Fig 1. The structures mn the mediastinum and hih of both lungs viewed fromdk;c}llf]'
after removal of a portion of the vertebral column and the medial portions of the ﬂc
except the first and twelfth, which are shown Ilustrated are the aorta with the sever
ends of the ntercostal arteries, the subclavian, common carotid and mternal mammz;
arteries, the subclavian vens, the vagus nerves, the mght recurrent laryngeal nerve, ;
posterior pulmonary plexuses, the esophagus, the nght margmn of the trachea, tht:I maj‘
bronchi with some of their lobar and segmental branches, the pulmonary arterics an vein:
the pericardium, the mferior vena cava, and the diaphragm
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PREFACE

The present volumie 15 based upon the concept that any profer’y alified
surgeon can acquire with relatrve case a satsfactory proficiency m thoracic
surgery by employmng the techmics herein described The subject matter has
been chosen carcfully to include every aspect of the specalty It 1s arranged
upon a regional anatomic basts, starting witha chapter on the surgical anatomy
of the thorax and proceeding after introductory chapters on general tech-
nical considerations and thoracic ncsions, through the surgery of the chest
wall the pleural cavity the lungs, and the mediastmum including the heart
and great vessels, the thoraac duct, and the esophagus. A separate chapter 1s
devoted to the subject of abdominal operations performed through thoracic
ncisions. The final chapter deals wath the surgery of the diaphragm

Although the emphasis 13 placed upon operative techmc there are large
sections which deal wath the approprate apphcation of the methods de-
scnbed  the preventon and overconung of difficulues which may be en-
countered the vanations of technic which must be made to swe the patho-
loguc processes dealt with and finally 1n some detail the postoperative care
of the patient

The wide scope of the matenial presented necessitates the description of
procedures which mnvolve a familanty not only wath the thorax but also
with the neck and abdomen This fact serves to illustrate the onencss of all
surgery and to emphasize the concept that competence m the special field
of thoracic surgery demands a thorough fanulianty with the surgery of these
other regions as well

In an effort to keep the volume practical only those operations which T
have found to be uscful m everyday practice are given thorough considera-
ton Many procedures which are obsolete or which have been supplanted
by better methods or which are stll m the phase of tral and development
and therefore not well establshed are omutted or are merely mentioned.
Those operations which are deseribed and 1llustrated however are presented
with great thoroughness m the belief that the relative success or falure of
any surgical procedure hes in atiention to what may on first thought appear
to be ummportant small details

It would be umposuble to enumerate all the surgeons both living and de-
ceased to whom credit should be given for ongmating many of the technies

v



vi PREFACE

and modifications of procedures which have been described or to acknowl-
edge the authorship of mnumerable concepts which have influenced the
formulation of many of the 1deas expressed Because of the fear of mad-
vertent faillure to mention some, I have mtentionally, with few exceptions,
reframed from naming any

The majority of the illustrations consist of origmal drawings made by Dr
Jorge Rodriguez Arroyo whose knowledge of surgery and native ability
as an artist make him unusually well fitted to execute this important part of
the work The anatomic drawings were developed from orginal sketches
made by Dr Rodriguez Arroyo from dissections done 1 collaboration with
Dr Lws Gerez Maza and Dr Ignacio Purpon at the Juarez Hospital
Mexico City The drawings of surgical technics are from sketches made
from actual operations observed by Dr Rodriguez Arroyo while he was
acting 1n the capacity of Fellow m Thoracic Surgery at the Massachusetts
General Hospital

Mrs Muriel McLatchie Miller, Head of the Department of Medical Art
at the Massachusetts General Hosputal, contributed helpful advice concerning
the technical details of the 1llustrations Several of the drawings are from her
hand Acknowledgment 1s made also to the ] B Lippmcott Company for
permission to reproduce from the Annals of Surgery the illustrations m-
cluded here as Figures 57 and 58, 95 and 96

Finally, sincere thanks are due to Miss Dorothy N Saunders for her
superlative skill and untiring patience 1n the typing of the manuscript and
for the mnumerable helpful suggestions and textual corrections which she
made during the course of the work

Bosron Ricuarp H SwEET
August, 1950
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CHAPTERJ]»

SURGICAL ANATOMY OF THE THORAX

The thorax comprises that portion of the body which lies between the
neck and the abdomen Tt conmsts of a sheletal framework which 15 covered
by mmportant muscles beneath the common integument, and contains the
prmeipal organs of arculation and sespiration The esophagus and certam
vital nerves and blood vessels pass through 1t. The bones of the chest are
the sternum the nbs and the thoracic vertebrac, all of which are a part of
the axal portion of the skeleton.

The shape of the chest 13 comcal wath the large diameter at the bottom.
In mfancy the transverse and anteropostenior diameters are approximately
cqual As development progresses the transverse diameter enlargts at the
cxpense of the anteroposterior so that by the second year of life the chest 15
ovoid 1n shape In adults 1t 15 kadney-shaped 1n transverse section, and the
transverse diameter exceeds the anteropostenior by approximately one
fourth,

All degrees of variation in the size and shape of the thorax exust, from the
very shight and maigmificant to the scvere and crippling Some of these are
developmental and congenital others are acquired as the result of disease
Thus there may be a protrusion of the sternum ( pigeon breast ), a senes
of promunences along the costochondral junctions { rachitc rosary ) or a
groove extending outward from the xaphowd cartilage along the lower
costal cartilages (* Harrison s groove ) all the result of nckets n mfancy
The funnchshaped depression of the lower end of the sternum (pectus
excavatum) sometmes observed has an ewology which 13 sull obscure but
1t 13 probably developmental in ongm.

Structural abnormalites of the spne usually induce changes 1n the shape
of the chest. Outstandmg examples of this are the kyphoss produced by
caries of the dorsal vertebrae (Potts disease) and the complex distortion
of the entire thorax which accompanues scolions,

Noticeable alterations 1n the contour of the chest also result from discases
of the lungs and pleurac. The flattening of the rb cage over an area of ad-
vanced phthusical mvolvement 1s well known. This change 15 also observed
when the respiratory motions of the thoracic wall become mmpaired by
fxaton of the pleura from exudanon and fibrosis 1n chrome empyema, and

1



2 THORACIC SURGERY

1n untreated, unabsorbed hemothorax The rounded, overcxpanded appcar-
ance of the chest observed 1 chromc pulmonary emphysema should be
mentioned.

These considerations relative to the size and shape of the chest are of
great importance to the thoracic surgeon m the choice of the site and kmd
of meision to make 1n operations on any of the thoracic viscera

The mterior of the thorax compnses a large space which 15 subdivided
mto the two pleural cavities with the medsastinal space between The an-
tertor, lateral and posterior hmuts of each pleural cavity are determned by
the bones of the thorax Medially lies the mediastinum  The mferior bound-
ary 1s fixed by the diaphragm which gives this portion of the pleural space
a concave configuration. The contour of the superior imit of the pleural
cavity 1s conical, ending m a small dome-shaped projection of the pleura
which extends above the level of the first rib In this small arca, therefore,
a portion of the thoracic cavity on each side lies wathm the neck Operations
which require deep dissection 1 the Jower cervical region immeduately
above the clavicle may be complicated by the accidental opeming of the
pleural cavity, with resultant pneumothorax There 1s hikewise danger of
puncturing the apex of the lung while mnjecting a local anesthetic mto the
cords of the brachial plexus in this arca Tension pneumothorax may de-
velop as a result of this accident

BONES OF THE THORAX

The sternum consists of three portions: the manubrium (upper), the
gladiolus (central) and the xiphod cartilage (lower) The manubriogladiolar
junction 1s a semurigid articulation which 1s capable of shght dcgrfcs of
motion The anterior projection caused by this jomnt 1s known as the “angle
of Ludwig ” It 1s the most frequent site of fracturc of this bone

There are normally twelve pairs of ribs Sometimes on one or both sides
therc may be an extra mb, either 1n the cervical or m the lumbar region
The former 1s the more frequent The first seven rbs arc called true nbs
becausc they articulate with the sternum The cighth, nmth and tenth rll?s
articulate cach with the costal cartilage of the rib above The tenth nb is
usually the Jowermost fixed b, although it 1s frequently unattached The
ninth and tenth ribs are sometimes not firmly attached to the costal arch;
i this case four of the five false nibs arc actually free or floating. Usually
only the cleventh and ewelfth have this characteristic A knowledge of these
varations 1s of importance n the making of an abdommothoracic ncision
or m enlarging a thoracotomy mciston by cxtending 1t mnto the abdomen.

The ribs slope downward and forward. The first 1s the most ncarly ])on-l-
zontal m direction. Beginning with the sccond, the obliqmitry mcreases unt
the nmth when 1t decreases with cach succeeding nib The relauve obliquity
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varies considerably from person to person In some persons the nbs are
small and fragle m others they are large, broad and strong In childhood
and during carly adult years the nbs are strong and phiable fractures arc
relatively mfrequent both as a result of external violence 1 mnjuries and alto
from forable retractuon with the nb spreader dunng 2 thoracic operation
With advancmg age the nibs lose their strength as a result of corucal atrophy
and become fragile, so that fractures may follow the apphcation of minor
forces such as the stram of coughmg the pressure of the surgeon s fingers
or the gentle refracton of wound edges during thoracotomy Each nib
ends m 2 cartlaginous portion which, m the case of the seven true mbs
unites directly with the stermum and m the first three false nibs with the
superjacent nib cartilage.

The mtercostal spaces are wider m front than behmnd They are also wider
in the upper portion of the thorax than n the lower The size of these
spaces 13 much mfluenced by the posiion of the body They are narrowed
by torward bending and widened by backward extension of the trunk
Lateral bendimg tends to narrow those on the side to whuch the body -
clines and widens those of the opposite side Advantage 15 tahen of thus
pbenomenon mn the makng and closing of thoracic mastons

The groove on the mner aspect of the lower edge of the mbs holds the
mtercostal nerve, artery and vem Posteror to the nib angle there 15 no
groove for these structures wihich ar that pomt traverse the muddle of the
wntercostal space.

Ortentavon on the surface of the chest wall for the purposc of placing
thoracotomy 1nasions and 1dennfying the ob which 15 to be resected 1s
made by countng the nbs from some known pont. This may be done by
counting upward from the twelfth nb or dunng the making of 2 major
thoracotomy masion by counting downward from the first rib after the
latissimus dorst muscle has been severed. Enumeration of the ribs antero-
laterally 15 easily accomplished by counting down from the second mib which
bies at the manubniogladiolar yunction (Ludwig s angle) (Fig 2) I the arm
1s not abducted, the seventh rib can be 1dentified posteniorly because 1t
ordinanily hies beneath the tip of the scapula (mferior angle) (Fig 3) How-
ever with the change mn posinon of the scapula which results from motions
of {:f;lc ‘iouldﬂ girdle, this observation 15 unrchable,

¢ thoracic vertebrae are of importance to the thoracc surgeon princi-
pally because of therr relations to fhoc nibs Two araculations E;;t‘?onc 13
bcrwccnt.hchmdofthenbandLhcbodyofthcvcrtcbra,mdthcorh:r
between the tubercle of the ob and the vertebral transverse process A
knowledge of these articulations 15 necessary m the total removal of a b

for sarcoma and 1 the performance of thoracoplastic t1b resections, wath
exaston of the correlative transverse processes.
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SOFT PARTS OF THE THORACIC WALL

The 1ntercostal spaces are occupied by two layers of mtercostal muscle,
with therr fascial mvestments, and the mtercostal nerve, artery and vem
(Fig. 5). The external intercostal muscle fibers extend downward and for-
ward, beginning at the tubercles of the nbs posteriorly and ending at the
costal cartilages anteriorly From this pomnt to the sternum they are m con-
tinmity with the anterior intercostal membrane The mternal mtercostal
muscle fibers extend downward and backward, beginnmg at the cdge of
the sternum and ending at the angles of the mibs, whence they are m con-
tmuity with the posterior mtercostal membrane which extends to the spie
(Fig. 2).

This knowledge of the obliquity of the msertions of the external mter-
costal muscles mto the ribs should be considered durmg the stripping of the
periosteum from the rb edges for nb resection A forward sweep of the
periosteal elevator along the superior margin and a backward motion along
the mferior margin of the rib favor the free passage of the mstrument along
the bone, whereas the stripping 1s difficult if the directions are reversed

The mtercostal arteries anise anteriorly from the mternal mammary ar-
teries and postertorly from the aorta (Fig 5) The antcrior portions of these
artertes may be single or double, arising as supertor and mferior branches
If sngle, they soon divide mto two branches At their origin they ke between
the pleura and the mnternal mtercostal muscle, but they soon penetrate the
muscle and then extend posteriorly between the mternal and external
muscles The posterior portion of each mtercostal artery arscs as a single
trunk from the aorta, extending between the pleura and the external nter-
costal muscle as far as the angles of the ribs, there 1t divades mto superior
and mferior branches which anastomose with the corresponding branches of
internal mammary onigm Between the vertebra and the angle of the rib the
postertor vesscl hies approximately midway between the adjacent ribs. At
this pomt 1t can be mjured during the performance of a thoraccntcs;s or
during the making of an intercostal inaiston Perforatng branches ansc from
the intercostal arteries posteriorly close to their origin from the aorta, at scsll~
cral pomts along their lateral course m the intercostal spaces, and anteriorly
close to their connections with the mnternal mammary arterses The majority
of these branches are encountered m making an intercostal maision (Fig 5)-
The mtercostal vemns follow the coursc of the arteries They communicate an-
teriorly with the nternal mammary vens and postersorly with thclnzygos
and hemiazygos vemns The intercostal nerve passes forward beside t 1? %705-
terior mtercostal artery and comes to occupy the mtercostal groove on t 1;: llnj
ferior edge of the corresponding rib along with the superior branch of the

artery

The ongins and mscruons of the muscles of the thorax are w cll known and
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need no descripuion It 15 inportant at both extremuties of the chest to con-
cewve of these muscles as they hie m plnes or layers which are mumately
related to or at least i fimenonal contnuity wath the muscles of the
nedk and shoulder girdle above and those of the abdomunal wall below
Thus the pectorals major hes n the same plane wath the sternoclerdo-
mastord and trapezins muscles through thewr sternal and clavicular attach-
menm. Posterorly the trapezus the rhomboids and the levator scapulae
lie partly m the neck as well as over the thorax. At a deeper level the serratus
posterior supertor the splemus capius and the postertor scalene muscles are
1n a contignous plane In the lower aspect of the thorax the thoraac and
abdommal muscles and the daphragm have an important relanon to one
another Antertorly the pectorals major muscle and the rectus abdomnis
muscle, each lyng m the same planc, mnsert into the lower end of the stemum
and the sixth, scventh and eight costal cartilages. Further laterally the ex-
ternal oblique muscle of the abdommal wall lies 1 conanuty with the
serratus anterior muscle by means of its mterdigitatmg insertions mto the
nibs. These mterdigitations are alsvays encountered m the makmg of major
thoracotomy mncsions ar the usual levels. Further postertorly along the lower
ribs the fibers of the external oblique muscle bear a simular relation to those
of the latisumus dorsi muscle by way of thetr costal insertions. The inter-
digrtations of these muscles are seen when the masion 15 made low on the
chest wall as when a combimned abdommothoracic approach 15 used for
splenectomy or nephrectomy (Figs 2, 3 and 4)

At the costal margm the msertions of the internal oblique muscle of the
abdominal wall have no counterpart in the chest unless 1t be the lower mter-
costal muscles which msert from above. The transversalis muscle, on the other
hand has an mteresting and mmportant relation to the chest wall because by
means of 1ts msertion mto the inner surfaces of the lower ribs 1t lies 1n the
same plane and m direct continuity with the msertions of the duaphragm on
the same b surfaces. The transversus thoracis muscle represents the mtra-
thoracic continuation of the muscle plane 1n which the transversus abdomims
Lies. The decpest layer 15 the pentoneum whuch pasies from the mnner surface
of the mansversalis muscle to the mfenor surface of the duaphragm as a con-
tnuous membrane on the other side of the duphragm les the pleura.

It 13 conventent, therefore, from the structural pomt of view to consider
the abdomen and thorax not as uolated portions of the trunk but as a single
cot[xhnnuom cxpanse of muscle, fascia, subcutaneous tissue and skin  lined
with 2 serous membrane and scparated into two compartments the
duphragm. This concept 15 useful m the understanding of the sprlty:ayd of
sepais from one cavaty to the other and especually 1n the plannmg of thoraco-
abdomunal meogons which are now so mportant i the management of
conditions mvolving certam upper abdommal o 3

rgans (Figs. 2, 3 and 4)

From the topographical viewpomt also 1t should be remembered that
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because of the dome-shaped contour of the diaphragm and to some extent
the configuration of the lower portion of the chest wall, portions of the
abdomunal viscera are actually within the thoracic cage If 1t were not for
the presence of the diaphragm to separate the pleural cavities from the
abdominal cavity, the liver, the spleen, the major portion of the stomach,
and also the suprarenal glands and kidneys would actually be thoracic organs
The topography of ths area 1s shown m Figure 6

With certan variations which are characteristic of the anatomy at different
levels, thoracotomy meisions obviously mvolve the transection of several
groups of muscles Anteriorly, cutting across the nuddle scction of the
pectoralis major muscle can be avoided by using a curved submammary
ncsion  Postertorly and laterally, m the upper portion of the chest, the
large muscles of the shoulder girdle must be divided Thus m the operation
of thoracoplasty and in upper major thoracotomy meistons such as those
used for upper lobectomy, the latissimus dorst muscle must be completely
divided and a Jarge portion of the trapezius and rhomboid muscles must be
severed In the anterior portion of such an mcision a considerable division
of the serratus anterior muscle must be made

In low thoracotomy 1ncisions, on the other hand, the extent of division of
muscles 1s considerably less because of their anatomuc relations Thus for an
mcision over the ninth b, although a wide section of the latissimus dorst
must be transected, only small areas of the serratus antertor and trapezius
muscles he 1 the course of the mciston Wath ncisions which are midway
between the upper and lower extremes, relatively large portions of all the
important muscles must be divided. In this arca there 1s a small tnangular-
shaped space which 1s not crossed by any muscle (the so-called “auscultatory
triangle” of the older textbooks) Tlus space 1s bounded superiorly by the
rhomboid major muscle, mferiorly by the latissimus dors: muscle, and
medally by the trapezius muscle In ats depths a small surface of the seventh

rib hes exposed (Fig 4)
THE MEDIASTINUM

The mediastmum 1s that portion of the mterior of the chest which lies
between the pleural membranes laterally and 1s bounded 1 front by the
sternum and behind by the vertebral column The arbitrary drvision of this
space 1to supcrior, antcrior, middle and posterior areas 1s arttficial and
utimportant It 1s better to think of the medmastmum as a single spacce which
s m dircet continuity superiorly with the decp subfascial spaces of the neck
and 1s limited mferiorly by the diaphragm cxceptng for the apertures through
which the mferior vena cava, the aorta and the esophagus pass, there 1t has
contmuey with the retroperitoneal tissucs of the abdomen  This cm:cc;;t
1s important when 1t comes to the mterpretation of extensions of extravasate
blood, accumulations of pus and mfilrations of air from the mednastnum
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upward mto the nech or downward mto the retroperitoneal tissues of the
abdomen Because of the effects of gravity flud accumulations m the deep
fascaal spaces of the neck. are prone to cxtend down mto the mediastinum
those onginating in the mediastnum may pass into the retroperitoncal area,
Conversely mflerations of air such as exist in meduasunal emphysema may
extend upward mto the neck because of the tendency of gases to 1isc to the
uppermost regions with the patient m the usual seurecumbent posture.

Structures Within the Mediastmum

A thorough knowledge of the topographical relations of the many vital
structures which lie withm the medustinum 18 essentul to the thoracic
surgeon because of the numerous operations which are now regularly per-
formed on medmastmal organs such as the heart and great vessels the esoph-
agus, the thymus the thoracic duct and others. Some of these relanions are
dlustrated 10 Figure 1 (fronuspicce 1n color) which depicts the postenor
aspect of the mediastinum as exposed by the removal of the spinal column
and the medial ends of all the nibs except the first. Further evidence of the
mportanice of a knowledge of the anatomy of this region rests i the fact
that a large poruon of the dissection 1n the performance of a pncumonectomy
and also m some cases, a lobectomy according to the modern technc, 1
carried out withm the mediastmum This apphies particularly to the removal
of a lung for caranoma with radical extirpation of the subcarmal and other
meduastinal lymph nodes.

The standard textbooks of anatomy should be consulted for detarled
descripuions but mentton should be made at thus point of certam anatomic
facts which have a surgical bearing

The Thymus Gland The thymus gland which 15 casily exposed through
a sternum-sphrang inasion 1s mostly a thoracic organ but extends a short
distance mto the neck. It lies within the areolar tissues of the mediastinal
space between the sternum anteniorly and the pencardium  the ascendmg
aorta and the left mnominate ven posteriorly On each sde 1t touches the
pleural sac. It 15 shaped like the letter H. The two large downward extensions
lie over the aorta and penicardium. They may extend posteriorly on ether
snde of the ascending aorta, somcetimes as far as the phrenic nerves. A few
small blood vessels enter the gland m this area ‘There arc usually two princ-
pal artenes which arse from the nternal mammary vessels and enter the
ghand laterally near the central portion. The upward extension of each lobe
of the gland ascends a short distance into the neck beneath the corresponding
sternothyroid muscle There 1s always a small artery which enters each 1
pole of the gland It arses from the mferior thyroid o

yroid artery The venous

retum from the thymus converges prmapally m one ot two small vemns
;:;hu‘.h;tcr the left innommate vemn from the posterior surface of the gland
om the upper poles onc or two small vens accompany the artenes, there
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to empty into the thyroid vens All these vessels are readily identified during

the operation of thymectomy.

The Heart and Pericardinm. The heart and pericardium lie direetly beneath
the lower portion of the sternum and the lower left costal cartilages from
the third to the sixth The night chambers are most anteriorly placed Be-
cause of the rotation of its long axis to the left, access to the left side of the
heart may require the use of special incisions to be described later. The
relations of the great vessels at the base of the heart and of the reflection of
the pericardium 1n this area are of mmportance. It should be remembered
that the pulmonary vems have a short course through the pericardial sac
before they enter the left atrium This makes 1t possible, mn certan cases of
carcinoma of the lung, to excise sections of the pericardium after higating
the vemns close to the heart and actually within the pericardial sac (Bigs 7
and 8) Postertorly the pericardium 1s reflected around the superior and -
ferior venae cavae, the pulmonary vens, and superiorly around the aorta
and pulmonary artery before 1t divides Between these two reflections there
15 a space belund the latter two vessels near the heart where there 15 no pen-
cardium This 1s known as the transverse sinus (Fig 9).

The Esophagus The mtrathoracic portion of the esophagus lics upon the
antertor surfaces of the vertebral bodies behind the trachea above and the
aortic arch, the left mam bronchus and the pericardium below As 1t passcs
behind the aortic arch 1t deviates to the right This displacement 1s sharply
accentuated by pathologic enlargement of the aorta in this area Behund the
pericardium 1t lies almost m the center of the mediastmum belund the left
atrium (auricle) from which 1t 15 separated by the posterior portion of the
pericardium  In enlargements of the left auricle, however, the csophagus
may be pushed far to the right, although occasionally the displaccment 1s
to the left In the lowermost portion of its course withm the medastmum
it lies shghtly to the left of the midline where 1t passes through 1ts luatus
mn the draphragm close to the descending aorta In gencral the thoracic
scgment of the csophagus 1s more casily reached for surgical operations
through a right transthoracic approach, but for rcasons to be described
clsewhere the left side 15 usually chosen The principal anatomic dxﬂ]cu]t}f"
from the left sidc 15 the fact that a portion of the organ hes to the nght o
the aortic arch

A condition of considerable surgical importance 1s the congenitally short
esophagus m which the cardia and a portion of the stomach arc located 131
the lower medastmum. The cardia m this conditson 15 often 3 or 4 mches
above the diaphragm The mtrathoracic portion of the stomach cither 18
hke an mverted conc or 1s actually cylindnical m shape. The true nature ©
such an arrangement can usually be determmed by a skilled rountgenol-
ogist, but sometimes 1t 1s discovered only at the operating table

Broop SurpLy or Tir Esornacus. The blood supply of the esophagus ¥
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segmental m ongn and distribution The arteries are as follows The cervical
and superior mediasumal portions are supplied by branches from the mfenior
thyroud and the nght highest mtercostal artertes. Just below the aortic arch
there are branches from the bronchual arteries and somenmes from the -
fertor surface of the zortic arch iself From this pomt downward there are
from two to five aoraic esophageal branches. In the region of the huatus
m the diaphragm there are branches from the mfertor phrenuc, the penicardio-
phrentc, the left gastric and the left superior suprarenal artenies (Fig 105)

The esophageal vems empty mn the upper portion mto the thyroid veins.
Below this arca they jom the azygos and hemuzygos vens. In the lower
end close to the cardia there are anastomotic venows communications with
the left gastric and splentc veins which empty mto the portal system. It 18
this communication which 15 responsible for the vancose dilatations of the
lower esophageal vemns obscrved 1n portal venous hypertension.

Muscular attachments between the esophagus and the left man bronchus
are sometimes encountered and musculofascial strands extending to the
vertebral column are usually observed mn the midthoracic portion of the
esophagus during the performance of an esophagectomy

The Thoracie Duct The thoracic duct enters the medistmum from the
retropenitoneal area by way of the aortic hiatus i the diaphragm and ex-
tends upward close to the spine 1n a groove between the aorta and the esoph-
agus. In this area 1t 13 well concealed, but as 1t emerges from behind the
aortrc arch, 1t becomes subpleural where 1t can be seen through the medas-
tinal pleural reflection. At this level 1t swings forwatd to ascend mro the
neck beside the subclavian artery (Fig 1)

Nerves Tur Parenic Nerves The phremc nerves enter the mediastinum
from the neck after they leave the antenor surface of the anterior scalene
muscles and descend anterior to the hilus of each lung to the pericardium
along which they pass to the diaphragm Throughout their course 1n the
chest they he immeduately beneath the medizstmal reflection of the pleara.
The nght phrenic nerve m the upper portion of 1ts course m the meduas-
tinum lies upon the anterolateral surface of the superior vena cava. The left
nerve lies 1n front of the subclavian vein and crosses the aortic arch as 1t
passes 1n front of the hulus of the Ieft lung to reach the pencardium Fach
nerve 18 accompanied by the pencardiophrenic artery and 1ts associated
vems. Thus vessel 15 3 branch of the nternal mammary artery A knowledge
of the locanon and course of the phrenic nerves asusts the surgeon m orienta-
tiont when the relanons of the viscera may be distorted by the pressure of
tumors or obscured by nflammatory wfilrations The nerve may be ap-
proached at any level in the mediastinum for the purpose of crushing 1t to
produce pacalyns of the duphragm. This s done usnally after pneumonec-

tomy or during the repar of 2 huatus herma, or as a part of the operation

tor transthoracic gastrectomy or esophagectomy The short segment of
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nerve between the pomnt where 1t leaves the pericardium and the diaphragm
15 usually the most convenient for this purpose.

THE VAaGus NErvEs The vagus nerves are of considerable importance to
the surgeon They pass behind the hili of the lungs, and in the lower portion
of the mediastmum lie close to the esophagus The right vagns nerve cnters
the supcrior portion of the mediastmum from the carotid sheath, passing
between the night subclavian artery and the night mnonumate vein At this
pomnt the night recurrent branch comes off and winds around beneath the
subclavian artery to ascend toward the larynx The mam trunk then de-
scends beside the trachea to the posterior surface of the bronchus where 1t
gives off the branches which form a plexus m the posterior portion of the
pulmonary hilus From this pomnt on 1t lics upon the csophagus, over the
lower portion of which 1t divides to form the esophageal plexus with corre-
sponding branches from the left nerve From the plexus one or more trunks
pass mto the abdomen through the esophageal hiatus to jom the ccliac plexus
and to be distributed over the posterior surface of the stomach

The left vagus nerve cnters the mediastmum between the left common
carotid and subclavian arteries behind the left immominate vemn  As 1t crosses
the left side of the aortic arch 1t gives off 1ts recurrent laryngeal branch which
passes around bencath the ligamentum arteriosum or around the ductus
arterrosus, when patent, to ascend to the larynx Below the aortic arch 1t
sends off branches which form the posterior pulmonary plexus It then
courses along the anterolateral surface of the esophagus to the csophageal
plexus where 1t divides mto several branches which unite with those from
the night side. From thus plexus 1t enters the abdomen through the csop]mgca]
hiatus and 1s distributed over the fundus and anterior surface of the stomach

The anatonic charactenstics of the vagus nerves below the level of the
pulmonary plexus arc cxceedingly variable Somectimes there 15 a single
trunk, more often each nerve consists of several large fibers, onc of which
15 frequently larger than the others From the csophageal plexus down they
vary markedly from person to person In some mstances two large nerve
trunks can be 1dentified In others there are multiple smaller trunks On the
right side two distinct trunks arc often observed One of these leaves the
lower csophagus or cardiac region of the stomach and extends along the
gastrohepatic higament to the cchac plexus where 1t lies close to the eft
gastric artery and vem (Fig 138) An understanding of the variations which
may be encountered 15 essential m the performance of a vagotomy for
I)c;;txc ulcer, whether by the supradaphragmatic or the abdomimnal approach

The vagus nerves must be divided durg the performance of an csopha-
gectomy or a pronimal gastrectomy  The branches of the posterior pul-
monary plesus arc always mterrupted during a pneumoncetomy and ustally
during a lobectomy  Some of these fibers hhewise have to be cut o (\pose
the pixlmomn artery for anastomosis with the aorta or one ol 1its myor
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branches. The nerves of the left pulmonary plexus must also be severed to
some extent durng the operations for mterruption of a patent ductus, ex-
asion of a coarctation of the aorta, and division of one of the components
of a double aortic arch to release the constriction of the trachea and esoph-
a

g;&ma RECURRENT LARYNGEAL NERVES The left recurrent laryngeal nerve
must be 1dentfied and retracted during the performance of these operations
It may be mjured or deliberately sacrificed dunng a wide exasion of the
lymph nodes as a part of the operaion of pneumonectomy for carcmoma
of the lung on the left side. Care must be excrted also when retracting the
left vagus nerve above the aoruc arch to avord myury to the laryngeal fibers
before they come off the mam trunk. The nght recurrent nerve 18 rarely
mnyured dunng the course of a thoracic operation except m the removal of
superior medisstnal tumors and the type of merathoraac gowter whuch
descends postertorly

AppmmioNAL Nerves The thoracic portion of the sympathetic trunk can be
seen lying beneath the pleura m the costovertebral gutter on each side of
the chest. The gangha lic on the heads of the nbs The greater and lesser
splanchme nerves arse m thus area and descend through the crura of the dia-
phragm to enter the abdomen The ease of access to these nerves through
the open thorax has led to the adopnion by certam surgeons of the trans-
pleural approach for the operation of splanchmcectomy

Lymph Nodes Large numbers of lymph nodes are located 1n the medus-
unum. These are grouped prmapally around the wache and primary
bronchy, the roots of the lungs and the lower portion of the esophagus A
large group hes behind the pencardium 1n the subcannal tmangle There
are nch lymphatic connections with these nodes from the lungs and the
esophagus. Primary carcmoma m esther of these organs 1 a frequent source
of malignant metastases m them It 1s incumbent upon the surgeon, thercfore,
to include the removal of as many of these regional nodes as 15 technucally
possible 1n the operations of pneumonectomy or esophagectomy when
applied to cases of caranoma.

