the segmental
bronchus after inflating the lung The healthy lung 1s then
deflated and air 1s trapped 1n the segment to be removed In
the first maneuver one induces segmental atelectasis In the
reverse procedure the surgeon induces segmental emphy
sema The demarcating line between the segments can then
casily be followed

5 The development of the intersegmental plane 13 started
at the secondary hilum Forceps are applied to the ends of
the severed bronchus, artery, and the vein for gentle traction
(see Figure g5) Clamps are not used on the lung tissue
This avoids inclusion of ramufications of the bronchi Blunt
dissection 15 done at first Fibrous strands may be cut with
scissors. Broncht strip out between the forefinger and the
thumb The correct plane of cleavage 1s the one showing the
least resistance A few branches from intersegmental veins
may have to be igated Mosquito hemostats are used If there
'3 a question of 1dentifying a fine bronchus or a vessel, the
strand 1s first cut and then higated if 1t bleeds If 1t does not
bleed, 1t 15 a bronchus and should be dissected The end 1s
picked up again and 1t 18 stripped out to 1ts termnation In
the retrograde separation of a segment small bronch: dimin
uhin caliber fade out and detach themselves readily as they
are stripped toward the intersegmental plane On the con
trary the caliher of veins groaos as the intersegmental plane
wreached and they enter intersegmental vessels so they do
not become detached aosih shght traction Much of the dis
tection can be accomplished with the thumb and the fore
finger 1t has been surprising to us to find the structural
attachment of the segment to the remaning portion of the
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lobe so frail after the few supporting structures have been
released Where the separation of the segment reaches the
visceral pleura this last binding structure 1s divided The
segmental separation is then complete as well as the treat-
ment of the raw surfaces of the remaining segment No
attempt 1s made to fold over edges or to use grafts to cover
the cut pulmonary surface (see Figure g6)

6 Reamputation and meticulous closure of the segmental
bronchus 1s then carried out if a preliminary mass ligature
was used (See technique of bronchial closure, Chapter I111.)

This method enables the surgeon to restrict the extent of
the resection to any bronchopulmonary segment when disease
18 so Iimited Inflammatory processes may have crossed inter-
segmental planes or fused structures 1n the tertiary hilum to

Fic 56 Drawmngs of the surgical exposure of a left lung illustrating its
appearance before and after bi-segmental resection for bronchiectasis The
drawing to the left 1s adapted from a color photograph of a lung of a patient
affected with bilateral, multi-segmental bronchiectasis Healthy segments are
inflated and are of a normal pink color Diseased segments are dark blue,
contracted, and airless Note the over-development of the umnvolved scg-
ments and the relative small volume of the diseased segments The drawn}:g
to the right 1s adapted from a color photograph made at the conclusion o;f the
operation The inflated healthy segments with both intersegmental sur,}(t}iﬁ
are shown Note the clear-cut segmental edges and the absence of sutures X e
adjacent lobes have not been traumatized and their re-expansion has not ccr:
restricted bv suturing of the denuded surface The large superior scgzmcn
completely fills the space previously occupied by the lower lobe After c ?qtl]:g
rapid obliteration of the pleural space will take place The prc;scr;cc o e
hvpertrophied superior segment will prevent over-distention of the apics
posterior and anterior segments of the upper lobe
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such an extent that dissection of a segment 13 1mpossible or
unwise Haowever, i such cases the parenchvmal discase
1tself 12 usually so extensive that the lobe or entire lung must
be the excisional umt if the process 15 to be cradicated
Rarely will healthy segments have to be sacrificed for techm
cal problems of dissection

Most frequently 1n the management of bronchiectasis, the

!

L A

F1a. 57 Postoperative roentgenogram after bilateral multiple segmen

section for bronchiectass The left basal and lingular »Enc)tnn hxdmlbcr:n
removed six months previowsly The middle lobe both sepments and the
postetior basal segment on the night side had been removed three months
previously Note normal appearance of lung fields, lack of evidence of emphy
sema, and the relanvely normal position of the diaphragm on both sides.
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lobe so frail after the few supporting structures ha
released Where the separation of the segment rea
visceral pleura this last binding structure 1s divid
segmental separation 1s then complete as well as
ment of the raw surfaces of the remaining seg
attempt 1s made to fold over edges or to use graf:
the cut pulmonary surface (see Figure g6)

6 Reamputation and meticulous closure of th
bronchus 1s then carried out if a preliminary n
was used (See technique of bronchial closure, C

This method enables the surgeon to restrict
the resection to any bronchopulmonary segmen’
1s so Iimited Inflammatory processes may have
segmental planes or fused structures in the tc

Fic 56 Drawings of the surgical exposure of a I
appearance before and after bi-segmental resection f
drawing to the left 1s adapted from a color photogiaph
affected with bilateral, multi-segmental bronchiectasis
inflated and are of a normal pink color Diseased scg
contracted, and airless Note the over-development ot
ments and the relative small volume of the diseased segm
to the right 1s adapted from a color photograph made at th
operation The nflated healthy segments with both inteic
are shown Note the clear-cut segmental edges and the abser
adjacent lobes have not been traumatized and their re-exp t.
restricted by suturing of the denuded surface The large
completely fills the space previously occupied by the lowc,r}u
rapid obliteration of the pleural space will take place T'he
hvpertrophied superior segment will prevent over-distentio
posterior and anterior segments of the upper lobe

1,'_,*‘%“
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the lower lobe In another case, for chromic abscess, the
axillary subduvistons of the anterior and posterior scgments
of the right upper lobe were removed with the apical portion
of the superior portion of the lower lobe

Techmque for Spectfic Segments—Basal Segmental
Group, Left and Right Side—The components of the ter
tiary hilum to be considered 1n these resections are

1 The basal arteries, branches of the pulmonary artery

2 The basal veins, tributaries to the inferior pulmonary

vein

3 The basal bronchi, branches of the lower lobe bronchus

Interlobar Step—The first step 15 pursuit of the fissure 1n
order to expose the interlobar portion of the pulmonary
artery The basal artery 18 found anterior and lateral to the
segmental bronchus on the left side The superior artery and
the lingular artery should be exposed before the surgeon
proceeds with the ligature of the basal artery and should be
carefully avoided After the basal artery and its three
branches have been dissected out, distal ties are placed
around the branches and proximal ties over the common
basal artery (see Figure 52) If the common stem of the basal
artery 18 short, 1t 18 usually safer to dissect out the first arterial
branches and place the distal ligatures around them

On the right side, the ablique fissure at the level of the
origin of the minor fissure 15 developed Before ligature of
the basal artery and 1ts branches (four on the right) 15 done,
the superior artery and the artery to the middle lobe should
be 1dentfied

Posterior Step—The lower lobe 18 now allowed to drop
fornard, cxposing the pulmonary ligament and the posterior
aspect of the hilum The inferior ligament 18 divided between
clamps, and the tributaries to the inferior pulmonary yein
are exposed The tributaries to the inferior pulmonary vemn
emerge from the lobe posterior to the broncht (see Figure
53) The basal segmental vens, two or three on the left and
three or four on the right side, reach the inferior pulmonary
vein either separately or as a common trunk or trunhs The
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basal group of segments will require removal together. How-
ever, only one or more basal segments may require resection, a
larger proportion of the lower lobe being thereby conserved.
Recently in completing treatment of a case of bilateral bron-
chiectasis, the resection was limited to the posterior basal
segment and the middle lobe on the right side after the basal
segments and lingula on the left side had previously been
removed In another case the posterior and medial basal seg-
ments were removed 1n a well-localized chronic abscess The
superior segment of the Iower lobe lends itself well to in-
dividual resection, and fortunately so considering its pre-
dilection as a site for abscess For example, we elected
recently to limit the resection to the superior segment of the
right Iower lobe for a long-standing abscess 1n a patient
who also had bronchiectasis of the left basal and lingular
segments The superior segment of the lower lobe has been
removed with the upper lobe in preference to pneumonec-
tomy in a few patients treated for tuberculosis

This method of segmental resection 1s also applicable to
the divisions of the upper lobe For example, we have had
occasion to remove the anterior segment of an upper lobe
with other ipsolateral segments 1n treating bilateral bron-
chiectasis On rare 1nstances, a segmental resection may be
indicated 1n tuberculosis In exploring for the purpose of
resecting a lobe containing a giant tuberculous cavity with
fluid level, we found evidence of disease 1n just one segment
It was then possible to limit the resection to the apical-
posterior segment In another case this segment was sepa-
rated to remove the apical subdivision in the treatment of a
tuberculoma

The removal of a subdivision of a segment 1s often done.
In the lower division of the upper lobe, many times, only the
inferior branch of the lingula 1s 1nvolved and no more neced
be resected In middle lobe disease the resection of just onc
segment has been done 1n treating bilateral diseasc. In one
case, for a chronic abscess, the axtllary subdivisions of the
anterior and posterior segments of the right upper lobe wcr(f:
removed with the apical portion of the superior segment 0
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the lower lobe In another case, for chromic abscess, the
axillary subdivisions of the anterior and posterior segments
of the night upper lobe were removed with the apical portion
of the superior portion of the lower lobe

Technique for Specific Segments—Basal Segmental
Group, Left and Right Side—The components of the ter
tiary hilum to be considered 1n these resections are

1 The basal arteries, branches of the pulmonary artery

2 The basal veins, tributaries to the inferior pulmonary

veln

3 The basal bronchi, branches of the lower lobe bronchus

Interlobar Step— he first step 18 pursuit of the fissure 1n
order to expose the interlobar portion of the pulmonary
artery The basal artery 1s found anterior and lateral to the
segmental bronchus on the left side The superior artery and
the lingular artery should be exposed before the surgeon
proceeds with the ligature of the basal artery and should be
carefully avoided After the basal artery and 1ts three
branches have been dissected out, distal ties arc placed
around the branches and prowimal ties over the common
basal artery (see Figure 52) If the common stem of the basal
artery 1 short, 1t 13 usually safer to dissect out the first arterial
branches and place the distal ligatures around them

On the right side, the oblique fissure at the level of the
origin of the minor fissure 13 developed Before ligature of
the basal artery and 1ts branches (four on the night) 1s done,
the superior artery and the artery to the rmddle lobe should
be 1dentified

Posterior Step—The lower lobe 15 now allowed to drop
fornard, exposing the pulmonary higament and the posterior
aspect of the mlum The inferior igament s divided between
clamps, and the tributaries to the inferior pulmonary vein
ate exposed The tributaries to the inferior pulmonary vern
emerge from the lobe posterior to the bronchi (see Figure
$3) The basal segmental vems, two or three on the left and
three or four on the right side, reach the inferior pulmonary
vewn etther separately or as a commeon trunk or trunks The
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superior segmental vein should be identified This vein 1s
found posterior to the basal bronchus which it crosses A
small tributary may enter the crotch of the main trunk and
require attention before the lower trunk 1s dissected Distal
ligatures may be placed on each individual basal segmental
vein 1n order to widen the interval between ligatures

Ligation of the Segmental Bronchus—After the segmental
arteries and veins have been ligated, the common basal seg-
mental bronchus 1s approached either from below, behind,
or through the interlobar fissure The bronchus should be
higated and divided so that the bronchial anchorage 1s dis-
connected before dissection of the intersegmental plane is
started (see Figures 54 and 55) The method of 1dentifying
and separating the intersegmental plane has been described
1in detail under “Technique as Applied to the Resection of
Any Segment.” )

Individual Basal Segments—The entire group of "basal
segments does not necessarily require excision together In
treating bilateral bronchiectasis and other localized condi-
tions a single segment or combinations of contiguous basal
segments may be removed The general plan 1s the same The
dissection 1s carried out approximately 1 centimeter farther
out on the bronchovascular tree and the individual artery,
vein, and bronchus identified, divided, and the segment
stripped out by the retrograde method The bronchus 1s the
key structure It may not be possible to identify either or both
vascular structures before bronchial identification It 1s,
however, almost always possible to ligate either the vein or
the artery early 1n the dissection The bronchus can be lo-
cated by palpation, then, after 1ts distal end has been lifted
out by traction and the intersegmental plane of cleavage
started, the vascular structures come 1nto view

Superior Segments, Left and Right Side—The compo-
nents of the tertiary hilum to be considered 1n this resection
are

1 The superior artery, branch of the pulmonary artery

2 The superior vein, tributary to the inferior pulmonary

vein
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3 The superior bronchus, branch of the lower lobe
bronchus

Interlobar Step—The interlobar fissure 18 exposed The
superior artery on the left 1s the first branch arsmg from
the 1nterlobar portion of the pulmonary artery from 1ts pos
terolateral surface It arises at a shightly higher level than
the lingular artery On the right side, this artery 1s a branch
of the inferior pulmonary trunk 1n 1ts mnterlobar portion It
arises oppostte the level of the middle lobe artery or artertes
and below the posterior ascending branch to the upper lobe
In the chapter on anatomy the fact was mentioned that on
rare occastons the posterior ascending artery may originate
from the superior artery Therefore, 1t 1s important to dissect
for a short distance peripherally along the superior artery
10 order to be sure that the posterior ascending artery 1s not
included in the ligature The superior artery on the left and
right sides 1s slightly superior and anterior to the corre
sponding bronchus

Postersor Step—The lower lobe 1s retracted forward 1n
order to expose the inferior pulmonary vein The superior
segmental vein 18 the highest tnbutary to the inferior pul
monary veirn We have mentioned before that 1t crosses
posterior to the basal bronchus and lies inferior to the su
perior bronchus

Lugation of the Segmental Bronchus—The superior bron
chus 15 shghtly below the upper lobe bronchus on the left
and opposite the middle on the right 1t 15 very important
that sutures be placed not too close to the main bronchus on
thcﬁnght because they may encroach upon the middle lobe
orifice

Aprcal Posterior Segment Left Upper Lobe—The com
ponents of the tertiary hilum to be considered 1n this resec
tion are

1 The apical posterior artery, branch of the pulmonary
artery

2 The apical posterior vein, tributary to the superior
pulmonary vein

3 The apical posterior bronchus, branch of the upper
division upper lobe bronchus
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Fic 58 Drawings of the first steps 1n an apical-posterior scgmental rcscl'c-
tion The treatment of the segmental arteries and their relationship to t ;c
segmental bronchi are 1llustrated The main drawing shows thtzl iljpli-‘:’:
posterior segment mobilized, shightly rotated clockwise, and dro;;pc :')Lmr
ward The superior portion of the fissure has been developed and the su.[(} ro!
secgment 1s retracted posteriorly A portion of the main artery x]s wpr();cN;tc
the branches of the apical-posterior segmental artery have been 1gate mr:
lower 1n the ﬁesurc, the anterior segmental artery 1s shown ?9 Ilt :;P{’ﬂ«cd
under a transparent pleura The Insert shows the stumps of the ;x; e
segmental arteries and the appearance of the hillum after dissection

apical-posterior segmental bronchi
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apical posterior artery commonly ofiginates as a sessile trunk
which divides immediately nto two branches, the apical
and the posterior, and therefore 1t 15 safer to peripherally
dissect the artery and tie and cut the branches rather than the
common trunk (see Figure 58) The apical posterior vein
15 higated next Thus vein 18 inferior to the artery and anterior
to the corresponding segmental bronchus (see Figure 59)

—

Fia. 59. Drawings of final steps in an apical-posterior segmental resection

treatment of the segmental veins and bronchi 1s illustrated The main
drawing shows the anterior hilum with the supenor pulmonary vemn parually
exposed The apical-posterior segmental veins have been ligated. Note the
stumps of the divided apical artery Immediately behind the ligated tegmental
vein the segmental bronchus can be scen In the Insert the aprcal postenor
segment has dropped forward and downward The apical postenor seg
m‘:llm] hzg:mbcm}ih?&ttfd :m}:l are ready for division The upper and