Inflammatory duscases of the lungs give nse to mflammatory changes
the lymphatic vessels and nodes which make exurpative surgery difficult
and hazardous This 1 scen 1n a pronounced degree m chrome bronchectass
and lung abscess. Tuberculous lymphademts m the mediuasanum may
alto occasionally cawse difficules 1 the performance of medmstmal
operations.

The Trachea The total length of the trachca 1 the adult 1 varable,
averagmg approxunately 11 cm It ends m the nght and left major bronch
at the level of the manubriogladiolar jomt which hes opposte the Sifth
thoraac vertcbra. The shortness of the trachea 15 of concern to the ancs

thetist because of the ease with which the intratracheal anesthesa tube may
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be inserted beyond the level of the carina into one bronchus or the other,
This accident would interfere seriously with the respiratory exchange and
if not discovered in time might lead to an alarming degree of anoxia of the
patient. This danger is particularly important in children.

The Pleura. The pleura is the serous membrane which invests each lung
and lines the thoracic cavity on the corresponding side. Because of the
interposition of the mediastinum there are two separate pleural sacs. In-
feriorly the parietal pleura covers the superior surface of the diaphragm
except for the central portion on which the pericardium rests. The cone-
shaped superior reflection rises several centimeters above the inner margin

of the first b into the base of the neck.
THE LUNGS

Surgery of the lungs has progressed to the point where it is necessary for
the surgeon to be famuliar not only with the lobes and the larger strucrures
of the hilus, but also with the intricate anatomy of the bronchopulmonary
segments. Although the right and left lungs differ in several unimportant
respects, there is a striking similarity between them so far as the segmental
arrangement is concerned. Each segment has its separate bronchus and its
own branches of the pulmonary artery and veins. The parenchymal sub-
stance of each segment is distinct from that of the adjacent segments. The
presence of these independent areas of which the lobes of the lung are com-
posed is sometimes indicated by the occurrence of indentations on the surface
of the lung which delineate partially the location of one or more nterseg-
mental planes. Occasionally such a cleavage is so deep that it actually repre-
sents an anomalous fissure. These supernumerary intersegmental partial or
complete fissures may be observed in any of the lobes of each lung, but
they are most frequently found between the superior and basal segments of
the lower lobes and between the supenor lingular segment and the upper
segments of the left upper lobe.

On the other hand, although the interlobar fissures are complete in the
majority of cases, there may be wide variations from the usual arrangement.
On the nght side, the fissure between the upper and mddle lobes is fre-
quently absent or only partially complete. In fact, it is unusual to find these
lobes completely separate. On both sides, also, the superior segment of the
lower lobe, especially in 1ts posterior aspect, is often anatomically fused
with the adjacent portion of the upper lobe. The normal direction and the
topographical relations of the fissures of each lung to the chest wall, par-
ticularly the nbs, are illustrated 1n Figures 10, 11, 12 and 13.

Although the night lung has three lobes and the left lung has only two,
the detailed anatomy of each 1s ssmilar  Actually. 1f 1t were not for the fact
that the hingular bronchus of the left lung usually arises from the upper lobe
bronchus, the arrangement of both lungs would be essenually the same.
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Occastonally the limgular bronchus anses from the man bronchus below the
upper lobe onfice, i which case the Iingular portion of the lobc 15 the
homologue of the muddle lobe of the nght side Thas 1s not to be confused
with the state of affurs which exists m situs nversus where the nght or
three-Jobed lung 15 actually 1 the left s1de and the left or two-lobed lung 15
m the nght. In such cases the apex of the heart powts to the rght and the
abdomunal viscera are also transposed.

In rare mstances onc or more lobes of either lung or even the entire lung
may be congenitaily absent (agenesis)

There are normally ten segments 1n cach lung In some classifications, as
will be described, two pairs on the left side are grouped as one making the
total number of segments on that side only cight. Each segment extends to
the pleural surface, expandmg 1 volume from 1ts central to 1ts pertpheral
portion, The surface of cach lobe of each lung therefore 15 composed of
contmuous but independent segmental areas which have 3 more or less
constant and characteristic arrangement and a farly typical relation to the
overlymg nbs Schematic three-dimensional representations of the segments
of cach lung are shown 1 Figures 14 and 15 These should be consulted 1n
conjunction with the ensuing descnpuon.

The Right Lung On the nght side the upper lobe contains three segments
In the upper part of the lobe 15 the apical segment, which occupies the
dome-shaped apex of the lung and presents on all four sides (antertor
lateral posterior and mednl) Beneath this are the antenor segment, which
presents on the antertor and medual surtaces of the lobe, and the postertor
segment which presents posteriorly and laterally The infenor surfaces of
these segments are the lower boundanies of the Jobe. The anterior segment
lies along the fissure next to the muddle lobe and the posterior segment
along the fissure between the upper lobe and the supertor segment of the
lower lobe,

The muddle lobe 1s divaded almost equally mto two segments the lateral,
which presents on 13 anterolateral aspect, and the medul, which occupies
1ts anteromedual aspect. As will be obscrved from the dugrams (Figs. 10
11 and 1;) thchs;nﬁ\ce of the mddle lobe does not reach the chest wall
postentorly Its largest surface Lies anteriorly but trzngular-shaped surfaces
present laterally against the chest wall beneath the fourth and ﬁpf'tc};1 nbs and
medually aganst the pericardium. The mfenior surface of the medial segment
rests upon the duphragm.

The right lower lobe contams five ents. The largest sin
mn ths lobe 15 the superior which onsflimpoacnor mhrrgoc hcsgalicg:‘cugtmzz
pleura beneath portions of the fourth, fifth, sxth seventh and eighth nbs

(Fig 11) Medully and laterally this segment extends around to the fissure
where 1ts surface lies agamnst the mfenor surface of the posterior segment of
the upper lobe as mentoned before, Thus the superiof segment has a sur-
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face which presents agamst the mediastimum and one wlich hes agamst
the lateral thoracic wall The basal or mferior portion of the lower lobe
consists of four segments which together comprise the largest portion of
this lobe which, m turn, 1s the largest of the three These are the posterior,
which also contributes to a portion of the mediastmal surface of the lower
lobe, the lateral whose surface 1s actually partially posterior as well, the
anterior which 1s also partly lateral, and the medial which presents entirely
on the medial and diaphragmatic surfaces of the lobe (Fig. 14) To the
name of each of these segments should be added the term “basal” when
each 1s spoken of separately. The nferior surfaces of all four basal segments
lie upon the diaphragm (Figs 10, 11 and 12)

A pecuhar abnormality which occurs occasionally m the night lung con-
sists of an anomalous longitudinal cleavage of the upper lobe 1 the antero-
postertor diameter, at the bottom of which lies the arch of the azygos vem
The portion of lung which 1s medial to this cleft 1s called the azygos lobe
although 1t does not have any distinctive bronchial or vascular components.

The Left Lung On the left side the upper lobe 1s composed of five segments
By some authors the apical and posterior segments are sometimes grouped
together as one, which they call the apico-posterior segment This alterna-
tive classification 1s based upon the fact that there are only two large bronchial
divisions of the upper lobe bronchus beyond the lingular branch But the
upper of these two bronchi subdivides promptly to form apical and pos-
terior branches, each of which can be 1dentified separately Each of these
bronch supplies an mdependent area It 15 proper, therefore, to consider
that the so-called apico-posterior segment 1s m fact two distinct segments,
like those 1n the right upper lobe (Fig 15) In front of these les the anterior”
which presents anteriorly, laterally, and also medially m very much the
same way as 1ts counterpart on the night ssde The two remaining segments
of the left upper lobe are those which make up the lingular portion They
are the superior lingular and the inferior lingular segments Both of these
have lateral, anterior and medial surfaces The tip or lower extremity of the
inferior lingular segment rests upon the diaphragm close to the pericardium
(Figs 11, 12 and 13).

The left lower lobe, except for 1ts smaller size, 1s almost the exact counter-
part of the corresponding lobe on the right The same five segments exist
although, as 1 the upper lobe, two are sometimes grouped together and
classified as one. The large superior segment 15 1dentical m extent and rela-
tions with that on the right side The basal segments are likewise actually
the same as on the right They arc the posterior, which presents partly on
the medial surface of the lobe, the lateral, the anterior and the medial
Because their bronchi usually arise as a single trunk from the Jower lobe
bronchus before subdivision mnto two branches, the antcrior and medial
scgments arc sometimes spoken of as the antcromedial segment As 1n the
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case of the so-alled apico-posterior segment of the upper lobe 1t 13 pref-
erable to mamntamn a consistent pomnt of view regarding the separate exist-
ence of these segments even though the bronchi do not anse independently
from the prinapal lobar trunk (Figs. 10 11 13 and 15)

Each bronchopulmonary segment 15 supplicd by one or more branches of
the pulmonary artery which can be identified duning the dissecnion of the
hilus in preparation for the excinon of that particular segment. It 1 necessary,
however In many wstances to carry the dissection partway imto the lung
1mself m order to find these vessels. Anomalous vessels and abnormal dis-
tribution of vesscls which arise i the usual manner are frequently encount-
ered, making 1t necessary for the surgeon to make himself famibiar with
these peculiarities. Bach segment likewse has 1ts vemns whch find their way
mto the larger pulmonary veins, usually 1n a charactensnc manner Anom-
alous venous channels, however arc also somenmes found. The segmental
branches of the pulmonary vemns he prmapally along the intersegmental
planes and receive tributanes frequently from the adjacent segment. Ad-
vantage 15 taken of this fact 1 the operation of exasion By following the
vemns the Limits of the segment which 15 being removed can be more readily
delineated.

The segmental artertes, on the other hand tend to occupy 2 more nearly
central posiion 1n the corresponding segment, their smallest branches ending
along the intersegmental planes. This cxplains the fact that there 1s relatvely
litde pulmonary artenal bleeding when the dissection 15 accurately done
along these planes

It 15 1mportant also to observe that the segmental bronchus and 1ts larger
subdivisions occupy a central location within the segment, wath the smallest
branches nearest the segmental limits. Thus 1t 1s that dussection along an
mtersegmental plane does not result 1n much leakage of air because there
are no bronch of any appreaable caliber to be cut across.

The Hili of the Lungs In a gencral way the hili of the two lungs are 1dentical
They both contam the major bronchi wath their primary subdivisions, the
branches of the pulmonary artery and the pulmonary vemns the bronchual
arteries and lymphatic vessels, numerous lymph nodes and the nerve fibers
of the pulmonary plexuses enveloped by a reflection of the pleura as 1t passes
from the surface of the medastnum to the surface of the lung The topo-~
graphical relanions of the bronchy, arteries and vens however vary markedly
between the sides and must therefore be given detaled consideration

Tee Ricar Hius Figures 16 17 18 and 19 compruse a series of allustra-
tions of the anatomy of the tulus of the rght lung based upon an actual
dissection. They depict the relations of the various structures at several
depths as seen from m front. Figure 20 illustrates structures seen only from
withm the fissures. Figure 21 presents some of the more frequent anomalies
of the pulmonary vesscls on the nght side
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The right mam bronchus 1s shorter, wider, and more vertical 1n direction
than the left About 2 cm from 1ts origmn at the carina 1t gives off the upper
lobe branch This branch assumes an almost horizontal direction but soon
subdrvides mto 1ts three segmental branches, apical, anterior and posterior
Immediately distal to the origm of the upper lobe bronchus on the anterior
surface of the mam bronchus there 15 a groove or sulcus in which the pul-
monary artery rests From the anterolateral aspect below this groove, the
middle lobe bronchus arises Close to its origin this bronchus divides mnto
its medial and lateral segmental branches Beyond this pomt all of the
bronchi are distributed to the segments of the lower lobe. The superior
segmental branch of the lower lobe bronchus arises posteriorly and pursues
a horizontal course to give off its various subdivisions The exact pomt of
origin of this bronchus varies greatly mn relation to the ongin of the middle
lobe bronchus from the other side of the principal trunk. Although it
usually arises at a shightly more distal level than the muddle lobe branch, 1t
may come off exactly opposite or even shghtly proximal to 1t These varia-
tions are of great importance m the operation of middle or lower lobectomy
or of segmental excisions mvolving the lower lobe In the performance of
a lower lobectomy 1t may be necessary to remove the middle lobe as well
if the origin of the superior segmental branch 1s too far proximal 1n relation
to the middle lobe bronchus In some cases, however, the middle lobe
can be preserved by dividing independently the superior segment bron-
chus and the remamder of the lower lobe bronchus Below the supe-
rior segment branch the bronchus terminates m the four basal segmental
branches

Only the bronchial arrangement most frequently encountered has been
described, but anomalies of the various segmental branches of any of the
three lobes are sometimes seen

The right pulmonary artery differs markedly from the left From its
pomt of origm 1t follows a short horizontal course m front of the mam
bronchus until 1t reaches the anterior surface of the upper lobe bronchus,
where 1t gives off ts first branch to the upper lobe This branch soon divides
mto two trunks, one for the apical and one for the anterior segment of the
upper lobe Occasionally these branches arse from the mam vesscl sepa-
ratcly. Below the first upper lobe branch the artery curves downward where
1t lics 1 the groove on the anterior surface of the bronchus below the upper
lobe branch At this level the artery to the posterior segment of the upper
Jobe comes off This vessel enters the lobe beneath the fissure and cannot be
seen unless the depths of the fissure between the upper and nuddle and to
some extent that between the upper and the lower lobes arc exposed by
dissection (Fig 20) This vessel 1s somewhat smaller 1 caliber than the
others Anomalies of this artery are sometimes seen, the principal onc being
its origin from the segmental artery which supplics the supcrior scgment
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of the lower lobe (Fig 21 D) When this occurs, this artery 1s encountered
during the dissection of the fissure between the upper lobe and the supenior
segment of the lower Other anomalies of the nght upper lobe arterics ate
the occurrence of two separate branches to the posterior segment, the ongin
of all three segmental branches from a common trunk, and the occurrence
of only two branches to the upper lobe mstead of the usual three (Fig 21 4,
Band C

The m).lddlc lobe 15 usually supphed by two branches of the pulmonary
artery which anse close together at the base of the confluence of the fissures
1n the hilus below the postenior segmental branch to the upper lobe (Fig 20)
They pass mto the lobe close to the superior and posterior surfaces of the
muddle lobe bronchus. Somenmes there 15 only one branch to this lobe.
Occastonally there are three middle lobe branches Another anomaly seen
occasionally 13 a branch of the distal middle lobe artery which passes into the
lower lobe (Fig 21 E, F and G)

Dustal to the ongm of the muddle lobe branches the artery terminates in
the lower lobe divisions. The supenior segmental artery anses first. It passes
downward and posteriorly mto 1ts parncular segment. This branch may
anise close to or occasionally above the pownt of ongm of the muddle lobe
branches. Not infrequently two separate vessels arc observed (Fig 21 H)
The basal scgmental branches come off 2 common trunk below the origm
of the supenior segmental branch. The first portion of the medual segmental
branch can usually be seen immediately bencath the surface of the lobe,
the fissure between the muddle and lower Jobes These vesels tend to Le
m front of their corresponding bronche.

The veins which lead off from the vanous segments of cach lobe on the
nght converge mnto larger trunks which end i two prncpal pulmonary
vems the supenior and mfenor The veins are the most anteniorly located
of the fular structures, lying m front of the artenies. The superior pulmonary
vemn recerves the apical posterior and antertor segmental veins and usually two
ot more vems from the middle lobe. However the number and distribution
of the branches 13 exceedmgly varable, makimg 1t difficult to 1dentify the
exact segmental arrangement m some cases The middle lobe vems some-
tmes enter the left aunicle as separate vessels. Ocrasonally there 1s only one
vem from this lobe sometimes there are more than two The lowermost
&mﬁddk lobe vem frequently empues into the mfenor pulmonary ven

g 21 1)

The inferior pulmonary vem recerves branches from all of the lower lobe
segments The branch from the superior segment 1s eanly 1denufied as 1t
passcs m front of and bencath the corresponding segmental bronchus. The
preservanon of this vem m segmental exasion of the basal portion of the
ling leaving the supenior segment, = important and relatively cauly ac-
complished. This vem occasionally enters the left atnum independently of
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the mam mferior trunk The inferior vemn as 1t enters the pericardial sac 1s
a large short vessel situated at the upper limit of the pulmonary ligament.
Accidental myury to the vem during division of the pulmonary ligament
1s avorded by observing two mmportant landmarks which sigmify the close
proximity of the vessel These are a promment lymph node at the upper
imit of the ligament and a small systemic artery which courses along the
mnferior surface of the vem When these structures are encountered, the vemn
will be found immediately beneath them These relations apply also m the
case of the left inferior vemn

In rare instances on the right side all the pulmonary vems end in one
large single trunk wlich enters the left atrium as one vessel

Tue LeFr HiLus Figures 22, 23, 24 and 25 comprise a series of illustrations
of the anatomy of the hilus of the left lung based, as with those of the right
side, upon an actual dissection They depict the relations of the various
structures at several depths as seen from in front Figures 26 and 27 illus-
trate the structures seen best from within the fissure Figure 28 presents
some of the more frequent anomalies of the pulmonary vessels on the
left side

The left mamn bronchus 1s longer and less oblique 1n 1ts downward inclina-
tion than the right The upper lobe bronchus on this side arises from the
superior margin of the mam bronchus, i the average case this promptly
divides mto the lingular bronchus and another stem which further subdivides
mto a branch to the anterior segment and another branch which supphies
the apical and postertor segments Tlis branch 1s sometimes supplanted by
two separate bronchi which arse from the man upper lobe stem beyond
the orign of the hingular branch Because these two segmental branches so
frequently arise together as one bronchus, the portions of the upper lobe
which they supply are sometimes called the apico-posterior segment, al-
though actually there are two segments 1n this region exactly as m the corre-
spondmg portion of the right upper lobe The hngular bronchus usually
arises from the upper lobe bronchus a short distance away from the origm
of the atter from the primary bronchus It may come off, however, close
to the base of the upper lobe bronchus or even from the mam bronchus
itself below the upper lobe orifice Such a relationship bears an obvious
similarity to the arrangement of the bronchi of the nght side Occastonally
also the hngular bronchus arises from the anterior scgmental branch Two
subdivisions of the lingular bronchus supply the superior and mferior Iingular
scgments

The lower lobe bronchus on the left side gives off first the superior scg-
mental branch which arises from its posterior surface like 1ts counterpart
on the right The basilar branches arc usually three m number, onc for the
postertor, one for the lateral, and one for the anterior and medial basal
segments. The latter bronchus promptly subdivides to supply the two scg-



SURGICAL ANATOMY OF THE THORAX 19

ments mentoned, but because these two subdivistons usually anse as a smgle
stem the corresponding segments are sometmes classified jomtly as the
anteromedual basal segment
The left pulmonary artery has a longer mam trunk proxamal to it firse
branches than the nght. For this reason 1t can usually be ligated indcpend-
endy m doing a pneumoncctomy whereas on the mght side 1t 15 frequently
necessary to tic the first upper lobe branch separately and then higate the
remamder of the mamn trunk (Chap 6) The artery arches upwards, mchnmg
posterolaterally above the bronchus At this pomt 1t usually gives off 1t
first upper lobe branch which 1s distnbuted to the apical and postersor seg-
ments. This branch passes mechal and anterior to the upper branches of the
upper lobe bronchus and 1s crossed by the corresponding apical and pos-
tenior segmental vens which he in front of 1. The man vessel rues over
and curves behund the upper lobe bronchus Along this curved poruon 1t
gives off one or more branches to the apical postenior and anterior segments.
The number site of orign and distribution of these branches 15 exceedmgly
variable There may be from threc to seven separate upper lobe branches
including those to the hngula. The hingular branch anses from the main
artery in the imterlobar fissure. It 15 usually a single trunk which soon sub-
divides mto supenor and wnferior segmental branches. These may however,
arise separately from the mam artery or onc may anse from a branch des-
tned pnmanly to the antenor segment, Occanonally a branch to the hingula
anses from one of the lower lobe branches, often the supenior segmental
branch sometmes from the anteromedul basal branch. It would be un-
profitable to enter 1nta a detatled presentation of all the possible vanations
The prmeipal anomalies are illustrated 1n Figure 28 A-G
The left lower lobe artenies are sumilar to those on the nght nde. They
arse from the nterlobar pornon of the artery The superior segmental
branch frequently anses at a somewhat further proxumal level than the
Imgular branch but the reverse may be true There arc sometimes two
mdependent branches (Fig 28 H) The basal segment branches arise
at u?orc distal levels close to the bronchi of the segments which they
supply
There 15 frequently a tough fibrous band which passes from the left pul-
monary artery soon after 1ts ongin to the aorta near the begmnmg of the
desoending portion Thus 15 the ligamentum artenosum which represents
the remams of the ductus arteriosus of ferl hife In certamn cases the ductus
remains patent so that some of the aortic blood flows back mto the pul-
monary artery producmg enlargement of that vessel and increased pressure
within 1t. The upper portion of the pericardium 15 usually reflected over this
vessel somcumcsufaruthcaomcarch.Thclcﬂrccmmtlaryngmlncrvv
passes beneath 1t at 1ts junction wath the aorta. The size of a patent ductus
vanes greatly but it tends to be relatvely longer m children than m adults,
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In the latter 1t 15 often so short that there 15 sometimes hardly more than a
foramen between the two larger vessels.

The superior pulmonary vemn recerves the tributaries which arise 1n the
various upper lobe segments These are grouped m patterns which vary
from person to person but m general they conform roughly to the seg-
mental arrangement The lingular veins (or vemn) are easily 1dentified be-
cause they usually run very close to the visceral pleura on the mferior medial
aspect of the lingula and can be clearly seen One or more lingular vems may
occasionally jom the mferior pulmonary vemn m the same way as the nuddle
lobe vemns may do on the nght side (Fig. 28, I). The mferior pulmonary
vemn 1s formed from trbutaries from the lower lobe segments The superior
segment branch is relatively constant, but the basal branches are variable
in size and distribution There 15 no appreciable difference from the corre-
sponding system of veins on the right side

As on the night side, there may be a single pulmonary vemn mnto which
all the branches from both the upper and the lower lobes empty.

Bronchial Arteries and Vemns. The bronchial arteries are systemuc, arising
from the aorta, usually m common with an aortic intercostal artery, just
beyond the arch. There are numerous variations in number and course The
most frequent arrangements are (1) two branches to the left side and one
to the nght which branches promptly mto two, (2) one branch only for
each lung, and (3) two branches for each lung. Other arrangements are
much less frequent Occastonally on either side one branch descends from
the subclavian artery. There are superior and mferior branches which arbor-
ize over the surface of the bronchus posteriorly, with ramifications extending
around to the anterior surface. Each bronchial subdivision has its concom-
itant bronchial arteries. Important anastomoses exist between these arteries
and other vessels such as the pericardiophrenic, the mternal mammary, the
superior intercostal and the aortic mediastinal branches In addition to their
major distribution to the bronchs, the bronchial arteries send branches to
the intrahilar and tracheobronchial lymph nodes, the pericardum, the pul-
monary plexuses and the esophagus

In disorders requiring surgery, such as chromc mflammatory Jestons of
the lung, pulmonary cysts, congenital pulmonary stenosis and others, the
bronchial vessels arc frequently enormously dilated and, 1f not hgated prompt-
ly, may be responsible for an appreciable degree of blood loss during surgica
procedures. .

The bronchial veins empty into the azygos and hemiazygos veins

THE DIAPHRAGM

The diaphragm, which separates the thoracic from theabdomunal cavity, 15 of
enormous importance both physiologically and anatomucally. It 1s of conccr;‘l
to the surgeon chiefly when there are herniations of abdomunal viscera through
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1t. The most frequent site of herniation 1s the esophageal hiatus through which
the stomach and sometimes the colon and omentum may pass. The cause of
this conditon 15 rarely obvious, but there 1s undoubtedly a congenital
laxity of the daphragmatic crura which 15 the predusposing factor Two
other apertures through which hermiation may develop should be men-
toned. The more frequent 18 the space along the 1aner surface of the costo-
chondral margin near the sternum between the costal and the sternal w-
sertions of the duphragm. This 15 vanously referred to as the sinus of Mor-
gagmt or the space of Larrey Normally there 15 only a potential aperture
at this pomnt, but in some persons there 15 a congemtal weakness there which
permuts the development of a hernia. The colon 18 the abdomnal organ
usually found 1n these hernias The other opening through which abdom-
mnal viscera may pass 15 the pleuropenitoneal sinus, sometimes called the
sinus of Bochdalek. This 15 a small oval defect 1n the lateral area of the muscu-
lar portion of the diaphragm close to the costal msertion It 1s of congenital
ongin Unlike the others this aperture 18 usually not covered by pentoncum
and pleura so that 1n hermations through it there 15 no hernn sac. The mus-
placed abdomunal viscera therefore le uncovered within the pleural cavity

Another developmental 2nomaly of the duaphragm which 1s worthy of
mention 1s the condinon known as eventration This represents an agenesis
of one half or less of the diaphragm which allows the abdommal viscera
beneath that area to assume a hugher postion 1n the body Although there
1s no muscular action of such an area, there 1s 2 pleural and a pentoneal
reflection as usual and between these layers a thin Ailm of tssue which cor~
responds to the atrophued or absent muscle. The condition may occur on
ather nde.
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Fig 7 Basc of the heart scen from the left side to show the relations of the pericardium
the vessels on that side
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Fig & Baxe of the heart seen from the nght side to show the relations of the pencardmum to
the vencls on that nde.
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Fig 9 Diagram of the reflections of the pericardium around the great vessels of the heart.
Arrow 1s 1n the transverse sinus of the pericardium
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Fig 10 Diagram of the segments of the lungs, anterior view
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Fig 13 Diagram of the segments of the left lung, lateral view
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Fig 14 Three dimensnional dugram of the segments of the night 1 th schematic
rocentanon of the dustnbuton of the p:Lmomryu;tm-yﬁ;;fzI‘; segmenty 0{_":]5;
":;‘nmmybcmmdnfoum Upper lobe (1) aprcal, (2) anterior (3) poster-

lobe (4) medial, (5) lateral lower lobes (6) supenor (7) medul basal, (8)
antenor basal, (9) Lateral basal and (10) posterior basal
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Fig 15 Three dimensional diagram of the segments of the left lung, with schematic rep-
resentation of the distribution of the pulmonary artery and veins The segments of the left
lung may be enumerated as follows Upper lobe (1) apical, (2) anterior, (3) posterior, (4)
superior hingular, (5) inferior lingular (Note Scgments 7 and 3 arc somctimes groupe
together and called “apico-posterior”), lower lobe (6) superior, (7) medial basal, () an-
terior basal, (9) lateral basal, (10) posterior basal (Note Segments 7 and 8 arc sometimes
grouped together and called “antcromedial ™)
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Fig 16 Hilw of the nght lung parnal dissection showng some of the upper and muddle
lobe vessels and bronchus antenor view
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Fig 17 Hilos of the nght lung- dimecoon thowin some of the vessels of all lobey antenor

view
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Fig 18 Hilus of the night lung with superior pulmonary vein removed to show the deeper
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Fig 21 Diagram of the more frequent vasculir anomalies of the right lung Upper lobe
A, three branches of the pulmonary artery, B, onc branch of the artery, C, two branches
of the artery, D, branch of the antenor segmental artery to the superior segment of the
lower lobe Middle lobe E, one branch of the pulmonary artery, I', three brinches of the
artery, G, branch of onc nuddle lobe artery to the basal segments of the lower lobe, H,
lower lobe two superior segmental branches of the pulmonary artery, I, nuddle lobe

middle lobe vein emptying into the inferior pulmonary ven



SURGICAL ANATOMY OF THE THORAX 37

Aorta Pulm artery

vagus nerve First branch of
pulm artery

Phrenic nerve
— /Bpreal seg
\ veln

Postenor
seg vein

-A
! Antenor
7 Upper seg vein

Lingular J
bronchi f e
] >=Lingular
Lower lobe * Seg veins
lobe

fi
Digphragm / =

Fig. 2. Hils of the left long partal dissection showing some of the elements of the opper
lobe antenor view
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Fig 23 Hilus of the left lung completed disscction of the superficial aspect showmg cle-
ments of both lobes, anterior view
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g 24 Huo of the lefi lung- supenior pulmonary vem removed to show branch of the
artery and the bronchus beneath antenor view
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Fig 25 Huus of the left lung superior pulmonary vein and scction of bronchus remos ed
to show the pulmonary artery, anterior view
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g 26, Hilws of the Left lung antenor view of the structures seen m the dissection of the
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Fig 27 Hilus of the left lung lateral view of the structures seen in the disscction of the
fissure
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Left Lung

Fig 28 Dugam of the more frequent vascular anomaies of the left lung Upper lobe
4, four branches of the pulmonary artery with ngular branch arsmg sntersorty nstead of
beneath the figure B nx separate branches C five branches with branch from the Iingular
Ty to the lower lobe D four branches wath branch of anterior segmenta] artery to the

and 2 Imgnlar branch o the lower lobe E, ux branches mcludmg antenior branch

“dlfwnmbdxvmunmd:cmt:nor;cgmmxmdtwomdx:hngthwmplct:ﬁsum
makmg a separate lobe of the kingula with two hngular arterres small branch of one of
d’“‘mﬂrim:norncgmmt G anteror ongm of lingular artery with three branches.

Lower lobe 5
the mficioe tworp:::mpmormgmmm]amnu I upper lobe vein emptymg mto



CHAPTER 2

GENERAL TECHNICAL CONSIDERATIONS

ANESTHESIA

Ityss not withm the scope of this book to present any detailed consideration
of the physiologic, pharmacologic and technical aspects of the admmstra-
tion of anesthetics for thoracic surgery For munor procedures, mncludmg
the dramnage of empyema or pulmonary abscess, local anesthesia wath pro-
came hydrochloride 1s satisfactory A 1 per cent solution should be mtro-
duced by a combmation of regional block of the imtercostal nerves and
local mnfiltration For all operations which mvolve a wide opening of the
thoracic cavity, mhalation anesthesia (through a closed system with an m-
lying mtratracheal tube) has become the standard procedurec This method
1s by far the safest means of securing anesthesia for major thoracic surgery
if the anesthetic agent 1s admimstered with enough oxygen to mamtam
physiologically adequate oxygenation of the blood at all times Attempts to
perform open thoracotomies under local or spmal anesthesia arc justifiable
only under the most unusual circumstances

The choice of anesthetic agent rests with the mdividual surgcon and the
ancsthetist, but accumulated experience suggests that a muxture of cther
and oxygen 1s considerably safer than any of the other gases. Cyclopropanc,
which has the advantage of permitting a rapid recovery, 1s subject to the
objections that there 15 a relatively small margin of safety between the hight
and the deep levels of anesthesia, and that 1t tends to slow the heart and
somc cases to predispose to sudden cardrac arrest Furthermore, there 1s the
additional mncreased danger of explosion of the mixture which requires the
observance of special precautions to prevent the occurrence of static clectrical
sparks 1n the operating room

POSITION OF THE PATIENT ON THE OPERATING TABLE

Whenever an maision of any sort 1s made through the thoracic wall, 1t
1s important 1f at all possible to place the patient on an mclmne so that his
head 15 lower than Ius chest There are two important reasons for this. (1)
to avoid the danger of air embohism to the cerebral vessels This accadent

44
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has been observed most frequently when operatng m empyema or lung
abscess cases with the patient m the siting position Such a position 15 allow-
able only when the patient 15 unable to lie down because of the tendency to
cough or when there 15 seriovs impairment of the respiratory function be-
cause of 2 masave pleural effusion. (2) The danger of aspuration of secretions
from the affected lungs mto the other portions of the resprratorv tract 15
lessened. Thus possbility 15, of course, most marhed m pauents whose re-
flexcs have been abolished by general anesthesia The anesthenst must be
ready at all fimes to empty the trachea and major bronchs by suction apphied
to a catheter which has been thrust down the intratracheal tube, or even
to perform an emergency aspiration under direct vision through a broncho-
scope. Such prompt action has saved the lives of many paticnts

In gencral three posinons of the body are available for use. These are the
lateral the supine and the prone wath the pacent lymng respectively on hus
side his back or face down.

The Lateral Posstion The posiion which 13 most frequently employed by
the majority of surgeons 1s the nght or left latcral. This posture 13 more
switable for a wide vanety of wntrathoracic procedures, mcluding operations
upon the lung and the structures wathin the mediastinum, than either of
the others For pulmonary surgery it has this advantage It gives ready access
to both the anterior and the postenor surfaces of the hilus and makes ade-
quate provision for the divmsion of penpheral adhesions. Tt has these dus-
advantages In pulmonary surgery the weight of the body rests upon the
unafiected side and the aspiration of secretions mto the oppotte lung 1
difficult to control However from the latter point of view the alertmess
of an cxperienced anesthetist 1s all that 15 required to make the use of this
posion practucable.

To use the lateral recumbent position successfully the patient must lie
squarely on the opponte side, with no tendency to lean esther forward or
backward. The arms are flexed 1n front of the face with the uppermost
cxtended somewhat and resting upon a pillow 1 a position convenent for
the wsertion of the intravenous infusion needle This arm should not be
suspended from the anesthetust s sereen ot strongly abducted 1 any direcnion
because of the danger of mjury resulimg from traction upon the braclual
plexus. The thighs should be flexed partally and a pillow mserted between
the knces. A wide strap may be placed across the pelvis and fastened beneath
the table to mammam the deared posinon once 1t has been obtamed. The
operating table should be mclined shightly so that the head of the patient
15 lower than his pelvis. In the majonity of cases 1t 15 also helpful to place
the patient 1n relation to the long axis of the table 5o that the lower portion
of hus chest lies over the pont on the table from which the upper and lower
halves can be made to slant (the so-called break m the uble) This makes
1t possible to arch the patient s body shghtly in order to facilitate the spreading

4
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of the ribs on the side of operation It 15 wisc to place a pillow bencath the
patient at that pomnt Fagure 29 illustrates the correct use of the lateral posttion

The Supine Position For certamn opcrations, notably thosc upon the heart
and great vessels ncar the heart, for thymectomy, and for the removal of
certain anterior mediastinal tumors, the supme position 1s necessary Some
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Fig 29 Lateral thoracotomy position Dircction and Jocation of standard thoracotomy
ncision over the seventh b shown by dark line Scapula and important muscles arc shown
in outlme Note the angulation of the table with pillow beneath the patient to arch the
side of the operation so as to widen the mtercostal spaces The head 1s lower than pelvis

Fig 30 Supine thoricotomy posiion with the arm abducted Dark hne indicates the wite
of the usual submammary mcision

surgeons cmploy this position for pulmonary surgery as well, espeenlly
with patients who have large amounts of sccretions m the tracheobronchnl
tree as a result of suppurative or cxcavated lesions 1 the hng No speenl
descripton s required One arm should be hedd m abduction tor the purpose
of admmustering the mtravenous mfusion It should be Lud on a nearby

small table or a padded board or special arm rest extending out from the
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operatig table at the shoulder level Figure 30 serves to 1llustrate the supme
position

The Prone Posttion The possibility of aspirating secrenons wto the oppo-
site lung durmg the course of an opcranon may be dimmished by usmg a
pronc posinon ‘Thus neccssitates supporung the head and shoulders mde-
pendently of the pelvis and lower extrermties leavmg the chest free for
manipulation. To accomplish this result an especually made operatmg table
such as that devised by Overholt or some modification of ¢he ecrebellar
asachment of the average wble must be employed. The objections to dhus
position, 1n addrtion to the necessity for special equipment, are (1) the an-
tertor surface of the hilus of the lung 15 not readily accessible and (2) certain
procedutes mvolvmg meduastinal viscera particularly the esophagus may
not be so readily accomplished as wath the lateral postion The principal

Fig 31 Prone thoracotomy posiron. Note specual aupport for the bead and apper thorax,
leaving the greater portion of the chest wall exposed for the making of the mcmon.

applicability of the pronc posion 15 1n pulmol surgery  especially n
diseases such as bronchicctasss, lung abscess an?Zbchom with m)\'nry
formation 1 wihuch there 1s an excess of secretions. Figure 31 demonstrates
the appearance of the panent 1 the prone positon

No matter what position of the pauent 15 used, however whether lateral
supine or prone the important consideration 15 to make certam what ex-
posure 15 nceded before the operation 15 smrted and to hold the patient n
the posinon of choce by straps sandbags, pillows or braces so that there
will be no chance of shifting whilc the intrathoracic procedure 15 1n progress.

ADMINISTRATION OF INTRAVENOUS INFUSIONS AND
TRANSFUSIONS OF BLOOD

It 13 present established practice to 2dmunster salme ot
glucose soluty
and bloed durng the progress of the operation m all major thoncotoomn;



48 THORACIC SURGERY

cascs Because the amount of blood lost m such operations 1s always con-
siderable, varymg by actual measurement from 300 to 1500 cc or more,
depending upon the type of case and the nature of the difficultics which mavy
be encountered, 1t 15 wise to start a transfusion of whole blood concurrcntl;
with the making of the thoracotomy mcision For this purpose onc of the
ankle vems 1s used by many surgeons It 1s preferable, however, to usc a vem
on the back of the hand or m the forcarm of the side which lics uppermost
This 15 because experience has shown that there 15 less tendency for the
transfusion to stop running if the arm 1s used and also because the function-
g of the transfusion apparatus 1s more readily accessible to the ancsthetst
who should have the responsibility for its control along with lus other
duties There 1s reason to believe, also, that mfusions m the saphenous vem
may predispose to the development of phlebothrombosis or thrombo-
phlebitis of the leg veins during the carly convalescent period

DETAILS OF GENERAL OPERATIVE TECHNIC

It 1s convement at this pomt to mention certam matters of a technical
naturc which have a wide application throughout the ficld of thoracic
surgery and which nced not be referred to agan durmg the consideration of
the specific operative procedures In general, the sound prmeiples of surgical
technic which are used in other branches are cqually applicable m the surgery
of the chest The mmmization of trauma to tissucs, the avordance of mass
ligatures, the maintenance of accurate hemostasts, and mnumerable other
small but umportant technical considerations which make the difference
between an outstandngly successful surgical procedure and one which s
of only average or cven mediocre quality, apply as well to thoracic opera-
tions as to thosc practiced m other regions of the body The fundamental
prciples are exactly the same.

Preservation of Asepsis The mamtenance of relative ascpsts of the operauve
field 15 of just as much mmportance m thoracic surgery as i any other brnnchd
The skm of the patient should be carcfully cleansed by whatever mctho1
the surgcon may prefer A thorough scrubbing with soap and water fn‘l—
lowed by the apphcation of cther and finally of an antiseptic solution isuL ‘1
as ticturc of zephiran has proven to be a sansfactory routne procedurt
With the cxception of operations for the dramage of empyema or abcss,
as soon as the masion has been made through the shin and subcutancous
fat. a sterle towel should be fastened to the skin edge on cach side of the
wound with a contmuous suture or with towel chps Michd shm chips arc
objcctionable for this purpose because they may be lost m the \\mmd.l f:;
soon as the chest has been opened through all layers, a protecting pi¢ “ ‘

auze morstaned m salme soluton should be lad over cach wound uil',t‘
before the nib spreader 15 mserted This tends 1o mumiize: tratin 1o !t 1;
tnsues of the wound edges and to prevent contamumation of the wound
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case an unsterile area should be entered during the clc;;gn; of Lb%opcr}:lluon_
In operations which require the opening of the esop or a bronchus a
scchl);m parr of gauze pa?ls should be used to prevent sotling the wound 1tself
and also the pleural cavity away from the 1mmediate field of operation.
In such cascs as soon as the unclean viscus has been closed and the field 1s
once agam relatively aseptic, the extra parr of gauze pads should be discarded
and the members of the operative team should change their gloves before
the closure of the masion 15 begun

Prevention of Postoperative Empyema Tr has been assumed withour actual
confirmation that the pleura 13 Jess resustant to the development of anfection
than the pertoneum  Thus impression 15 far from the truth In fact, there 18
reason to believe that there 1s no sigmificant difference 1n this respect between
the two scrous membrancs. The apparent difference hes m the fact that
accumulanons of pus within the chest can be detected readily by physical
exammation roentgenography and thoracentesis, Comparable accumula-
tions m the abdominal cavity on the other hand, can be discovered as a
rule only with difficulty and somctimes, especially 1f localized among the
loops of mtestme not at all. There 1s no doubt that many cases of localized
pentomuts go undetected because of the impossibihity of findmg the focus
whereas m the chest the focus 1s ncarly always readily discovered

The madence of postoperanve empyema can be reduced 10 part by ex-
crung speaal precautions to mamntain relative asepsis i the ficld of operation
as described above but the utihzanon of pemalln and streptomyan in
recent years has undoubtedly improved the results considerably These
important antubiotic agents should be administered 1n switable doses pre-
operanvely The mntramuscular admmustration of 100 000 unsts of penicillin
four umes a day and 0.5 gm. of streptomycm twace a day for two days
before operation 15 an adequate prelimmary preparation. This dosage 1
continued postoperatively for several days or unul 1t 15 obvious that there
18 no further danger of the development of wfecnon If a lobectomy or
pneumonectomy 15 performed, if the esophagus or stomach 15 opened or
1f an abscess or bronchicctatic cavity 15 madvertently entered dunng the
counsc of the operation 2 solution consisung of a mixture of 100 000 umts
of pemallin and 1 gm. of streptomyain 1 30 cc. of saline solution should
be msulled wto the thoracic cavity before the wound 13 closed. In cases of
carcmonmia of the esophagus or stomach and 1n cases of diverticulum of the
csophagus, 1t 15 wise to adminuster steeptomyem 025 gm. given four times
a day by mouth 1 2 gargle which 15 swallowed This should be done for
two days preceding operation n an attempt to reduce the bactenal content
of tb;l;ltipcr portion of the alimentary canal.

A er precaution which may be used 1n the prevention of posto
nfection of the pleural cavity 1s the cmplaymc-nlt) of closed dmlragcpfir;x:l:;
the first forty-cight hours or more after operation mn any casc in which the
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presence of contaminating bacteria may be suspected. It 15 well known that
atter almost every ntrathoracic operation an cffusion of scrosanguincous
flurd varymg m amount from 200 to 500 cc or morc occurs, dcpenqu
upon the type of case This flid comes m part from the division of vascular
adhesions, from munute vesscls m the mediastimum, from raw surfaces at

&

Fig 32 First step n the msertion of a dramage catheter at the completon of a thorcic
opcraton The shin and muscle lavers are drawn upward to their normal locwon so 28 10
procurc proper alignment for the short maision through which the catheter 1s to pass The
left hand of the surgeon 15 phiced mside the chist wall to sdentify the corruer mtere ol
space over which the shm mcision 15 made as shown

any pomt. and m a large measure from the edges of the thoracotomy -

asion tself In pneumonectomy cases, because of the desirbihity of ratardmg
the rapid shuft of the mediastnum, and m the exurpative surgery of tuber-
culoss 1t 18 best not to dram the chest 1fleft alone the fimd will almostalw
disippear of 1t On the other hand, i crses m which contannnation ©
the pleural vy with pyogemic organpsms may have occ urred, opronily

A} A
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when the csophagus or stomach has been opened or when 2 pulmonary
procedure has been carned out because of a suppurative lesion 1t 15 best to
make provision for the egress of the cffusion because 1t provides such a
perfect culture medium for ¢he growth of bactera

To accomplish this a short masion (0.5 em.) 13 made through the skan
over the posterolateral aspect of a lower mtercostal space such as the nmth.
In order to be certain that the catheter will pass without angulanon through
the overlying muscle, fat and skin after the wound has been closed, these
tissues are held m correct alignment by exertmg tracton on a tenaculum

: @ '

Fig 33 Sccond step m the mseruon of 2 draunage catheter A curved hemostane foreeps
Inserted through the thort intercostal mamon 13 used to wathdraw the catheter part way for
the purpose of distending the balloon near 163 end.

forceps which 15 used to grasp the lansamus dorst muscle. The jaws of 2
hemostauc forceps are then mserted through the intercostal space 1nto the
thoracic cavity and o catheter of sutable size (22 to 26) 13 grasped at 13
finnel-shaped open end and withdrawn through the chest wall, leavig 1ts
tip just mside the pleural cavity A catheter of the Foley type made wath a
distensible balloon neat ats end makes a very sausfactory dram (Figs 32 33
34) The catheter whether of the plam or the Foley vanery 1 then held m
place by means of 2 suture tied around 1t and attached to the skm. The outer
end 13 closed temporanly by a higature.

After the patent 15 returned to Jus room, the catheter 15 connecred to a
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Jong rubber tube which ends beneath the surface of 2 volume_of water m a
large bottle placed on the floor, or 1t may be connected to a closed sertes of
three bottles which m tumn are attached to a suction apparatus The bottles

Fig 34 Thrd step 1n the msertion of a dramage catheter The balloon 1s distended by 1m-
jectng 1t with saline solution A fold of gauze 1s used to prevent the catheter shppmg off
the syrmge The manner of occluding the ends of the catheter by higatures 15 shown
dotted Iines The ulamate position of the catheter 1n relanon to the chest wall 1s shown by
the outhine 1n dotted hines

o which the tube from the patient 15 attached,

llection of Auid from the chest This 1s 1 air=

connecting hnk of tubmng with a second
ater a sccond

are arranged so that the first, t
provides a reservorr for the co

tight continuity by mecans of a
bottle which 1s half full of water From the air space over the w
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1s connected to an empty bottle which i tum 1 1n contnwty with
tt;m]]:csourcc of sucton. An lit);cm 1s provided m the second bottle 1n the
form of a prece of glass tubimg which passes decp bencath the surface of the
water Thus the purpose of the first bottle 15 to collect the flud without
having 1t mingle with the water This makes 1t possible to make accurate
mecasurements of the amount and 1o observe the characterstes of the flwd
recovered. The second bottle makes 1t possible to control the degree of
neganve pressure cxerted upon the chest by altering the depth of che aie
vent tube below the surface of the water (Eight cenumeters of negative
pressure provides 2 stsfactory and sfe degree of sucton.) The third

pahent ar

suction

| 2 3

Fig 35 Dugnm of the three-botde closed system to provide for controlled contmuous
suction on the chest dranage catheter with fachues for collectmg the chest flnd (Botde 1)
and proteetion of the sucnon souree {Bonle 3) 1 dsenbed m the text. The negauve presure
in the atheter from the patlent 19 the equivalent of the weight of the column of water ex-
pelled from the underswater length of the glasy tube m Bottle 2 by the mgress of ar m re

sponsc to the negative pressure produced n the dosed arr chamber above the water Thu
1 umnally 8 cm. of water

bottle provides a reservorr to collect water from the second bottle m case
the ncorrect adjustment of the apparatus mught lead to 1ts aspiration mto
the sucnon tubmg Thus protects the suction apparatus from mjury (Fig 35)

INSTRUMENTS REQUIRED FOR THORACIC SURGERY

As might be expected with a newly developed speaialey such as thorzac
surgery mnnumerable specialized instruments have been devised for the
performance of vanous techmeal procedurcs Not all of these are necessary
or even uscful i the hands of the average surgeon In general, 1t 13 best to
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avoid the use of unusual or complicated devices which have a limited field
of apphicability. Only those mstruments which have been found particulasly
helpful will be mentioned Many of those used m thoracic surgery are 1dents-
cal with those used m other fields or are adaptations of similar mstruments
For the sake ot convenience they are enumerated m groups as follows

Group 1 Bone Instruments (Fig 36) These mclude the costotomes, ron-
geurs, pertosteal elevators, special bone-cutting mstruments and rib approx-
imators as follows

1 Rongeur Used for smoothing the ragged ends of rib after excision

or fracture

Fig 36 Instruments used mn thoracic surgery Group 1 Bone mstruments (sce text)

2 Large Bone-cutting Forceps For heavy work such as cutting the
neck of the mib and tip of the transverse process mn thoracoplasty, also for
division of first rib cartilage Various other uses as mdicated

3 Guillotine Type of Costotome. For cutting ribs at any pomt except
the neck, where No 5 1s more useful

4 Coryllos Costotome For cutting the anterior portions of the ribs
the performance of a thoracoplasty Its curved handles and transverse cutting
Jaws are a distinct advantage ’ o

5 Bone-cutting Forceps of the Bethune Type The mstrument 1 ustfa cd
1s actually a tack cutter which 1s used mn the shoc manufacturing mdustry :mlt
has been adapted for use 1n thoracic surgery It 1s used prmncipally to ¢t
across the neck of the rib

6 First Rub Costotome, Sauerbruch Type Rarcly used nowadays Was
developed to divide the neck of the first b
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7 Lambotte Bone-holdmg Foreeps. Used 1n thoracic surgery as a nb
approxamator to facilitate closure of the incusion (sec Fig 48)
8 Bailey Rub Approximator
9 Rucnhoff Rib Approxumator
10 Lebsche Sternum-cutting Kmfe
11 Mallet. For use with sternum knife
12. Saw Used for transverse ostcotomy of the sternum i the operation
r correction of cxcavatum
& 13 chucstmmP;c;lécps Used to hold small fragments of nb while they
are being excised 1n order to prevent loss i thoracic cavity or the decp
recesses of the inaston

TR B
PN

Fig 37 Instrumenn vsed i thoraaic surgery Gromp 2. Retractors (see text)

14 Lews Rab Peniosteal Elevator Valuable for general use
15 Coryllos Modificatton of the Doyen Rub Periosteal Elevator
16 Alexander Rub Periosteal Elevator For general use
17 Matson Rub Penosteal Elevator Injury of the pleura 1s frequent with
this mstrument unless unusual care 13 exerted.
18 Sweet Rib Periosteal Elevator Developed for use on the first nb
during thoracoplasty
Group 2 Retractors (Fig 37)
1 Deaver Retractors. Used for retrachon of the lung during esopha-
gectomy 1n pauents with a large chest. Two widths
2 Harrmgton Retractors. For retraction of the lung dunng esopha-
gectomy reparr of hatus herma and simular operations Two widths. The
ferrule on the end tends to reduce the possibility of trauma to tssucs.
3 TLarge Blunt Rake Retractor For use on the muscles of the chest wall
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4. Small Rachardson Type Retractor Used m each end of thoracotomy
mcision to retract the muscles while the rib 1s bemng cut across

5. Small Rake Retractor Has many uses

6 and 7 Fmocluetto Rib Retractors Two sizes A third and larger size
15 now available for patients with an unusually large chest Other modi-
fications with deeper blades, longer rack, curved bars, and so on are available
for special uses The two sizes shown are adequate for almost every occasion
The smaller size 1s mntended for cluldren but 15 too large for infants It 1s the
1deal size for separation of the edges of the sternum m anterior medastmot-
omy sternum-splitting mcisions

— o - e — -
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Fig 38 Instruments used mn thoracic surgery Group 3 Specal mstruments for general
use (sce text)

8 Rienhoff Modification of the Tuffier Rib Retractor For usc 1n
mfants and small clildren Three sizes arc available The sct screw added
by Ricnhoff prevents slippmg

9 Dawvidson Scapula Retractors Two widths For retraction of the
scapula durmng thoracoplasty It 1s an unusually comfortable mstrument for
the assistant to hold

Group 3 Special Instiuments for General Use 1 Thoracic Surgery (Fig 38)({

1 Curved Hemostatic Forceps Having Long Handles and Short Pomtc
Jaws Tlus mstrument, known ordmarnly as the Moynihan cystic duct c]nm}zi
1s mvaluable 1 many thoracic operations, especially m pulmonary an

csophageal surgery
2 Full-length Hemostatic Forceps This 1s the old-fashioned ¢

developed orgmally for sccurmg vesscls m the broad hgament during

Jlamp
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hystcrectomy as petformed 1 the carly days of abdomunal surgery It 1s
useful because of 1ts length and slender jaws

3 Thumb Forceps with Atraumatic Teeth For grasping mucosa 1n
anastomotac surgery of stomach and csophagus Long and short sizes

4 Wangensteen Needle Holder Thus 15 mvaluable m the performance
of a lugh ntrathoracic esophagogastric anastomosts

5 Adson Needle Holder For anastomotic work.

6 Sweet Bent Sassors For division of the csophagus dunng esopha-
gectomy

7 Targe Long Heavy Curved Saissors

8 Long Mayo Type Dissecting Scissors.

/< ‘

N

&

Fig 39 Instruments used mn thoracic surgery Special mstruments for surgery of the great
vensels (sce texe)

9 Short Blade Fenestrated Gastric Clamp M
p Moynthan Type

10 Straght Scudder Gastric Clamp For closure of divided stomach by
suture through the fenestrated blades.

11 Allen Aspirating Trocar Shown with d sh

guard sheath mn place Used fc

aspirating flnd from the stomach during esophagogastric an:gtomom Or

12. Curved Kocher Crushing Gastric Clamp Sometimes used m partial
csoghag;cﬁumy and gastrectomy

1 T Mucosa Hi
o ype olding Forceps. Used chuefly 1o grasp the

14 Curved Scudder Gastric Clamp Otherwise same as 11

15 Long Flexble Right Angle Clamp Modified Mixter Type Used to
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grasp the esophagus distal to the level of transection during esophagectomy
Sometimes used to grasp the bronchus n the same manner during lobectomy
or pneunionectonty
16 Laght Can be sterilized along with other mstruments, connected by
stertlized wire cord to battery or rheostat Used for transillammation of
adhestons
17 Large Duval Forceps Used to grasp the portion of lung which 1s to
be removed
18 Curved Kidney Pedicle Clamp To clamp the bronchus distal to the
level of transection during pneumonectomy.
19 Bethune Lung Tourmquet Now rarely used Should be ready for
emergencies
Group 4 Instruments for Surgery of the Great Vessels (Fig 39)
1. Long Delicate Smooth Thumb Forceps
2 Needle Holder
3. Bent Scissors (Lateral Angle)
4 Aorta Clamp Three sizes available
5 Suture Hook
The above mstruments were developed by Potts and his associate, Smuth,
for the performance of a lateral anastomosis between the left pulmonary
artery and the descending aorta (Chap 7)
6 Short Curved Forceps Used for blunt dissection behind a patent
ductus arteriosus m preparation for higation or division
7 Blakemore Vitallium Tubes For blood vesse] anastomosis
8 Bulldog Clamps For temporary occlusion of blood vesscls
9 Blalock Clamp Used m blood vessel anastomoss for tetralogy of
Fallot Three sizes are available
10 Bradshaw Clamp Used for temporary occlusion of the aorta dunng
exasion of coarctation followed by end-to-end anastomosis
11 Crafoord Aorta Occlusion Clamps For coarctation opcration
Mention Wil be made of the uses of the majority of the mstruments
cnumerated as the various operations are described



CHAPTER 5

THORACIC INCISIONS

Thoracotomy masions may be classified as mmor or major according to
their size and the purpose for which they are used In the fisst category are
those which are made to drain accumulations of pus in the pleural cavity
within the lung or occasionally i the subdiaphragmauc space or the hver
Small thoracic masions are sometnmes used also to sceure biopsy matersal
from the chest wall nself ot from mtrathoracic tumors which have invaded
1t or become adherent to 1t. In the second category are those which are used
for major operations upon the thoracic wall, such as thoracoplasty or cx-
asion of tumors of the nbs or sternura and all those which are made for
the purpose of performing surgical procedures on any part of the nera-
thoracic viscera In cach type accurate placement and adequate exposure are
of fundamental importance

MINOR THORACOTOMY INCISIONS

With the exception of closed thoracotomy for the continuous aspiration
of air or flud or the occasional performance of a biopsy of a tumor of the
chest wall short mastons through the structures of an mtercostal space are
inadequate for any purpose In the majonty of cases where a short thoracot-
omy masion 15 required, a segment of nib must be removed.

The relation between the inclmation of the ribs and the direction of the
nasion through the skin, fat and muscles depends upon the purpose for
which the masion 15 to be used. For the dramage of empyema the most
important constderation 1 to have the dramage tube at the bottom of the
cavity In many eases an accurate determmation of the mb which must be
resected to accomplish this result can be made In that event 1t 1s ausfactory
to make the maston through the soft parts in the direction of the nb which
1s to be resected. When there 15 uncertamnty as to the probable level of the
decpest portion of the cavity however 1t 1s preferable to make the meision
through the soft parts vertical 1n relation to the chest so that 1t lies across
the long axis of the nibs beneath st. In this way 1€ the nb chosen for resecnon
happens to lie too lugh, 1t 15 2 imple matter to obtain dependent drainage
by resccting a segment of the next nib below through the same meison

5
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which can be enlarged downward for the purpose Thus shelving edges and
undernuned pockets 1n the soft parts of the chest wall near the place of cxit
of the dramnage tube are avoided

—~
N

—l IR

Fig 40 Mmor thoracotomy mecistons for dramage of empyema and lung nbscc}ss 1,
Inverted U-shaped asallary sneision for dramage of abscesses 1n the upper lobe of the lung
2, Vertical maiston over two or more adjacent ribs for dramage of empyemn or nbscc;ss ]m
the apex of the lung For the latter 1t must be made between the medial border o t(l);
scapula and the spine 3, Oblique mncision 1 the direction of a rib used mn certam Cm:scd
cmpyema or pulmonary abscess where locilization 1s accurate 4, Transvcrse mcision
in transpleural dranage of subdraphragmatic or hiver abscesscs

In the dramnage of lung abscess, on the other hand, localization of the
focus can usually be made so accurate that a simple meision m the direction
of the rb which has been chosen for rescction 1s satisfactory If the abscess
1s located m the anterior or posterior segment of the upper lobe, prcscntmg
on the axillary surface, an mverted U-shaped mcision 15 often superior to ¢
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finear mesion 1n the direction of the nibs or verncal w the mydamallary line.
Furthermore, when a transthoracic approach 18 chosen for the dramage of a
subdiaphragmatic or hepatic abscess 1t 13 conventent to make the wmcasmon
transveniely across the lower chest wall so that a segment of nb antenor or
posterior to that ongmally deaded upon for resection can be removed.
Thus 1 made necessary because of the great obliquity of the ribs n the losver
part of the chest. Figure 40 iilustrates the four types of short thoracic inaision
mennoned.