Ve mfiat

— ook n ate or the purpose of developing the line of de
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The apical and the posterior tributaries, before entering the
superior pulmonary vein, cross the apical-posterior artery
which lies behind them Therefore, 1t may be safer to ligate
the segmental vein first and then dissect the artery After the
artery and the vein have been ligated, the bronchus s dis-
sected. This segmental bronchus 1s found inferior to the
artery and posterior to the vein The bronchus should be
divided just beyond 1ts bifurcation (see Figure go, Insert). It
should again be emphasized that the apical-posterior bron-
chus most frequently arises from a common trunk with the
anterior segmental bronchus, 1t being the uppermost of the
two Therefore, if sutures are placed on the common apical-
posterior stem, the orifice to the anterior bronchus may be
obstructed

Anterior Seqment, Left Upper Lobe—The components of
the tertiary hilum to be considered 1n this resection are

1 The anterior artery, branch of the pulmonary artery

2z The anterior vein, tributary to the superior pulmonary

vein
3 The anterior bronchus, branch of the upper division
upper lobe bronchus

Interlobar Step—The interlobar portion of the pulmonary
artery 1s exposed The anterior artery 1s the first branch
encountered 1n the fissure which turns up to enter the upper
lobe It has already been pointed out in the chapter on
anatomy that the anterior artery may have a common origin
with the lingular artery In that case the uppermost branch
of the anterolingular trunk is the artery to the anterior
segment It 1s wise therefore to dissect out on any arterial
branch of a segment of an upper lobe prior to 1ts hgation 1n
order to avoid 1nclusion of a branch to a contiguous broncho-
pulmonary segment Tt bears mention that in rare mstanc}cq
the anterior artery may arise in the anterior hilum before tblc
pulmonary artery crosses over and behind the upper lobe
bronchus

Anterior Step—The anterior segmental vein and bronchus
are reached through the anterior hilum The anterior seg-
mental vein constitutes the middle trunk of the three tribu-
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anterior segment Next, the antertor bronchus is lLigated This
bronchus 1s the lown ermost branch of all the three segmental
bronchi of the upper lobe Here again 1t should be remem
bered that the posterior vein 18 posterior to this bronchus and
that sometimes this vein may emerge between the anterior
and the posterior segmental bronchi

Lingula, Lower Division Left Upper Lobe—The com
ponents of the tertiary hilum which require dissection are

1 The lingular artery, branch of the pulmonary artery

2 The hingular vein or veins, tributary to the superior

pulmonary vein

3 The hngular bronchus or lower division upper lobe

bronchus

Interlobar Step—The interlobar portion of the pulmonary
artery 1s exposed and the lingular artery 1s dissected out The
nterrelation of this artery to the other branches has already
been mentioned several times while dealing with other seg
mental resections In treating bronchiectasis of the basal seg
ments and the lingula 1t has been possible occasionally to
place the proumal higature on the main pulmonary artery
above the onigin of the lingular and the basal arteries Of
course this should not be done 1f the lingular artery has a
common trunk with the anterior artery or 1f the superior
artery does not take origin at a sufficiently high level (sec
Figure 60)

Anterior Step—The upper lobe 18 retracted backward
The anterior hilum 1s exposed The superior pulmonary vein
18 1dentified and the ingular vein or vens are dissected The
lingular vein 1s the lowermost tributary to the superior pul
monary vein and lies anterior and shghtly inferior to the
lingular bronchus (sce Figure 61) While performing either
2 basal or lingular segmental resection, the surgeon should
keep 1n mind the possibility of a lingular vein tributary to
the inferior pulmonary vein This vein joins the inferior pul
monary vein anteriorly as a common trunk with the anterior
basal segmental vein The intersegmental vein crosses the
fissure anterior to the basal bronchus On one occasion we
found concomitant with this anomaly a small bronchial
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arterial supply to the anterior segment 1s through the an-
terior artery which 1s a branch of the superior pulmonary
trunk However, this segment may also receive small
branches from the apical artery and on very rare occasions
the anterior segment 1s supplied by branches arising 1n the
nterlobar portion of the artery either from the main artery
or the middle lobe artery The venous return of the anterior
segment 1s also irregular There are two superficial veins,
the anterior vein, which 1s a branch of the anterior-apical
vein, and the inferior vein There are also intersegmental
veins draining into the posterior vein Another important
practical consideration 1s that during the final dissection of
this segment three intersegmental planes require develop-
ment Two of these are formed by the opposing surfaces of
the other two segments of the right upper lobe and the third
by the upper surface of the middle lobe Although the ninor
fissure theoretically separates the under surface of the an-
terior segment, this fissure 1s frequently fused and 1s trav-
ersed by intersegmental veins

Anterior Step—The upper lobe 1s retracted backward to
expose the anterior hilum of the lung The superior pul-
monary vein and all 1ts tributaries are dissected The anterior
vein 1s ligated Posterior to the anterior vein 1s the anterior
artery which 1s next ligated Posterior to the artery 1s the
posterior vein, and this should be carefully avoided. It
should be remembered that the posterior vein lies posterior
to all arteries and bronchi of the upper lobe but may some-
times emerge from the upper lobe between the anterior and
posterior bronch1 The next structure to be ligated 1s the in-
fertor vein This vein runs along the inferior margin of the
upper lobe bordering the munor or horizontal fissure, and,
1t 1s, at the hilum, the lowermost tributary from the upper
lobe to the superior pulmonary vein

Interlobar Step—After the anterior vein, the anterior
artery, and the inferior vein have been ligated, the horizontal
fissure 1s developed and the interlobar portion of the pul-
monary artery 1s exposed 1n order to ascertain whether or
not there are anterior ascending arteries running toward the



SPECIFIC RESECTIONS 157

After the lingular vein has been tied, the ingular bronchus
1s ligated (see Figures 62 and 63) It should be re empha
sized that the anterior bronchus and the lingular bronchus
may have the same origin Then 1t 13 wise to place the bron
chial sutures on the segmental lingular bronchi Otherwise,
the common lingular stem bronchus 1s long enough to be

Fig. 62 Drawings of a lin
gulectomy illustrating the in
terlobar arex and treatment
of the lingular bronchus
Proxamal mattress sutures
have been placed 1n the com
meon stem and distal ligatures
n the branches. Note again
the appearance of the diseased
segment and the rudimentan
fasure Insert 13 a close up
view showing the actusl divi
sion of the bronchus Note
close pasition of the tip of the
aspiTator

Fia. 63 Drawings of a lingu
lectomy 1llustrating final steps
n separation of segment. In
sert shows placement of su
tures through end of Lingular
segmental bronchus anchor
ing a free pleural graft Note
relztrve posttions of basal and
Imgular bronchial stumps to
their corresponding artenes.
The mawn drawing shows 11
tial step in development of
intersegmental plane. The
healthy segments have been
expanded and the line of de-
marcation 13 evident The
scparation of the nterseg
mental plane 1s done as 1s that
of a basal segment
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Fic 60 Drawings of a lin-
gulectomy illustrating the n-
terlobar region after resection
of basal segments has been ac-
complished The segmental
arteries of the lhingula (4)
have been ligated distally A
thread 1s shown indicating the
position of the proximal liga-
ture Note the position of the
superior segmental artery (3)
and the corresponding bron-
chus (B) The anterior seg-
mental artery (2) can be seen
through the transparent vis-
ceral pleura The lingular
segment appears contracted
and airless Note the rudi-
mentary ntersegmental fis-
sure Insertis a close-up view
of the interlobar region show-

ing the Lingular artery divided and the posterior aspect of the hingular

bronchus (D)

branch arising from the inferior aspect of the inferior Iin-
gular segmental bronchus which crossed the fissure Iine and
entered the lower lobe at the level of the anterior basal bron-

chopulmonary segment

L{;{%‘u/a
D)'Yelgt‘r] H
— s .

Fic 61 Drawngs of a lin-
gulectomy  illustrating the
treatment of the vemn n the
antertor hilum  The uppers
lobe has been Iifted up to ex-
pose the supecrior pulmonarn
vein (9) The upper edge of
the pulmonary artery (1) 15
within view The hngular
vern (10) has been dissccted
and hgated Insert s a close-
up view of the divided lin-
gular vein (10) Theanterior
aspect of the lingular bron-
chus (D) can be scen
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After the lingular vein has been tied, the hingular bronchus
18 igated (see Figures 62 and 63) It should be re empha
sized that the anterior bronchus and the lingular bronchus
may have the same origin Then 1t 15 wise to place the bron
chial sutures on the segmental lingular bronch1 Otherwise,
the common lingular stem bronchus 1s long enough to be

Fic. 62 Drawings of a Iin
gulectom) illustrating the in
terlobar area and treatment
of the lingular bronchus.
P, mAttress sutures
have been placed 1n the com-
mon stem and distal Ligatures
1n the branches. Note again
the appearance of the duseased
segment and the rudimentary
fisure. Insert 13 a close up
view showing the actusl din
sion of the bronchus Note
close position of the tip of the
asprrator

Fie 63 Drawings of & lingu

lectomy lustrating final steps
tn separation of segment. In

sert shows placement of su

tures through end of lingular
segmental bronchus anchor

ng a free pleural graft. Note
relative positions of basal and
Lingular bronchial stumps to
their corresponding arteries.
‘The matn drawing shows 1

nal step mn development of
mtersegmental plane. The
healthy segments have been
expanded and the lime of de-
marcation 13 evident The
scparation of the interseg

mental plane 15 done as 1 that
of a basal segment
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amputated at 1ts trunk and sutured at this level without en-
croaching upon the remainder of the upper lobe bronchus

Inferror Lingular Segment and Medial Middle Lobe Seg-
ment—In bronchiectasis cases frequently only the inferior
lingular segment and medial middle lobe segment are the ones
involved 1n conjunction with the basal segments of both lower
Iobes Following the same surgical principle as for any other
complete segmental division, these two segments can be re-
moved Often the inferior lingular segment 1s partially
divorced from the rest of the upper lobe by a notch or rudi-
mentary fissure In our experience if the lingula 1s involved,
the disease 1s more frequently found 1n just the inferior seg-
ment than in both lingular segments When the disease 1s so
Iimited the inferior segment can be more easily removed than
the two lingular segments together On the right side the
middle lobe cannot so readily be divided in the event of sub-
total involvement The amount of lung tissue conserved 18 s0
small that the removal of an individual segment 1n the nud-
dle lobe 1s not often feasible However, in the event of an
undeveloped minor fissure and a healthy lateral segment of
the middle lobe 1t may be technically easier to remove just
the diseased medial segment than to take the entire mddle
lobe.



Caarrer VI
Post Resection Management and Complications

GENERAL CARE

N THE general care of patients following pulmonary

I resections, the same measures should be taken that have
been found to be of value after any major surgtcal pro

cedure. Fluids and nourishment are given immediately
Post operative low hemoglobin content and serum protein
levels are restored to normal by means of transfusions and
plasma Oxygen therapy 1s not routinely necessary but 1s
important for the first few hours of adjustment after opera
tion 1n some cases and particularly 10 older patients Fol
lowing lobectomy or segmental resection an oxygen tent or
a nasal catheter 13 rarely indicated In fact, deep breathing
should be encouraged and 18 more apt to occur 1f the patients
are 1n a normal atmosphere

The three primary concerns following pulmonary resec
tions are 1) the maintenance of an unobstructed airway, 2)
the complete re expansion of the remaining lung tissue after
lobectomy and segmental resections with obliteration of
the pleural space, and 3) the prevention of sudden or ex

cessive mediastinal shift 1n either direction after total
resection

Patent Airways—Accumulation of secretions 1n the tra
cheobronchial tree complicates the convalescence because 1t
interferes with ventilation, predisposes to pulmonary atelec
tasis and infection, and 1mpairs re expansion of lung tissue
The problem of elimination of bronchial secretions 1s greatly
timplified 1f the patient starts his convalescence with free
airways The prone position and marintenance of the cough

159
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reflex during operation has done much to mininuze post-
operative difficulties Also, a patient who 1s alert, coopera-
tive, and able to cough immediately after operation will usu-
ally keep the airways open himself However, the formation
of variable amounts of bronchial secretion 1s a continuous
process and 1s therefore an inescapable problem during the
first few days of the convalescence. The following measures
have aided 1n maintaining an effective cough and in keeping
the airways clear

Minimizing Pain—Great care 1n the avordance of the in-
tercostal nerves, 1n the placement of subperiosteal pericostal
sutures, and 1n the creation of a stable thoracic wall does much
to minimize pain With a stable chest wall the act of coughing
1s more effective Patients require fewer and smaller narcotic
injections Mild sedation for pain 1s used, but not enough to
depress the cough reflex. At first, the patient 1s placed on the
operated side which Iimits thoracic movement on that side
The patient 1s turned from side to side at least every hour.
The nurse gives manual support to the chest wall during
periods of coughing as this permuts effective coughing with
less discomfort

Liquefying Secretions—Thick, tenacious bronchial secre-
tions will produce harassing coughing spells which may lead
to exhaustion of the patient Steam inhalations of compound
tincture of benzoine at regular intervals and the use of ex-
pectorants such as ammonium chloride and terpin hydrate
may aid the patient 1n dislodging and rasing secretions

Tiacheal Aspiration—If the previous simple measurcs
have proved to be ineffective, intratracheal aspiration after
insertion of a catheter through the nose, larynx, and trachea
1s carried out The nurse or doctor stands at the head end of
the bed A soft rubber catheter of moderate size 1s used A
small opening for an air vent 1s cut near its larger end Thg
patient’s head 1s shightly extended, with the mouth opcnrnn
tongue out, and the catheter 1s threaded 1nto a nostril W hcg
its tip reaches the posterior nasopharyny, the patient 1s aske
to cough At this instant, the catheter 1s grven a quick thrust
and, 1n most instances, will find 1ts way 1nto the trachca
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Several trials may be necessary The catheter 15 then con
nected to a farrly strong suction system The opening 1n the
catheter permuts the operator to open and close the suction
atshort intervals A suction force strong enough to withdraw
heavy tenacious mucus will draw and fix the tube to the side
of trachea or bronchus unless the suction 13 momentarily
interrupted Rotation of the head to the right favors passage
of the catheter nto the left bronchus and vice versa Thus
procedure 18 a most valuable maneuver for 1t 1s almost as
effective as bronchoscopic aspiration and 1t can be done by
the nurse 1n the ward

Bronchoscopic Aspiration—QOccasionally 1t 18 necessary to
resort to bronchoscopy 1n order to aspirate bronchial secre
tions If other measures fail, the need for bronchoscopic
aspiration should be recognized early in order to prevent
atelectass

The Pleural Space—In pneumonectomy cases, accumu
lation of Almid and blood 1n the pleural space may lead to
ncreased pressure with displacement of the mediastinum
toward the sound side The patient may complan of tight
ness in the chest and shortness of breath The temperature
may rise and pulsc become rapid By percussion and auscul
tation the position of the heart can usually be determined
The position of the trachea can be ascertained by palpation
1f markedly displaced Fluoroscopy or bedside 1 ray 1s the
most exact method of checking mediastinal position Pres
sures may be adjusted by needle aspiration of variable
amounts of fluid or air until normal negative readings are
obtained The average paticnt requires one or two such as
Pirations during the post operative period A highly nega
five pressure may develop because of the escape of air or
fluid into the subcapsular space or soft tissues of the chest
nall This 1s most likely to occur 1n those complicated cases
where the ntegrity of the thoracic cage was difficult to re
establish and 1ts air tight closure not a particularly firm one