Techuic of Rib Resection

After the direction and position have been deaded upon, 2 short mncision
(3 to 5 ches m length) 15 made through the skin fat and muscles The
blood vessels are ligated and the soft parts are retracted s0 as to expose the
b beneath. An meision of sufficient length 1s made through the periosteum

Periosteal incisions

Denuded rib

Fg 41 Technx of nb resection. Cortect placement of mcmons m the penostenm to avord
pecrosss of rib ends m empyema or absoess cases.

n the long axis of the rib At cach end of this masion the perosteum should
be mesed transversely across the nb (Fig 41) If this 3 not done the parnng
of the edges of the Iengthwise periosteal meison leaves a V-shaped portion
of the bone which 1 not covered by pertosteum, and necross and sequestra-
tion of 2 small fragment of bonc at the cut end may ke place. The presence
of these bony sequestra may not become known untl years later when
they may be the meiting cause of a recusrent abscess m the depths of the
mastonal scar The leaves of pertostcum which have been outlined by these
maisions are pushed aside with a raspatory and the deep penosteal mvest-
ment of the nib 1s freed usmg an elevator of the Doyen type. The rib 1s then
cut closc to the edge of the transverse masion through the pertosteum at
each end of the denuded segment which 1s to be removed. The masion 15

completed by cutting through thy
iy by g through the decp pertosteal laver and the underlymg
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Special Considerations Because such an mcision 1 usually used for the
dranage of empyema or a lung abscess, an opening through the pleura wider
than that provided by a simple linear mcsion 15 required This 15 obtamed
by excising semicircular portions of periosteum and pleura from each edge
of the origmal mncision through these membranes so as to secure a round or
oval opening In some cases, especially for the unroofing and packing of a
lung abscess, 1t 1s necessary to enlarge the entire wound by the rescction of a
segment of one of the adjacent ribs and the wide excision of the subjacent
periosteum and pleura In this event portions of the mtervemng mtercostal
muscles and sections of the corresponding mntercostal nerve and vessels must
be removed. In every case, after resecting the rib segment 1t 15 advisable to
excise a section of the corresponding mtercostal nerve to mimmize the pamn
from the pressure of the rubber dramage tube, and of the mtercostal vesscls
to avoid the danger of secondary hemorrhage resulting from pressure necrosts

Whenever an mcision through the thoracic wall 1s to be used for prolonged
dramage of an abscess or empyema, 1t should be made larger than would
seem at first to be necessary because of the striking tendency of the mcision
to contract as the result of the healing of the tissues at 1ts edges In general,
the greatest difficulty encountered m the after-care m such cases 1s the
tendency of the wound to close prematurely

MAJOR THORACOTOMY INCISIONS

The purpose for which a major thoracotomy 1s used demands the pro-
curement of a wide exposure of the region withmn the chest which 1s to be
the site of the surgical procedure The choice of the posttion and dircction
of the mcision 1 relation to the chest wall depends upon the location of the
leston and the locale of the greatest expected technical difficulty In the case
of an inflammatory process m the periphery of a lobe of the lung, the
mcision should be relatively hugh or low depending upon whether the process
lies m the apical region of the upper lobe or m the basal segments of the
lower lobe, with corresponding varations for localization of the Jesion
segments between these extremes If, on the other hand, the greatest diffi-
culty 15 likely to be experienced at the hulus of the lung, the mcision must
be placed so as to secure the best exposure of that region, disregarding to
some extent the possibihity of difficultics at the periphery Also mn the case
of opcrations within the mediastinum, the position of the mciston across
the chest should depend upon the level at winch the lesion lics l

Furthcrmore, m placing the mcision, 1t 1s important to consider the physica
build of the patient In those with a long narrow chest it 1s of grcntc;‘
mmportance to have the meision high or low m relation to the long axis 0
the thorax, depending upon the location of the esion, than m a pnnc;xdt
whose chest 1s short In the patient whose chest 1s long, the meiston shou
be unusually oblique, whereas m the patient with a short, broad chestit
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technic This possibility, however, depends upon certam technical aspects such
as the use of nonabsorbable pericostal sutures for closure and the avoidance
of cutting the adjacent ribs to 1mprove the exposure Persistent, long-last-
mg pam 1s unusual, however, n either case

TECHNIC OF MAJOR THORACOTOMY

Standard Thoracotomy Inciston Major thoracotomy mcisions of several
types are used according to the mndications of the casc and the preference of

Anterior

Posterior T~ y

Fig 42 Standard thoracotomy maston First step Incision through the shin

the mdividual surgeon There are few ntrathoracic operations, however,

S108
winch cannot be performed with maximum case through a long ma

+ regton of the
extending from close to the nipple line m front almost to the reg
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vertebral column behmd (Fig 29) This incision has such a wide field of
usefulness that 1t may be called the standard thoracotonry werson It 15 some-
tumes spohen of as posterolateral This term 15 nusleading because 1f 1t 15 to
be completely successful the masion must extend anteriorly as well. Through
such an maston adequate exposure can be obtamed for all operations upon
the lung and for the majonity of operations on the structures within the
mediastmum

The deep portion of the masion 15 made cicher through an mtercostal
space or through the bed of 2 mb depending upon the age of the patent,
the amount of exposure required and to some cxtent upon the purpose of
the operation and the personal preference of the surgeon No matter whether

Antertor
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N Latissimus dors! M
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Fig 43 Standard thoracotomy wason. Method of decreanng blood loss durmg the tran-

section of the mwscles by making pressure with the fingers from beneath while the muscle
13 being aut across.

a b 1s resected or not, the masion through the soft 15 essenmally th
same (Fig 42) After the skin and fat have been mascilr:?towcl 1 armychc;
to cach skan edge by means of towel clips made especially for the purpose
or 2 contmuous suture of silk. The drvision of the muscle layers 15 begun
by cuttng across the lanssimus dorst muscle In order to mmumuze the
amount of blood lost as a result of cutting across the many vesscls which
must be severed durmg the transection of this and the other large shoulder
gurdle muscles, 1t 18 helpful to wnsert the fingers of onc hand beneath the
muscle. As the muscle 15 cut actoss, upward pressure 13 exerted by the
fingers This stops the bleeding from the vessels until hemostatic forceps
cn be applied This mancuver 1 of great importance when making the
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incision for an operation 1 cases of coarctation of the aorta where the col-
lateral vessels 1n the chest wall are enormously enlarged By 1ts use much
loss of blood 15 prevented (Fig. 43) As the posterior portion of the meision
1s deepened, 1t 15 usually necessary to divide the lateral fibers of the trapezius
muscle and sometumes of the rhomboid muscles, especially when the n-
cision 1s being made relatively ugh (at or above the level of the seventh

Cartilage

External oblique M

Serratus ontenor M

Latissimus
dorst M.

Rhomboid M

Saocrospinalis M

Tropezius M

s
Fig 44 Standard thoracotomy mnciston View of the mcision after division oFtlu.b]mssm"
1 +
dorst muscle and partial division of the lower portion of the trapezius muscle, rib parally
cxposed

rib) In low mcisions these two muscles arc not encountered unless thcci:
trapczius happens to be unusually wide All of the muscles just mcntloric‘l
have no costal attachments, so that the level at which they are din 1ded neec

not be exact On the other hand, before the muscles of the anterior thomczc(
wall are cut, a defimite choice of rib or mnterspace must be madc because 0]

their msertion mto the ribs This can be predetermined by palpanion IIWOU% 1
the skin before the masion 1s made, counting the ribs upward from the
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twelfth. The choice of mb may also be made by counting downward from
the first rib usmg direct palpanon with the fingers mserted beneath the
scapula after the lanssimus dorst musele has been scvered (Fig 44)

I the nasion 15 to be mtercostal, 1t 15 carried forward through the ser-
ratus anterior and obliquus abdomunalis externus muscles at 2 pomt where
thetr fibers which msert mto the ribs can be avoided. If a rib 1s to be reseered,
the mcision 13 made through the mterdigiations of these muscles and their
nb msertions. From this step on certan differences malke 1t important to
give scparate consideration to the two methods of opemng the rib cage.

INTERCOSTAL MgTHOD A short prchmmnary masion 1s made with a
scalpel through the ntercostal muscles mudway between the adjacent nibs
at any swtzble pomt. The pleura 13 opened and the lung 15 allowed to fall
away from the thoraic wall. The remander of the nason can be com-
pleted with cither the kmfe or the saissors If the lung 15 adherent to the
panetal pleura, the knife 1s the more convenient. As the mcision 15 lengthened,
several small branches of the mtcrcostal arteries which cross the mtercostal
space between the muscle layers wall be encountered. These are found one
not far from the sternum one close to the costochondral junction several
n the lateral aspect of the intercostal space and another posterior to the
angle of the nb As the posterior extension of the inasion approaches the
region of the nechs of the nbs, 1t should be made close to the superior
margmn of the inferior nb 50 as to avoid the mtercostal vessels of the mb
above as they cross the mtercostal space to reach 1ts lower margin.

If an adequate exposurce 15 to be obtaned through the mtercostal space,
the 1nciston must extend from beyond the costochondral junction antenorly
to the region of the neck of the nb postertorly If a shorter openmg 1s made
1t 15 almost always necessary to divide one or both of the adjacent ribs
This 15 usually done postertorly This mantpulation should be avoided
however because of the posubility of mcreasing the seventy of the post-
operative pain as a result of traumatizing one or both of the corresponding
intercostal nerves.

R Resecrion Meraop The rib penosteum 18 mesed from the costo-
chondral junction 1n front to the neck of the rib postentorly The periostcum
1 freed from the nb with a raspatory such as that developed by Alexander
Lewts or Matson. Because of the direcrion of the msertion of the fibers of
the mtercostal muscles, the freemg of the attachments to the cdges of the
b 15 best accomplished by passing the mstrument from back to front along

the supenor margm and from front to back along the mfenor margm The
T-shaped end of the Alexander b pentosteal elevator which 1 especally
constructed for this manipulanon accomplishes the purpose admurably
The corresponding end of the Lewns elevator 15 equally useful The deep
surface of the mib 15 freed from uts periosteum with an elevator of the Doyen
type These manipulations are dllustrated in Figure 45 The nb 13 then cut
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through the neck posteriorly and m front through the cartilage just anterior
to the costochondral junction The reason for cutting through the cartilage
1s to avoid both the mconvenience of tearing a glove on a spicule of bone
during the operation and the danger of traumatizing the recxpanded lung

Anterior
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Lewis
elevator
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Fig 45 Standard thoracotomy maision (rib resection techme) Muscles are completely
divided Three phases of the clevation of the pertostcum are shown, using the Lewis clevatar
to strip the outer aspect of the rb and to free the edges, and the Doyen clevator to free the
mner surface of the rib Inscrts show the techme of transection of the neck of the nb pos-

tertorly and the cartilge anteriorly

after the chest wall has been closed After the rib has been resected, ih;‘
pleural cavity 15 opened through a short masion made with a scalpel :ml(
the entire length of the rib periostcum and underlymg pleura s incised with

the kmfe or scissors (Fig. 46) W be
If the underlymg lung 1s adherent, strmght hemostatic forceps should be
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artached at mtervals along each pleural edge for retracuion by an asustant.
If the surgeon then mahkes counterpressure agamst the lung so as to place
the adhesions on the stretch their drvision 15 made caser The kmfe or
scissors may be used, but 1f curved scissors are employed  the pownes should
be directed away from the surface of the lung

In order to sccure a sufficent exposure of the mterior of the thorax 1t,1s
necessary to spread the wound edges with a mechanical b retractor of some

\
P Edge of perfosteum
VA 7
f ~§

"1g 46. Sandard thoracotomy inciston (nb resecton technic) Incron of the perniosteum

and parictal pleura. The fingers of the surgeon 1 left hand are mserted to hold the |
from the pomty of the samort. ® sy

type By far the best mstrument avadable at the present ime for this parpose
1 that designed by Finochuetto (Fig 37) It 1s available m adult and child
sizes Thus instrument 1¢ strong yet smple m construction and doces not
shift 163 position once 1t has been placed m the wound. For mfanes and very
young childeen, one of the small sizes of the Tuffier b retractor (or the
Ruenhoff modificaion) should be used The spreading of the masion should
be accomplshed gradually especully m elderly patents m order to muni-
muze the possibility of fracturing the adjacent nibs,
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ENLARGEMENT OF THE INcision If the exposure obtamed through a
standard thoracotomy mcision 1s madequate, the wound can be cnlarged m
one of two ways The first method 1s by dividing one or more mibs pos-
teriorly (Fig 47) When this 1s necessary, 1t 1s wise to exctsc a 1 cm segnient
of the neck of the nb m order to prevent friction between the two cut ends
during the early postoperative period It 1s likewsse expedient to hgate and
divide the mtercostal vessels and to mnterrupt the nerve so as to avoid the
results of trauma to these structures by the motion of the severed end of
the b This applies particularly when more than one rib has to be cut If
1t 15 necessary to secure better access to the region beneath the anterior end
of the imcision, as, for example, m the performance of a transthoracic gas-
trectomy or splenectomy, the second method of enlargement 1s used This
consists 1 cutting across the costochondral arch and mcising the upper

-Rib 1o be

Neck of divided
i divided

rib \
lcm

d segment
.

=

—

vessels

\
Neck of resected rib L\\\{ Doyen elevator

Fig 47 Standard thoracotomy mension (rb rescction techmic) Method of enlarging the
mciston posteriorly by cutting adjacent ribs

portion of the oblique abdominal muscles i the direction of the mcxsxoln
It 1s rarcly nccessary to cnlarge the ncision i cither direction when the
rib rescction technic has been used, provided an adequate segment has been
rcmoved.

Crosure oF THE INcisioN The closure of a standard thoracotomy mcision
1s a relatively simple matter and does not require a decpening of the phn?
of anesthesia In the case of an mtercostal incision, the first Jayer consists ©
a row of pericostal sutures passed with a large curved needle through thl<;‘
mtercostal spaces above and below the ribs which were separated /\)f 1
applied so as to hold the ribs as close together as they
normally e and the suturcs are tied Various especially developed mstru-
ments are avatlable for this mancuver None of these 1s necessary, however,
if a Lambotte bone-holding forceps 1s at hand The jaws of this mﬁrmm]nnt
can be made to straddle the ribs and grasp them by thar cdges The ratchet

ApProximator is then
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holds the nbs i the posiwon desired and the sutures can then be tied (Fig
48) 1f no mstrument which 15 particularly adapted for the approximaton
of the ribs 15 available, the same result may be accomplished by using a
tenaculum forceps a towel clip or two small sharp rake retractors held
across the wound by an assistant. If the b approximation 1 difficult, es-
peaally 1 a heavy individual with a large chest considerable assistance 1s
gamed by restoring the aperating table to a level position, thus ehiminatng
the lateral bend m the patient s thorax In small chuldren the ribs are best

Antertor

Pg 48, Standard thoracotomy imcision (nb resection technic) Closure of mason using
Lambotte bone-holding foreeps as a nb approximator Sutures (all but the last) 1n place
ready for tymg

approximated by the thumb and forefinger of the surgeon or hus assistant.
Pencostal sutures should be of chromicized catgut and not of ware, silk or
other nonabsorbable matenal In the closure of an meason made by the
nb rescction technie, the first layer consists of a row of mlk sutures passed
through the peniosteum and subjacent pleura. After the sutures have been
placed, the b approximator 1s applied and the sutures are tied.

The remamder of the wound closure n both types of masion should be
n layers. The dinded edges of the muscles are approximated with two rows
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of sutures, one row placed m the deep fascial mnvestment of each muscle
and a second row used to bring together the superficial fascral mvestment.
In the case of the latisssmus dorst muscle, which 1s thick m a well-developed
patient, a thurd layer should be used 1n the center of the muscle edges to
avoid leaving a dead space for the collection of scrum After the muscle
approxumation has been completed, the superficial fascial layer m the sub-
cutaneous fat 1s sutured, and finally the skin The choice of suture matenal,
of course, rests with the surgeon Interrupted sik sutures are hughly satis-
factory If haste m closure 15 required because of the unsatisfactory con-
dition of the patient, contmuous chronuc catgut sutures may be used after
the first layer has been completed

COMPLICATIONS AND SEQUELAE FRACTURE OF RIBS As a result of the
forceful spreading of the edges of the wound, fractures of the ribs adjacent
to the blades of the r1b spreader may occur This 15 true particularly 1 the
case of mtercostal mcisions Such fractures occur usually esther at the pomt
where the force of the blade of the mstrument is applhied or at some pomt
posterior to the angle of the b In the first mstance the fracture may be
double, with a fragment of rib somewhat longer than the width of the
retractor blade pushed aside and 1solated from the remaimning anterior and
posterior scgments These fractures are usually irregular and leave jagged
projections from the rib ends. In order to prevent myurics to the lung or
ntercostal vessels as well as to decrease the degree of postoperative pain,
these jagged edges should be cut back with a costotome so as to produce
smooth ends. The mtercostal vessels should be mspected and tied if they
have been njured, m order to prevent subsequent hemorrhage mto the
pleural cavity.

INJURY TO THE INTERCOSTAL NERVES The avordance of paimn or paresthesta
in the regions mnervated by the intercostal nerve 1s an important considera-
tion m the after-carc of the patient Long-lasting pam 1s an unusual occur-
rence after a thoracic mesion if care 1s exerted to avord mjuring the nerve
Characterstically there 1s considerable acute pamn which subsides within onc
or two wecks After that there may be a period of gradually dimmishing
dull pam lasting from a few weeks to several months, or therc may be an
arca of anesthesia or hypesthesia m the regton of the anterior chest or upper
abdominal wall supplicd by the corresponding mntercostal nerve, whlcg 15
soon followed by hyperesthesia n the same arca This gives way m duc
coursc to a return of normal sensation

Vartous methods of avoiding postoperative pam, mcluding division or
crushing of the nerve and the myection of long-lasting Jocal arllcsthctlz
agents, have been advocated These methods, however, arc actually mot;
likely to create greater discomfort after the anesthetic cffect begms to uff:ﬂ}]é
or when the proximal cut or crushed end begins to regencrate, than if ¢ ,
nerve 1s left undisturbed The best results are obtamed by avoiding the nerve
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m the placing of sutures and by usmg absorbable pericostal sutures for the
closure of intercostal meistons

In the case of low thoracic masions 1f there happens to be a permanent
mjury to the ninth or tenth mntercostal nerves such as would result from
crushing them with a hemostatic foreeps flacadity and bulging of the
musculature of the upper abdomimal quadrant become annoymg sequelac

SPECIAL THORACIC INCISIONS

Under certan arcumstances specialized thoracotomy incisions which do
not have a wide apphication may be necessary The speafic indicattons for
the use of these will be mentioned when the operations for which they are
most appropriate are descnibed

Posterior

Fig. 49 Anterolateral mtercostal masion, First step Skin masion beneath the breast with
lateral extennon posterorly

Anterolateral Intercostal Inciston This ncision 15 useful occasionally for the
removal of anterior medustinal tumors m certain cases when 1t appears that
the standard thoracotomy maision mught not be satsfactory This situation
15 mnusual. Tn the majonity of such cases a better approach 15 by medun
stetmotomy  Some surgeons employ 1t for pulmonary resections. From the
purely technical aspect e 13 not so satisfactory for this purpose as the standard
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mncision because 1t does not allow such ready access to the postertor aspect
of the hulus of the lung or to adherent portions of the periphery of the lung
m the costovertebral gutter. It 1s useful, however, i certam patients who
have a large amount of secretion from the lung which 15 to be operated
upon, because the dorsal recumbent position of the patient dimimishes the
possibility of aspiration of material mto the opposite lung The advantage
m such cases arises, therefore, not from the technical superzority of the m-
cision 1tself, but from the position of the patient during the progress of the

Costal cartilages Intercostal
muscles

Pectoralis 8

minor M 2 : 22N
LTS ‘ }/ ..
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anterior M

Latissimus dorsi M

Fig 50 Anterolateral intercostal mciston Pectoral muscles divaded and retracted, revealing
the nibs and mtercostal muscles beneath

operation This purpose can be accomplished more successfully by placmg]
the patient m the face-down position and by using a standard posterolatera

thoracotomy. v
Tecunic The patient 1s placed on his back If 1t 15 likely that an ullz]usu‘ ](}j
long posterior extension of the meision wall be required, the shouH cr mor
chest of the side to be operated upon 1s propped forward on Jow pillows g
sandbags to allow greater access to the posterolateral region The arm :
the side of the operation 1s held i the position of abduction This arm may
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then be used for the mtravenous mnfusion The shin mncision beguns close to
the mudline 1n front and extends beneath the breast to the region of the
posterior axillary hne (Fig 49) The pectoralis major the serratus anterior
and someumcs a portion of the latisumus dorst muscle are divided exposmg
the nb cage bencath (Fig 50) A large retractor 1s used to reflect the soft
parts, including the breast, so that any appropriate mntercostal space can be
entered The fourth or fifth space 1s frequently chosen and entered by the
technic described under the section dealing wath the mtercostal varation
of the standard thoracotomy naston Anterorly care should be exerted to
avoid myury to the mternal mammary vessels If they happen to be mjured
or 1f 1t scems to be necessary to drvide the intercostal muscles all the way to
the edge of the sternum these vessels should be severed and both ends
ligated.

It 15 not possible to obtan a wide cxposure with this inason unless 1t 15
extended a long distance postertorly, usually beyond the angles of the ad-
Jacent nibs, or unless the costal cartilages of these nibs are divided close to
therr sternal msertions. Bven when the intercostal inasion 1s Jong 1t may
be necessary to cut the carulages When this 1s done the corresponding
meercostal vessels and nerves must be ligated and divided m order to take
full advantage of the amount of lateral retractton of the anterior portions
of the ribs which 15 thus made possible

The closure of the masion 1s made 1 the same manner as for any mter-
costal ncision using pericostal sutures of chromuc catgut as the first layer
Abnormal mobility of the anterior ends of the divided mbs 15 prevented by
using sutures of steel wire or heavy silk passed through the ends of the
cartilages. This step should not be omitted The usual layer by layer muscle
approximation 1s made and separate layers of sutures arc used for the super-
ficual fasqia and skan,

No special after~care 13 required

Anterior Meduastinotomy (Sternum-spliting Inctsion) For durect access to the
antenor mediastinum for the removal of the thymus gland, aberrant para-
thyrord or thyroud glands or certan anterior mediastnal tumors, a mudline
masion through the center of the sternumm 13 superior to all others

Tecrnic. The maston through the skin begins with a short transverse
cxtengon across the base of the neck 1 or 2 cm above the suprasternal
notch From the center of this cervical meiston a long vertical extension 1s
made strarght down the mudlme over the sternum to the end of the gladiolus.
After the protectig towels have been sutured to the skin edges the wound
1 deepencd through the fat and the superficul fascua to the periosteum of
the stemum whick 15 meised but not elevated from the surfice of the bone.
In the cervical poruon of the incmon a decp plane of dussection 15 exposed

the medul edges of the sternohyord and sternothyroid muscles
By spreading the ends of a parr of curved scissors, with the tips of the blades
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directed agawmst the deep surface of the manubrium, the antersor medias-
tinum 1s entered and, with the index finger of the left hand, the loose arcolar
attachments to the bone are pushed aside as far downward as can be rcached
The mudline cleavage of the sternum 1s begun at the suprasternal notch usin

erther a sternum-cutting shears or the Lebsche sternum knife The Jatter
mstrument has the advantage that 1t makes a neat clean cut with a minmum

Fig 51 Anterior mediastinotomy (sternum-splitting incision) First step Skin :mg fasi)x:-l'
ncisions completed, index finger mnscrted behind the sternum from above to free the p
tertor attachments Outline of sternum and nb cartilages shown mn dotted lines

of trauma The knife 15 propelled from above downward by the tappnsicg
of a mallet directed agamnst the surface which 1s provided for that purp'o
The head of the mallet should be of nonmetallic material so as to ?\ 011
the possibility of striking sparks which mught lead to cxp]oswnng ) i)ﬂi
anestheric gases This 15 of especial importance when cyclopropanc a um, -
gen are being used It 15 rarcly necessary to divade the entire stclr:wmOn
sccure adequate exposure of the anterior mediastmum  The vertica
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1 the bone 15 aarried to the level of the fourth or fifth mtercostal space
where a transvirse cut 1s made across the gladiolar portion, using the sternum
kmfe whuch 1s introduced beneath one edge of the bone care being taken
to avod 1njury to the intermal mammary vessels The edge of the sternum
should be freed of muscle and fasctal attachments with the saissors before
applying the kmife to 1t (Figs 51 and 52)

Fig 52 Anterior medustmotomy (stemum-—splitang masoen) Sccond step Longatudmal
dleavage of the sternum with the Lebsche stemum-cattmg kmfe. Site of transverse section
dn““{;hdlcghdmlmxhnwn:sabmkcnhnc. Insert shown the direction of the impact of
the mallet agamst the kmife

The cut edges of the bone tend to bleed freely In some cases this bleed-
mg 13 difficult to control. It 1s wase 35 a routine measure, therefore, to place
s1ps of fibrin foam along each edge of the bone before the protecting pads
of gauze are apphied. The smallest Finochretto nib spreader or one of the

uffier o Rienhoff retractors 15 used to force the edges of the sternum apart
and the desred exposure of the anterior mediastmum 1s thereby obtamned
with ease,

s
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The closure of a sternum-splitting ncision 15 stmple No bone fixation
sutures are required After the retractor and gauze pads have been removed,
the edges of the bone are mspected and if the fibrin foam strips have been
displaced, they are readjusted or new ones are applied A layer of mterrupted
medium heavy (00) sik sutures 15 then placed mn the periosteum and tied
The, fixation of the bone thus obtamed 15 strengthened by the next layer
which 15 used to approximate the deep fascia over the bone The superficial
fascia and skin constitute the remaming layers

AFIER-CARE A small gauze dressing 15 held firmly m place with adhe-
sive plaster, preferably of the woven elastic type If the closurc of the
wound has been made with care, there 15 relatively httle tendency to ab-
normal motion of the divided bone and not much pamn In some cascs, if
the bone approximation has not been entirely successful, a night swathe
may be helpful during the first few days The patient can be allowed out
of bed as soon as he has recovered fully from the effects of the anesthetic,
usually the first day after operation By the time the sutures are removed
on the nmth or tenth postoperative day, the anterior chest wall 1s firm and
stable so that no further support of any kind 1s required Ultimate healing
1s complete and no deformity of the chest wall ensues

Anterior Incisions for Exposure of the Pericardium and Heart Operations
directed upon the heart or pericardium require a wide but localized exposure
Although the pericardial sac can be reached through an anterolateral mnter-
costal 1ncision with division of the cartilages, a somewhat wider anterior
exposure 15 usually required than can be obtamed by this means Innumerable
varieties of ciston have been proposed For practical purposes threc modi-
fications of the antertor approach to the pericardium are sufficient for the
majority of cases (Fig 53) The technic of each of these 1s as follows

PERICARDIOSTOMY FOR DRAINAGE To dram a purulent effusion m the
pericardium a relatively simple procedure will suffice A short maston 1s
made along the course of the fifth costal cartilage on the left side extending
from the edge of the sternum to the costochondral junction The entire
fifth cartilage 1s excised 5o as to avoid the probabulity of prolonged dramage
from infection of any remnants which may not have been removed The
left pleural reflexion should be 1dentified and 1f necessary pushed aside with-
out opcning 1t The mternal mammary vessels, which traverse the depths
of the masion medially, should be Iigated so as to avoid sccondary hcmor}
rhage. The anterior surface of the pericardium lies dircctly at the bottom o
the mciston and may be maised as widely as necessary (Fig 53, 5)

PERICARDIOTOMY FOR OPERATIONS ON THE HEART To gam access
heart for suture of lacerations or for cxtraction of mtracardiac foreign bodics,
a wider exposure of the pericardum 1s needed The direction of the skin
inciston 1s tmmaterial as s also the method of dealing with the cartilages
The important consideration 1s the ssmplicity of the procedure, which must

to thc
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be carned out swiftly 1 many cases of cardnac injury A uscful method 15
a3 follows A curved transverse masion 1s made over the left fourth mnter-
costal space from the sternum to the region of the costochondral junctions.
The meision 15 deepened by cutting directly through the pectoralis major
muscle fibers which are retracted widely to expose the cartilages beneath
The fourth and fifth costal cartilages arc excised. The left pleura 15 gently
dissected away from the pericardium laterally Medully greater exposure

= 2
Fg 53 Anterior thoracic masions other than the steum-splitung thoracotomy 1
Curved transverse inawon for partul exasion of the stermum. 2 Pencardiotomy inciston

for operations upon the heart. 3 Pencardiostomy masion for dramage of the pericardual
s3c. 4 Clamal inemon for penicardiectomy

1 obtamed by ligating and dividing the nternal mammary vesscls at the
upper and lower lumits of the operanve ficld. The pertcardium 1s opened
transversely or obhquely whichever scems to be most convenient. If a
larger cxposure 15 nceded the cartilages above or below can be divided
close to therr sternal articulanons. If possble this maneuver should be
avorded because of the need for fixmg the cartilages to the sternum, which
prolongs the ime required for closure (Fig 53 2)

Incision ror PemicARDIECTOMY The skin masion starts on the left side
over the second costal cartilage near its artculation with the sternum and
extends downswards along the left nide of that bone curving laterally along
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the course of the sixth costal cartilage to approximately the level of the
costochondral junction of that rib The deep fascia over the pectoralis major
muscle 1s mcised and the mnsertions of this muscle into the sternum and the
nib cartilages are severed, making 1t possible to retract the muscle, the over-
lymg breast and the skin The third, fourth and fifth costal cartilages are
removed with their perichondrium, cutting laterally at or behind the costo-
chondral junction and medially through the sternal articulations Compar-
able sections of the intercostal muscles, nerves and vessels are excised and
the mternal mammary vessels are tied and cut at both the upper and
the lower limuts of the area of denudation The antertor surface of the peri-
cardium 1s thus exposed (Fig 53, 4)

If greater access to the region of the right ventricle 1s required, the ex-
posure 15 widened by excising a portion of the left half of the body of the
sternum, using a large bone-cutting shears or the sternum-cutting knife
The left lateral half of the sternum from the level of the third cartilage above
to the lower limuts of the mcision below 1s removed as a piece roughly semi-
circular m shape

Closure of the cision 1s made 1 three layers mcluding the decp fascia
over the pectoralis major muscle, the superficial fascia and the skin

It should be mentioned that the sternum-splitting mcision may also be
used for the exposure of the pericardium. It provides particularly good
access to the right side of the heart as well as the left It has the further ad-
vantage that 1t leaves the patient with a stable chest wall

AFTER-CARE Because of the removal of cartilages and sometimes a portion
of the sternum as well, a considerable degree of paradoxical motion of the
chest wall occurs at the site of operation during the early convalescent period
This should be prevented by a tightly apphed dressing It 15 often helpful
to apply a plaque of plaster bandage m the same manner as 1s employed
after partial excision of the sternum (see Chap 4) After exght to ten days
no special support 1s necessary. The chest wall always remams flexable at
the site of operation, however, and the motions of the heart beneath are

readily scen



CHAPTER4

OPERATIONS ON THE THORACIC WALL

SUPERFICIAL STRUCTURES

Operations required 1 the treatment of lestons of the skin and subcutancous
tissues of the chest wall present no problems which demand specul con-
sideranon m a work on thoracic surgery Operations on the mammary
gland are of great importance but they have been so well dealt wath 1n the
various treatises on general surgery that they need not be mcluded here

THE STERNUM

Reference to Figure 2 Chapter 1 wall serve to illustrate the muscle in-
sertions of the sternum and its deep relations. The mner surface of the bone
1s covered by a tough fascual mvestment and 1n the lower portion by fibers
of the transversus thoracis muscles. In attempting to free 1ts mediastinal
surface a deeper plane of dissection must be entered either mfenorly under
the xaphoid process, or superiorly over the suprasternal notch starting m
the cleavage planc beneath the sternothyroid muscles m the base of the neck.
Through either approach the loose areolar ussues of the anterior medias-
tmum cn be freely dissected away thus pushing back the thymus gland,
the wnomnate vessels and the pencardium which might otherwise be
myured. The course of the mternal mammary vessels which run beneath
the decp endothoracic fascia on the undersurfaces of the costal carnlages
and the mtercostal muscles not far lateral to each sternal edge must be kept

m mmnd.
Sternal Bone Marrow Biopsy

In the dugnoss of certam blood dyscrasias a bone marrow biopsy 15
sometimes required. This can be obtamned from the sternum wath relanive
case Using procune hydrochlonde (1 per cent) mfiltration ancsthesia, a
short vertical or transverse masion 1s made over the glduolar segment of
the bonc The pectoral fascra and periosteum are mcsed and freed from a
small surface over the outer cortex with a raspatory A arcular cramal
trephime of small diameter 15 used to make an openmg mto the marrow

8r
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cavity and pieces of marrow are removed with a bone curette (Fig 54)
The fragment of cortex 1s usually replaced at the completion of the biopsy,
but this step may be omitted The wound 15 closed with a layer of fine suturcs
and the skin edges are approximated with sutures of silk

The only technical difficulty which may be encountered 1s the control of
bleeding from the marrow This can usually be overcome by stuffing the
hole m the bone with fibrin foam soaked m thrombm solution.

No special after-care 1s required

Exctston of Sternum for Tumor

Because of the possibility of opening either pleural cavity durmng the
operation, positive pressure inhalation anesthesia 1s necessary The patient

should lie on his back with the upper half of his body sloping shightly up-

Retractor
i Trephine
: R /
‘t‘l -
Sternum — };‘;.___:______.L___
f.h

L LN

Fig 54 Sternal biopsy Use of trephune to remove a portion of the cortex of the sternum
to obtain marrow for listologic studies

Retractor

ward The head should be tilted shghtly back Onc arm should be fastened
by his side The other arm 15 held m the position of abduction on an arm
board for the administration of the mtravenous mfusion

Excision of the entire sternum without fixation of the rib ends by means
of a bone graft or otherwise 1s usually followed by death from the cffects
of the uncontrollable paradoxical motion of the chest wall, this motion m-
terferes with the respiratory function to an mtolerable extent Large scg-
ments of the sternum can be removed, however, 1f a portion 1s Jeft behind
to lend stability to the thorax The usual indication for partial excision of
the sternum 1s the removal of a neoplastic growth These growths tend to
mvolve cither the gladiolus or the manubrium, without much tendency at
first to overlap from onc part to the other The removal of the aylmotr;
bearing segment can therefore usually be accomplished m such a way as

Jcave the other portion for strength
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Fig 55 Partual excsion of the stemum. 4 QOutline of ncison msed to exaise the recur
rence of mammary caranoma m the chest wall mvadmg the stemum. Exason of previously
grafted skin 1 a necesary part of the procedure to obtamn cdges of normal skin for approxi-
mation m that area at the completion of the operanion. Note The lateral extenoon of the
mermon was necessary to facthtate coverage of the defect unng the nghe breast. B Stage of
the operation showing the manubaum and nght second, third and fourth costal
already divided. The division of the left cartlages 5 bemny, accomplished with a knife. The
mcmm across the gladiolar portion of the sternum remams to be done. Rught and left inter-

nal mammary vemels are shown after division (lateral to the dimded edge of manubnium)
Qv
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Manubrium Gladiolus

Pleurae
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Fig 56 Partal exciston of the stemum A, Opertive ficld showmg defect rcisu]]u?g,; f‘l':ll?,
exasion of the major portion of the manubrium and morc than half of the g 1({!(}) u s
scctions of night and left second, third and fourth costal cartlages A large arcr o lnu e
astinum hies eaposed B, Mcthod of closure by swinging over 1 large flap consisung
right breast and the underly ng nght pectoralis major muscle
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Technic of the Operation EXCISION OF TRE MANUBRIUM FOR MALIGNANT
Tomor. A transverse U-shaped maston 15 preferable to a vertical one m
the mudline to avoid the cffect of the mouon of the chest wall at the ate
of operation during the respiratory excursion The curve should be down-
ward and should pass over the normal portion of the gladiolus which 1s to
be left behind (Fig 53 1) The flap consisting of skin subcutancous fat and
fascia 15 reflected upward to the base of the nech Because of the fact that
the operation 18 almost always performed for the removal of a malignant
tumor a careful anatomic dissection cannot be made Scctions of the muscles
nb artlages and often the mner ends of the clavicles must therefore be
removed en bloc wath the tumor

The pectorals major muscles and the lower ends of the sternocleido-
mastord and sternohyod and stemothyroid muscles must be cut an appre-
cuble distance from therr msertions mto the bone. By blunt dissection
through the base of the neck the mnner surface of the bone 15 exposed and
the loose attachments of the tissucs 1n the anterior mediastinum arc freed
by the finger passed beneath the manubnum from above the jugular notch
Disarticulation of the nner ends of the clavicles 1s permissible when the
growth 1s a small onc Ths 1s done with a kmfe and scissors. However m
the majonty of cases the mner ends of the clavicles must be removed with
the tumor This 15 accomplished with a Giglt saw The costal cartilages on
each side as far down as the poimnt where the sternum 1s to be divided are
then freed from the underlymg pleura after masing the corresponding inter-
costal muscles. The internal mammary vessels are exposed beneath the
mferior edge of the lowermost cartilage which 15 to be removed. At this
level these vessels are drvided between double ligatures The costal carnlages
are cut with a costotome a knife or a pair of heavy sassors. After the lower-
most parr of cartilages have been divided, the finger 15 inserted beneath the
sternum below the level of the tumor to be certain that nothung 1s adherent
beneath, and the sternum 1s cut across at the appropruate level wath a bone
shears or 2 Gigh saw The remammg nb carnlages are divided.

Before cuttng the first mb cartilages all decp attachments which mughe
make 1t possble to mjure the mnommate and jugular veins which lie so
close beneath must be pushed away If a finger 15 then mserted through the
previously made dusscction m the base of the neck 50 as to gude the pornts
of the bone-cuttmg shears the dvision of the first nibs can be accomphished
safely The upper pornons of the mnternal mammary vessels are tied and cu,
leaving the mterverung segments attached to the specimen which 1s removed.

When an appreciable portion of the gladiolus 1s allowed to reman no
atempt to fix the divided nb ends by means of bone grafts or prosthetic
appliances need be made. The ends of the clavicles are Ieft to take care of
themselves. In many cases 1t 1 possible to give strength to the closure of

the wound by approximating as far as possible the cut edges of the pectoral
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muscles i the midlne and also by suturing the cut ends of the sterno-
clerdomastord, sternothyroid and sternohyoid muscles to the upper portion
of the sutured pectoral muscles. The superficial fascia and skin are closed as
separate layers

Excision oF THE Grapiorus The same type of masion should be used
as for the removal of the upper portion of the sternum It should be placed
somewhat Jower or the direction of the curve can be made upward nstcad
of downward, thus crossng the portion of sternum which 1s not to be
removed The principles of removal described previously are used It 1s
usually necessary to excise the xiphoid with the portion of gladiolus which
1s removed The wound 1s closed 1 the same manner as for excision of the
manubrium

After~care Whatever can be done to reduce the tendency of the chest
wall to develop paradoxical respiratory motions m the region where a
portion of bone has been removed will tend to make the carly convalescent
period safer and more comfortable for the patient If no nigid protection
of the weakened chest wall 1s provided, coughing 1s difficult, bronchual
secretions may accumulate and pulmonary atelectasis or pneumonia may
develop Much relief 1s provided by the application of a rigid plaque made
of plaster bandage to the anterior aspect of the chest This 1s held m place
by means of flexible adhesive bandage to the surroundmng skin around its
edges This apparatus allows freer respiratory motions of the chest as a
whole than would a circular bandage After the expiration of ten to twelve
days, external protection 1s no longer necessary because of the stiffening of
the tissues which have been used to close the bony defect

The ultimate functional result after the operation 1s amazingly satisfactory
The tendency to paradoxical motion almost disappcars because of the forma-
tion of a tough layer of scar tissuc over the defect In cascs where the upper
half of the sternum has been excised, with disarticulation or partial excision
of the clavicles, 2 more obvious deformity 1s noticed because of the abnormal
mobility of the remaming portions of the clavicles The abnormal monm;s
of the clavicles consist i medial approximation of the ends when the shoul-
ders arc moved forward, and up and down motions of these ends when the
arms are moved about On the other hand, no scrious mpairment of a;l?
or shoulder girdle function 1s cver experienced Patients arc able ]tlo rIH:
heavy weights, row a boat or swing an axc, and perform almost all a
and shouldcr motions ds of

An occastonal source of local discomfort centering about the cut ends )
the clavicles 1s the resule of the development of a spicule of bone w hich

— ccur-
grows upward from the divided end mn a hornlike projection This o o
carcful treatment of the end of the bone, W

an be avoided by
rence can be avo Y an cxostosts nught

removal of all fragments of periosteum from which such

arisc
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Correction of Pectus Excat atum

In order to apprecate fully the importance of some of the steps for 1ts
correction, an understanding of the structural changes which are charac-
tensuc of pectus excavatum 1s necessary The cuology of thus condition 18

R, 57 Pectns cxcavanum. Dugram of nib cage o show the extent of depremon of the
gladioloxiphord junction m a severe deformuty

unknown It has been suggested that there 15 an unusually tight substernal
fascia or a very short duphragmatic attachment to the lower end of the
sternum which pulls 1t m durmg mspiration It 13 true that 1 this condition
the deepest pomnt at the bottom of the fimnel tends to smk inward when
the patient msprres, but whether 1t 15 pulled 1n by a strong attachment be-
neath or pushed mwards by the deeply mcurved costal cartilages 18 not clear

Certam anatomic changes are constant. The deepest pomnt 13 always at
the junction of the xiphotd with the gladiolus The manubrium rarely takes
part 1n the deformity but the beginning of the mward inclinanon of the
mvolved portion of the bonc 1s often at or just below the manubnoghdiolar
Jjunction Those costal cartilages which articulate wath the depressed pornon
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of the stermnum seem to be unusually long, and there 15 2 pecuhar distortion
of therr articulations with the sternum characterized by marked hyper-
trophy of their deep surfaces These jomts when viewed from the medias.
tmal side appear to be partially subluxated (Fig. 60) In cascs m which the
deformity 1s most pronounced, the lower end of the sternum pushes mto
the mediastinum as though 1t were a wedge which had been driven m, and
ultimately hes agamst the anterior surfaces of the vertebral bodics at that
level, almost cleaving the mediastmum mto two lateral halves The heart 1s

Fig 58 Pectus excavatum Diagram of a cross scction of the body at the greatest depth of
the depression Note the striking deviaton of the heart nto the left hemithoray, the apex
resting agamnst the nibs in the anterior axllary line

thereby pushed far to the left, sometimes as far as the Ieft anterolateral aspect
of the chest wall (Figs 57 and 58)

Technic of Operation Nonc of the numerous methods of corrccn:;gb:t
funnel chest deformity has proved satisfactory except thar proposed by
A Limcoln Brown A modification of that procedure 1s described here The
cases should be considered according to the age of the pauient and the
severity of the deformity One of two procedures may then be chosen
as the occasion demands

Minor Procepure In mfants 2 years of age or younger, a hmited opc?ﬂ-
non directed toward the division of a tight substernal fascial or muscu i'xr
attachment 1s worthy of trial 1 the deformity 1s not very deep and 115 ﬁhi::}gl’)
Jocalized at the gladioloxiphoid junction Wath the cluld lymg on Jus back,

y » 181010
under intratracheal gencral ancsthesia, a short vertical or trnnsx}crﬂ(.ln(licohls
e m1ade vver the reotan of the 1ome betw cen the aiphoid and the glad
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The attachments of the lmea alba and rectus abdominis muscles are freed
from the xphoid which 13 grasped wath a tenaculum and held up so that
the lower portion of the antentor medistmum can be entered by blunt
disscction wath the saissors and finger A tight band of fascia or duaphrag-
matic muscle 1s sought for and divided 1f found. This should ehmunate the
excesstve pull upon the lower portion of the sternum,

The wound 15 closed 1 layers consisng of the fascaal edges of the linca
alba the subcutaneous fasca and the skan The success of this relauvely
simple procedure depends upon the finding of a substernal band of tissue
for division and upon the fact that the bone 15 unusually flexable m mfants
and has not yet become firmly fixed m the abnormal posiion The number
of cases 1n which this operation 1s completely satisfactory 15 small.

Major Procepure. In children beyond nfancy and m adults 2 more
radical operation 1s required because the bone has already assumed a perma-
nently abnormal shape and the articulations of the costal cartilages wath the
sternum are held ngidly at an abnormal angle of partial subluxation Success
m producing a permanent correction of the deformity m such patients requures
(1) the chimmation of the abnormal downward mclination of the sternum
(2) the strughtening of the attachments of the cartlages to the sde of the
sternum and (3) the correction of the abnormal inward curvation of the
ribs which forms the side of the funncl.

To accomplish the first requirement a transverse wedge-shaped osteotomy
must be made at the pomt in the sternum where the abnormal inward slopmg
begns. The second requirement depends upon the excimon of the mis-
shapen articulations and the reattachment of the freshened ends of cartilage
to the bone, The third reqmrement 13 expedited by performmg small trans-
verse osteotomies on the outer cortex of each involved nb

General anesthesa 13 used wath an mtratracheal tube for posiave pressure
to control the expansion of the lungs 1f esther pleural space should be opened.
The pontion of the patent on the operating table 15 the same as for any
operation on the sternum (sce Exasion of Stemum for Tumors) A long
vertical mudlme inasion 15 made from the level of the manubrium superiorly
to 2 pomnt approximately equidistant between the xphoid and the um-
bilicus mferiorly The wound cdges are protected with towels held in place
by contmuous sutures of sk, The mesion 15 decpened to the bone m the
thoracic portton and to the hnea alba 1n the abdommal extension The fascial
mmo:ﬁ of the pectoralis major muscles mto the sternum are cut so as to
retract the medial edges of these muscles laterally In order to exposure

to the cartilages 1t 13 necessary to divide the attachments of%‘h:c muscles
to the medual ends of the carnlages When thus 1s done the anterior per-
forating branches of the mntercostal vessels must be divided and ued. At the
lower end of the meision the linea alba 13 mcised cxposing but not openmg
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the peritoneum, and the msertions of the rectus abdommis muscles mto t)
medial ends of the lower costal cartilages are divided. The skin, fac 'mdC
muscles are then retracted laterally, cxposing the sternum and the cc;stal
cartilages from the manubriogladiolar junction to the costal mar ms (F
59) g 1g
The xiphord 1s grasped with a tenaculum and with scissors disscction
the antertor mediastmum 1s entered A sweep of the finger serves to frec
the pernicardium from the sternum Working from below upward, the
costal cartilages are cut across m turn as far as the point where the 1m’vard

Pectoralis major e Manubrium

muscles

Deepest point

Rectius muscles

Mediastinum

Fig 59 Pcctus excavatum Operauve technie, Step 1 The exposure of the sternum 1
produced by frecing the sternal attachments of the pectoralis major and rectus abdomius

muscles

mclination m the sternum begmns By this mancaver the depressed portion
of the bone 15 freed, but 1ts angular shape 1s not changed. By mceans of two
transverse cuts across the bone at the pomt where the mward slant of the
depressed segmient starts, a narrow wedge-shaped section 1s removed from
the anterior cortex of the sternum (Fig 60) A small rotary saw can be used
tor this purposc, or a small hand saw such as 1s used for the amputaton of
small bones may be employed After this small fragment has buen seman ed,
the depressed portion of bone can be swung ourward to assume a normal
posiion m relation with the remamder of the sternum  This positton 1
mamtamed by means of two or three stamless steel wire sutures (22 gauge)

passed through stall drill holes n the antenior bony cortes
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The excesstve mward curvation of the rib carulages 15 corrected by cutting
2 small wedge from the anterior surface of each cartilage or from the bone
yself lateral to the costochondral junction whichever pomt happens to be
at the maxmum curve of the b Strong silk (No 0 Dehnatel) sutures (or
wire 1f desired) are used o hold the carnlages m therr corrected position
The abnormal articular surfaces on the sides of the sternum are rimmed
wath a kmfe. The cartilages are then shortened by exasing the exact length
of the articular end necessary to make an accurate fit between them and the

Site of wedge
osteotomy

Bg 60 Pectus excavatum. Operative techare Sternam freed afer cutting the caralages.
Note (l)d)cdu(ortcdp;rml]vtubluncndcmtostcmalammhumﬁnccnd: of cartilage
are to be removed and the edges of the stemum smoothed as a preluminary to reapplicanon
of the costal cartilages. Note also (2) the locanon and relative stre of the wedge osteotorny

at the level where the nward deviaton commenees (usually at the manubriogladiolar
Junction)

sternum 1 ther newly assumed posinons In severe cases as much as 2 em.
of cartilage must be removed. In less marked deformuttes not more than
05 cm. need be trimmed away After this tnmmumng of cartlages and sternal
aruculanons has been completed the newly ereated surfaces of sternum and
cartilage must fit flat against cach other in cach case. The cartilages are fas-
tened to the stemum wath strong sk or wire sutures passed through the
entire thickness of bone and cartilige. At the lower cnd the xphod 15
removed and the sternum 15 tnmmed 1n a V-shaped manner so as to fit the
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newly trimmed lowermost costal cartilages  All of these sutures are tied
(Fig 61).

The correction of the deformity 15 now obvious, but the stabihty of the
anterior chest wall depends upon the strength of the sutures which must
maimntam the new position until healing 1s well advanced. It 1s wise m many
cases, therefore, to lend assistance by providing traction on the stemum.
This 15 accomplished by means of a steel wire passed bencath the central
portion of the gladiolus, each end of which 15 brought up through the
muscle, fat and skin by means of a large needle After the correction of the
defornuty has been accomplished, the pectoral fascia 1s sutured with mecr-

Wire Silk
AN
I, /3//

NS

/e .

e I
/@ %

Fig 61 Pectus excavatum Diagram of the stemnum and cartilges after tnmming and

performance of wedge osteotomics on both sternum and nbs to correct "&c ;;cf;jm:[))
o ’ . n
Note Sutures of the sternum are wire, sutures of the rib cartilages are hewvy silk (De

rupted silk sutures to the periostcum of the sternum, and m the lower portion
of the wound the fascia of the linca alba 1s approximated The subcutancous
and skin layers arc then closed with mterrupted fine sutures ol
After a small gauze dressing has been placed over the skin mcnsnol:;, 1{ (:g‘.,'cr
plaque of plaster m which a heavy wire loop 15 mcorporated 15 mo C({ i
the anterior surface of the thorax, and when this 1s dry the two ends of <t’ul
wire are suspended from the heavy wire loop m the plaster I:!lnl}gh u:x:::;
15 used to keep the sternum up 1 1ts new position so as to prey cnt sy
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untl the healmg process has begun In some patients, especially m chuldren,
the wire can be onutted

After~are The panent may be allowed out of bed early m the conva-
lescent period with the traction apparatus in posinon. The wire support may
be removed after ten to fourteen days. From then on and from the be-
gining m those who have not been supplied with external support, the
patient must be encouraged to maintam a proper crect posinon at all times,
Partial recurrences of the deformity which have been reported after the
operation have been the result of the fatlure of the panent to cooperate 1n
the mamtenance of correct posture duning the first tew months Thus applies
particularly of course, to young children

RIBS AND COSTAL CARTILAGES

Exasion of Costal Cartilage for Tuberculons Chondritis with Cold Abscess
of the Chest Wall

If tuberculous abscesses of the thoracic wall do not anse pnmanly 1n the
breast or m axallary lymph nodes, they arc usually secondary to mfections
nvolvmg the costal carulages Whether or not the chondnas 1s secondary
to tubercalous lymphademitis of the anterior mediasinum, 1t 18 necessary
to find and exase all diseased cartilage m order to cure the condition.

An nasnon 1s made through normal skin 1n the viamty of the cold abscess
which 15 entered directly and emptied of 1ts purulent contents One or more
deep nnus openings can always be found leading off from the bottom of
the abscess cavity These smuses are explored wath a probe and lud open
down to the pomt where they commumicate with the diseased pornions of
the underlying carnlages The pleura beneath the carulage 15 pushed away
with a blunt mstrument such as a Matson peniosteal clevator and the mn-
fected cartilage 15 exased with 1ts perichondrum. A careful search must be
made for ramufications of the sinus tracts which mught lead to other foa
of diseased carnlage which must also be removed. After all the discased
cartilage has been exascd, the pus and debrs of tissue should be thorough]y
wiped away and the masion closed ughtly n layers consisting of muscle
fasca, fat and skan It 1s ymportant not to nsert a drain because of the danger
of introdueng mfection from the extertor

Afterare. Primary healmg occurs promptly The prophylactic use of
pemallin and streptomyen 1s a valuable adjuvant, Recurrence of the abscess
15 unusual if all diseased &artilage has been removed, provided that con-
Qmmation with pyogenic bactena can be avorded.

Excision of Rib for Neoplastic Tumors

Exarsion of segments of rib 15 rarely practiced for metastatic tumors unless
thete 1 reason to believe that one may be dealing with a single metastasis
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which may, therefore, be removed successfully Such a rare occurrence may
be observed 1n the case of carcinoma of the thyroid or i renal cell carcinoma
of the kidney (hypernephroma), but not often in the case of other malignant
tumors

The great majority of rib tumors are primary and are usually mahgnant
The most frequent type 1s the chondrosarcoma As with malignant tumors
everywhere i the body, the best chance of cure depends on the perform-
ance of a wide excision of the tumor with a large margm of adjacent normal
tissue m all directions Chondrosarcoma of the rib 1s notorious for 1ts tend-
ency to recur m the portions of the rib which are left behind after local
excision of a short segment of the b It 15 therefore necessary to remove
the entire bony portion of the primanly diseased rib This means that the
anterior section should be through the costal cartilage and the posterior
division through the neck as close as possible to the head of the rib If feasible
the head of the rb should be disarticulated from the spine

Although radical surgical excision offers the best prognosis in the majority
of cases, 1t has been found that m the exceptional mstance of a sarcoma of
the Ewmg’s tumor type, high voltage roentgen-ray treatment has given
better results than surgery

Techmic of Operation General nhalation anesthesia with positive pressure
1s necessary A standard thoracotomy incision made with the patient lying
on the oppostte side 15 used m the majority of cases If the growth 1s not
adherent to the overlying sk, a long linear mcision 1s made over the
tumor 1 the direction of the rib If there 15 suspicion that the skin may be
adherent, a long ellipse should be outlined by two incisions and the segment
of skin thus arcumscribed should be left attached to the mass of tissuc which
is to be removed The wound 1s deepened through the muscles away from
any pomt of possible nfiltration by the tumor If the muscle 1s apparently
mvolved, a section must be left attached and removed with the growth
The r1b 15 exposed both anterior and posterior to the growth, and the mter-
costal muscles and pleura are mcised not far from the tumor so as to palpate
the mner surface of the chest wall m the tumor-bearing area If the under-
lying lung 15 adherent, a portion of 1t may have to be excised The exam-
g finger will tell the surgeon 1f such 1s the case and also serve to dCt;Ct
any extension of growth to the adjacent ribs on the pleural surfaces (Fig 6 b)
If mspection and palpation mndicate that one or morc of the adjacent rlls
are mvolved or 1f the growth 1s so close to these ribs that not 2 sufﬁcxcntby
large margm of ntercostal muscle can be obtamed, sections of these n lj
must be removed m contmuty with the tumor-becarmng mass The n
which 1s the site of the tumor must be excised as nearly as possible m its
entirety by dividing the cartilage m front and cutting through the b {I‘li]Ck
behind The usual rib-cutting mstruments are used The resection o dlc
b or ribs, however, must be donc extraperiosteally so as to remove the
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pertosteum and the adjacent endothoracic fascia and pleura as well. Ths
mancuver of course necessitates the ligation and diviston of the mter-
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Fig 62. Technic of extraperiosteal exersion of a b for pnmary malignant fumor- left
nde. Note (1) the exposure obtuned by means of an anterolateral submammary maston,
and (2) the surgeon s loft hand mnsereed through a tenmauve short ntercostal mason to

the mner extent and relanons of the tnmor for deasion 23 to amount of clrest
wall to be removed.

costal vessels both anteniorly and posteriorly Thus a large bloc of nssuc
mcluding m many cases portions of shin muscle scgments of adjacent ribs
intercostal muscles, vessels, nerves endothoracic fasca pleura, and some-
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times portions of lung 1s excised en masse (Fig 63). If the lung 15 mvaded
the adherent portion may be 1solated by means of straight clamps a lied
m such a direction as to make 1t possible to excise a wedge of th(f m\?olived
pulmonary tissue along with the growth The remzumngbdefect m the lung

"

Costal cartilage

Phrenic nerve

Vagus nerve

Sympathetic
nerve

Intercostal
\ artery

Articular
facet

Sacro-
spinalts

Latissimus
dorsi M

Fig 63 Technic of excision of b for primary malignant tumor Samc casc as Figure
62, showing the appearance of the chest after the entire b has been removed by section ©

the cartilage antenorly and by disarticulation from the spine posteriorly

is closed erther with mterrupted mattress sutures placed close togcther 50
as to control hemorrhage and to prevent Jeakage of air from small bronch
and the alveolar surfaces, or with a continuous suturc of finc catgut on an

atraumatic ncedle
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Even when only onc nb has been resected, closure of the pleural caviry
15 impossible except by roofing over the defect with muscle fat and shin.
A careful layer by layer approxamation of the fasaa muscle fat and skin
however produces an ample closure. In cases where large portions of the
thoraac wall including muscle and shin have been removed, 1t 1s necessary
to construct flaps of skin or shin and underlying muscle from an adjacent
area such as the abdommnal wall or some portion of the back Such flaps can
be sutured 1n place over the defect so as to close the pleural cavaty The
region from which they come 1s closed either by undercutting and shding
of the remaining shin and fascal edges or by means of pnmary Thiersch
grafts tahen from the thigh. In some cascs a combination of both methods
may be used.

After~care Excesstve paradoxacal motion of the chest wall at the site of
exasnon should be mminuzed by the apphcation of a ught bandage Large
eftusions of serosanguincous flund often develop m these cases because of
the presence of large denuded surfaces Thoracentesss should be Tesorted to
if the accumulation of flud becomes large.