¢ 1njection of arr to establish a normal negative pressure
may then be necessary
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In lobectomy and segmental resection cases, the rapid
obliteration of the pleural space eliminates the development
of fibrothorax and minimizes the chances of pleural infec-
tion This 1s important for then the return of maximum func-
tion is ensured All lobectomy and segmental lIobectomy cases
are drained with one or two rubber catheters (size 24) which
are connected with gentle suction (see Figure 64) The
catheters are withdrawn when full re-expansion has been
obtained and after the period of fluid formation has passed
This need for drainage varies from 24 to 72 hours with most
tubes being withdrawn during the second postoperative day.
If the catheter becomes plugged or re-expansion of the lung
1s not even, loculated air or fluid-containing pockets remamn
in the pleural cavity after the drainage tube has been re-
moved Fluoroscopic examinations will aid 1n following the
progress of re-expansion and will also help 1n localizing arr
or fluid collections Serum or blood should not be permitted
to remain long 1n the pleural cavity They prevent re-expan-
sion, increase the danger of infection, and produce thicken-

——————

i iy - . —

ing of the pleura
Currently our plan for the prophylactic intrapleural use
of antibiotic agents 1s as follows In uncomph.cated or non-
grossly contaminated cases, a solution containing 200,000
units of penicillin and one gram of streptomycin 1s injected
into the pleural cavity at the conclusion of the operation An
intrapleural injection of the same amount of penicillin s
given on the second and fourth postoperative days. In pneu-
monectomy cases, the drug 1s given at the time the intra-
pleural pressure 1s checked In cases of lobectomy or scg-
mental resection, the injection is made through the dramvagc
tube as long as the tube 15+in place Immediately following
the mnjection, the tube 1s clamped for a period of s\ hoursf
In grossly contaminated cases, the intrapleural mjcctxr()in ;)
one or both drugs, depending upon the culture, 1s g:vc? mly
for a period of seven days or more If there 1s a S)st?mc
reaction to an infection of the pleura or evidence of an
infection elsewhere, the antibiotic drug 1s also ngcnimtr::
muscularly Tf purulent sputum continucs to be raised pos
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Bortle for

regilation

of suction

{:",‘:'1164- Disgram of arrangement of drainage bottle and suction apparatus,

SUCtION & magneto type pump Or a water suction system may be used

b degree of negatrve pressure to be maintained 1n the system 1s controlled

yt:_ln open glass tube one of which 1s under water in the closed regulating

of . The suction 15 broken 1f the negative pressure exceeds 1n centimeters
Water pressure the depth of submersion of the glass tube.
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operatively, inhalation therapy 1s re-instituted This neces-
sity arises most frequently in cases of bilateral bronchiectasis
following the operation on the first side

Following uncomplicated resections for tuberculosis, the
intrapleural injection of one gram of streptomycin 1s given
every other day for a period of ten days In the pres-
ence of gross contamination, the drug may be given intra-
pleurally for longer periods It s also our current practice to
give streptomycin intramuscularly for a Iimited course in
cases showing contralateral disease of questionable stability
Grains one and one-half are given daily 1n divided doses for
two days preceding and twelve days following the operation

The patient 1s helped out of bed as soon as possible—some-
times on the second or third postoperative day This increases
pulmonary ventilation and further aids in re-expansion
Moreover, the patient’s morale, appetite, and muscle tone
improve, and the convalescent period 1s shortened

COMPLICATIONS

Modern surgical technmique, with individual ligation of
hilar structures and a type of closure of the bronchus more
conducive to permanent healing, has greatly decreased the
incidence of postoperative infection of the pleural space
Chemotherapeutic agents have also proved to be of valuc
Pleural infection, although infrequent, represents a scrious
complication of pulmonary resection

Most frequently, pleural infection can be traced to the fol-
lowing factors, the last being by far the most important and
serious

1 Spilling of purulent material during the operation

2 The presence of pre-existing chest wall infection, of

empyema, or of a draining sinus

3. Bronchial leak ‘
The method used in dissection of the lung, and the carce

necessary to avoid sotling of the pleural space and contanm-
nation from the cut bronchus have been mentioned clsc-

where
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The presence of a draining sinus at the trme of operation
may force the surgeon to enter an infected area at some time
during the resection 1n order to liberate the lung Contami
nation of the pleural space may occur at that particular
step

Bronchial Fistula—Fortunately, modern methods of dis
secting, ligating, and covering the bronchial stump have
greatly reduced the incidence of fistula formation In uncom
plicated resections the bronchus heals without leak 1n almost
every case When the treated bronchus has previously been
involved 1n disease or when there has been gross contamina
tion of the operative field, the possibility of failure to obtain
prnimary healing must be kept 1n mind The incidence of
bronchial leak has been reduced to under 5 per cent

Bronchial leak, when present, usually appears 1n or after
the second postoperative week The patient may complain
of tightness and shortness of breath Coughing spells and
blood tinged sputum are sometimes warning symptoms The
patient may suddenly cough up a large amount of serosan
gumneous fluid Fluoroscopic examination may reveal a flud
level where previously there was nothing but diffuse density
In pncumonectomy cases, the presence of atr in the chest six
or more weehs after operation should make one suspect the
presence of a bronchial fistula Manometric readings may
disclose air leaks The farlure of the space to hold consist
ently to negative pressure readings after air aspiration 1s
positive evidence

Once the bronchial fistula has been diagnosed, attempts
are made to remove all the fluid from the chest and the pa
trent 1s kept constantly on the operated side to avoid aspira
tion of secretions 1nto the bronchial system

In tuberculous patients, a bronchial fistula 15 a most serious
complication Unless 1t 1s promptly closed the formation of
a tuberculous empyema 15 a certainty and the flooding of
secretions 1n the contralateral or 1psolateral lung will Iead
to tuberculous spread

Prompt action 18 necessary 1f 1 bronchopleural fistula de
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velops The program of management of this complication
after resection has been as follows -

Pneumonectomy Cases—In pneumonectomy cases, the
pleural space 1s usually infected by the time the fistula 1s
discovered In that event, drainage without an attempt to
resuture the bronchus 1s the most that can be done This can
be accomplished by intercostal trocar and catheter draimage
if early or by rib resection if late Chemotherapy usually
delays the appearance of all complications relative to the
element of infection so most cases can best be managed by
rib resection and open drainage

The patient 1s operated upon under local anesthesia, 1n the
face-down position and turned so that the affected side 1s1n a
dependent position This minimizes the possibility of con-
tralateral bronchial flooding Dependent drainage 1s essen-
tial and can best be provided by resecting a three-inch scg-
ment of the eleventh rib from transverse process forward and
developing the costophrenic sinus at 1ts lowermost point
The diaphragm 1s depressed and the pleural space opened
from a point beneath the tenth rib In this way the bottpm of
the pleural space 1s opened, not its ssde All flurd 1s aspirated
and clots of fibrin or blood are removed The low dramage
site makes 1t difficult to locate the fistula and 1t 1s usu‘a]ly not
wise to attempt to close 1t by suture 1n such emergencies. The
pleural cavity 1s packed with a sufficient number of gauzc
strips to fill the thoracic wall opening The wrist portion of
a rubber glove 1s placed around that part of the gauzc
which comes 1n contact with the soft tissues of the chest wall

The healing of the bronchus and the obliteration of the
pleural space represent a serious problem which requires
a series of subsequent operations Bronchoscopic cauteriza-
tions of the stump are carried out at intervals of two to
three weeks. A bead of sodrum hydroxide which has been
fused on a bronchoscopic sponge carricr 18 used The bca.d
1s applied to the stump for 10 to 15 seconds and the arca t},lcn
neutralized with 6-per-cent acetic acid Five or siy cauterizi-
tions may be necessary Simultancously with this lrcmmc‘nt'
and as soon as the patient’s condition allows 1t, a complete
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paravertebral thoracoplasty 1s carried out 1n stages The first
stage, which may usually be performed one or two weeks
after the pleural drainage, consists of the removal of the
postertor two-thirds of the seventh to tenth ribs The second
stage 15 done ten days later when the anterior half of the
second to fifth ribs, including the cartilages of the second,
third, and fourth ribs and a section of the fifth rib are re
moved The third stage 1s performed two weehs later when
postertor halves of the second to the fifth ribs are removed
We have not found 1t necessary to remove transverse proc
esses With this regime, we have succeeded tn obliterating
the pleural space 1n a few months The patient may have to
wear a small rubber tube 1o the pleural space to afford drain
age The tube 1s diminished 1n size and length at intervals
until complete healing 18 obtained

It hay been found that the first rib does not need to be
resected 10 most instances, even tn the presence of an
empyema The periosteum of the under surface of the rib 1s
separated This permts the chest wall to immediately drop
1 as far as 1f the rib were removed The contracting proc
esses hold the chest wall to 1ts new position There 15 a great
advantage 1n conserving the top rib The upper thoracic arch
1s maintained and cervical scoliosis 1s prevented

Early 1n our experience the routine above down sequence
of r1b removal that 18 used 1n the therapy of tuberculosis was
used to obliterate the pleural space after resection Occasion
ally, infection of the subscapular space occurred after the
first posterior or upper stage This could not be avoided for
the chest wall 1tself had become infected from within The
removal of further lengths of the fifth rib, which 15 divided
posteriorly, at the ime of the pneumonectomy would often
open up an area of infection which had penetrated the chest
wall posteriorly The resection of the upper ribs at the first
stage created a large subscapular space with a concave 1n
fertor surface and a convex and mobule superior surface In
fections of this space delayed completion of the thoraco
plasty A reversal to the below up sequence has obviated this
hazard The chest wall 13 dropped down with the scapula
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and at no time 1s a space between the scapula and chest wall
created

Lobectomy Cases—When a fistula has developed follow-
ing lobectomy or segmental resection 1t has, 1n some cases,
been possible to carry out exploratory thoracotomy early If
the diagnosis can be made before infection develops, 1t 1s
possible to close the fistula transpleurally The patient 1s
placed 1n the prone position, and the operation 1s carried out
under local anesthesia with intratracheal intubation The
previous scar 1s resected and the pleural space 1s entered
through the same intercostal space used for the resection
The lobar hilum 1s mnspected Sometimes, one or two pin-
point openings 1n the bronchus can be seen It 1s sometimes
necessary to administer positive pressure in order to detect
the bronchial leak Then either a hiss can be heard or air
bubbles can be demonstrated if saline 1s poured over the area
The bronchial leak 1s repaired by means of two or three
interrupted stainless steel sutures (size 34) which are placed
either through the bronchus or 1n the peribronchial tissue,
and tied around a piece of free muscle applied directly over
the bronchial leak The bronchus 1s then tested for air tight-
ness by increasing the pressure 1n the bronchial system, and
by filling the pleural cavity with saline Further sutures may
sometimes be needed The lung may be found to be cover.ed
with an organized fibrinous layer which will mterfcre with
subsequent re-expansion In these cases, a decortication of the
remaining lobe or segments 1s carried out

A selective upper thoracoplasty may be performed at the
same time as the closure of the bronchial fistula 1f this com-
plication has developed following upper lobectomy for
tuberculosis The second to the fifth or sixth ribs are re-
moved The first rib 1s left in place The transverse processcs
are not disturbed. Such a limited thoracoplasty will ard 1;:
closing the pleural space The pleural space 1s drained w:t’
a rubber catheter (size 24) which 1s attached to a negﬂtl\fi’
suction apparatus No attempt is made to suture the plcuraf
or intercostal muscle edges as rapid absorption or escapc 0

air from the space 1s desirable
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For the few complications of this sort encountered, we
have always been successful 1n closing the bronchial fistula,
obtamning re expansion of the remaining lung, and obhiterat
ing the pleural space It 1s unwise to wart unnl the pleural
infection sets 1n, for then primary resuture of the bronchus
1s difficult and hazardous

Empyema—Post pneumonectomy empyema has occurred
1n shightly under 10 per cent of the cases 1n our experience
The diagnosis was based on the direct examination of the
pleural fluid The continued formation of fluid requiring
repeated chest aspirations suggests infection of the pleural
space, even 1f the fluad 1s clear and bacteria are not seen on
direct smear Culture of the removed spectmen has usually
revealed bacterial growth

Treatment varies depending upon whether a bronchial
fistula 15 or 13 not present In the event of a bronchial fistula,
the treatment of a complicating empyema 15 the same as that
outhned for the fistula 1tself

Empyema without Fistula—If the fluid removed 13 thin,
showing antibiotic bacteria, the space 1s treated by repeated
needle asprrations and daily ntrapleural wnyection of pemt
allin (50,000 to 100,000 units) or streptomycin (1 gram}, or

dissolved 1n 20 cc of distilled water 1t 15 tmportant to
Temove ay completely as possible all the pleural flmd prior
tothe mstillation of the antibiotic drug The pleural space 1s
very often loculated, and all the separate empyema pochets
should be reached by selecting multiple sites for insertion
of the needle It has been possible 1n our experience to
stenhize approvimately 25 per cent of the spaces that become
infected Usually after the third or fourth intrapleural 1n
Jection of the antibiotic, the cultured flmd will show no
IETOMh, or very little growth The intrapleural use of pen
kg or streptomycin 18 supplemented by intramuscular
jections of the drugs
cloéhh"‘"vcﬂ the pleural fluid shows 2 tendency to become
at ¥, turbid, or thick, and the general condition of the
Patient suggests sepsis, a negative fluid culture should not
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cause one to delay surgical drainage Early 1n our experience
with the sulfa drugs and penicillin we were led 1nto a false
sense of security by repeated negative culture reports and
we deferred drainage, thus greatly prolonging the total re-
covery period

Drainage—1In the event that drainage becomes necessary,
r1b resection and open drainage has been chosen as the most
suitable method The operation 1s performed under local
anesthesia, with the patient 1n the prone or side position The
eleventh or occasionally the tenth rib 1s resected from the
transverse process forward three or four inches This selec-
tion of rib level 1s made to ensure the most dependent drain-
age Even with a highly-placed diaphragm 1t 1s preferable
to create the opening 1n the thoracic cage at a low level The
diaphragm may 1f necessary be separated from the ribs above
the drainage site The corresponding intercostal nerve and
the one above are crushed to anesthetize the wound area and
thus minimize pain or discomfort during subsequent dress-
ings The endothoracic fascia 1s sutured to the superficial
fascia to obliterate tissue planes and prevent dissecting in-
fections The pleural space 1s thoroughly cleansed, all debris
1s removed, and the space 1s washed out with saline. The
most appropriate sulfa compound (g to 10 grams) is then
spread 1n the space The pleural cavity 1s packed‘ with plain
gauze strips The wrist of a rubber glove provides a very
satisfactory encircling protective covering for the gauzclat
its point of contact with soft tissues of the chest wall The
packing 1s not disturbed for 4 to 6 days. The outer dressing 1§
changed as frequently as necessary Then the intrapleura
gauze strips are changed every 24 to 48 hours b

Post-pneumonectomy empyema 1n children treate z
drainage has not required subsequent thoracoplasty for s%aC_
obliteration Gradually the chest wall contracts, the rlﬂ
phragm becomes elevated and the mediastinum movcl:s1 m' Crrs,
and thickening of the parietal and mediastinal pleura ﬂl\]cq
accomplishes complete closure The healing pmcsss ]nq;w}:,
extend for a period of weeks or months Tn subjects who 1"01d
not reached full growth 1t scems highly desirable to ay
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thoracoplasty regardless of the duration of the convalescent
period

In adults the necessity of thoracoplasty for space oblitera
tion 1n empyema following pneumonectomy should be recog
mzed early There are only two conditions which need alter
the decision for operation First, patients in whom a pallia
tne resection for malignancy has been performed do not
have a life expectancy of sufficient length to justify further
surgery Second, certain patients in extremely poor condition
may have other complicating factors which decide the 1ssue
In all other adult patients who develop this complication
a thoracoplasty should be undertaken without long delay
Prolonged drainage from a large internal surface results in
excessive protern loss Chronicity also leads to excessive
stiffeming of the chest wall tissues and obliteration of the
cavity becomes more difficult In most cases 1t 1s feasible to
proceed with the thoracoplasty within the two week period
following rb resection The same general plan for stage
scquence and extent of rib removal 13 carried out as has
previously been described under management of bronchial
fistula There 13 one exception that warrants comment In
patients who develop a delayed empyema of low virulence
and who are 1n reasonably good general condition 1t 13 ad
‘antageous to combine the low thoracoplasty stage with the
drainage operation The seventh, eighth, and minth ribs are
femoved by carrying the incision through the lower half of
the scar of the pneumonectomy This wound 18 closed and
the tenth rib 15 removed through a small low incision and
the space drained The removal of the upper ribs 1s then
completed 1n two stages, first the anterolateral and then the
posterior resection

In recent years, empyemas following lobectomy have been
reduced to an incidence of under 3 per cent The treatment
of post lobectomy empyema with fistula has been outlined 1n

¢ discussion of treatment of the fistula 1tself Empyema
Waithout fistula 15 first treated conservatively with needle
aspiration and intrapleural injection of penicitlin and/or
streptomyein 1f the pleural flurd 1s thin and the culture shows
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bacteria that are sensitive to the antibiotics In these cases, 1t
has been possible to sterilize the space in almost all the
patients treated When infection becomes controlled, the
lung re-expands and the pleural space obliterates. If con-
servative treatment fails and the fluid becomes definitely
purulent, open drainage is provided An empyema following
upper lobectomy 1s drained in the mid-axillary line with
resection at the fourth or fifth level The empyema space
after lower lobectomy 1s drained by resection of the eleventh
or tenth rib posteriorly Thoracoplasty following empyema
drainage 1n lobectomy cases 1s seldom necessary. The re-
expansion of the remaining lung and retraction of the chest
wall and diaphragm will aid in promoting space closure
The use of segments as excisional units 1n bronchiectasis and
other benign conditions has done much to simplify space
obliteration following subtotal resection of lung tissue

Intrapulmonary Infection—Infection of the lung fol-
lowing pulmonary resection has become a rare complication
Prophylactic measures such as pre-operative postural drain-
age, bronchoscopic aspiration, antibiotic inhalation therapy,
careful aspiration of bronchial secretions during operation,
early temporary ligature of the bronchus, and all of the post-
operative measures to keep the airways open have greatly
reduced the incidence of post-operative atelectasis which,
the past, was largely responsible for intrapulmonary com-
plications

The fear of a contralateral flare-up of pnecumonitis or
pneumonia 1n bilateral bronchiectasis has been largely
eliminated The post-operative course 1n patients with
bilateral bronchiectasis after- resection on the first side 18
about as uneventful as in the unilateral cases Much of the
trouble encountered 1n the early developmental period of the
surgical treatment of bronchiectasis was due to farlure lm
excise all diseased segments Frequently the left lower lobe
was excised without removing a diseased lingula This re-
maining diseased segment initiated difficultics with Oﬂlw(]r
segments It served as a reservolrr of infection and often Ic
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to suppurative disease clsewhere, usually 1n the 1psolateral
segments Also, re expansion of the upper lobe brought about
a shuft 1n the position of the lingular branches so that drain
age from this segment w as seriously 1nterfered with Present
day techmique calls for eradication of all the affected
unilateral segments at one operation Basal segments and
lingular segments are resected with conservation of the
superior segments of the lower lobe

Post operative contralateral spread of disease following
pulmonary resection for tuberculosis still constitutes a
hazard that has not been entirely eliminated Much has been
done, however, to successfully reduce the incidence of this
complication, such as the prone position used during opera
tion, local anesthesta, and early temporary ligation of the
bronchus 1n the course of the dissection of the lung

Should a pneumonia or pneumonitis develop tn any case
following resection all medical measures hnown to be of
value can be mstituted The offending bacterial orgamsm
thould be known The most effective chemotherapeutic drug
or antibiotic can then be employed Oxygen therapy and
other supportive measures can be used
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Post-Resection Thoracoplasty

tissue, the remaining thoracic viscera undergo certain
changes 1n their position and volume There are two

important factors which enter into consideration of the post-
resection state ‘These are the age of the subject and the
extent of the resection

The experimental work of Hilber and of Bremer has
established the fact that hyperplasia of lung tissue does occur
if an increase 1n lung volume 1s called for before the end of
the growth period A true increase in the number of atral
units takes place (growth) after a preliminary distention
of existing units (compensatory emphysema) Hilber re-
ported that 1n rats after partial lung removal there 1s a
gradual replacement by true regeneration of normal lung
tissue This 1s accomplished by new growth, and entails an
increase 1n the number of the respiratory units maintaining
new alveol: of normal size and structure, an actual remodel-
ing of the bronchial tree Bremer studied a cat and a five-
weeks-old kitten a month after their right lungs had been
removed In the adult animal, the remaining specimen was
greatly enlarged, this being due to simple distention of
alveolr. In the kitten, the alveol: were of normal size indicat-
ing an increase 1n their number Further proof of the re-
generative growth of the immaturc lung was shown by th:{l
presence of a greater number of tubular sprouts than woul
be seen ordinarily in a specimen of that age

Children and adolescents tolerate total pnecumoncctomy of
bilateral lobectomy extremely well and adjustments to pull-
monary tissue loss take place automatically The mediastina

174

FOLLOWING the extirpation of varying amounts of lung
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structures are highly mobile and the chest wall itself responds
to some volume change The hemithoracic space may become
obliterated by all boundaries (the mediastinum, the dia
phragm, and the chest wall) moving 1n their relative pos
tions The resiliency of the remamning lung in the young
immediately permuts safe compensatory emphysema and an
extensive mediastinal shift Later, the remaining lung un
dergoes true hyperplasia and the individual continues with
virtually a normal development Therefore, in chldren or
adolescents, resection can be apphed in the treatment of
pulmonary disease without the necessity of further surgical
mtervention for the purpose of correcting for volume loss

In adults, the adjustment that follows resection may re
quire such extensiv e oy er stretching of remaining pulmonary
tissue that a pathological degree of emphysema 1s 1nevitable
This applies particularly to two groups, those treated for
cancer and for tuberculosis Both age and extent of resection
are causes for difficulty 1n cancer patients A total resectign
1sdemanded 1n all curative types of resection The remainyy
lung 1n a person past middle age has already lost some of
elasticity, and the ribs and cartilages of the thoracic cage g,
more fixed

Post pneumonectomy patients past middle age, both with
and without a supplementary thoracoplasty have been o
served dver periods varying up to thirteen years Earler
our experience only those patients who developed g,
pyema were subjected to thoracoplasty as this was ne
to obliterate the space Those patients have M2ty
state of good health without any evidence of Card“”ﬂpw
tory embarrassment The uncomplicated carhier ity
were not treated by thoracoplasty and the early o
therr post operative period were trav ersed unc entfy The

emuithoracic space soon filled with a sero fib cht
which became an adequate space occupying p
Quite some time Later on however, with ﬁfx, or
orgamization and contraction mechanical fag, :"Uc
bm“ght into play which were deleterious Patlcnuffc
more conscious of a heaviness or discomfort 1n theg ;“dc

1

L
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some developed vague pains months after resection Dyspnea
and palpitation were noted by some and tachycardia was a
frequent finding X-ray substantiated the presumption that a
marked mediastinal shift had occurred with related changes.
The trachea showed marked angulation The heart was dis-
placed and rotated The contralateral lung field revealed
decreased density with fewer lung markings Anteriorly,
extensive herniation of the lung to the side of resection had
developed It seemed reasonable to assume that the delayed
symptoms were related to the delayed mechanical stress and
strain 1mposed upon the remaining thoracic viscera Read-
justment of the position of the thoracic wall was proposed
as a treatment A modified thoracoplasty was carried out as a
delayed procedure In most instances relief of symptoms and
improvement 1n the state of health followed.

The second group of patients in whom particular attention
must be given to retailoring the thoracic cage to conform to a
reduced lung volume is the tuberculous group. In these
patients apparently healthy and functioning segments may
have been previously seeded with disease. Over-distention of
pulmonary tissue predisposes to activation of foci which
otherwise would continue to remain dormant. The late
follow-up of resection cases in our tuberculous group has
shown an 1ncidence of re-activation three times as high n
those not protected by a supplementary thoracoplasty

In younger individuals volume adjustment following
lower lobectomy 1n tuberculosis can usually be met by per-
manent diaphragmatic paralysis However, 1n certan
patients with long-standing disease, phrenic paralysis alonc
has not sufficiently prevented over-distention and avoided re-
activation Therefore the reduced thoracic volume provided
by thoracoplasty should be given considcration 1n protecting
the remaining 1psolateral lung after lower as well as upper
lobectomy. ‘ L dogs

Longacre, Carter, and Qull, experimenting with tog
attempted to evaluate the degrec of cardm-rcsplmtm)’ ‘t"“c
pairment following total pneumoncctomy, and to assa} 1‘
degree to which the animals could 1n time achicve a func
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tional adaptation to the anatomical removal of approvi
mately so per cent of their pulmonary tissue The authors
studied the physiological response 1n healthy young dogs to
varied amounts of moderate and severe strain The same
ammals were pneumonectormized two months later, and then,
at monthly intervals for three more tests, the studies were
repeated An adequate cardio resprratory reserve for resting
conditions and for moderate exercise was found After severe
exercise the animals showed an elevation of pulse and resp:
ration, associated with a marked unsaturation of the arterial
blood The authors reported that on succeeding studies
months later there was a tendency for the animals to show 1n
creasingly less embarrassment ‘The increase in the tidal arr
tended to diminish the difference of the oxygen tension be
tween that of the atmospheric air and alveolar arr They
also stated that the increased subtidal lung volume (residual
arr) may increase the functional diffusing area of the lungs
and that the steady increase 1n hemoglobin bespeaks more
effective carriage of the oxygen to the tissues with a tendency
for the blood returning to the lungs to be less unsaturated
Most interesting, however, are the studies of Cournand
and Berry of various physiological problems arising as a
result of pneumonectomy performed on adults Their studies
were based on pre and post operative data concerning
twelve patients between 23 and 64 years of age, on whom
pneumonectomy was performed The following functional
studies and measurements were made lung volume and
subdivisions, mauimum breathing capacity, ventilation,
breathing reserve, and respiratory gas exchange The state
of respiratory gases 1n the arterial blood and variations 1n
venous pressure, circulation time, and vital capacity follow
Ing an 1ncrease 1n blood volume studies were made under
basal conditions, during moderate exercises and during a
five minute period of recovery following exercise In four
of the patients studied, pneumonectomy was supplemented
by a thoracoplasty, and 1n two of these functional measure
ments were made before and after pncumonectomy and
2gam after thoracoplasty The breathing reserve under vary
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ing conditions of activity was lower than in normal subjects
and the tendency to dyspnea was greater. The reduction of
ventilatory efficiency was not proportional to the loss mn
lung volume and to a considerable extent depended upon the
degree of pulmonary distention Lung volume measurements
failed to reveal evidence of developing emphysema when the
mediastinum was maintained 1n 1ts normal position. In one
of these patients following pneumonectomy the maximum
breathing capacity was reduced to about ¢o per cent of the
pre-operative pneumonectomy value, and the alveolar
ventilation was apparently less efficient 1n supplying oxygen
for tissue needs The authors thought that the unfavorable
functional result was due to moderate over-distention of the
remaining lung as successive measurements had shown a
steady increase of the percentage of residual air 1n the total
capacity A thoracoplasty was then performed and one
month after its completion the percentage of residual air in
the total capacity returned to the pre-pneumonectomy level,
and the breathing capacity was nearly 2o Iiters larger than
before thoracoplasty Their conclusions tend to show that
thoracoplasty does not reduce further the ventilatory func-
tion 1f measures are taken to keep the spine straight, preserv-
ing the maximum expansion of the chest bellows on the
unoperated side Post-thoracoplasty scoliosis may be highly
detrimental to the mechanical efficiency of the chest bellows.
The maintenance of the normal position of the medias-
tinum 1s an important factor in preventing over-distention of
the remaining lung If this structure and 1ts contents can be
kept 1n the natural midline position, the remaining lung wx{l
not be called upon to increase 1n size Air or o1l 13 somcmm?
used 1n the pleural space to maintain the midline position 0
the medsastinum Pncumo- or oleothorax should be mnstituted
carly 1n the post-operative course before the pleural flurd 1s
replaced by fibrous tissue The practice of pncumolhom\.
entails repeated refills that may be necessary to carry on i
defimtely Oleothorax has also been used as a more permi-
nent means of controlling the position of the mcdxmnn’u‘mt
It 1s usually well tolerated by the patient Tt should be kep
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are disturbed and function is reduced. These objections can
be met, however, by carrying out a modified type of thoraco-
plasty without disturbing the first rib, the transverse proc-
esses, and the higaments attaching to them Post-operative
scoliosis is prevented and the movements of the contralateral
thoracic cage are not compromised In fact, the impairment
of thoracic movement 1s less than that resulting from the
contraction of a fibrothorax

GENERAL PRINCIPLES OF
POST-RESECTION THORACOPLASTY

The plastic procedure which molds the thoracic cage after
resection has as its sole objective thoracic volume reduction
Specific cavity obliteration 1s not required This 1s fortunate
for the thoracic wall may be shifted without disturbance of
cervical or thoracic vertebral supports The upper thoracic
aperture can be preserved The attachments of the scalenc
and serratus muscles need not be detached from the first
rib or from the periosteum and muscle bundles below The
first rib 1s not resected The transverse processes arc not dis-
turbed In this way cervical and thoracic scoliosis does not
develop In fact there is no obvious deformity or functional
impairment of arm or shoulder motion

The extent of the thoracoplasty can be varied somewhat
according to the age of the patient, the shape of the chest,
and the appearance of the post-resection x-ray.

Since the remamning lung hermates across the anteror
mediastinum, the upper anterior chest wall should be shxftcd‘
in position as well as the lateral and posterior walls The
optimum interval after resection is determined by the cﬁn;
dition of the patient, the hardening of the non-osscous tlssu'c
of the chest wall, and regeneration of bonc at the site of 1<€
previous thoracotomy Six wecks has proved to be the mos
propitious time for the average patient

First Stage Post-Pneumonectomy Thoracoplasty- -

This stage consists of an anterolateral opcration wxfth r(c;"
moval of the anterior half of the second, third, and four
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F1a 65 Drawings of thoracic cage illustrating the extent of the modified ty pe
of thoruoopluty which 15 carned out as a delayed procedure after pneu
monectomy The length and number of ribs and cartilages which are to be
subperiosteally resected are mdicated by dark lines.

Left upper drawing (R. Ant ) The plan of the first stage for nght-sided
ases. An anterolateral incision 15 used Note that all of cartilages 2 3 and 4
Are removed to permut adequate retraction in this area. This 13 necatsary to
prevent undue anterror hernuation of the left lung into the right chest

Right upper drawing (R. Post.) The extent and number of ribs to be re
moved at the second and final stage on the nght side. Note that the first nib

oot been removed and all transverse processes remain intact The postero-
lateral scar (pneumonectomy ) 1a excised at this time

Left lower drawing (L. Ant ) The plan of the first stage for left sided
Cxsev. An anterolateral incision 18 used

Right lower drawing (L Post ) The extent and number of nibs to be
removed at the second and final stage on the left side. Note that the tip of the
«capula has been removed to prevent its impingenwent on the uneven thoracic
cage below This step 1 not always required
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ribs, and the second and third cartilages On the right side,
the anterior third of the fifth rib 1s resected (sece Figure 65
[R. Ant.]) Local anesthesia 1s used The incision 1s made 1n
the anterior axillary Iine and carried down just lateral to the
pectoralis major muscle This muscle 1s then lifted up to
expose the pectoralis minor, and the loose arcolar tissuc be-
tween the two muscles 1s separated The pectoralis minor
muscle need not be disturbed. The cartilages and ribs come
mnto view and can be readily resected. Perichondrial and
periosteal elements are carefully preserved.