Exciston of Ribs for Pulmonary Collapse

Extraplewral Thoracoplasty This operation 1s used primanly for the col-
lapse therapy of pulmonary tuberculosis. It 15 occasionally employed also
after toral pneumonectomy i order to overcome the tendency of the
mediastinum to shuft too far to the operated side. So much has been written
regardmg the subject of thoracoplasty that there 15 need of smphification
of the subject. One hears of posterior opcrations antcrolateral operations
revision thoracoplasties thoracoplasties performed through muscle-splitting
nasions, and others The existence of such modifications of the procedure
amses from the desire of the surgeon to avord a primary radical operation
for cosmetic reasons or otherwise or the farure to realize that once a thor-
oughly comprehensive procedure has been performed, no further operation
short of lobectomy or pueumoncctomy can be expected to improve the
chmcal result. In the vast majonty of cases, therefore, a standard thoraco-
plasty operation 1s all that 1s required. No modifications of the extrapleural
procedure wnll be described.

The prnciple of the operation 15 to mduce a collapse of the underlying
lung by the intrapeniosteal resection of several nbs, the number depending
on the extent of the discased area The regeneration of bone from the perr-
osteum of the resccted nbs then mamtams the collapsed condition of the
lung Because of the charactemstic distmbution of the disease which tends to
mvolve cluefly the upper portions of the upper lobe and the superior seg-
ment of the lower lobe the maximum degree of collapsc must be secured
in the upper half of the chest. In general 1t 18 necessary to resect the entire
length of the upper three nbs, which should be divided through the car-
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tilage m front and the neck behind Because the neck of the first nb Lies
actually above the apex of the lung, the posterior division of this rib need
not be so far back as the others

Because of their downward mclmation the anterior ends of the ribs below
the third lic below the level of the portion of the lung which 15 to be col-
lapsed, therefore, beginning with the fourth, the anterior division of each
of the succeeding lower ribs 1s made further back toward the mudaxallary
Iine and, if the seventh or eighth 15 resected, actually posterior to that line
Thus shorter and shorter segments of the lower ribs are resected, but the
division of each nb posteriorly should be through the neck The average
thoracoplasty mnvolves the resection of segments of from five to seven ribs

In order to mmprove the efficacy of the collapse, two additronal ma-~
neuvers are of value In order to secure the maximum degree of collapse of
the portion of the lung which lies i the paravertebral gutter, the tip of the
transverse process of each vertebra should be removed as the neck of the
rib 15 cut close to its head This tends to duminush the depth of the posterior
groove along the bodies of the vertebrae. In certamn cases, furthermore, the
extent of collapse of the apical portion of the upper lobe can be mcreased
by freeing the extrapleural attachments of the superior, medial and pos-
terior surfaces of the dome of the pleura so as to allow the pulmonary apex
to stnk downward m the direction of the hilus This so-called apicolysss 1s
valuable only m cases where the apical pulmonary tissues are flexsble In
nigid fibrotic disease, even though the apex may be dissected free, very little
improvement m the degree of the collapse results.

When more than three or four ribs must be resected, the operation should
be performed n two or more stages, depending upon the extent of the
disease and the condition of the patient The majority of patients are able
to withstand the performance of a seven rib thoracoplasty m two stages
with the removal of the first three ribs at the first and portions of the next
four mbs at the second stage

Technsc of Standard Thoracoplasty Local anesthesia with procainc hydro-
chloride solution (1 per cent) myected mto the mtercostal nerves and m(;
filtrated 1n the region of the operation can be used, especially for the scion1
or third stages of the procedure The chief advantage of the use of loca
anesthesia 15 the fact that the cough reflex 1s mamtamed so that sccrctlonj
may be raised from the trachea and bronchi On the other hand, when SSCE
for a first stage 1t 1s difficult to obtan good ancsthesia of the uppclr cn l?c
the incision, and during the resection of the first b there 1s likely to i
considerable pam which 1s difficult to control Many patients comﬁllam acr_
of fatigue and discomfort resulting from lying m one posiion on 10 Zlfforc
ating table for a prolonged pertod of time Inhalation anesthesia ;)S]t ]l:rcausc

referable 1n the majority of cascs An ntratracheal tube 1s desirabic be .
of the possibility of opeming the pleura but 1s not absolutcly nccessary
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thermore the presence of such a tube withm the larynx and trachea mught,
theoretically at least, be objectionable because of the posibility of nating
a flare-up of precxstent subacute or quicscent foa of tuberculosis

A standard lateral posion 1s used but the uppermost arm should be
placed at the patient s side mstead of being held forward over his face This
posinon of the arm mahes easy the retraction of the scapula whch then
rolls off of the chest after the shoulder girdle muscles have been divided.
If the arm 15 held forward in the usual position 1t acts as a prop to wedge
the scapula agamst the chest wall and retraction 1s difficult.

Serratus antenor M

Lotissimus dorsi M Serratus antenor M

Trapezius M Serratus posterior supenor M

Fg 64 Exmaplearal thoracoplasty Fint stage Exposure 15 obtamed through a smndard
mason curving bencath the scapulz and dividing the laosnmus dor and portions of the
erratus anterior thombotd and trapenius musclen,

Frst StaGe. The maston starts at the midanllary line slightly below the
level of the angle of the scapula and extends posteriorly curving shightly
upward to a point midway between the angle of the scapula and the spme
whence 1t proceeds straight up almost to the top of the shoulder In order
to obtam a wide enough exposure to the upper nbs, especially the first the
scapula must be liberated 5o that 1t can be retracted scveral mches away from
the b cage. To accomplish this 1t 1s necessary not only to cut completely
across the body of the latsstmus dorst muscle but also to divide poruaons of
the body of the serrarus antenior muscle anteriotly and of the trapezius and
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rhomboid muscles posteriorly and superiorly The dwvision of the latter
muscles must be carried upward to the level of the superior margin of the
scapula A wide Davidson retractor, held by an assistant, 15 useful to keep
the scapula away from the chest wall while the ribs are bemng resected (Fig
64)

In order to gamn access to the anterior portions of the ribs, the costal m-
sertions of the serratus anterior and pectoralis major muscles are cut extra-
periosteally In the upper portion of the chest the costal msertions of the
scalenus muscles are divided, also extrapeniosteally, so as to expose the
entire length of the first and second ribs Posteriorly the msertions of the
serratus posterior superior muscle must be divided, and also the tendmnous
msertions of the erector spinae muscle, so as to expose the necks of the ribs.
In the usual first stage operation the upper three ribs are resected In order
to make the approach to the second and first ribs easier, the third rib 15
resected first The perosteum 1s mased with a knife and freed from the nb
i the usual manner The mnner suiface of the nb anteriorly and the mter-
costal muscle msertions beyond the costochondral junction may present
some difficulty The best procedure 1s to free the periosteum and perichon-
drium along the mner surface of the anterior aspect of the rib with the Matson
elevator, pushing the periosteum and pleura away as far forward as possible
The mtercostal muscle msertions are then cut almost as far forward as the
mternal mammary vessels with a long pair of curved scissors The posterior
end of the rib must be freed as far around as the head This can be donc
on the mner surface by blunt dissection with the finger or with the Matson
elevator The outer surface of the neck of the b, of course, articulates with
the transverse process of the corresponding vertebra A short segment of the
process should be removed To accomplsh this the tendmous and hga-
mentous attachments to the process are divided with a heavy parr of blunt
scissors Wath a large bone-cutting shears the neck of the sib and the trans-
verse process are cut across sumultaneously, leaving the tp of the process
attached by 1ts articular surface to the resected segment of b The rcm:u;;
mg portion of the transverse process and the short proximal scgmel{)
r1b should be smoothed off with a rongeur 1f any uregular spicules of bone
are left behmd The anteror end of the 11b 15 cut through the cartilage with
a large bone shears or preferably with the Coryllos costotome which was

made for that purpose (Fig 65)

The second r1b 15 then dealt with m the same manner as the durd,lrcnllgvclanf
the tip of the transverse process with the rib and cutting through th

tilage anteriorly It should be kept m mund that the second nib, although

as
much larger than the first, has some of the same phystcal characteristics
r 1s made, the first rib may

the first and can be mustaken for 1t If tlus erro
f an adequatc cxposurc
then be left behind Thus difficulty can be avoided if an 1osgblc Y

s obtamed, as described above Furthermore, 1t should be p
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Costotransverse
ligament

Tip of transverse process
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of the vertebra for mmultancous trapsecton with large e-cutting sy,
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theds?cond rib because 1t 1s larger than the first and does not present the
nodule on 1ts mner margm which 1s known as the scalene tubercle

Edge of rib Subclavian vein First rib

First rib

Scalene tubercle

Jasty Steps m the technic of frecing the first nb 1, Start

dge of the nib using 3 kmfc 2, Cutting intercostal muscle
3, Mcthod of freemng the mner cdge
to the subclavian vem, usc of spccml

lofascial attachment to the scalenc

Fig 66 Extrapleural thoracop
of periosteal mcision on the outer ¢
inscrtions at an unusually adherent poimnt with scissors
and supertor surface of the nb so as to avord mjury
first rib periosteal clevator 4, Scction of the muscu
tubercle with scissors

The technic of resection of the first nib deserves special consideration

and mferior

(Fig 66) This r1b 1s short and ngid Its surfaces arc superior
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mstead of lateral and medial as 1n the lower nbs. The division of the scalene
attachments to the nb should be completed. These muscles must be cut
extrapeniosteally because if they are left attached to the b periosteum  therr
upward retraction wall cause the regencrated bone to he high m the apex of
the chest wath the result that the lung can expand upward nto a space which
should have been obliterated The purpose of the operation would thus be
defeated. The inferior surface of the rb can be cleared of 1ts pertostcum with
case, usng a Matson clevator The mtercostal muscle msertions along the
outer margin of the nb arc cut with a pair of curved scissors. The freemng
of the supertor surface and mner margin of the first rib 1s best done wath a
peniosteal clevator the end of which 1s curved 1n the direction of 1ts long
axs (Figs. 36 and 66) With this nstrument passed under the mner margm
of the b wath 1ts pomnt directed toward the nb  the fascal attachments are
freed. The tough attachments to the scalene tubercle should be cut with
the sassors. In order to be certain that the subclavian vemn which lies against
the first nb 1 thus region wall not be myured, the mdex finger of the left
hand should be used to push the vem away and direct the pomnts of the
scssors agamst the bone The mib 15 cut postenorly with the Sauerbruch
first mb cutter but no attempt need be made to remove any of the vertebral
mnserse process The nb 15 then pulled outward away from the sub-
clavian vein beneath and the cartilage 1s cut as far forward as possible wich
2 heavy saissors or a bone-cutang shears.

If the apex of the lung 1s rgid and indurated so that no greater degree
of collapse could be expected an apicolysis need not be performed. In all
other cases, however the few munutes required to complete this additional
step are well spent. To accomplish this the intercostal nerves, vessels and
muscle bundles must be divided posteriorly close to the spine The extra-
pleural fascaal planc 15 then developed by blunt and sharp dissection wath
the sassors 5o that the attachments of the apical pleura to the sides of the
vertebral bodies and the tssues of the mediasunum are freed. The apex of
the lung can then be made to sink down behind the level of the fourth nb
posterorly (Fig 67) The wound 1s closed 1n layers without dramage.

Seconp STaGe. At the second stage of a multiple stage thoracoplasty
from two to four addinonal ribs are resected The number of rbs depends
upon the predetermuned decision of the surgeon based upon the preopera-
tIVC roentgen-ray exammation and upon the condition of the patent. If
the lesion 15 small cnough to require mercly a five nb thoracoplasty the
%cond stage m the average casc will involve only the rescction of segments
of the fourth and fifth nbs. On the other hand, even m cases where because
of the siz¢ or location of the discased area a seven or eight b procedure 1s
required, the patient s condition may be such that not more than two or
three ribs should be removed at the second stage In that case a third stage
U hecesmary to obtawn the degree of collapse which the disease requures.
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The second stage 15 performed through the same mcision as was used for
the first It 1s not necessary, however, to reopen the upper 2 or 3 nches of
the mnasion The latissmus dorst and serratus anterior muscles are divided
if possible at the pomnt where they were cut before It may be necessary
also, 1f 1t 15 unusually wide, to redivide a small portion of the lateral margm
of the trapezius muscle As the scapula 1s retracted, the lower portion of the
extrapleural space which was created at the first stage 1s often entered and

First rib Cords of brachial
cartilage plexus

Subclavian
vein

Apex of lung Intercostal vessels

f
Fig 67 Extrapleural thoracoplasty First stage The ficld of opcration after rcfn:]ovaluﬁ
the first three ribs and the performance of an apicolysis Note the dropping of the p
monary apex from 1ts normal location to the level of the fourth nb

the serous fluid which 1s usually found there 15 evacuated The attac]nncr‘l:tds
of the serratus anterior muscle to the ribs which are to be resected agCISC:C;]C
extraperiosteally. The perostcum 1s elevated from the b lecxt’:r J c Cf)';ccmg
last r1b resected at the first opcration This 1s usually the fourth lc} dh that
of the r1b and transverse process posteriorly 1s identical 1n extent wi L
used 1n the resection of the third and second ribs However, antertor ,};C to
periosteum 1s reflected to the pomt where the b 1s to be cut, not qu
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the costochondral junction. Thercfore the resected portion of the fourth
nb mncludes the neck wath the tip of the transverse process of the fourth
thoracic vertebra attached but not the entire length of the bony portion
anteriorly The exact pomnt of division 1n front depends of course upon
the amount of the lung which 15 to be collapsed. A shorter segment of the
fifth nb 15 removed 1n the same manner The antenior division of this rib
1s usually at the mudaxallary hine.

In some cascs the removal of scetions of the upper five nbs wall produce
a sufficient extent of collapse of the underlymg lung In others however
1t 15 necessary to resect a section of the sixth nib or 10 some cases of more
extensive disease, the seventh and sometimes cven the eighth as well If
mspection of the preoperative roentgen-ray films indicates that a six mb
thoracoplasty would be adequate to produce the degree of collapse which
15 required  particular attention must be given to the postoperative function
of the scapula. In such cases the tip of the scapula almost invarmably becomes
caught momentanly on the edge of the seventh mb as the patient moves
his arm 1f nothmg 15 donc to prevent 1t. This causes a most annoying dis-
comfort or a considerable amount of functional imparrment of the shoulder
girdle motions

This sequela of a six b thoracoplasty may be prevented m one of three
different ways. By far the simplest and best method 1s to resect a portion of
the scventh nb m all cases when at Jeast a six b collapse 18 required. The
eighth b 15 low cnough so that 1t docs not mterfere with the scapular
motions and the resecton of a short scgment of one additional b the
seventh adds very little to the duration or seventy of the operaton. The
other two methods need only be mentioned One 13 to develop an extra-
pleural space between the seventh and aighth nibs and the lung 1n the region
where the tip of the scapula lies The tip of the scapula 1s then pushed nto
this artificially created space m the hope that 1t will remam there. The other
method 15 to excise a short length of the tip of the scapula 3o as to shorten
1t and thus make 1t impossible for 1t to reach the seventh nb This method
mvolves an undesirable amount of trauma resulting from the severance of
the attachments of the muscles to that portion.

Atter resection of the nbs has been completed, the wound 1s sutured 1n
layers in the usual manner

Tamp Stace. In the present day few panents are observed who require a
wuﬂpscmcxmnnwmmmkcltncmry to carry out the procedure m
three stages. Occasionally even when the discase 15 less extensive the frail
condition of the patient may make 1t necessary to proceed with cautton,
mtht}mrcmov:loffcwcrnbsatdlcﬁmmdxcoondsmgcs. When this 1s
necesary L:; t.:}xlud stage must mevitably follow to complete the surgical
program. c majority of cases however the third 15 perfo
because of the cx(cn;:] oftr.yhc disease stge 1 performed
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A second mncision 15 usually required to obtam casy access to the ribs
which are to be removed at the third stage This meision starts antersorly
approximately at the nudaxillary hine at a pomnt about 3 mches below the
mcision used for the first and second stages, and extends parallel to the first
mnciston until the region of the angles of the ribs 1s reached, where 1t curves
upward to meet the upward curve of the first mncision The muscles are
divided and the ribs are exposed for resection m the same manner as for the
upper two stages It 1s not necessary to retract the scapula because of the low
location of the operative field Only relatively short segments of the lower
r1bs need be resected mn the average case The closure of the mcision 1s made
i the usual manner.

After-care, Prevention of Comphcations and Unfayorable Sequelae The alarm-
mg degree of shock which at one time complicated the early recovery
pertod m many cases of thoracoplasty was the result of the fatlure to recog-
nize the fact that m almost every case a considerable degree of blood loss
occurs The amount varies, depending upon the factors which have to do
with the control of hemostasss, the size and build of the patient and the
stage of the procedure The blood loss 15 Iikely to be largest at the first stage
because of the great vasculanty of the large amount of tissue which must be
divided The present-day practice of admumistermng blood mtravenously
during the progress of the operation has corrected this situation so that
shock no longer occurs Furthermore, the replacement by transfusion of
the blood lost during the operation prevents the anemia which mught other-
wise make 1t necessary to prolong the mterval between the stages of the
operation

The use of antibiotics to safeguard the early recovery period need only
be mentioned at this pomt Streptomyen 1s undoubtedly valuable m certain
cases to mmmize the tendency to reactivation of quiescent foci of discase
or even to prevent the occasional spread of the process Pentcillin may be
helpful to reduce the meidence of nonspecific pneumomnia and wound -~
fection resulting from the occasional contammation with pyogenic organi-
15ms
Much may be accomplished during the early phase of convalescence to
dumunish the disfigurement and functional disturbances which are to some
extent the more or less mevitable sequelac of the operation, especially wh;:n
a large number of ribs have been resected Here again the supcnodr resu tj
of the present day arise from the abandonment of some of the ol cr{cor}.-
cepts For example, hardly any improvement in the eventual dcgr;c ) i(])]
lapse accrues from the application of external pressurc n the fon? o Hspczll(o d);
padded bandages, chest swathes or braces The routine use o :}1( at g
bag filled with lead shot 15 hkewse of hittle value except to make It e
for the patient to cough during the first few days after the opcra;lon, -
the abnormal mobility of the chest wall may make the act of coughng
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pamful or may dimnish the abihity of the pattent to raise secretions from
the hng Furthermore, 1f the arm 15 hept bound to the pattent s side for
even a few days a very prolonged and disabling degree of suffness of the
shoulder can hardly be avorded.

The best results are obtamed by usmg 2 mmimum of restraint. The
wotmd 15 covered with a small dressing held 1n place wath woven adhesive
strapping A chest swathe 15 not used The patient 15 encouraged to move
freely i bed and to usc lus arm 1n all motions as soon as he 15 able to do so
comfortably It 13 necessary to give some patients special encouragement
to do this carly 1f coughing and raising sputum are too pamful the support
of a shot bag lying on the chest may be helpful dunng the first few days
but 1ts usc 15 rarely required  Sitting upright 1 bed should be encouraged
and later postural exercises to overcome the mstinctive tendency to favor
the operated side should be practiced. The patient should be allowed to get
out of bed for short periods of ime cach day between the stages so as to
help hum assume a better posture and to prevent cxcessive weakness which
may result from msufficient utihzation of muscles. By following these pre-
cwutions exceptional degrees of scolioss and long-lasting stffness of the
arm may be avorded.

It should be kept 1 mind that 1n the majonity of cases at least two and
sometunes three stages are required to complete what 15 1n fact one surgical
procedure The mterval of ime whach should be allowed to elapse between
the various stages must depend upon the favorable concatenation of several
arcumstances In the first place the masional wound must be well healed
and free from evidences of infection no matter how superficial 1t may appear
to be. The hemoglobn level of the blood must be withm 2 normal range.
The well-bemg of the patiene should be at a sasfactory level and mn par-
ticular there should be no evidence esther climeal or roentgenological of
2 spread or reactivation of the disease. The usual safe meerval 15 about two
to three wecks. In some cases a weck or more of addinonal tme may be
necessary  but if there 15 evidence of rcactvation or spread or if for any
other reason after any of the stages of the operation the patient becomes
t00 1l to proceed, 1t 15 1mperative to postpone the next stage mdefintely

When 1t becomes necessary to wait three or more months between the
stages of the operation, a complication arises from the fact that the regenera-
ton of bone from the periosteum of the previously resected mbs tends to
fix that part of the chest wall 1n a position which prevents the most effecuive
d‘STCCOfCo]lAPsc It 15 necessary 1 such a case to repeat at least a part of
the previous stage by removing much of the regencrated bone along with

rection of addinonal nibs which the subsequent stage requres. If thus
8 not done the ulumate collapse of the lung cannot be so complete and
effective as 1t 35 m cascs where the stages can be performed m the normal
¥equence after the usual mrervals of nme
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Intraplewsal (Schede) Thoracoplasty

In certam cases of chronic empyema where an extrapleural thoracoplasty
would fail to close the cavity, 1t becomes necessary to perform a type of
operation which mvolves not only the resection of the overlymg ribs but
also the removal of the thickened parietal pleura and mtercostal muscle
bundles, nerves and vessels This procedure 15 used almost exclusively m
cases of tuberculous empyema m which the diseased condition of the under-
lymg lung makes 1t madvisable to attempt to obhterate the cavity by pul-
monary decortication and expansion of the lung In many such cases there
15 a comphcating bronchopleural fistula, with a mixed mfechion of the
pleural cavity consstng of various contamnatmg pyogenic orgamsms
supertmposed upon the primary tuberculous mvolvement In thus situation
prehminary external dramage of the pleural cavity by rib resection 1s nec-
essary before proceeding with the thoracoplasty

The principle underlying the use of mntrapleural (Schede) thoracoplasty
m the treatment of a chronic empyema cavity 1s to elmunate the cavity by
excising 1ts outer wall This unroofing allows the soft parts of the thorax
m the corresponding area to fall i aganst the lung where they then adhere
The ultimate closure of the wound 1s by granulation and epithelization of
the surface by proliferation from the adjacent skin cdges In order to en~
courage the healing and to prevent the development of persistent sinuscs
which communicate with the deep recesses of the wound, 1t 15 essential to
unroof the cavity widely so that no shelving edges remam around the
periphery The length of ribs which should be resected must thercfore be
greater than the diameter of the cavity at the level where cach resected nib
crosses 1t The excision of the overlying pleura must also be carried beyond
the actual periphery of the cavity, leaving only the pulmonary surfacc
behind

The longitudmal extent of many of these chronic empyema cavites 1s
frequently almost equivalent to that of the chest wall itsclf. It 1s nccessary,
therefore, m a majority of cases to resect a large number of ribs, often from
the second above to the tenth below Such a radical procedure can be per-
formed 1n one stage only 1 patients whose general condition 1s good Many
patients on whom the operation must be performed, however, arc m rclac-i-
tvely poor physical condition because of the debilitating cffects of prolonlgcd
sepsts, chronic protemn loss from dramage of pus, and sometimes amylos
discase mvolving the liver and kidneys In addition there 1s always the pos-
sible effect, either actual or immunent, of activity within the collapsed lung
These considerations make 1t important in some cases to divide the opcfg'
tion mto stages The physiologic disturbance which would ordsmartly be

acic
expected as a result of the chimination of the ngidity of much of the tho?chc
wall 15 not a very important factor becausc of the relative fixation oft
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lung and medusemum. It 15 usually possible, therefore when a
\:rllf:fg::g opcxsuou seems too radical, to perform the procedure m two
wth the resection of from four to nx ribs at 2 nme

Patients are often seen who have had a previous attempt at closure of a
chronic empyema cavity by means of an extrapleural thoracoplasty Such
attempts are almost umversally attended by falure, The most that 15 ever
accomplished, with rare exceptions 15 to change the shape of the cavity
by flattening 1t and to reduce to some cxtent 1ts cubic capaaty The altered
cavity remams, however and in the majonity of such cases final resort must

Muscle layer

Fig 68 Intrapleural thoracoplasty (Schede) Prelimmary imasion pawsmg through the
nnm openmg and expomng the mwet nb below the last resected nb m a case of chronic

be made to ntrapleural thoracoplasty in order to bung about a complete
cure of the condibon.

Teduuc. Becawse the wound 15 to be packed open with gauze wmul it
closes by granulawon only one masion 15 used no matter how many stages
may be necessary to complete the operation. In the average case the masion
begins antenorly at approxumately the antenor axillary line and extends
backward along the course of the nb which lics over the lowermost extent
of the cavaty usually the nmth or tenth. On reachung the region of the angle
of the underlying rib 1t 13 curved upward and extended parallel wath the
spinc as far as the upper b of the caviey When a dramage smus casts,
the masion 1s placed 50 that the sinus tract may be excsed (Fg 68) How-

3



110 THORACIC SURGERY

ever, 1f the smus 15 1 an unusual location and 15 maccessible for excision m
this way, 1t may be 1gnored or excised locally 1f desired The resection of
rbs 15 begun over the lower end of the cavity and long segments of the
lower five or more are resected (see above) The condition of the paticnt
should then be assessed'by the anesthetist and the surgeon before proceeding
with any further resections of rib unless a two stage operation has alrcady
been decided upon In a few cases the entire unroofing can be done at once,
but mn others 1t wall be obvious that the operation should be mterrupted at
that pomnt and completed at a later stage After all of the ribs which are to
be removed at any given procedure have been resected, the corresponding
portion of the cavity 1s uncovered by excismg the thickened parietal pleura
over 1t This of course mvolves the resection of long sections of the corre-
sponding intercostal nerves, vessels and muscles The vessels are higated at
the anterior and posterior margms of the denuded portion of the cavity,
using suture ligatures of chromic catgut (0) The overlymg muscles are
allowed to fall into the floor of the cavity agamnst the visceral pleura to
whatever extent they will and the remander of the wound 1s packed with
long strips of folded gauze

When the operation 1s performed 1 two stages, a carcful evaluation of
the patient’s condition 1s made before deciding on the proper time to proceed
with the second stage This may be two or three weeks or 1t may be a matter
of several months The gauze packing (which of course has been renewed
from time to time during the mnterval) 1s removed and the wound 15 en-
larged upward as far as necessary This m many cases mvolves cutting the
lower portions of the trapezius and rthomboid muscles m order to gam access
to the ribs beneath the scapula The resection of the ribs and the excision of
pleura, nerves, vessels and mtercostal muscles 1s carried out m the same
manner as 1n the first stage

At the completion of the operation, whether 1 one or two stages, the
muscle, fat and skm layers of the upper third or more of the wound can be
sutured so as to reduce the extent of the wound which must heal by granu-
lation The remamnder of the wound 1s then packed with gauze

In those cases which are complicated by the fact that an extrapleural
thoracoplasty has been done at some previous time, the performance of 3-
Schede operation 1s unusually difficult A neat rescction of the regencrate
ribs cannot be made It 1s usually best m such cascs to resect the onc or two
untouched (normal) nibs which lie below the last resccted rib of the prC\?OIHS
operation, and at the same time to enter the cavity, removing somce odt 1c
overlying parietal pleura The remainder of the roof of the cavity, mclu 1111%
the panctal pleura, mtercostal muscles, nerves and vesscls as WC”‘HCS{ t}]c
regencrated ribs and their periostcum, 1s then cut as onc Jayer aroun tcld
periphery of the cavity with heavy, double action bone-cutting ]shcn’;s lIlS °
like scissors (Fig 69) As this 1s done, the portion of chest wall which
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being cxcised should be grasped with a tenaculum or heavy clamp and re-
tracted outwatd so that the proxmal cut ends of the wtercostal arteries can
be secured with hemostanc forceps Because thesc artenies e embedded 1n
chronic mflammatory tssue behind the thickened panetal pleura the only
type of hemostat which can be used with much success for this purpose 13
that of the Ochsner or Kocher type, with tecth at the ends of the jaws
If this precaution 35 not tahen much unnecessary blood loss will occur as

Exterlor wall of cavity Parietal pleura
B
e\ visceral
7z’ S\ $\ pleura

N\
Regen:g’;ed / zj//‘/ wr &7,
%

4

g o Cavity

Rib shears

Sacrospinalis M

Fg 69 Intrapleural thoracoplusty (Schede) Same case as m Figure 67 Method of excrmg
d:cug;dpmonnf&ﬂmﬂmthbmc—cutdng:hmmmdu&mgpncﬂlpk;mpmcﬁ
team, mtercostal muscles, nerves and vessels and the regenerated nbs over the cavity as a
single plaqac.

the unroofing 13 carned out. The operanon 1s
e peral completed m one or two
After-care Treatment for shock 15 rarely required because of the fact that
ample blood replacement 1 made by transfunon duning the progress of the
operation. The blood loss especually 1n panents who have had a previous
extrapleural thoracoplasty 13 often 30 masstve and s0 rapid m occurrence
that 1t 13 necessary to start 2 second transfusion 1 another ven during the
course of the procedure Such double transfustons administered through
different vems simultaneously are somenimes barely sufficient to com -
sate for the exceswve hemorrhage which may occur The admmuualilc:—n
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of blood must be continued after the patent 1s returned to his bed untl
an amount equivalent to the amount lost has been given.

Except for the necessity of changing the gauze packing every few days,
the care of the patient differs m no mmportant respect from that of those
treated by extrapleural thoracoplasty.