Second Stage Post-Pneumonectomy Thoracoplasty—
The second and final stage 1s performed ten to fourteen days
after the anterolateral operation Local and paravertcbral
block anesthesia 1s again used The posterior half of the re-
section scar is excised The posterior segments of the second,
third, and fourth ribs, and the posterior half of the fifth rib
are resected subperiosteally (see Figure 65 [R Post ]) The
sixth rib has already been resected at the exposurc for the
resection If the tip of the scapula impinges upon the seventh
rib, a short segment of this rib 1s removed The transverse
processes and the first rib are left intact No attempt 1s made
to detach the serratus magnus muscle from periosteal cle-
ments so that its anchorage to the newly formed chest wall
will be secure .

We have found that there are many advantages in doing
the post-pnecumonecctomy thoracoplasty 1n two stages first,
the complete removal of the second, third, and fourth ribs
and cartilages 1s greatly simphified; sccond, it is possible u])
do the first stage sooner m the postoperative course, anc
third, the operative interference docs not retard convales-
cence from the resection itself Tn right ppeumoncctomy
cases we routinely sever the phrenic nerve during the resec
tion On the left this 1s not done because 1t predisposcs 1o
troublesome gastric disturbances in some cascs.
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Fia. 66 Drawing of the lateral aspect of the thoracic cage illustrating the
modified type of thoracoplasty carned out as a delayed procedure following
lobectomy for tuberculosis. The extent of the subperiosteal rib and cartilage
resection has been indicated by dark lines Note that the first r1b 13 not re
moved. The transverse processes are also left intact. The tip of the scapula
18 removed 1f 1t 1s found to 1mpinge on the first unresected nb The extent of
the scapular resection has been also indicated by dark lLines.

POST LOBECTOMY THORACOPLASTY FOR
TUBERCULOUS SUBJECTS

Following lobectomy the compensatory mechamism that
takes place 1n the remaining lobes 18 directly related to the
size of the resected lobe or lobes In the event that the lobe
to be removed 1s small and contracted from fibrotsc changes,
the 1psolateral lobe has already acquired the necessary vol
ume to accupy the entire hemithoracic space In these cases,
post operative adjustments are munimal The distention of
the ipsolateral lobe 15 only shghtly increased, the diaphragm
may ascend a little, but there 15 little or no mediastinal shift
However, follow ing the extirpation of a normal sized lobe,
the obliteration of the pleural space calls for considerable
IOIumc change 1n both 1psolateral lobe and contralateral
ung

In tuberculous subjects the tissue which remains may have
stretched beyond 1ts original volume This condition should
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Trocurr 67
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be corrected 1n planning the thoracoplasty The chest should
be remodeled so that its final volume will be no larger than
the volume of the remaiming healthy lung as 1t existed prior
to the development of the disease

One Stage Thoracoplasty-—This operation 15 done four
to six weeks after lobectomy It 1s performed under local
anesthesia The previous posterolateral incision 18 excised
The second and third ribs are resected completely including
their cartilages The posterior two-thirds of the fourth and

Fioure 68

Fla. 67 Photographs of patient after upper lobectomy and modified thoraco-
Plusty’ Note lack of deformity and full range of shoulder motion This
pagent has been treated by primary lobectomy for extensive tuberculosis of
the left upper lobe

Fro. 68 Roentgenogram of patient 1n Figure 67 Note support given by first

b transverse processes and osseous regeneration Alsa nate ventilating ares
of lower lobe,
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Ficurr 69
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fifth ribs and the posterior half of the sixth rib are removed
The first 11b and the transverse processés are left intact. A
partial scapulectomy-is done 1f the tip of thescapula 1s found
to impinge on the ribs below (sec Figure 66) The removal
of the lower tip of the scapula prevents an upward and for
ward displacement of the shoulder Deformuty can be en
tirely prevented 1f the scapula fits comfortably to the new
contour of the thoracic cage

Frauze 70

Fia. 69 Photographs of patient after modified two-stage post pneumonec
tomy thoracoplasty illustrating full range of shoulder motion and lack of

deformity The left lung was removed beca f
o e left Lu use of extermve parenchymal and

Fic. 70 Roentgenogram of pattent n Figure 69 Thé intact fi
st nb and
trans erse processes on the left show clearly Note ponton of trmd1a,?mrr.:|1

densitics of lung markin ht (absence -
denuities of lung marl es on night { of emphystma) - and mipwual



i1 Photographs of patient after treatment for hilateral hronchirctass
onths previously the left basal and hngular sopments were removed
> months previously the night mddle lobe and the night bl <epments
removed Note lack of deformuty and full ranpge of arm and <houlder
n
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tails of procedure would have been discarded and
others added by the time of publication This has hap

pened but to a lesser extent than anticipated Present day
practices which are at variance with those advocated when
the manuscript was submuitted 1n January of 1947 should be
brought to the reader’s attention

1 The use of pneumothorax as one phase of the prepara
tion for selected cases of pncumonectomy has been discon
tinued (p 8) Recent experience has shown that the anti
biotics are so effective 1n improving the general condition of
patients that the preparatory period may be simphified and
shortened Many of the conditions which a gradual deflation
of the lung by pneumothorax favorably influenced,—cough,
bronchial secretions, and absorption of toxic substances from
the lung, are more casly and favorably controlled by the
antibiotics

2 Acrosol methods of admimstering the antibiotics are
rarely used non (p 4) For prophylaxis, a 24 to 48 hour
administration of penicillin and streptomycin 1s usually given
intramuscularly In some cases, one of the drugs which may
be administered orally (chloromycetin, aureomycin or ter
ramycin) 18 given When an infection exists prior to surgery,
a longer preparation with appropriate drugs 1s carried out

3 Anarm vein s usually satisfactory for infusions during
the operation 1nstead of the saphenous vein (p 10) This
change has been made to avord a chemical or traumatic
phlebitis which occasionally resulted when the saphenous
vein was used for venoclysts

4 Dhiagnostic bronchoscopy 1n many cases 1s carried out
immediately preceding the introduction of the intratracheal
tube (p 16) When a lung resection 18 indicated, regardless
of whether the bronchoscopic findings will be posttive or

189

THE AUTHORS predicted 1n the Foreword that certain de
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negative, this instrumentation can be done just as well when
the patient is being prepared for the intratracheal intubation,
It saves time for the surgeon, the patient, and the hospital
personnel, besides sparing the patient extra discomfort and
cost.

5 Instruments (p 26) The use of a double-bladed knife
has been abandoned In stage operations, scars arc excised,
but a single knife 1s just as serviceable The rib-spreading
retractor (Finochietto) has been modified The shafts of the
blades have been curved to conform to the chest-wall curva-
ture, and the cross-arm has been lengthened (Codman &
Shurtleff, Inc, 104 Brookline Avenue, Boston, Massachu-
setts) .

6. In the opening, no ribs are resccted (p 31). The full
length of the 6th r1b is denuded of 1ts periosteum and cut in
but one site only (about 1 cm from the transverse process)
This rib is then displaced to one side and an 1ncision made
in 1ts periosteal bed. If ribs above and below the 6th require
division, these ribs are divided, but a segment of rib is not
removed (See Figure 11a and Figure 13)

7. An intercostal incision for exploration, lobcctqmy or
segmental resection has been abandoned (p. 33). 1t 15 impos-
sible to re-approximate securely the pleura and intercostal
muscle During acts of coughing or strain, the lung may her-
niate into weak points between the ribs A periosteal bed
provides firm tissue, the parallel lateral portions of which
can be sccurely sutured, The rib displacement and replace-
ment method 1s used as a standard procedure for all intra-
thoracic operations.

8 Exposure (p 35). In the event of empyema, tubercu-
Jous or otherwise, the endothnracic fascia and parictal pleura
arc not incised as the ribs are spread This faahtates the -
trafascial enucleation of the walls of the ecmpyema <pacce
Often. the membrane which forms the walls of t!w clozed
sac can be removed ntact with the lung Tn many m<t.1mc=f.
when a pulmonary rescction 1s mdn.ntcd in the pI"L‘CLnLth:.
an empycema, not all of the Jung requires rcmm:;l Hn; <thh
ation 1s more frequently encountered in tuberculous subj



AFTERWORD 19t

with pleural complications following long periods of pneu
mothorax In this event, 1t 1s usually impossible to enucleate
the membrane as a complete sac After the separation of the
parictal portion of the membrane, only that portion of the
membrane which overlies normal lung 18 removed It 1s
rarely possible to peel the membrane from the surface of un
derlying diseased segments It s necessary, therefore, to open
the sac on the visceral side at the line of demarcation between
the segments which are to be removed and those which are
to remain
o Exposure (p 35) In the dissection of an empyema or
pneumothorax membrane, 1t 1s important to remember that
its reflexion does not correspond to the reflevion of the
pleura It makes 1its posterior turn more laterally than the
pleura One must guard against carrying the dissection into
the retro aortic space on the left or esophageal area on the
right. In the former instance, unnecessary ligation of 1nter
costal arterics 18 avoided and, in the latter, injury to the
esophagus itself 13 avoided Either structure may be greatly
displaced by the contraction of a diseased lung, empyema
wall or pneumothorax membrane
10 The importance of Ijberating all segments {except in
cancer cases) that mught be sound or capable of function was
not suffictently emphasized in the text (p 35) The lung
should be completely mobilized, all healthy segments which
are covered by a membrane decorticated, and the pulmonary
ligament divided These steps are tahen for the following
Teasons
(1) In planning the extent of the resection, 1t 13 neces
sary to inspect, palpate and test the inflation and
deflation of any segments that are not to be included
in the resection Surface membranes which constrict
segments prevent a satisfactory appraisal of the
soundness of the various segments
(2) When the lung 1s Liberated the dissection and con
trol of the structures of the hilum 15 facilitated
(3) Recovery of maximum function, full re expansion
and the immedate obhiteration of the pleural space
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are favored The division of the pulmonary liga-
ment in upper segmental or lobar resections 15 par-
ticularly important, for the basal segments are then
free to move upward This insures obliteration of a
space above the remaining lung

11. Wedge resection for purposes of biopsy and for 1s0-

lated tuberculous nodules (p. 37—39). Small lesions situated
i the fringe of a lobe or near 1ts surface may often be re-
moved in their entirety by simple wedge excision. In per-
forming a wedge resection, the following procedure has been
adopted -

(1) Inflate the lobe with moderate pressure when clamps
are applied There 1s great danger of including too
much normal adjacent parenchyma if the pulmonary
tissue 1s concentrated by deflation

(2) Use a fine, Lght clamp, preferably a straight
mosquito hemostat

(3) Use interlocking, interrupted mattress sutures (silk
3—0 with atraumatic needle)

(4) Apply only one clamp at a time on the side to be
sutured Place a single or double mattress suture, tic,
and remove the clamp before the neat application
of the clamp

12 Sequence of dissection and treatment of vascular struc-

tures (p 47) The artery 1s usually treated first, then the ven
and then the bronchus When, however, the fissurc 15 absent
or densely fused, it may be necessary to reverse this order
and treat the vein, the bronchus and then the artery n that
order Also, in segmental resection, 1t 1s often expedient to
find the segmental artery, then the bronchus and finally the
central vein Since the anatomy presented 1s subject to vana-
tion and the pathologic process never constant, dissection

procedure cannot be stereotyped

13 Closurc of major bronchi (p §1~57). The method

previously described and iHustrated (Figure 17.1-11]) hn;
been abandoned Tn Figure 17115 shown the gencral p :H; {l,
, as {ol-

bronchial closure which 1s now used The steps are
lows:
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Prepare the bronchus for as high an amputation as
possible

Use a bronchial clamp only on the distal side of the
Line of inciston This avosds trauma to the area of
suture

Incise the bronchus only through 1ts posterior two
thirds at first and use the lung and distal bronchus
for traction

Aspirate secretions from the interior of the open
bronchus

Incise the last two rings of cartilage 1n their mid or
anterior portion from within This permts the walls
of the bronchus to be approximated wrthout tension
on the sutures

The membranous portion 18 invaginated by the first
suture to be placed which becomes the central end
suture, only two others being required This first
suture 1s placed around the mud portion of the ter

munal half cartilage on one stde, gathers up the mem

branous portion, then passes around the last cartilage
on the opposite side When 1t 1s drawn taut and
the knot shid 1nto position, the two half cartilages
come together with the membranous portion plug

ging the postertor portion This tends to invaginate
the end and reduces the cut surface to one half the
diameter of the transected bronchus

All mattress sutures have been abandoned

Free pleural or fascial grafts for bronchial stump
covering have been abandoned Also, flaps of medias

tinal pleura have been found to be unnecessary

In pneumonectomy, the short stump retracts and
disappears within the tissues of the mediastinum and
automatically becomes buried n living tissue The
placement of sutures in the peribronchial tissue 13
avoided, for 1t serves only to interfere with blood

supply of this area After lobectomy or segmental
rescction, the re expanded lung immediately fills
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are favored. The division of the pulmonary hga-
ment 10 upper segmental or lobar resections 1s par-
ticularly important, for the basal segments are then
free to move upward This insures obliteration of a
space above the remaining lung

11 Wedge resection for purposes of biopsy and for 1so-

lated tuberculous nodules (p. 37-39) Small lesions situated
in the fringe of a lobe or near 1ts surface may often be re-
moved 1n their entirety by simple wedge excision. In per-
forming a wedge resection, the following procedure has been
adopted -

(1) Inflate the lobe with moderate pressure when clamps
are applied There 1s great danger of including too
much normal adjacent parenchyma 1f the pulmonary
tissue 1s concentrated by deflation

(2) Use a fine, light clamp, preferably a straight
mosquito hemostat.

(3) Use interlocking, interrupted mattress sutures (silk
3—0 with atraumatic needle)

(4) Apply only one clamp at a time on the side to !)c
sutured Place a single or double mattress suture, tic,
and remove the clamp before the next apphication
of the clamp

12 Sequence of dissection and treatment of vascular struc-

tures (p 47) The artery 1s usually treated first, then the vemn
and then the bronchus When, however, the fissurc 1s absent
or densely fused, 1t may be nccessary to reverse this order
and treat the vein, the bronchus and then the artery 1n that
order. Also, 1n segmental resection, 1t 1s often expedient to
find the segmental artery, then the bronchus and finally the
central vein Since the anatomy presented 1s subject to vara-
tion and the pathologic process never constant, dissection
procedure cannot be stereotyped

13. Closure of major bronchi (p 51~-57) e
previously described and illustrated (INigurce v7a-h) ha

been abandoned In Figure 171 1s shown the general PI“‘;(Sf
bronchial closure which 1s now used The steps arc, as

lows:

The method
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Prepare the bronchus for as high an amputation as
possible

Use a bronchial clamp only on the distal side of the
hne of mcision This avoids trauma to the area of
suture

Incise the bronchus only through 1ts posterior two
thirds at first and use the lung and distal bronchus
for traction

Aspirate secretions from the mterior of the open
bronchus

Incise the last two rings of cartilage in their mid or
anterior portion from within This permuts the walls
of the bronchus to be approvimated without tenston
on the sutures

The membranous portion 1s invaginated by the first
suture to be placed which becomes the central end
suture, only two others being required This first
suture 18 placed around the mid portion of the ter

minal half cartilage on one side, gathers up the mem

branous portion, then passes around the last cartilage
on the opposite stde When 1t 1s drawn taut and
the knot ¢lid 1nto position, the two half cartilages
come together with the membranous portion plug

ging the postertor portion This tends to invaginate
the end and reduces the cut surface to one half the
diameter of the transected bronchus

All mattress sutures have been abandoned

Free pleural or fascial grafts for bronchial stump
covering have been abandoned Also, flaps of medias

tinal pleura have been found to be unnecessary

In pneumonectomy, the short stump retracts and
disappears within the tissues of the mediastinum and
automatically becomes buried 1n living tissue The
placement of sutures in the peribronchial tissue 15
avorded, for 1t serves only to interfere with blood
supply of this arca After lobectomy or segmental
resection, the re expanded lung immediately fills
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and obliterates the pleural space, thus bringing Liv-
ing tissue aver the bronchial end.