The ultimate closure of the wound 1s slow, often requIring Six or more
months for 1ts completion, but permanent healing 1s the rule m the vast
majority of cases and the results of the operation are highly satisfactory

Resection of a Rub With Addstional Procedures for Inducing Pulsmonary Collapse

Extrapleural Preumothorax. In certamn cases where the obliteration of the
pleural space by the adhesion of the lung to the paretal pleura makes 1t
impossible to induce artificial pneumothorax to obtain collapse of the lung,
an extrapleural space for the mtroduction of air may be created artifically
by surgical means. This space may be made as large as desired, but 1t must
be mamtamed by the repeated mntroduction of air at frequent mtervals
There 1s no uniformity of opimion regarding the mdications for the use of
this procedure. Certamn surgeons use 1t freely, others not at all It has had a
wide vogue 1n Europe, especially m France There are few cases, however,
where an intrapleural pneumothorax 1s not superior mn every respect

TECHNIC A short mcision (5 to 6 mches) 1s made between the scapula and
the spine The fibers of the trapezius and rhomboid muscles are divided,
exposing the ribs beneath Deep blunt rake retractors are used to mcrease
the exposure and a 3 to 4 inch segment of the third or fourth rb 1s resected
after reflecting 1ts pertosteum by the usual technic An mcision 15 made mnto
the extrapleural fascial plane through the deep rib periosteal layer. Wl]th
blunt dissection the parietal pleura 1s then freed from the rib cage over the
entire apical portion of the lung, which falls away from the chest wall [S)o
as to produce a collapse of the liberated portion The dissection may be
carried downward as far as the sixth or seventh nb posteriorly and anter-
iorly to any desired level, usually the fourth or fifth costal cartilage A ccrtanj
amount of extrapleural freeing of the mediastinal pleura may be alccomf
plished 1n many cases so as to increase the collapse of the apex of the lung 1
1t 15 not too rigid because of fibrosis )

During the dissection care must be exerted to avoid mjury to tgc lsntirl l
costal vesscls, especially posteniorly where they arc most cxposed  oni: ]
branches of these vesscls may require division and hgation If thg: mauc
vessels are torn or cut, they can usually be secured only by means % [jumli-
ligatures or dura clips A further important consideration 1s to avoid brcd

s hmn the 1 The control of the mixed
ing mto a superficial cavity within the lung -
bacterial mfection which results from such an acc1dcnt.1s exceedmgly l
cult A fatal outcome from chronic scpsis of the thoracic wall may result
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Aficr the amount of space required to producea sufficient collapse of the
lung has been dcv:lopcsdP,athcmvgmmd 15 closed m layers placed 1 the mb
perosteurn muscles superficial fascia and skm

AFTER-CABE. Because of 1ts rapid absorption from the extrapleural space,
1t 15 necessary to refill the cavity with arr every few days durmg the first
few weeks after the operation. Later the mterval may be lengthened as the
rate of absorption decreases In all cases, however there 1s 2 gradual tend-
ency for the lung to creep out along the edges of the cavty 5o as to reduce
1ts size by the slow process of adhesion around the peniphery In this way
the ulamate degree of collapse may not be so large as the size and location
of the underlymg lesion require. Recourse mn such cases must be made to
the performanee of an extrapleural thoracoplasty aver the regton which
was freed ongmally at the first operation

The late occurrence of infection 1 the extrapleural space, usually from
erosion through the thin wall of 2 superficial pulmonary cavity 1s not a sub-

Ject for discusnion n thus work and need only be mentioned.

Paraffin Plombage In certain cases of extenstve disease where arnfical
prcumothorax 1s unsuccessful and for some reason thoracoplasty or extra-
plearal pneumothorax may be contrandicated, 1t may be desirable to brmg
about 2 focal collapse m a2 localized area of the lung This can be done by
producmg 2 arcumsenbed extrapleural space between the ribs and the
parietal pleura m the region of the pulmonary lesion. The resultant focal
collapse of the lung 15 then mcreased m degree and rendered more perma-
nent by fillmg the newly created space with some substance which can be
molded easily to it 1ts size and shape. Paraffin which has a melang pomt
a few degrees above body temperature serves the purpose well

The use of paraffin plombage 18 usually confined to the production of a
localized collapse and compression of a pulmonary cavity which s m a
location unfavorable for collapse therapy by other means. One of the most
frequent indications 13 bilateral cavitary disease where a thoracoplasty or
arttficial pneumothorax has been wsed on one side, making 1t unwise to
induce a large collapse on the second side.

Tecanic. An accurate prelimmary localization of the pulmonary cavity
whach 15 1o be the subject of collapse must be made by rocentgen ray studies.
A short inasion (5 to 6 mches) 13 made over the rib which lies drrectly over
the cavity Through this a 3 to 4 mch segment of nb 15 resccted subperi-
oseally The deep periosteal layer 1s mcused, but the pleura 18 avoided. The

parietal pleura 15 dissected free from the surrounding portion of the chest
wall over an area which 15 considerably wider 1 diameter than the diam-
cter of the underlymg cavity m the lung Caution must be exerted to prevent
perforation of the cavity during the performance of the dissection. A suffi
clent quantity of paraffin 15 softened by 1mmersion 1n a heated water bath
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to the pomt where 1t can be molded between the fingers The entire extra-
pleural space which has just been created 15 then filled tightly with the
paraffin It 1s necessary to mtroduce more of the substance than mght at
first scem to be necessary because the success of the operation depends to a
large extent upon the local compression produced over the pulmonary
cavity. After its mtroduction has been completed, the mass of paraffin
should have a dome-shaped contour equivalent to that of a hermsphere
whose diameter 15 that of the extrapleural space m which 1t lies Its con-
vexity 1s, of course, agamst the lung

The wound 15 closed 1n layers consisting of the rib periostcum, the muscles,
the superficial fascia and the skin

AFTER-CARE No particular 1mmediate after~care 15 required and the
operation need make only a temporary mterruption (not more than a few
days) m the gencral treatment program of the patient Patients who have
been treated by paraffin plombage, however, should be kept under carcful
scrutiny because of the danger of erosion of the thin layer of pulmonary
tissue over the apex of the pulmonary cavity This would lead to a serious
mixed orgamsm 1nfection of the extrapleural space If this complication
should occur, the wound must be reopened, the paraffin removed com-
pletely, and wide open dramnage of the space provided by gauze packing or
the mtroduction of rubber tube drains

Subsequent shipping of the paraffin from 1ts original 1deal position has
been described, but does not occur 1f material of the correct melting pomnt
(hugher than body temperature) 1s used

There 15 some difference of opmion regarding the duration of tume during
which the paraffin should be allowed to remam 1 position There 1s rcason
to believe that 1t can be left m place mdefinitely without causing harm On
the other hand, 1f the underlymg pulmonary cavity 1s large and docs not
tend to close, the longer the paraffin 1s left m place, the greater the proba-
bility of erosion through the cavity This acadent rarely occurs withim one
to two years after the operation Furthermore, 1if the cavity 1s to closc, it
will probably have donc so by the cxpiration of that time It 15 possible,
therefore, m the majority of cascs, to remove the foreign body after onc to
two years Becausc of the density of the shadow produced by the paraffin
mass on the roentgen ray film, however, 1t 15 difficult to determme what the
condition of the cavity may be In practice the decision as to when to remove
the substance must be made on a purcly arbitrary basis

For the removal of the paraffin the previous meision 15 used The eatra-
pleural space in which the material hes 1s found and the entire mass 15 hfted
out Tlis 15 accomplished with case because the paraffin docs not become
adherent to the surrounding nissues Some attempt should be madc before
closing the maston to obliterate the extrapleural space which remams TI]”f
may be done by filling 1t with a large flap of muscle developed from the
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adjacent latissimus dorst or trapezius muscles or by resection of long seg-
ments of all the mibs which form the outer surface of the space. It 15 not
possible by esther method to prevent a parnal recxpansion of the lung mto
the space which 1 Ief. The muscle flap method 1 the Jess effectrve of the
two because of the well-known tendency of such flaps to undergo atrophy
The localized thoracoplasty produced by mb resection 15 therefore the
method of choice m the average case.

Operations Made Necessary by Trauma to the Chest Wall

Superficial Lacerations Lacerations of the skin and other soft parts of the
thoraaic wall unless complicated by fractures of the mbs or cvidences of
mjury to mtrathoracic organs, do not require specral consideration The
prinaples of debridement and closure of wounds of the soft parts anywhere
m the body apply equally well m those of the chest.

Sucksng W otnds of the Chest Wall Much has been wrntten on the weat-
ment of suckmg wounds of the chest wall which are those which penetrate
the pleural cavity and tend to produce a tenson pneumothorax. Prompt
closure of the openmg with an occlusive arrtight dressing followed by as-
prration of a large volume of the arr which has entered the pleural cavity
15 the emergency treamment requured. Often the life of the patient may be
saved by thus means. The defimtive treatment of such a wound nvolves of
course not only the debrdement and closure of the soft part portion but
also the mination of whatever measures may be required to correct the
effects of injurtes to the mtercostal vessels, splintering of the ribs, or lacera-
tions of the lung or myuncs to any other mtrathoractc structures The
necesuty for observing the gencral prinaiples of the treatment of shock, for
replacement of extravasated blood by transfusion, for procurement of ade~
quate intratracheal anesthesia and for nsistence upon proper conditions for
the performance of a major thoracotomy 18 self-evident. The exact pro-
cedure, of course depends entirely upon the nature and extent of the internal
mjunies Only myuries to the chest wall are considered here

Fractures of the Ribs Fractures of the obs rarely require surgical mter-
venton but there are three arrcumstances when a thoracotomy may be
mdicated. These oceur usually 10 njunes of great seventy produced by
durect violence to the chest wall and are as follows

! In cases n which the fractured ends of the mb are unusually jagged,
often with long sphnters which have been drrven mward towards the lung
1t may be necessary to expose the region of the fracture and to resect the
fragmented segment of bone This prevents continued mjury to the lung
beneath with the resulting escape of air from the alyeols. Intratracheal
mhalation ancsthesta 15 necessary to control the cxpansion of the lung An
waston of suffiaent length 1s made through the skin and museles. The region
of the fracture 1 exposed and the pentosteum 15 elevated from the normal
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portions of mb at each end of the broken segment. The mb 15 then cut
squarely across and the broken fragments are removed A search should
be made at the same time for evidences of mjury to the mtercostal vesscls,
which should be tied if need be The pleura should be opened widely enough
to discover the nature and extent of the pulmonary mjury or the presence
of mjury to vessels other than the mtercostals If mtrathoracic myuries
requuring surgical mtervention are found, the wound should be enlarged
by whatever method seems best and the necessary procedure carried out

2 In certam cases of severely fractured ribs, there 1s a recurring hemo-
thorax Although this condition may be the result of mjury to other vessels,
m the overwhelming majority of mstances 1t 15 the result of laceration of
the mtercostal artery and vem In such a case 1t 15 necessary to make an -
cision and to deal with the vessels and jagged ends as described above

3. A third imndication for active mtervention 1n cases of rib fracture occurs
when a large number of ribs have been broken, both front and back This
condition, popularly referred to as “stove-in chest,” allows the occurrence
of marked paradoxical motion of the chest wall on the mjured side This
abnormal motion, together with the mtense pamn produced during respira-
tion and especially during attempts to cough, often interferes to an alarnung
degree with the effective exchange of air within the respiratory passages.
As a result the raising of secretions 1s interfered with and the oxygenation
of the blood 15 seriously impaired In such cases open exposure and fixation
of the fractured rib ends by wire sutures 1s a life-saving measure

TecENIC Intratracheal anesthesia 15 admmistered An mcision stmilar to
that used for a thoracoplasty 1s employed The division of the muscles 15
made extensive enough to permit a wide exposure of the posterior portions
of the ribs The ends of the rbs at the site of fracture are trrmmed with 2
costotome or rongeur so that no jagged pomts remamn Wath a small bone
drill a hole 1s made through each end of the broken bone Thus s repeated
with every fractured rib and a prece of stamnless stecl wire (22 gauge) 1s passed
through the holes in each r1ib The wire 1s drawn tight and the ends arc twiste
s0 as to hold the two ends of each fractured rib in firm apposition It 15 not
necessary mn the average case to fix the broken ribs antertorly 1f a firm pos-
terior fixation 1s accomplished

A¥TER-CARE The improvement m the condition of the patient
results from this operation 1s usually very striking  The scverity of the pam
1s greatly dimmished Breathing 1s more comfortable and the expectoration
of sccretions 1s more cffecttve The discomfort of the meision 15 mconse-
quential when compared with the pam experienced before the opcmtloln
Healing of the wound presents no special problems Furthcrmore, the
ultimate healing of the fractured ribs 15 hastened and a considerable degrec
of distortion of the bones 1s prevented because of the fact that the broken

rib ends arc brought together posteriorly.

which
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Left Side

Subclavian artery

Anterlor scalene
\ muscle

Release of
constriction

Cutting the rib

Fig, 70. Thorsac approach for the removal of cervical 1ib A Exposare obtained showmg
cervical nb and hgamentoas attachment to the fiot thoracic b at the scalene tubercle with
marked eonsmecnion of the subdavian artery and the lower mmk of the brachial] plaan.
B Release of the constriction after cutting the hgamentous attachment showmg the mer-
ton of a porton of the antenor scalene muscle on the scalene tubercle. The excman of the
nb 1 portrayed.
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Excision of Cervical Rib by the Thoracic Approach

Under certain circumstances the techmical difficulties attendant upon the
removal of a cervical r1b and release of a tight anterior scalenc attachment
result 1 postoperative sequelac which may be prolonged and disturbing
Furthermore, 1t 1s sometumes difficult to make the operation sufficiently
thorough to bring about the desired relief of symptoms A new approach
to the region mvolved has been shown to sumphfy the procedure and make
it possible to avord trauma to the trunks of the brachial plexus This opera-
tion consists 1n the exposure of the cervical rib and scalenc attachment from
below, using an 1ncision similar to that employed 1n the performance of the
first stage of a thoracoplasty.

The mncision extends. from the level of the superior border of the scapula
down between the medial border of that bone and the spine, curving for-
ward a short distance beneath the angle of the scapula The rib cage 15 ex-
posed by cutting portions of the trapezius, thomboid, latissimus dorst and
anterior serratus muscles The scapula 1s retracted and the middle scalenc
muscle 1s freed from the first and second ribs The exposure obtamed m this
manner reveals the cervical rib and tight anterior scalene attachment without
touchmg the trunks of the brachial plexus or the subclavian artery (Fig.
70, A). The releasc of the constriction of these structures 1s readily ac-
complished by cutting the muscle attachment with scissors and cxcising the
rib with a bone-cutting forceps A long segment of rib can be removed
without causing any trauma to the important structures which lie above 1t
(Fig. 70, B)

The masion 15 closed 1 layers 1n the usual manner.
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OPERATIONS CONCERNING THE
PLEURAL CAVITY

There 1 no cnurely logical manner m which to clamfy the procedures
which concern prmanly the pleural cavity Some of these, such as the as-
piration of fluid or the mtroduction of atr mto the pleural space can hardly
be constdered surgical Certam others, on the other hand, require the appli-
cation of great technical skall and the exercise of mature surgical judgment.
Emphasis wall be placed upon the more strictly surgical procedures

THE MANAGEMENT OF ACCUMULATIONS OF FLUID
IN THE PLEURAL CAVITY

Thoracentesss

The withdrawal of flud from the pleural cavity by aspiration with 2
needle and synnge may be used aither to obtain specimens for dugnostic
purposes or as 2 method of treatment to remove accumulations of thin pus
or to rehieve respiratory embarrassment produced by large extravasations
of flud of any type. An airtight synnge and 2 needle of sufficient caliber
to allow the passage of fluid through 1t are sufficient for diagnostic thora-
centesis. The needle should be long enough to penetrate the structures of
the chest wall The length required vanes depending upon the physical
build and age of the pauent.

An accurate determimation of the location of the flnd 13 made by physical
examination and roentgen ray visalization so as to choose the best site for
the needle puncture In dealmg with large accumuplations of flurd which
rest upon the diaphragm 1t should be bomne 1n mmd that on the nght sde
the diaphragm rises hugher than on the left, so that if the needle 1s mserted
at too low a level the hiver may be punctured and nothing but blood wll
be obtamed. In general, the crghth or ninth intercostal space 1 the postero-
lateral aspect of the chest 1 satufactory m the case of 2 massive cffusion
When the fiud 15 loculated or confined to a small localized area the nter-
costal space whuch lics directly over the pomnt where the flnd accumulation
makes 1ts largest contact with the chest wall must be chosen The location
of this pont, of course vanes depending upon the mdrvidual case

119
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A separate small syringe with a needle of fine bore 15 used for the mfi-
tration of procamne hydrochloride solution An ntradermal wheal 1s made
at the site chosen for the aspiration. The anesthetic solution 15 then mtro-
duced mto the subcutancous fat and muscles, mcluding a generous amount
mn the intercostal muscle layer so as to perfuse the mtercostal nerve The
pomt for the myection of the mtercostal space can be determmed by mserting
the needle deeply until the pleura 15 felt The touching of the pleura usually
causes the patient to feel a transitory pamful sensation If the ncedle has
gone deeper, shight negative pressure produced by pulling on the plunger
of the syringe will cause a small gush of flid The needle 1s then withdrawn
while suction 1s bemng exerted with the syringe until fluid cannot be obtamed
At that pomt several cubic centimeters of anesthetic solution should be
myjected The subsequent manipulation of the aspirating necdle through the
region where the mjection was made 1s then quite pamless

After the desired amount of material has been aspirated mto the barrel
of the syringe, the ncedle 1s withdrawn. In theory an effort should be made
throughout the procedure to avoid accidentally disconnecting the aspirating
needle from the syringe until 1ts withdrawal from the chest, to avord the
entrance of air into the pleural cavity. In practice, however, the mtroduc-
tion of small amounts of arr 1s of httle importance. In certam cases where
the pleura 1s acutely mnflamed, 1t 1s wise to mtroduce 100 or 200 cc of air
to avoid the friction of lung agamst the hypersensitive parictal pleura when-
ever the major portion of a fluid accumulation has been withdrawn.

It sometimes happens that the flud obtamned at thoracentesss, though not
bloody of 1tsclf, 1s suffused with blood which results from the trauma of
the procedure. The blood under such circumstances comes from the mter-
costal vems of the chest wall, from the lung, or from the hver when the
needle 15 mnserted at too low a level Tlis occurrence must be recogmzed
so as to avoid errors of mterpretation of the characteristics of the fAud

Operative Treatment of Acute Empyema

Aspiration and Introduction of Antibiotics Aspiration followed by the m-
stillation of a solution contaming penicllin or streptomycin, or a combimna-
tion of these antibiotics, has become an established method of treatment,
especially when the purulent flud 1s thin The technic of this nmmpulnl-
tion 15 essentially the same as that described under the scctton dealing wit C;
diagnostic thoracentesis However, the removal of large quantitics of ﬂtll'
is greatly facilitated by modifymng the apparatus so as to include a two-w ﬂ‘}q
stopcock valve which 1s connected with the needle and the syringe by plcan
of rubber tubing of suitable size The stopcock 1s arranged so that succ;loo
applied by withdrawng the plunger of the syrmge will causc the ?l-” dtxc
enter the syringe without the access of ar mto the apparatus A {tlud .
barrel of the syringe 1s full, the stopcock valve 1s turned and the 1;!1 -
cvacuated from the syringe through a side nozzle with a rubber tube
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tachment to direct 1t 1nt0 a collecting basin. Thus process 1s then repeated
antil all of the flud has been withdrawn. The aspiratmg needle can of
desired, be attached direetly to the stopeock, but the meerposition of a short
length of tubmng between the valve and the needle makes the procedure
caster because 1t climmates the effect of transmission to the chest wall sself
of forces created 1 the manspulation of the valve.

The dosage of antibiotic solunon and the mterval between treatments
depend upon the indicanons 1n each individual case and are not matters for
discussion here.

Closed Thoracotomy In certan cases of empyema where for some reason
1t 15 mpracticable to rely upon repeated thoracentesis with a needle con-
tnuous aspiration by means of a catheter imtroduced through an mtercostal
space 15 advantageous. The purpose of this method 15 to provide dramnage
which will avoid the ingress of air to the pleural cavity at a ume when the
lung mught collapse because of 1ts failure to become adherent to the chest
wall. Its usc m the management of empyema 13 therefore confined to those
cases where the flud 15 thin with a low fibon content, as 1n streptococcal
infections.

TICcRNIC. Because many patients on whom this operation 1s to be per-
formed are desperately 1ll or are suffermg from scrious embarrassment of
the resprratory function due to the magnitude of the effusion or the effects
of the cocxstent pneumonuc mfiltration  the operation must often be per-
formed wathout moving the patient from his bed. The majonity of such
patients are unable to lic flat and can rarely be placed upon the opposite nide
The operation must therefore often be performed with the patient i the
stting postion or reclinmg at an angle and leaming shghtly toward the
opposite side As 1n all procedures which involve punctunng the thoracic
wall the dangers of cercbral arr embolism aused by the mgress of air to the
mtercostal veins which commumeate with the vertebral veins must be kept
mn mind. The theoretteally 1deal position wath the head slightly lower than
the chest cannot be assumed by these patients, however and the nsk of arr
cmboliem must be accepted. Fortunately its occurrence 15 very infrequent.

The wtercostal space which les over the lowermost portion of the ex-
travasation 15 wdentified and the exact site for dramage 15 determmed. At
ths pomnt the structures of the chest wall are anesthetized by local mfiltranion
of procaine hydrochlonide solutton (1 per cent) m the same manner as for
the performance of a thoracentesis. An aspiratmg ncedle attached to a
synnge 15 mntroduced to venfy the presence of pus If pus 1s found, a 1 cm.
mason 1 made 1 the san. Through this a trocar and cannula are 1ntro-
duced and thrust directly through the mtercostal space mto the pleural
cvity (Fig 71 A) A rubber catheter 15 sclected to fit exactly the mternal
dumeter of the cannula and the correct length of the catheter which should
lie withm the chest 15 determined and a small scratch made upon 1t at the
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point wlich should lie at the skin level This catheter, with the free end
closed by a hemostatic forceps, 15 then pushed mto the chest through the
cannula immedsately after the trocar 15 withdrawn. In this manner the e
trance of more than a neghgible quantity of air mto the chest 15 avorded
While this maneuver 1s bemng carried out, the cannula 15 withdrawn by
shiding 1t out along the catheter, which 15 held securcly to prevent its escape
When the cannula reaches the outer end of the catheter, an occluding hemo-
stat 15 placed between 1t and the patient and the ternunal hemostat 1s removed

Intercostal vessels s nerve

—_——

¥ i
Cannula / ~

Fig 71 Techmic of closed thoracotomy A, Trocar and cannula mscrted corrccd{ throt}!grl.t
an 1ntercostal space, avoiding the vesscls and nerve along the mferior margm of the ;p% ,Lrs r
most ib B, Method of preventing ngress of ur winle the catheter 15 being mscrte 1
hemostat on the end of the catheter 1s removed and a second hemostat 1s put on naar tic

patient as the cannula 1s removed

s0 as to allow 1t to be passed off the free end of the tube (Fig 71, B) A] q"}glc‘
silk suture 15 used to tighten the skin edges around the catheter, and t 1(‘] f“‘
ends of this strand are tied securcly around the catheter at the pomt w 1c!rc
the mark upon 1t lies This suture prevents the subsequent nccxdcntnl{ ;\"H ::
drawal of the catheter from the chest A long connecting tube of rubber [
fastened to the free end of the catheter by means of a connccung hat o

glass tubing

: nto tll(.
Provision for continuous dramage without the entrance of air s
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cural cavity may be made by introducmg the end of the rubber connecting
flibc undcrtayn achnulauon of water m a bottle which rests upon the floor
at the bedside If contnuous aspiration of the flud 1s desired the tube may
be connected to a bottle on which shight negative pressure 1s made by means
of continuous suction with an mterposed safcty valve to control the pressure
ons (sec Chap 3
“lgzuowsng the lc))pm)uuon special precautions must be observed to make
certan that the drainage system remams artight. The importance of this
matter must be cxplaned to the nurses or attendants. As the evacuation of
the pus approaches completion the previously compressed lung cxpands
to the pomt at whuch 1t begins to make contact with the chest wall where
after a few days 1t wall usually become adherent. In the meantime the pus
usually becomes thickened and full of fibnn so that ulumately (seven to
ten days) 1t 13 too vsad to pass readily through the catheter By this nme
the lung wall have become adherent and 1t 1s then safe to shuft to open dram-
age. For this purpose, except m young cluldren it 13 usually necessary to
resect 2 tib 1n order to provide an adequate openmg
Open Thoracotomy for Drantage of Empyema When the pus 1s thick and
full of fibrm, as 1n a pneumococcus mfection the lung 15 likely to be ad-
herent In such cases and 1 all cases of encapsulated empyema which require
dramage, an open thoracotomy for the insertion of one or more large
dramage tubes 1s necessary
Local mfiltration of the structures of the chest wall using procaine hydro-
chlonde solution (1 per cent) 1s the anesthesia of choice for the dramage of
empyema by open thoracotomy In addition to the mfiltration of the tssues
which are to be mased, 1t 13 necessary to produce an anesthetic bloc of the
wntercostal nerves corresponding to the nbs above and below the nb which
15 to be resected This 15 done because of the tendency of some of therr
fibers to overlap
The posinon of the patient on the operatng table should follow the
principles outlined 1n the section on trocar thoracotomy
Tecamic. The technic of mb resection for mmor thoracotomy as described
n Chapter 3 15 applied 1n the treatment of empyema. After the ncision has
been made and a switable dependent pomt opened a drain must be mserted
i order to keep the wound open long enough to allow obhtcration of the
cavity If the empyema cavity 15 unusually large, two tubes of rubber each
with a dumeter of 34 to 3§ inch should be mserted One of these tubes @n
be elmunated after three or four weeks of dramnage and the other mam-
tuned In many cases a single large tube 15 sufficient. The tube should be
long cnough to extend a short distance withm the pleural cavity but not
oo deeply Lateral holes can be cut near the end of the tube of desired.
This may improve the effictency of the ¢ to some extent, but after
several weehs 2 new tube which does not have side holes should be subsu-
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tuted for the origwnal tube If this 1s not done, the granulation tissuc from the
dramage smus will grow through the lateral openings and cause it to become
obstructed

A suture of catgut passed through one side of the tube 1s used to fasten it
to the fascia of one of the muscle edges This avoids suturmg to the skm
edges which 1s unnecessarily panful Ultimate fixation of the tube with
adhesive tape passed through a safety pin attached to the tube 1s resorted to
after the catgut suture becomes loosened

AFTER-CARE The after-care of patients whose empyema s treated by open
thoracotomy mvolves merely the frequent changes of dressing and the use
of precautions such as adhestve strapping to the skin to prevent escape of
the drainage tube Great care must be exerted also that a tube or a portion
of dram be not lost within the empyema cavity, whoever changes the
dressing must each time observe that the dram or dramns arc m place The
presence of a foreign body of this sort within the pleural cavity is a ready
source of fallure of the cavity to close properly.

By far the most important consideration mn the management of these cases
1s to leave the tube m place long enough If the dram 1s removed prema-
turely, the chest wall sinus will close over n a few days and a localized
accumulation of pus will be left still undramned Subsequent surgery to re-
establish adequate dramnage 1s required 1n such cases The decision as to when
to remove the tube cannot be made arbitrarily on the basis of the expira-
tion of a certam pertod of tume after the operation. The proper timc for the
removal of the tube may be determined mn either of two ways One method
15 to wait until the cavity 1s so reduced n size that 1t amounts to hardly more
than the volume of space required to accommodate the tube stself This can
be determined by palpation, using a small probe The other method 1s to
make periodic measurements of the amount of sterile saline solution which
the cavity will hold and remove the dram when the volume of the space
1s reduced to no greater than 5 or 10 cc

Irngation of adequatcly dramned empyema cavities 1s rarely nccessary
except when there may be accumulations of fibrin or necrotic tissuc from a
focus of gangrenc in the lung. In all other cases it 15 prefcrable not to resort
to irrigation

Chronic Empycema

A rarc but unfortunate sequela of cases of acutc empycma treated by
thoracotomy 1s the failurc of the cavity to become oblicerated  This ]cndt
to a state of chromeity which makes 1t necessary to mamtam a (!rﬂ"mg‘
tube mdefimtely or subject the patient to further surgery The most lrf'ql‘u nt
causcs arc premature removal of the ongmal dran, the presence of a foreigh
body such as a portion of dramage matcrial or a fragment of scquestrate
bone from a r1b end, the presence of a bronchopleural fistula or the evst-
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tence of certamn types of nfection, notbly tuberculosis and actiromycosts.
Intelligent treatment requires a consideration of these posstbihinnes i cach
ce.

Operations for the Treatment of Chrome Empyema The surgical manage-
ment of cases of chronic empyemza must of course depend upon the enology
Wide open dramage of the cavity must be established 25 a preluminary meas-
ure. At that ame foreign bodies should be scarched for and a gencrous
biopsy should be obtaned from the chronically thickened pleura. If tuber-
culosis or actmomycosis 13 present, the histologic cxammation of the tusues
will usually confirm the diagnoss. Aficr the above causes of chromary
have been excluded there remain two methods of surgeal treatment which
may be applied according to the mdications m each case These are (1)
thoracoplasty to obliterate the cavity by collapsmg the overlying portion
of the chest wall or (2) decortication of the hung to elummnate the cavicy
by allowing the reexpanded Jung to £ll 1. Of these the latter 15 supenor
because 1t avords disfigurement and permuts an almost complete return of
respiratory function

THORACOPLASTY FOR THE CLOSURE OF CrroNIC EMpyema Cavires The
method of closure of a chronic empyema cawity by thoracoplasty 1s con-
fimed nowadays almost exclustvely to the cases of empyemaz which occa-
sionally follow as a complication of total pneumonectomy and to the cases
in which the lung beneath the cawity 15 too extenavely discased to make 1t
safe to brng about 1ts expansion or to make 1t worth while from a func-
tional standpoint. Thus holds true particularly m pulmonary tuberculosis

TECHNIC. The operative technic which should be employed m these cases
has been described 1 the section dealing with thoracoplasty (Chap 4) The
Schede technic 1 the method which 1s most likely to be completely successful

DecoricaTion OF THE Lung The chimunation of a chromic empyema
cavity by releasing the parnally collapsed lung which hes beneath 1t 15 the
method of chorce for the reasons already cted. Its use 13 most applicable m
the cases of chromic nontuberculous nfection. In certan unusually favorable
cases of chromic tuberculous empyema, however the method may also be
used, but the amount of discasc 1 the underlymg lung must be small and
the stage of activity quiescent or apparently arrested Otherwise a reactiva-
ton of the process 15 almost mevitable.