(9) Stainless-steel wire sutures, formerly advocated in
the closure of the bronchus when its wall was 1n-
volved 1n tuberculous disease, have been abandoned.
Fine silk, s1ze 3—0, with an atraumatic needle 1s pre-
ferred for bronchial closures in all cases.

). The previously denuded rx‘h,
ly, 1s swung back to 1t
al bed has been closed
ds of the rib are firmly

14 Closure (p 59-02
which had only been cut posterior
original position after the periostc
with interrupted silk sutures The cn
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re united by a mortisc and tenon umon and held there by two
ailk (#z) sutures passed through drill holes On the pos
tertor b end, the marrow 1s curetted out and this hollow
becames the mortise The tenon 18 formed on the opposing
rib end With a small rongeur, a small bite each side of the
end of the rib s tahen and the marrow between the inner
and outer lips 1s then removed The outer lip becomes the

tenon and the inner Lip overlaps the under surface of the
opposed rid end Nerther the mortise nor tenon need be
greeter than 2—3 mm. 10 length, and the strength of the union
will be proportionate to the tightness of the fit When the
final fitting 1s ready for fixation, a bone holder applied to
the rib end aids i jammung the joint firmly together The
union can be made practically as firm as an uncut rib and
more stable than when intermedullary pegs are used Stable
reunton of deliberately severed ribs has an advantage over
uncut ribs disrupted from their vertebral attachment or frac
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tured by a rib spreader At the final union, there need not be
any lateral displacement There 1s, of course, an offset on the
outer surface equal to the width of the cortex of the rib—
about 1 mm It s difficult or impossible to find the point of
union in the post-operative film In the event that ribs have
been divided above or below the one used for displacement,
they are reunited as described above It s possible to provide
ample exposure for any type of intrathoracic procedure since
this method 1nsures that all ribs cut for exposure are re-
aligned and solidly fixed 1n their original position In the
event of a large tumor, a densely adherent lung, or an un-
yielding chest wall due to long-standing inflammatory reac-
tion, the division of three to five ribs posteriorly may be
expedient Regardless of the number of ribs divided, the
firm reuniting of their ends may be accomplished and the
stability of the chest wall maintained Patients have far less
discomfort with this method of incision and closure than
with any other method we have used

15 Closure (p 62) Stainless-steel clips as pericostal sup-
ports have been abandoned.

16 Drainage after pneumonectomy (p 63) A single
catheter 1s nserted 1n the pleural space n all pnecumonce-

tomy cases It facilitates (a) pressure readings; (b) removal
of fluid or air; and (c) mstillation of antibiotics During
the closure, the tube 1s connected to an underwater seal This
automatically regulates the pressure until the patient 1s back
in bed When the patient 1s turned from the face-down or
lateral position to his back a great shift in the volume of the
hemuthoracic space occurs due to changing positions of 1ts
boundaries (largely diaphragmatic shift) lntr.aplcuml pres-
sures within the closed space, therefore, arc subject to ma rked
alterations It 1s extremely important to providea contmun,us
exit for air as the patient )s turned A catheter closed b.} :
water seal prevents any build-up of mtraplcur:gl prcsleurlc n;
the shift in the body position takes place This n‘act.mf”c (()
automatic pressure adjustment does away with thiL nfccsnlc_\r
of introducing a needle to check manometer reat mg‘,s.r{i
wound closure and after the paticnt 1S shifted to ns bee



AFTERWORD 197

17 Dramnage after subtotal resection or thoracotomy (p
63-64) Folloning segmental resection or whenever there 1s
any possibility of an air leah from the lung surface (for ex
ample, after decortication), two dramnage tubes arc used
The tubes are placed intrapleurally prior to the reconstruc
tion of the thoracic wall The first 15 inserted 1n the third or
fourth interspace (mud axillary line beneath the elevated
scapula) and 1ts tip directed to the pleural dome The sec
ond 18 inserted 1n the 7th interspace and 1ts tip directed pos
teriorly and inferiorly Both tubes are carried out the
anterior angle of the wound It 1s important to provide
doubly for the escape of fluid or air from the pleural space
during the process of re expansion A single tube may be
come occluded Also, uneven re expansion of the lung may
form separated compartments, trapping air or flurd, which
a single tube would not drain

18 Massage of the heart (p 69 and 70) We do not wart
for the heart to stop before using this valuable method to
augment 1ts action and preserve adequate coronary blood
flon  Whenever (a) the color of the blood indicates poor
oxygenation, (b) the heart rate becomes slow and 1ts action
1s noticeably feeble, or (c) the blood pressure drops under
80 systolic and does not immed:ately respond to the usual
supportative measures, the heart 13 manually compressed 1n
a rhythmical manner until 1ts action becomes more vigorous
Everything said about emergency situations on pages 66-72
18 st1ll good advice, however the earlier employment of car
diac massage when the first sign of an embarrassment 1n cir
culation 15 noted will do more to help re establish normalcy
than the use of any drug

19 Left anterior segmental artery (p 92) It has been
emphasized that there 13 great variation 1n the arrangement
of the segmental arteries particularly of the upper lobes Tt
was implied 1n the orignal text that the left anterior seg
mental artery takes origin most frequently from the inter
lobar aspect of the main trunk This 1s not the case, for 1ts
most common origin 18 an anterior one, with a take off above
the postero apical bronchus and then the vessel descends in
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tured by a rib spreader At the final union, there need not be
any lateral displacement There 15, of course, an offset on the
outer surface equal to the width of the cortex of the rib—
about 1 mm It 1s difficult or impossible to find the point of
union 1n the post-operative film In the event that ribs have
been divided above or below the one used for displacement,
they are reunited as described above It 1s possible to provide
ample exposure for any type of intrathoracic procedure since
this method 1insures that all ribs cut for exposure are re-
aligned and solidly fixed in their original position In the
event of a large tumor, a densely adherent lung, or an un-
yielding chest wall due to long-standing inflammatory reac-
tion, the division of three to five ribs posteriorly may be
expedient. Regardless of the number of ribs divided, the
firm reuniting of their ends may be accomplished and the
stability of the chest wall maintained Patients have far less
discomfort with this method of inciston and closure than
with any other method we have used

15 Closure (p 62) Stainless-steel clips as pericostal sup-
ports have been abandoned

16 Drainage after pneumonectomy (p 63) A single
catheter 1s 1nserted 1n the pleural space n all pneumonec-
tomy cases It facilitates (a) pressure readings; (b) removal
of fluid or air; and (c) instillation of antibiotics During
the closure, the tube 1s connected to an underwater seal This
automatically regulates the pressure until the patient 1s back
in bed When the patient 1s turned from the face-down or
lateral position to his back a great shift in the volume of the
hemithoracic space occurs due to changing positions of its
boundaries (largely diaphragmatic shift) Intrapleural prcsd-
sures within the closed space, therefore, are subject to marke
alterations Itisextremely important to provide a continuous
exit for air as the patient 1s turned A catheter closed by ';
water seal prevents any build-up of intrapleural prCSlSU:jC gf
the shift in the body position takes place This metho h
automatic pressure adjustment does away with thdc nccis;[c};
of introducing a needle to check manometer rca mgs(‘1
wound closure and after the patient 1s shifted to his be
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17 Dranage after subtotal resection or thoracotomy (p
63-64) Following segmental resection or whenever there 13
any possibility of an arr leak from the lung surface (for ex
ample, after decortication), two dramage tubes are used
The tubes are placed intrapleurally prior to the reconstruc
tion of the thoracic wall The first 18 inserted 1 the thard or
fourth interspace (mud avillary line beneath the elevated
scapula) and 1its tip directed to the pleural dome The sec
ond 15 1nserted 1n the 7th interspace and 1ts tip directed pos
teriorly and inferiorly Both tubes are carried out the
anterior angle of the wound It 13 1mportant to provide
doubly for the escape of fluid or arr from the pleural space
during the process of re expansion A single tube may be
come occluded Also, uneven re expansion of the lung may
form separated compartments, trapping air or fluid, which
a single tube would not drain

18 Massage of the heart (p 69 and 70) We do not wait
for the heart to stop before using this valuable method to
augment 1ts action and preserve adequate coronary blood
flow Whenever (a) the color of the blood indicates poor
oxygenaton, (b) the heart rate becomes slow and its action
15 noticeably feeble, or (c) the blood pressure drops under
8o systolic and does not immediately respond to the usual
supportative measures, the heart 1s manually compressed 1n
a thythmical manner until 1ts action becomes more vigorous
Everything said about emergency situations on pages 6672
1s still good advice, honever, the earlier employment of car
diac massage when the first sign of an embarrassment 1n cir
culation 1s noted will do more to help re establish normalcy
than the use of any drug

19 Left anterior segmental artery (p 92) It has been
emphasized that there 1s great variation 1n the arrangement
of the segmental arteries particularly of the upper lobes It
was implied 1n the original text that the left anterior seg
mental artery tahes origin most frequently from the inter
lobar aspect of the main trunk This 15 not the case, for its
Most common origin s an anterior one, with a take off above
the postero apical bronchus and then the vessel descends 1n
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front of this segmental bronchus to enter the anterior seg-
ment from that direction *

20 The lingular and muddle-lobe vemns (p. 94-98) Oc-
casionally, the lingular vein has been found to be divorced
from the superior vein and to join the inferior vein or enter
the auricle separately The same variation has been found on
the right side 1n respect to the middle-lobe vein.

21 Development of the intersegmental plane (p. 143-
144) A useful maneuver recently discovered and employed
1s most helpful in starting the separation of the interseg-
mental surfaces. After the segmental bronchus, artery and
central vein have been divided, the adjacent segments are
inflated Previously, the segment to be enucleated was turned
back upon i1tself, but this tends to fold the bronch: as they
approach the intersegmental plane Instead, the divided
bronchus 1s placed under tension toward the hilum as a fin-
ger 1s inserted close to the cut bronchus and gently pushed
through to the periphery. The finger finds the plane casily,
for 1t follows the path of least resistance. When the pleura
1s reached, 1t 1s incised over the finger The finger is then re-
introduced from within and brought out in two or three
more places and the pleura opened again Then, with a fin-
ger of one hand working from the inner aspect and one from
the other hand introduced through these pleural openings,
it 1s possible to rapidly develop the intervenming portions of
the ntersegmental plane If this type of dissection 1s donc
with extreme care, small venous branches of the interseg-
mental vein will not be torn They may be clamped then with
mosquito hemostats and divided under direct vision The
majority of the intercommunicating veins arch between ﬂ;‘f
segments near the periphery of the plane and can be casily
felt and seen 1n the process of separating the segments |

22 Postoperative care (p. 101). Tracheotomy with '2
temporary tracheal cannula may be necessary 17f the airy ;\,tq
cannot be adequately kept open otherwise \K‘hcn Pﬂ“}ccqi
have great difficulty in rassing sccretions and intratraches

*1 am mc;c—btcd to Dr M C A Klinkenbergh and Dr |
versity of Utrecht, Holland, for calling to my attentron this

A G Brom, of the U'm-
crror
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asptration via a tube introduced through the nose or bron
choscopy are difficult to carry out frequently, then tracheot
omy should be done In our experience, however, this device
to remove tracheal and bronchial secretions 1s rarely neces
sa

l—25'3 The pleural catheter placed after pncumoncctomy 18
opened and the pressures tested every six to eight hours (p
161) Patency of the tube 1s easily determined by watch
ing the action of hquid 1n the tube If a positive pressure has
built up during the interval that the tube 18 clamped, the
excess of air or liquid soon runs off when 1t 1s unclamped On
rare occasions, an abnormally high negative pressure will be
found and an 1njection of air will be necessary to adjust the
pressure Antibiotic drugs, in solution, are instilled via the
tube. In uncontaminated cases, 1t has been our practice to use
200,000 units of pentcillin and 1 gram of streptomycin daily
In contamnated cases, the dosage 18 varied according to the
type of organism, as determned by culture, and to tts senst
tivity The catheter 1s withdrawn 1n four to five days 1n most
cases, for by that time pressures have been stabilized, flmd
has stopped forming and an adequate period of administra
tion of the antibiotic drugs has elapsed Drainage tubes are
stripped by nurses and assistants regularly tn order to favor
the maintenance of thetr patency This 1s done by compress
g the walls of the tube between the thumb and forefinger
and by stroking, using a lubricating jelly to reduce friction

24. The temporary maintenance of pneumoperitoneum 1n
the early postoperative period may aid 1n space obliteration
after partial lung resection (p 162) When remaining pul
monary scgments do not comfortably expand to fill the hemi
thorax, this method of space reduction 1s effective and safe
Aur beneath the diaphragm does not lessen the effectiveness
of cough as has been noted with temporary phrenic paraly
518

25 Post resection thoracoplasty (p 180-185) In many
patients, 1t 1s possible to execute a thoracoplasty at the time
of the resection A small thoracoplasty can almost always be
done simultaneously 1f the rescction ts a imited one Follow
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ing pneumonectomy, it 1s also possible to reduce adequately
the thoracic volume at the time of the resection 1f (1) the
patient’s general condition and reserve was good prior to
surgery; (2) the resection was not a complicated one; (3)
there was no undue contamination; and (4) the patient’s
condition 1s found to be satisfactory at the conclusion of the
resection The simultaneous thoracoplasty following resec-
tion is done 1n this general manner
1. Short segments are removed from the posterior aspect
of ribs 2—g 1nclusive, with shorter segments above and
larger ones below
2 'The lateral plate of the rib cage 1s then forcibly swung
posteriorly so that the lateral ends of the ribs interdigi-
tate with the rib stumps posteriorly The end of the
3rd r1b 1s placed between the 3rd and 4th stumps, the
4th rib between the 4th and sth stumps and the sth rib
between the sth and 6th stumps The 6th rib, previously
denuded, 1s also shortened and inserted between the 6th
and 7th stumps The ribs are held 1n this position by
two strands of silk, No 2z, threaded through drill holes
This reduces the lateral diameter of the hemithorax ap-
preciably and provides a wall as intact and unyielding
as the normal chest Variations of space reduction are
possible by varying the lengths of the segments removed
and the number of ribs treated Occasionally, 1t has
seemed wise to shorten the 7th and 8th ribs as well as

those above
R.H O, Brookline, Mass

January 18, 1957
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Basal divisional bronchus, 78
Basal segmental resection 142
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lobectomy 133
Bemign disease thoracoplasty in 179
Bengn tumors 40
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major considerations, 40
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Blood pressure after operation, 65
Blood pressure in operation, 67
Boyden, E A, 88, 92
Breathing as a danger signal, 67
Bremer, J L, 174
Bronchi and lungs, nomenclature, 77
Bronch: of the left lower lobe, 80
Bronchi of the left upper lobe, 79
Bronch: of the middle lobe, 76
Bronchi of the right lower lobe, 76
Bronchi gf the right upper lobe, 71,
7
Bronchi to lower lobe, approach to,
133-134
Bronchial arteries and veins, g9
accessory bronchial arteries, g9
dorsal branches, 99
in cases of long-standing pulmo-
nary suppuration, 99
in presence of benign tumors, 99
origin, 99
ventral branches, 99
Bronchial artery higated, 114
Bronchial closure, final, 51, 189
bronchoscopic examinations, 51
cauterization of mucosa, 52, 55,
190
clinical observations, 48, 51
final treatment, 53-55, 189
In pneumonectomy, 51
permanent, 51
principles of, 51, 189
use of free graft, 55, 190
variation in sequence, 57
warm saline, use of, 57
zephiran chlonde, use of, 52
Bronchial closure, sutures used 1n,
58, 189
Bronchial fistula, 165—-169
care of, 165169
Bronchial infection, treatment for, 4,
189
Bronchial leak, 164
repaired 1n lobectomv, 168
Bronchial patterns, variations 1n, 8o
Bronchial secretions, reduction of, 7,
189
Bronchial tree, anatomy of, 76-77
Bronclual tree of night lung, 78
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Bronchial wall approximation, vana-
tion 1n, 56
Bronchiectasis, 4, 43
determination of, 44
management of, 146
primarily a segmental disease, 136
Broncho-arterial pedicle of the lower
lobe, 125
Bronchopulmonary segment em-
ployed as a surgical umit, 137
Bronchopulmonary segments, 76
Bronchoscopic aspiration, 161
Bronchoscopic biopsy, 38
Bronchoscopic position for surgery,
22
Bronchovascular structures, 47
bronchus, temporary occlusion of,
48
in lobectomy, 48
1n pneumonectomy, 47
in segmental resections, 48
in tuberculous patients, 50
sequence, 47
treatment of, 47
Bronchus, division of between tem-
porary ligature and distally-
placed holding clamps, 53
Bronchus, early higation in pneumon-
ectomy, 17
Bronchus, mjury to during operd-
tion, 72
Bronchus, reamputated, 52
Bronchus, small stem, lesions, 38
Bronchus, sutured at level of seg-
mental bronchi, 119
Bronchus, temporary Iigation of left
main, 49-50
Bronchus, temporary occlusion of, 48

C

C7 spinous process, 14
Cancer
determination of, 38
thoracoplasts, 180
Carcinomu, 38
Cardiac standstill during operation,
69

treatment for, 70
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Chemotherapeutic agents 164
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Chest wall reconstruction 59
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Chronic abscess 4

Chronic abscess of the lung 137

Chronic pulmonary suppuration 3

Churchill and Belsey 136 138

Clagett and Deterhng, 139

Clamnp and suture method 1n dissec
tion, disadvantages of 138

139
Cleavage plane intrapleurally 34
Clive F T 81
Closing the thoracic cage, 33
Closure 59
chest wall reconstruction 59
chromic catgut No. 1 60
drainage 63
emergency situstions, 6672
final steps, 6465
latssimus dorst muscles re-approx
unsted 60
pleural canity 59
rhomboider  muscles
mated 60
:ernal: muscles re-approximated

Te-approxi

subcutancous fascia 61
thoracke cage, 6061
trapezits  muscles
mated 60
Closure of segmental bronchus, 144
Communicating veins 93
pematory emphysema, 175
Complications 1n past resection man
agement 164-173
bilateral bronchiectasts, 172
bronchual fistula 165-170
bronchtal leak 165
repaired in [obectomy 168

Te-approxi
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chemotherapeutic agents, 164
delayed empyems, 171
dramnage 170-172
draining sinus, 165
empycma, 169-172
postpneumonectomy 169
post-pncumonectomy  m  chil
dren, 170-172
without fistula, 169-172
intrapulmonary infection 172
lobectomy cases bronchial fistula
m 168
manometric readings, 165
oxygen therapy 173
pleural infection 164
pneumonectomy cases  bronchial
fistula 1in 164
pneumaonitis 172
thoracoplasty for space oblitera
tion 171
tuberculous patients bronchial fis
tula 1n 165
Congenital absence of segment lobe
or lung, 81
Contralateral bronchal system, 112
Contralateral bronchus blood clots

in 69
Cournand and Berry, 177
Cyclopropane, 23
Cystic disease, 47

D

D12 spnous process 14

Danger signals 1n operation 6670
Deflation of infected lung gradual 8
Delayed empvema, 171
Dinphragmatic paralyns 176

Duet, 3

Dussection of interlobar area 122
Dustal Ligatures, 106 112

Division of the right phremic nerve,
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lobectomy 63 190
pneumoncctomy 63
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Draping of patient, 28
Dressings, 64
elastoplast, 64
spica type, 64~65
Dyspnea, 176

E

Elevation of nght diaphragm 1n
right pneumonectomy, 107
Emergency situations, 66~72
blood clots in the contralateral
bronchus, 69
blood pressure, 67
breathing, 67
cardiac standstill, 70
coloréof tissues as a danger signal,
7
danger signals 1n operation, 66—70
Hand, Leo, 70
heart action, 67
in lobectomy, 67
technical accidents, 70-72
Emphysematous cysts, 47
Empyema, 34, 169-172
care of, 167172
post-pneumonectomy, 169
post-pneumonecctomy 1n children,
170—-171
without fistula, 169—~172
Endotracheal aspiration after opera-
tion, 64
Ether, 23
Extrapericardial hgation, 105

F

Face-down position for pulmonary
resectton, 16-24
advantages, 16
Fascial grafts for bronchial stump,
55~56, 190
Fibroma, 40, 138
Tibrothoray, development of, 162
Fibrous strands, 143
Final steps, 64
auscultation, 04
blood pressure, 65
endothracheal aspiration, 64
respiration, 05

Fluoroscopy, 162
Fused lobes in tuberculosis, 46
Fused oblique and horizontal fissures,
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Gastro-intestinal ~ disturbances  1n
pncumoncctomy, 107
General anesthesia, objections to, 11

General care, 159-164
ammonium chloride, 160
antibiotic agents, mtrapleural use
of, 162
broncluial fistula, 164-170
bronchoscopic aspiration, 101
empyema, 167—-172
filrothora, development of, 162
fluoroscopy, 162
intrapulmonary infection, 172
intratracheal aspiration, 100
liquefying sccretions, 160
mimmizing pain, 160
oxygen therapy, 159
patent airways, 159-101
pleural space, 161
sedation, 160
steam mhalations, 160
Stedman pump, 103
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tracheal aspiration, 160
tuberculosis, 104
General considerations pertaning to
all resections, 25-72
General principles of post-resection
thoracoplasty, 180-183
bilateral bronchicctasis, 188
first  stage  post-pncumoncctom
thoracoplasty, 180
modified thoracoplasty, 183
modified two-stage post-pneumon-
cctomy thoracoplasts, 187
one stage thoracoplasty, 135
plastic procedure, objective of, 180
post-lobectomy  thoracaplasty for
tuberculons  subjects, 183~
188

scapulectonmy, partial, 187
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upper lobectomy 131
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Hilar treatment techmque 38

Hilber H., 174

Hjelm and Hulten 81
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sent 119

Hyperplasia of lung tissue 174
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Infection 4

Inferior hingular vein 98

Inferior pulmonary trunk, 85-87

Inferior pulmonary vein g6
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Instruments used 1n pulmonary re
section 26-28

Intercostal nerve, position of 13

Intercostal nerve blocking 12

anatomical conmderations, 12

Interlobar approach to artery and
ronchus 120-122

Interlobacr approach to pulmanacy
artery 1n left lower lobec
tory 133

Interlobar connective tisue division
of 124

Interlobar step 117

Intersegmental bronch: 140

Intcrrugtcd sutures 1n skin closing
1

Intersegmental plane 139

development of 143

Intrapenicardral approach 71

Intrapulmonary and Milar surgeeal
anatomy 73-100

accessory frssure 82

Appleton, A B 83-85

arteries to the basal segments 88
arteries to the left lower lobe 92
arteries to the left upper lobe 89—

92
artcnies to the middle lobe, 87
arteries to the nght lower lobe,
8

7
artenes to the nght upper lobe, 83
azypos lobe 81
Boyden E A.
bronchi and lungs nomenclature

bmuZh7| of the left lower lobe 80
bronchi of the left upper lobe 79
bronchi of the middle lobe 76
bronchi of the right lower lobe 76
bronchi of the nght upper lobe 76
bronchial patterns, vanations 1n,

8o
bronchal tree anatomy of 76-77
bronchral tree of the right lung 78
bronchovascular pattern 73
Clive, F T 81
Hjelm =nd Hulten, 81
1nfertor pulmonary trunk, 85-87
ackson and Huber 74
ateral segmental artery 87
left pulmonary artery 8g-91
left pulmonary artery and 1ts
branches 90
lingular artery 92
lobus cavac 82
lung anatomy of the roat of 75
medial cepmental axtery 83
Neil J H 78
nomenclature 74-75
pulmonary arteries 82 83
night pulmonary root 86
Subbe E. P, 81
subcardiac lobe (lobus cavae) 82
tuperanbundnnt pulmonary lobes

2

Intrapulmonary infection 172
care of 172 173

Intrathoracic exposure 32

Intratrachen] aspiration 160

Intratracheal intubation 12 16
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J
Jackson and Huber, 74

L

Laryngeal and tracheal anesthetiza-

tion, 11—-12
administration, 11—12
cocane, 11
Lateral bronchus, 79
Lateral segmental artery, 87
Latissimus dors1 muscles, 29
Left basal segmental resection, 141
Left inferior pulmonary vein, 98
Left lower lobectomy, 132—135
adenoma of lower lobe, 135
basal veins dissected, 132

bronchi to lower lobe, approach

to, 133
bronchial treatment, 135

common stem artery to basal seg-

ments, 132
dissection and suture line, 134
distal ligatures, 132

exposure of mediastinal surface of

lower lobe, 132

inferior pulmonary vein, approach,

132—133

interlobar approach to pulmonary

artery, 133
interlobar step, 132

left lower secondary hilum, com-
ponents requiring dissection,

132

ligation of lobar bronchus, 133—

135

mediastinal pleura ncised, 132—

133

posterior hilar area and treatment
of nferior pulmonary vein,

134
posterior step, 132133
proximal higatures, 132

proximal hgatures on maimn vein,

132

superior segmental bronchus, divi-

sion and higation, 134
superior vein dissected, 132
tuberculosis of lower lobe, 135

Left pneumonectomy, 110~114
amputation of the bronchus, 114
anterior aspect of the hilum, 114
bronchial artery ligated, 114
distal ligatures, 112
left postero-superior hilum, 111
hgation of inferior and superior

pulmonary veins, 112-114
higation of main bronchus, 111
ligation of pulmonary artery, 112
main bronchus, position of, 111
mediastinal pleura, 111
palliative resection, 114
phrenic nerves, 112
posterior hilum, 113
posterior vagal branches to pulmo-

nary plexus, 111
reflexion of pericardium, 112
subclavian artery, 112

Left pulmonary artery, 89-91

Left pulmonary artery and ts

branches, go

Left pulmonary root, 97

Left superior pulmonary vein, 96

Left upper lobectomy, 127-132
apical-posterior arteries, 127
apical-posterior  segmental  vern,

127
distal higatures, 127
hilar area after lobe removed, 131
interlobar step, 128
proximal hgatures, 127
pulmonary artery, 128
secondary hilum, components re-

quiring disscction, 127-128
segmental arteries, treatment of,

128
superior pulmonary vein, 130-131

treatment of, 130
superior step, 127
upper lobe bronchus, 131

Lesions, intrathoracic, 41

Lesions, right lower lobe, 4o

Ligation of inferior and superior

pulmonary vans, 112=114

Ligation of lobar hronch, 120

Lagation of lower arte rial trunlk, 108
Ligation of pulmonary arters, 112
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Lagation of supenor pulmonary vein

10%
Live of demarcation between seg
ments 140
Lingula 139
removal by retrograde dissection
139
Langular artery 92
Langular bronchus, 80
Lingular vens, 98
Langulectomy 156
dusadvantages of the clamp and
suture method tn 138-139
technique for 138
Lipoma, 40
Liquefying sceretions, 160
Lobe congenstal absence of 81
Lobectomy 31, 115-135
left lower lobectomy 132-135
left upper lobectomy 127-132
muddle lobectomy 119-124
night lower lobectomy 124-127
nght upper lobectomy 115-119
Lobectomy cases bronchial fistula in
68

1
Lobectomy drainage in 6364
Lobectomy lower 33-34
Lobus cavae 82
Longacre, J J
Lung
anatomy of the root of 75
congemtal absence of 81
cross section showing relationship
of a flud-contaiming lung
cavity 18
root traction on 69
surgical exposure of left 144

M

176

AMain bronchial artery 99

AMaun bronchus, position of 111

Malignancy extrapulmonary exten
swon of 39

Malignancy primary 38

Manometric readings 165

Manual compression of heart 70

Mattress suture line 106

VMattress sutures 52 109-110 189

Medial basal artery 92

Medial basal vein, g8

Medial segmental artery 87

Mediastinal pleura mncmed 108

Mediastinal shift sudden 159

Medwastinum displacement of 161

Memngeal mmus, 12

Metastasis 1n 1psolateral or contra
Iatersl lung 138

Middle lobe dissection retection n

1
AMiddle lobectomy 119-124
approach to nght hemithorax, 120
blunt dissection 124
bronchus middle lobe 123
chest wall approach 120
dissecton of interlobar ares, 122
fused visceral pleura, 124
incomplete major fissure, 124
intercommunicating veins 134
nterlobar app to artery and
bronchus 120
1nterlobar connective tssue, divi
sion of 124
nterlobar exposure 121
mmddle bronchus stem, 123
mtnor fasure, 124
final drniston of 123
prooamal 1y
recondary
quinng resection, 119
tempofary mase ligature 121-I22
ven 122
Mimimizing pain 160
Munor fissure of middle lobe, 124
Minor fissure of nght middle lobe
final division of 133
Modified thoracoplasty 18%
Modified two-stage post pneumnonec
tomy thoracoplasty 187
Alorphine 10
Mosquito hemostats 143
Mouscles of the chest wall diviston
of 29

tures on artery 120
flum components re

N

Neil T H 78 8
Nembutal 10
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Nitrous oxide, 23

Palliative resection, 114
Nomenclature, 74

Palpitation, 176
Paravertebral block
o solution for, 14
supplementation, 23
Paravertebral block anesthesia, 11
correct needle position, 15
dosage, 14
tllustration of anatomv, 1415
posttion for, 13—15
technique, 15
Paravertebral nib sections, removal
subperiosteally, 33
Paravertebral rib segments, removal
of, 31~33
Patent airways, care of, 159~101
Pedunculated fibroma, 42
Peniaillin, 4, 162
apparatus for ncbuhzation, 5
inhalation method of administra-

Oleothorax, 178, 179
Opening the patient, 25
cleavage plane, intrapleurally, 34
complicated cases, 34
draping of patient, 28
exposure, 35
instruments used 1n pulmonary re-
section, 26-28
latissimus dorst muscles, dividing
of, 29
lobectomy, air-tight closure not es-
sential, 31
lobectomy, lower, 33—34
muscles of the chest wall, division
of, 29
paravertebral rib segments, re-

moval of, 32-33 tion, 4
pleural cavity, entry, 34 itramuscular injection, 5
pleural dissection, principles of, 35 dosage, 5

intrapleural use of, 169
Pericardium, 1035
Peripheral bronchogenic cancer, 43
Phrenico-pericardial vessels in right
pneumoncctomy, 107
Plastic procedure, objective of, 180

pneumonectomy, exposure in, 35
posterolateral approach, 25
rhomboideus major, introduction
of fingers beneath, 28-29
ribs, 30—34
In pneumonectomy cases, 30

segmental resection, ar-tight clo-
sure not essential, 31

serratus muscles, dividing of, 29

skin edges, protection of, 28

skin and muscles, 25

thoracic cage, method of opening,
31

trapezius muscles, dividing of, 29

Pleural adhesions, 35

Pleural cavity, entry, 34

Pleural dissection, prinaples of, 35

Pleural grafts for bronchial stump,
55-56, 190

Pleural space, 161

Pncumonecctomy cases, bronchal fis-
tula n, 165

Pncumoncctomv, drainage m, 03

Pneumoncctomy, exposurce i, 35

Pneumoncctomy 1n cats, 174

Pnecumonitis, 173

Pneumothorax, 178, 189
pre-operative, §

Positioningz, prone support, 19

Positioning for resection, 16-24

P Posterior ascending scgmental arters,

117

Postertor basal bronchus, 80

Operating procedure (sce Openming
the patient)

Operating room, ultraviolet 1rradia-
tion of, 23-24

Operating table, 19

Overholt-Comper thoracic table, 21

On~vgen therapy, 159, 173

Palliatine pneumoncctomy for can-
cer, 105



INDEX

Postertor hitum, 113
with mediastinal pleura separated

107
Posterior segmental bronchus, 76
Posterior tributary to the antertor
ven 98
Postertor vein 95
Posteroanferior venous tributaries
Ligated 117
Posterolateral approach, 25
point of 1ncision, 25
Post lobectomy thoracoplasty for tu
berculous subjects, 183-188
bilateral bronchiectasis 188
modified thoracoplasty 185
modified tivo-stage post pneumon
ectomy thoracoplasty 187
one-stage thoracoplasty 185
scapulectomy partial 187

Post-pneumonectomy  thoracoplasty
first stage, 180
Post tomy thoracoplasty

second stage, 182
Post resection management and com
plications, 159-173
bilateral bronchiectass, 172
bronchial fistula, 165-169
comphications  164-173
delayed empyema 171
drainage, 170-172
empyema 169-172
post-pneumonectomy 1 chil
dren 170-171
without fistula, 16g-172
feneral care, 159-164
intrapulmonary infection 172
oxygen therapy 173
patent airways, 150-161
prcumonitis 172
thoracoplasty for space oblitera
uon 171
Post resection  thoracoplasty
188 191
bemgn disease 179
bilaters] bronchiectasts 188
Bremer J L. 174
cancer 179
Carter BN 176
Cournand and Berry 177

174-

a1

fit stage post-pncumoncctomy
180

general principles (sce General
principles of post resection
tharacoplasty)

Hilber H 174

Longacre J J 176

Modified thoracoplasty 185

modified tywo-stage post pneumon
ectomy thoracoplasty 187

oleothorax 178

one-stage thoracoplasty 185

plastic procedure objecuve of 180

pneumothorax, 178

post lobectomy thoracoplasty for

tuberculous subjects, 183—
188
post thoracoplasty scolioss, 178
Quill 176

scapulectomy partial 187
second stage post pneumonectomy
182
spinal curvature, 179
tuberculoms, 179
Post thoracoplasty scolions 178
Pre-operative medication, 10
for children 10
for nervous persons, 10
for robust persons 10
laryngeal and tracheal ancsthetiza
tion 11
morphmc, 10
nembutal 10
scopolanmune 10
venoclyus 10
washing of skin 11
Pre-operative pneumothorax contra
indieations, g
Pre-operative preparation 3—9
antibiotics 4 189
adjunct use of §
bronchial infection treatment for

4 189
bronchial secretions reduction of
7 189
bronchiectasis, 4
chemotherapeutie drugy, 4
chronic abscess, 4

chrome pulmonary suppuration 3
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Pre-operative preparation—(Con )
deflation of affected lung, gradual,
8
diet, 3
gum 1nfections, %7
hypoproteinemia, 3
infection, 4
pemcillin, 4
pneumothorax, pre-operative, 8
pre-operative pneumothorax, con-
traindications, 9
pyogenic infection, 4
respiratory function, improvement
of, 6-9
respiratory
for, 4
secondary anemia, 3
sinus discase, 7
streptomycin, 4
teeth, carious, 7
tuberculosis, 4
venoclysis, 3
Primary hilum, components requir-
ing dissection in right pneu-
monectomy, 101
in left pneumonectomy, 110
Procaine hydrochloride, 36
Prone position for pulmonary resec-
tion, 16-24
advantages, 17
Proximal ligatures on artery, 120
Pulmonary artery, intrapleural posi-
tion of, 50
Pulmonary ligament, 112
Pulmonary lobes, superabundant, 82
Pulmonary resection, an elective pro-
cedure, 3
Pulmonary resection, face-down po-
sition, 16—24
Pulmonary resection, prone position,
16-24
Pulmonary tissue, overdistention of,
176
Pulmonarv veins, 93-98
anomalics 1n branches of, 93
apical-anterior vein, 93
communicating veins, 93
inferior hingular vein, 98
inferior vein, 94

infection, treatment

INDEX

left infertor pulmonary vein, 98

left pulmonary root, 97

left superior pulmonary vem, go

lingular veins, 98

medial basal vein, 98

posterior tributary to the anterior
vein, 98

posterior vein, 9.4

relationship to bronchopulmonary
segments, 93

right superior pulmonary vein, 93

superior lingular vein, 98

superior segmental vein, g8

veins of the left lower lobe, 98

veins of the middle lobe, 94

veins of the right lower lobe, 95~
96

veins of the upper lobe, 93~96

Pulmonary vessels, 50
in total resection, 51
Pyogenic infection, 4

Q
Quill, L McG,, 176
R

Radical antrum operation, 8
Recurrent artery, 83
Reflexes, vago-vagal, 26, 68, 69
Reflevion of pericardium, 112
Regeneration of lung tissue, 174
Replacement therapy, 3
Resection, extent of, 37
adenomas, 40
benign tumors, 40
bronchicctasis, 43
carcinoma, 38
considerations, 37
cystic discase, 47
emphysematous cysts, 47
fibroma, 40
hamartoma, 40
Jesions, mtrathoracic, 41
malignancy, primary, 38
pedunculated fibroma, 42
peripheral bronchogzenic cancer, 4
pleura changes, 37



INDEX

suppurative disease 43
tuberculoss 45
Resection lung partial in rats 174
Respiratory  function improvernent
of 69
Respiratory infection treatment for

4
Retrograde sequence 11 night pneu
monectomy 108-110
Retrograde techmque of hilar dissec
tion 118
when structures of hilum are
firmly fused 108-110
Rhomboider  muscles  re-approxt
mated 60
Rhomboideus major 29
Ribs, re-approximation of 6o 62
191
Right lower lobectomy 124-127
antertor basal artery, 115
basal artery dmsection of 125
basal bronchus 127
basal tuberculosis for 127
bronchual pattern 126
bronchua! tuberculess, for, 127
broncho-arterral pedicle, 125
dense fusion areas of 124-12%
hilar structures steps in treatment
of 126
interlobar step 124
Interal basal nrtery 123
higntion of lobar bronch: 126
main lobar pulmonary artery 135
medial basal artery 125
middle lobe artery 135§
oblique fissure 124
posterior basal artery 123
posterior mediastinal pleura 10
cased 125
proximal step 125-126
pulmonary artery  accessibility
124
secondary hilum components re-
quining dissection, 124
sentinel Iymph node, 125
supenor artery position of 12%
supertor bronchus, 12y
superior segmental bronchus 127

213

Right pneumonectomy 101-110
Allison P R 10§
armputation of bronchus 106
apical anterior vemns 105
azrypos vein 104
cardio-raapiratory  disturbances

10

chcrrucn7l cautenzation of mucosa
109 190

components of primary hlum re-
quiring dissection 107

distal Ligatures 106

division of night phrenic nerve

107
elevntion of night diaphragm 107
extrapenicardial ligation 10§
first major step 102
gastro-ntestinal disturbances 107
hilar exposure 103 104
Iigation of superior pulmonary
vein 10§
hgation of the lower arterial
trunk 105§
lymph nodes, 102
mattress suture line 106
mattress sutures, 109—110 189
mediastinal pleura incised 105
mobilization of upper lobe and It
gation of superior artenal
trunk, 102-10%
palliative pneumonectomy for can
cer 10%
perreardium 10§
phrentco-pericardial vesels, 107
position of patient 103
posterior hilum wwith meduastinal
pleura separated 107
preliminary dissection of the ar
tery 103
retrograde sequence 108-110
retrograde techmque when struc
tures of hilum are firmly
fused 100-110
superior pulmonary trunk 104
temporary ligature of the bron
chus 102
Right pulmonary  artery and 1ts
et 84
Right pulmonary root 86
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Right superior pulmonary ven, 93
Right upper lobectomy, 115-119

anterior segmental artery ligated,
117

anterior step, 117

apical-anterior venous tributaries
hgated, 117

arteries and veins, treatment of,
115

bronchus, sutured at level of seg-
mental bronchi, 119

components of secondary hilum re-
quiring dissection, 115~116

fused oblique and horizontal fis-
sures, 117

hilum after lobe removal, 116

horizontal fissure, incomplete or
absent, 119

interlobar step, 117

mobilization, 116-117%

posterior ascending segmental ar-
tery, 117

retrograde technique, 117

of hilar dissection, 118

segmental bronchi tied tempora-
rily, 117

supero-anterior aspect of pulmo-
nary hilum, exposure of, 116
117

upper lobe bronchus, 119

S

Scapulectomy, partial, 187
Scopolamine, 10
Secondary anemia, 3
Secondary hilum, components requir-
ing dissection 1n right upper
lobectomy, 115—-116
in left lower lobectomy, 132
in left upper lobectomy, 127
in middle lobecton, 119
in right lower lobectomy, 124
Sccretions 1n the tracheobronchial
tree, 159
Sedation, 160
Segrmental artery divided, 140
Segmental bronchus divided, 142
Segmental emphy<ema, 143

INDEX

Segmental excision
new technique for, 139
past limitations and difficultics,
138-139
Segmental or lobar bronchs, mjun
to, 72
Segmental rescction, 31, 135-158
basal scgments of lower labes, 136
benign tumors, 138
bilateral multlplc segmental re-
section, 145
bronchiectasis, 136
management of, 146
bronchograms, 136
bronchopulmonary segment, 137
chronic abscess, 137
Churchill and Belsev, 130, 138
Clagett and Deterling, 139
clinical ohservations, 135
closure of segmental bronchus,
144
drainage, 63
expanded segment, 136
intersegmental plane, 140
development of, 143
line of demarcation between seg-
ments, 140
hingula, 139
lower division, left upper lobe,

155
removed by retrograde dissec-
tion, 139

lingulectomy, diadvantages  of
clamp and suture method 1n,
138-139

metastasis 1n ipsolateral or contra-
lateral lung, 138

middle lobe disease, 146

multisegmental xn\ol\cmcm

of anterior segment, left
lobe, 1352

of apical-postcrior segmient,
lower lobe, 130~-151

of nferior hingular segment and
medial muddle lobe <¢rment,
158

pathological ohservations, 135

reamputation of sermental bron-

chus, 144

136
upper

Jett
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retrograde separation 143
segmental artery divided 140
segmental excision
new technique for 139
past limutations and difficulties
138139
supenior segments left and nght
ude 147
technique a3 applied to resection
of any segment 140-147
technique for speaific segments,

147-153

antertor segment left upper
lobe 152

apical posterior  segment  left

upper lobe, 149-152

basal segmental group left and
nght side 146

inferior lingular segment and
medial middle lobe segment

158
lingula, lower dvision left up-
per lobe 155
hingulectomy 156
supenior segments left and night
nde 147
tuberculosis 146
Segment congenital absence of 81
Segmental vein divided 140
Serratus muscles, 29
re-appraximated 63
Serum protein levels, 159
Sinus disease, 7
Sinuses drmmning chest, 34
Skin antiseptic, 23
Slow ooring of blood 67
Spica type dressing 64
Spinal curvature 179
Steam 1nhalations, 160
Stedman pump 163
Stibbe E. P 81
Streptomycin 4, 162
apparatus for nebulization 5
mtramuscular injection %
dosage §
Subcardiac lobe (lobus cavac) 82
Subclavian artery 112
Subcutaneous fascia, 61
Subpeniosteal pericostal ligatures, 33

2158

Subnidal lung volume, 177
Supenor lingular vein 98
Superior pulmonary trunk 82
Supertor pulmonary vewn, treatment
of 1n left upper lobectomy
130
Superior segmental artery 92
Supenor segmental vein 98
Superior vein dissected 1n left lower
lobectomy 132
Supero-antenor aspect of pulmonary
hilum exposure of 116
Surgical anatomy intrapulmonary
and hilar 73
Suture material 57
bronchial closure 58 189
chromuc catgut No 1 60
silk, 58
starnless steel bands, 50
stainless steel clips 60 62 191
thoracoplasty 59 191

wire 58
Szypulsky, John T 45
T

Technical accidents dunng opera
tion 70-72
bronchus injury 72
m palliative resection for cara
noma 70
mjury of segmental or lobar bron

chi 72

Technique applied to resection of
any segment 140-147

Teeth canious, 7

Temporary ligature of the bronchus,
102

Temporary mass higature 122
Terpin hydrate, 160
Thoracic cage, 181

closure, 61 191

lateral aspect 183

method of opening 31

opening 1n complicated cases 34
Thoracic table, 19-20
Thoracoplasty dramage in 63
Thoracoplasty  post resection

174-
188 191 74



216

Thoracoplasty for space obhiteration,
170
‘Total resection, 101
basal segmcntal resection, 142
indications for, 135-138
left basal segmental resection, 142
left lower lobectomy, 132-135
left pneumonectomy, 110-114
left upper lobectomy, 127-132
line of demarcation between seg-
*  ments, 140
lobectomy (see Lobectomy), 115~
135
middle lobectomy, 119—-124
palliative  pneumonectomy
cancer, 105
right lower lobectomy, 124~127
right pneumonectomy, 101—-110
right upper lobectomy, 115-119
segmental bronchus divided, 140
segmental pulmonary artery di-
vided, 140
segmental resection, 135-158
segmental vein divided, 140
technique for specific segments,
147-158
Tracheal aspiration, 160
Traction on lung root, 69
Trapezius muscles, 29
re-approximated, 60, 63
Tuberculoma, 47
Tuberculosis, 4, 45, 164
fused lobes, 46
of lower lobe, lobectomy for, 135
plan of resection, 45
segmental resection 1n, 146
thoracoplasty, 180

-

EY

for

INDEX

volume  adjustment | followmng
lower lobectonn, 176
Tuberculous lung, 43
Tuberculous patients, bronchial fis-
tula 1n, 165

U

Ultraviolet 1rradiation of operating
room, 23-24

Upper lobe bronchus, 119

Upper lobectomy, 33

v

Vago-vagal reflexes, 26, 68-69 -
Vagus nerves, 68-69, 112
Veins of left lower lobe, 98
Veins of middle lobe, g4, 122
Veins of night lower lobe, 95-96
Veins of upper lobe, 93, 96
Venoclysts, 3, 10

atrated blood, 10

dosage, 10

in poor risk patients, 10

normal saline, 10
Virgin nib stumps, 34
Visceral pleura, 144

W
Wilson, N J., 45 .
7

Zephiran chlonide, 23