In all cases of chronic empyema the lung beneath the pleural avity 1s
covered by a membrane of fibrous nssue which forms over the visceral
pleura and by contraction becomes ultmately stretched as tghtly as a

drumhead over the lung This membrane 1s disunct from the visceral pleura
The operation of decortication mvolves the removal of this layer of ussuc

TECHNIC. A standard thoracotomy mncision 1s made. In arder to gamn an
adequate exposure 1t 15 usually necessary to resect 2 mb The empyema cavity
15 entered and cleansed by irngation with sterile salme solution or by wiping
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with gauze The Jayer of tough fibrous tissue which lics tightly stretched
over the lung 15 mcised with a kmfe at any convenent pomt. This mcision
must be deep enough to reach the visceral pleura (Fig 72, A) Between
this pleura and the overlymg fibrous layer there 1s usually cnough loose
arcolar tissue to make 1t relatively easy to develop a satisfactory planc of
cleavage The tough membrane can thus be dissected away from the vis-
ceral pleura with the scissors and sometimes even wath the fingers Only m
farrly recent cases 1s much sharp disscction necessary As the constricting

)

Fig 72 Decortcanon of the lung A, Inaision through the thickened pleural l“c"‘b_n]"c
started and removal of membrane begun by dissection with the scissors B, Bulging ot the
lung, through the arca of partial decortication noticed as the frecing progresses.

pleural membranc 1s removed, the liberated lung beneath begimns to C\pn"d
immeduately in response to the positive pressurc m the anestlicsia system
(Fig 72, B)

It 15 sometimes casiest to find the correct plane of cleavage, however, by
makmg the imual mcsion through the fibrous membrane at some pomt
near 1ts attachment to the thoracic wall where the-fixation to the underlymy
lung 15 usually not so mtmate (Fig 73). Starting at the 1mual mcsion the
cntirc fayer 1s peeled from the lung and any adhcsion of the margms ot d“‘
lung to che medmstnal surface, the pericardium or the bodies of the verte
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brae 15 drvided. In the majonty of cases the lung 15 found to be not atelectatic
but merely compressed and reduced 1 volume. Is complete expansion 1s
brought about by mercasmg the pressurc within the anesthessa system The
lung m this way 15 made to assume 1t normal relation to the chest wall and
the negatve pressure which results from an airtight closure of the wound
serves to heep 1t expanded.

In some cases the nterior of the chest wall 1s hned by an unusually thick
Layer of fibrous nssuc covenng the panetal pleura. Exasion of thus layer
as an adjunct to the pulmonary decortication improves the functional
result by permutting better expansion of the thorax on the operated side

Fig 73 Decortication of the ung Dragram  Arrows mdiate the areas where it 1 easiest to
mndm:ubcomuldmccnoumordcrmavmdmmmdxunddyhglmg

Closed catheter dramage of the pleural cavity may be necessary 1f th
enough oozmg from raw surfaces to cause the a):;anmlht:lon olf a cl:crg"::
extravasation of scrosanguincous flurd 1 the pleural space, or if there has

b;m damage to the pulmonary tissue which might grve 1se to a leakage
ot air

OPERATIONS USED FOR. THE RELIEF OF HEMOTHORAX
(TRAUMATIC)
The management of hemothorax should mclude both measures n

to stop the blecding and evacuation of blood ¢ d
thorax which results from falure to remove 1t © avo the cnpplmg fibro-
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Thoracentesis As soon as the condition of the patient permits, the extrav-
asated blood should be removed from the pleural cavity by thoracentesss
In some cases the enormous volume of blood 1 the chest mterferes mechan-
ically with the respiratory function to an alarming extent, makmg prompt
aspiration 1mperative even though the loss of blood from the crculation
has been replaced by transfusions The technic of this procedure has been
described (section on Thoracentesis for Acute Empyema)

Exploratory Thoracotomy 1If the bleeding does not cease and the hemo-
thorax recurs after one aspiration, a prompt resort must be made to open
thoracotomy A standard thoracotomy mciston 1s used. After the blood has
been evacuated, a careful search 1s made for the source of the bleeding which
15 often one of the mtercostal vessels at the site of the mjury Bleeding from
a major pulmonary vessel or from the heart or great vessels of the medias-
tinum 15 usually so excessive that death occurs before an exploration can
be performed Bleeding from lacerations of the lung parenchyma, on the
other hand, frequently stops of its own accord As soon as the bleeding
vessel has been secured by higature and any mjury to other structures dealt
with according to the mndications found, the lung 1s thoroughly expanded
and the chest wall closed m the usual manner after thorough evacuation of
any residual blood or clots. Dramnage 1s not required m the usual case

After-care. The after-care 1s essentially the same as that required m any
case of thoracotomy. Adequate blood replacement must be made by mul-
tiple transfusions

When the presence of blood m the pleural cavity has been unrecognized
or 1gnored, coagulation occurs after several days and ultimately fibrous
tissue orgamzation of the clot results This i turn leads to the develop-
ment of a tight membrane over the collapsed lung and also to the fixation
of the chest wall because of the formation of a layer of tough, mflexible
tissue on the partetal wall Considerable impairment of the respiratory func-
tion 15 the mevatable result of the mfluence of these two factors Such cascs
of neglected hemothorax require treatment by decortication of the Jung
and often of the pametal pleura as well The technic which must be em-
ployed 15 1dentical with that described m the section dealing with decorti-
cation of the lung for chronic empyema

THE MANAGEMENT OF ACCUMULATIONS OF AIR IN THE
PLEURAL CAVITY

Operations for Tension Pnetmothorax. "THORACENTLSIS. A single asplratIOIj
of air from the pleural space may be curative in some cascs of tension pl}cu
mothorax, providing the sourcc of the Jeak 1s small and prompt ch mgf3
over of the opening occurs The techmc used for the aspiration of flm Ima)l
be used Because of the tendency of air to occupy the portion of the pleura
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cavity which 15 uppermost, the most convenuent site for the needle puncture
15 the second mtcrcostal space 1n the midclavicular line when the panent
lies m the dorsal recumbent postion with the headrest elevated This site
mmakes 1t possible to avord mjury to the nternal mammary vesscls. if the
apparatus used for the mduction of artifical pneumothorax 18 available
the removal of air can be much more casily effected by 1ts use. A sufficzent
quangty of ar should be withdrawn to reheve the distress of the panent.

CoNTINUOUS ASPIRATION In cases where the leakage of awr continues
after a single aspiration has been carmned out, the recurrence of respiratory
dustress makes 1t apparent that contmuons aspiration 13 necessary Thus may
be accomplished either with a needle or wath a rubber catheter introduced
through an ntercostal space and connected with a water seal by means of
a length of rubber tubing The second intercostal space m the midclamcular
line 15 usually the best site for the mtroduction of the needle or catheter Ifa
needle 15 used, 1t should be passed through a cork or a piece of rubber
sponge leavmng just cnough of 1ts length to penctrate the pleural caviey
when the cork or rubber 1s held tightly agamst the skm of the chest wall
by adhesive strappmg This method of fastening the needle msures con-
tmued operation of the apparatus by avoirdmg shuftmg of 1ts postion. It
also makes 1t possible to avord having the needle protrude too far withmn the
chest cavity thus reduaing the posability of myury to the expanding lung

If a trocar and cannula of small duameter are available, a small rubber
catheter can be mtroduced by the method described mn the section on em-
pyema dramage. The use of a catheter has the obvious advantage that there
15 no danger of traumatizmg the surface of the lung

In either case, the ncedle or catheter 15 attached by means of a suitable
adapter to a rubber tube the opposnite end of which 15 put beneath a volume
of water m a large bottle beneath the panents bed. The development of
ponve pressure from a continuous leakage of air wathin the pleural cavity
1s thereby avoided by the automatc smultaneous escape of arr through the
water As the leak seals over the normal mtrathorscic negauve pressure 13
restored because of the fact that air cannot gam aceoss to the plenral space
from the outside. Continuous suction at not over 8 to 10 cm. of water
negative pressure may be substituted for the water seal 1f desired.

In the average case of spontancous preumothorax reexpansion of the
ling occurs within a few days and the apparatus can usually be removed
soon thereafter Tt 15 wise to try the effect of occluding the tube during a
twenty-four hour period before 165 removal to be sure that a recurrence of
the leak will not make 1t necessary to remtroduce 1t subsequently

Surure oF THE LuNG Under certan arcumstances when the tension
pneumothorax 1 the result of the rupture of an emphysematous bleb of the
lung 1t may be advisable, m order to shorten the peniod of disability to
perform an open thoracotomy to stop the continued or recurrent leakage of
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air The technic of this procedure 15 described m Chapter 6, which deals
with the operations performed on the lung.

Operations Concerning the Utilization of Artificial Puenmothorax The arti-
ficial or instrumental mtroduction of air within the pleural cavity 1s used
etther as a method of diagnosis or as treatment

DraGNOSTIC ARTIFICIAL PNEUMOTHORAX Artificial pneumothorax 1s oc-
casionally mduced as a method of diagnosis m order to improve the visuahi-
zation of the inner surface of the thoracic wall or more often to determme
whether certamn peripheral shadows are caused by a mass withun the lung or
by one m the chest wall itself The mterposition of air between the chest
wall and the lung makes such a differentiation possible This method 1s
rarely used nowadays because of the wider apphcation of exploratory thora-
cotomy. Air 1s sometimes troduced mto the pleural cavity as a prelinunary
measure to facilitate the performance of a diagnostic thoracoscopy

THERAPEUTIC ARTIFICIAL PNEUMOTHORAX As a method of trcatment
artificial pneumothorax 1s used occasionally to overcome the pam of acute
pleurisy by preventing the lung from rubbing agamst the parctal pleura
Its widest application, however, 15 m the collapse therapy of pulmonary
tuberculosis The indications for its adoption and the details of 1its usc are
not the subject of this book. It 15 not ordmarily regarded as a surgical pro-
cedure A brief description of the technic follows:

The patient 15 made to hie upon the opposite side resting on a pillow so

as to arch upward the side to be treated Local infiltration anesthesia of pro-
came hydrochloride solution (1 per cent) 1s used The most convenient site
for the needle puncture 1s usually the sixth mtercostal space n the mid-
axillary line For the mitial mjection of air 1t 15 necessary to take special
precautions to avord mjury to the surface of the lung This makes 1t wisc
to use one of the especally constructed pneumothorax needles which has
a short bevel and an obturator which msures agamst pluggmng the needle
tip with tissue or blood. The needle 1s mserted slowly through the ami.gs-
thetized arca until the pleural space 1s entered This event can usually §
determined by the sudden relcasc of the sensc of resistance which 1s 1imparte
to the fingers of the operator by the tissues of the thoracic wall thnllt
scems that the space has been found, the obturator 15 withdrawn and the
needle 15 connected wath the pneumothorax apparatus for the dcccrmumtl;);
of the pressure If a negative pressure readmg m the vicinity of -7t —
15 obtamed, the space has been entered and the introduction of air may be st:;rt;
ed If only a shightly negative pressure reading 1s obtamed, 1t may mean Ft ;-1
the needle has entered the lung A positive pressurc may be the rcsultczl tl:i
penetration of a pulmonary vessel The amount of air to be myected and ¢

frequency of subsequent myections need not be discussed here

1 of the
COMPLICATIONS AND StQurrar A rare but alarmmg Com‘?hcmoll hock”
itroduction of air mto the pleural cavity 1s the so~called “plcural s
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which 1s now known to be the result of the mjection of aur mto the blood
arcalation with ensuing cerebral atr embolism. This occurrence 1s probably
caused by the entrance of arr mnto a pulmonary vem However the mjecaon
of air mto a ven m the chest wall may produce the same result by way of
the collateral communications of the mtercostal vemns wath the vertebral
vems which anastomose with the cerebral venous system  thus by-passing
the pulmonary arcmt. Syncope fall m penpheral blood pressure, pallor
and convulsions announce the occurrence of this acadent. These attacks
may be fatal, but recovery frequently occurs unless the amount of ar -
Jected before the difficulty 15 recognized has been large

SURGICAL TREATMENT OF CompLicaTioNs Although the introduction and
mamtenance of artufical pneumothorax for the collapse therapy of pul-
monary tuberculosis 15 not usually regarded as a surgical procedure some
of 1ts comphications and sequelae may demand surgical treatment. Thus 1s
particularly true of chrome empyema which may occur spontancously or
result from injudicions management such as increasing the pressure withm
the cavity to the pomnt where adhesions may be torn The most frequent
requirement for surgical intervennon, however s the persistence of ad-
hestons between the lung and the chest wall which interfere too greatly
with the collapse of the lung In such cases, 1n order to convert a partually
successful collapsc nto onc which has therapeutic value, 1t 15 necessary to
drvide the adhesions which hold the lung out. Two methods for the accom-
plishment of ths result are available.

CLOSED PNEUMONOLYSIS For the division of attenuated single adhesions
or of thinned-out fanlhe adhesive bands cuttng with an clectncally
actuated cautery under thoracoscopic visuahzation 15 satisfactory There are
several excellent wnstruments available for this purpose. A simple and effec-
tive apparatus 13 the Coryllos thoracoscope which 13 2 modification of an
caclier mstrument developed by Jacobacus. This consists of a light carmer
through which a thoracoscope 15 mtroduced, the two acting as one 1nstru-
ment after they have been articulated, and an clectnic cautery which 1
ntroduced separately at another pownt. Vanous accessory mstruments such
as biopsy punch forceps long necdles for anesthetinng pamful adhesions
and aspirating tubes are available

After the general locauon direcnion size and shape of the adhesions have
been determined, the most advantageous nite for the mtroduction of the
thoracoscope 1s chosen Thus 15 usually at some pomt m the midaxallary line,
often over the sixth or seventh mtercostal space. The chest wall at the pomnt
where the cannula 15 to be mserted 15 anesthenzed with procamne hydro-
chlonde after the manner described previously {see section on trocar thora-
cotomy) A short masion (1 em.) 15 made through the sk and the trocar
and cannula are mtroduced nto the pleural space. The trocar 1s withdrawn
and the light carnier 18 wnserted through the cannula. The thoracoscope 1
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then put m place within the tubular portion of the hight carrier and the Jatter
1s connected by means of a light wire cord with the proper socket m the
rheostat box The switch 15 turned on and the mnterior of the pleura] canity
1 mspected. The mner lens of the thoracoscope may become fogged wath
mossture from the air within the pleural cavity if the thoracoscope 15 much
colder than body temperature Ths occurrence can be prevented by holding
the end m hot sterile salime solution for a few moments to warm 1t The
end must be wiped dry before remserting the mstrument

The number, location and charactersstics of the adhesions which are to
be divided are studied carefully Some may be too broad for division, others

B D

Fig 74 Closed pneumonolysis A and B, Views of adhesion obtamned through ;.hc
thoracoscope, C, division of the adhesion with clectrocautery, showing opumum sit¢ or
transcction 1n the majority of cases, D, adhesion divided

ke the
may be too short or attached too mtimately to some vital structure I

superior vena cava or the vessels whuch cross the dome of the pleura to rcac}l
the neck or arm. If adhesions are found which lend themselves to safe
division, the next step 1s to deade at what pomt 1t would be bcstnto 1nt1r1(l)~'
duce the cautery A survey of the nterior of the chest wall \vlI usu‘O)‘
make 1t possible to choose an mtercostal space which lies most nearly Opphc
site the adhesions which arc to be cur This 1s usually rather hugh 1 € [
region of the anterior axillary Inc or m the sccond or third mtercosta
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space antertorly The intercostal space chosen as a result of nspection within
the chest 15 1dentificd externally by making pressure with a finger over
vanous mterspaces until the correct one 15 scen to bulge with each impulse
transmutted from the pressure of the finger outnde The second cannula 15
then mserted through the mtercostal space thus chosen  after local anesthet-
zation. The cautery tip 1s mtroduced a short distance mto the chest through
the second cannula. The operator by looking through the thoracoscope,
then sights the cautery as 1t enters the pleural cavity From that ime on
the mampulation and direction of the cautery must be carnied out wath one
hand under direct vision through the thoracoscope which 13 operated with
the other The cautery 1s moved slowly to the first adhesion and after 1ts
tip has been applied at the pomnt where the adheston 15 to be divided, the
current 15 turned on and the cuttimg of the adheston 1s completed under
vinon (Fig 74 C)

If more than one adhesion cxsts, the cautery 15 allowed to cool after
tummg off the current and then carcfully moved to the next adhesion. One
advantage of the Coryllos mnstrument 1s the fact that both the cautery and
the thoracoscope can be mtroduced through the same nize cannula. If the
divison of a given adhesion, therefore, proves to be difficult from one
angle, an entirely different approach can be obtamed merely by nterchanging
the two mstruments without shiftimg the cannulas

Certain rules of procedure regarding the safe division of adhestons should
be mentoned. The cuttng of the adhesions should be done slowly with
the heat m the cautery tp adjusted to the pomt where considerable coagu-
lation of the ussues tales place as the division proceeds. If the mstrument
15 allowed 1o be t00 hot the cuttng effect 13 augmented a1 the expense of
the coagulating effect and bleeding may occur In general, the least vascular
pouwnt at which to cut an adhesion 15 midway between the lung and the chest
wall. Very long and thin adhesions should be cut in this way However
if the adhesion 15 large around even though 1t may be long, there 15 danger
that lung tissue may be tented up a considerable distance withm 1t Such
adhesions  therefore, should be divided close to the chest wall to avoid
entering a focus of tuberculoms. When 1t 15 necessary to cut an adhesion
almost at 1ts attachment to the panetal pleura, the danger of hemorrhage
must be kept m mund and the cutting must be made slow so as to allow time
for thorough coagulanon Under such arcumstances the procedure 18
usually very panful because of the senstiveness of the parietal pleura It
15 wise therefore, m such a case to withdraw the cautery from the chest
and to msert the especially made long needle through the cautery cannula
for the myecnon of procame hydrochlonde solutron mto the tisucs beneath
the parictal attachment of the adhesion This wall render the complenon of
the operanon pamless Adhesions which seem to be attached to the pleura
overlymg the superior vena cava or the vessels at the dome of the pleural
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cavity had better be left untouched if they are so short that their division
mught endanger these structures Also, m the casc of adhesions whose
parietal base covers a large area, 1t 15 wise to be content with partial diviston
because of the dangers of hemorrhage and injury to the lung A sccond
operation several months later will often permit the completion of the
division of such an adhesive area without danger to the lung beneath In
the same way, 1f certamn adhesions seem to be so short that their division
mught carry the cautery too close to the lung for safety, 1t 1s wise to termmate
the operation and wait for the time when they may have become sufficiently
elongated to make the operation safe

Failure to exercise the necessary precautions agamst the development of
hemorrhage from inadequate coagulation or the mjury of the lung by
cutting too close to 1t may lead to very serious consequences Hemothorax
of alarmung extent may occur It must be treated as described above (section
on hemothorax), sometimes by open thoracotomy for hgation of the
bleeding vessel Damage to the lung may lead to the development of tuber-
culous empyema which, 1f 1t does not cause the death of the patient, may
require the apphication of major surgical procedures to overcome 1ts effects
Closed pneumonolysis should therefore be regarded as a surgical procedure
requring great skill and experience for 1ts successful application

OPEN PNEUMONOLYSIS. An open thoracotomy for the division of adhesions
between the lung and the chest wall 1s occasionally used In the majority of
cases, 1if the adhesions are too broad or too widespread for the successful
lysis of the lung by the closed method, 1t 1s usually preferable to abandon
the use of artificial pneumothorax m favor of thoracoplasty as a method
of obtaimng collapse of the lung On the other hand, 1f there 1s any par-
ticular reason for avoiding thoracoplasty, an open thoracotomy for the
purpose of liberating the lung can be accomplished without great risk to
the patient It 1s possible that the use of streptomycm as an adjuvandt pro-
phylactic measure durmng the phase of surgical trcatment may lead to
wider use of this operation

Intratracheal mhalation anesthesia 15 used A standard thoracotomy 11]1"’
ciston 1s made With the mib spreader m position the adhesions arc :1:.151}t
surveyed and 1 the majority of wstances their division can be carrie (tmd
safcly by sharp dissection, using a knife or saissors Vascular arcas arc trcadC;c
by ligation of the blecding pomts with suturc higatures In certam cas‘c;s, o
fixation of the lung to the parietal pleura over a focus of chronic tu c;’ -
Josts 15 so mtimate and so firm that 1t 1s impossible to sccure a clecavage }; "mt
between these structures It 1s posstble m such cases to frec the lung \;’lt ;«(‘):c
breaking mto the discased arca by cntermg the extrapleural fascia P]‘n”
where the dissection can usually be carried out casly In this \!\:}) c:ilhsc'rc‘nt
plaque of the parictal pleura 1s left attached to the lung over t jcrﬂ o
arca which had to be freed This method ss useful chiefly for the frcemg



OPERATIONS CONCERNING THE PLEURAL CAVITY 135

relatrvely small arcas having a diameter of a few centmecters only The
need for using 1t for large arcas would mean that the case 15 probably un-
smtable for treatment by aruficial pneumothorax and that a thoracoplasty
should be resorted to

If mn any case where an open thoracotomy 15 performed for the division
of adhesions 1t 15 decaded that the operation 15 ijudicious and that a thoraco-
plasty would be preferable the opening through the nb cage can be closed
and a finst stage thoracoplasty operation done at the same ttme This of
course, presupposes that the condition of the patient 13 sansfactory and that
not too much operanng time has been consumed before the deasion to
alter the procedure has been made.



CHAPTER <6)

OPERATIONS ON THE LUNG

DRAINAGE OF LUNG ABSCESS

Because of the great reduction m the mortality of the operation m recent
years there 1s now a growmng tendency to use primary lobectomy m the
treatment of lung abscesses which do not respond favorably to medical
management The superiority of this procedure over dramage alone 1s em-
phasized by the avoidance of certain complications such as hemorrhage
from the lungs, spreading pulmonary sepsis, metastatic bramn abscess and the
persistence of a chronic state after the acute mfection has subsided Thus
by lobectomy the period of disability 1s shortened and the overall mortality
1s dumumshed On the other hand, there are stll cases wlhich demand surgical
dramage either because of the advanced age or the poor condition of the
patient or the extent and activity of the local septic process The criterna
for dramnage, the proper time for 1ts performance and other chmcal con-
siderations relative to management of the disease are not discussed here
Technic LOCALIZATION OF THE ABSCEss. It 15 well known that all putrid
abscesses of the lung are located peripherally m relation to the lulus They
arise 1 one bronchopulmonary segment, although occastonally more than
one segment may be mvolved In a rclatively short time after the onsct of
the discase, the mflammatory process reaches the visceral pleura As the
abscess develops, the cavity which forms can be reached by a direct approach
to the pleural surface of the exact pulmonary segment m which 1t lses Thus
docs not imply, however, that access to cvery lung abscess 1s casily obtamed
If 1t should happen to mvolve the aprcal segment of the upper lobe, or of 1t
presents along the mediastmal surface of the lung, the approach for dmmnzq{c
may be exceedmngly difficule In such cases 1t 15 usually preferable to dcalc
i favor of prmary lobectomy rather than to attempt to dram a relativel}
maccessible arca  Accurate localization of the cavity can be madc almost
mvarnably by means of antcroposterior and lateral roentgen ray films A
carcful comparison of the relations of the discased arca withm the lung ;0
the overlymg ribs as visualized 1n these two projections provides the only

136
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information necessary to make 1t possible to determme the best situation for
a durect approach to the cavity

Unless the amount of cough and expectoration make 1t impossible the
patnt should Lie upon the unaffected side with hus head shghiy lower
than hus chest to minimuze the danger of cerebral air embolism  For anes-
thesia local mfiltratton and regional block of the intercostal nerves with
procame hydrochlonde (1 per cent) 15 sansfactory Inhalanon anesthesia is
to be avorded except m patients treated by lobectomy because of the possi-
bility of dussemmating the sepuc matenal from the diseased area throughout
the bronchual tree Very young children who are unable to cooperate may
be grven mtravenous pentothal to produce somnolence before the mjection
of procame hydrochlonide solution 1s begun. This practice 15 unwise how-
ever under any other arcumstances because of the danger of abolishing
the reflexes m the upper respiratory tract.

With accurate knowledge of the exact location of the abscess the mcsion
can be made directly over the discased area and therefore wath few excep-
uons, 1 the direction of the long axis of the nb In two types of case a
different imcamon may be preferable. In the case of an abscess located m the
apical segment of the upper lobe and presentmg postenorly at the top of
the chest the masion should be vertical mudway between the spme and the
medial border of the scapula. To gam sufficient access to such a cavity 1t 15
necessary to resect short segments of the three or more mbs which overlie
1t, and also to cxcise sections of the correspondmg intercostal muscles,
nerves and vessels The other varation from the usual type of maston 1s
required with an abscess 1 the lateral portions of the postenior or anterior
segments of the upper lobe presentng high m the axllary region. In thus
situanon 2n mverted U-shaped masion grves the best access to the ob or
nbs which must be resected m order to gan adequate exposure to the
cavity (Fig 40)

No matter what segment may be mvolved, 1f the masion 1s placed cor-
rectly there 15 scarcely ever any necessity for performing the operation
tWo stapes because the lung 15 practically always adherent at the pomt where
the abscess approaches the surface I, on the other hand, the inciston 15 not
accurately placed and therefore only near but not actually over the diseased
area, 1t 13 wise to pack gauze agamst the pleura to sumulate adherence between
the lung and the chest wall. The opening of the cavity 13 then postponed
untl another day

Ivcwsion oF Caviry A useful rule of procedure 1 as follows The mb 1s
exposed through the masion of the soft parts and the peniosteum 15 reflected
from 1t 1n the usmal manner taking care to cut the periostenm transversely
at cach pomt where the nib 13 to be divided. A 3 to 4 mch section of nib 15
denuded but before 1t 15 resecred the surgeon should wnspect and palpate
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the pleura bencath By ths means 1t 15 usually possible to determune whether
or not the lung 15 adherent at that pomt If the pleura 15 thin and transparent
and the lung can be seen moving beneath 1t, the chances are either that the
abscess has not yet become sufficiently adherent or, more often, that the
mcision has not been made directly over the place where the abscess has
pomted on the surface of the lung In cither casc 1t 15 best to postponc opening
the cavity until the development of adhesions between the lung and the
partetal pleara The b 1s therefore not resected at this stage, but gauzc 15
packed tightly between 1t and the periostcum and the pleura bencath If
the nb 15 resected at the first stage, the gauze packing may not be tight
enough to be effective for the production of adhesions The outer portion
of the wound 1s then packed lightly with dry gauze and the skin 1s approx-
mated loosely with mterrupted silk sutures The dramage of the abscess 1s
deferred m such a case for several days Two or three days usually suffice
for the production of firm adhesions of the lung, but 1f the patient 1s very
ill and badly m need of the rehef which can only be obtamed by providmg
cgress for the pus, 1t 1s best to accept a possible risk that the adhesions arc
madequate and proceed after the expiration of twenty-four hours only

It should be mentioned m thus connection that formerly a sccond reason
for the dramage of a lung abscess m two stages was to dimimsh the danger
of developing cellulitis of the thoracic wall, which may occur if the freshly
mcised tissues are bathed immediately m pus full of virulent bacteria The
danger of this complication, however, 15 practically climmated by the use
of penicillin and streptomycin If these agents, especially penicilln, are not
available, this possibility should be kept in mind

If in a one-stage procedurce or at the sccond operation m a two-stage
procedure 1t 1s obvious that the lung 1s adhcrent, an aspirating needle with
a syringe attached 15 used to make certam of the presence of the cavity be-
neath the site chosen for dramage If the cavity has not been cvacuated
through a bronchus, pus will be obtamed, however, even 1f such a cavity 1s
completely or partially empty, 1ts presence 1s deternuned by the free cscnpff:‘
of air mto the barrel of the syringe The previously denuded segment 0
r1b 15 then removed With the exact location of the abscess cavity known, and
often with the aspirating needle still 1 place as a guide, an mcision 1s m]ﬂd‘;
through the deep periostcum, parietal pleura and tlin peripheral shel (;\
lung It matters little what cutting mstrument 1s used for this purposc. '
knife serves perfectly well although custom has led to the usc of the cautcr();
m the hope of dinumishing the tendency of the cut surfaces of the lung ttq
bleed The clectrosurgical cautery with both cutting and coagulatmg currcll:ﬁls
is uscful for this purpose If, on the other hand, the chest wall mcxs:lon dt:d
been accurately placed over the abscess, the tissucs which must be div
arc relatvely avascular and coagulation of wvesscls 1s not ncccssm’yl o

It 15 important to unroof the cavity widcly by exasing a aircular po
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of the tissues, mcluding the visceral and paretal pleurac and the pertosteum
of the resected rib If the abscess 1s unusually large, 1t may be necessary to
resect sections of two adjacent nibs mstead of onc 1n order to open 1t widely
enough. If this 1s done sections of the intervening ntercostal muscle bundle
and the corresponding 1ntercostal nerve and vessels must be exased along
with the pleura and pertostcum of each b After a wade opening has been
made, the unroofed abscess cavity and the chest wall masion which les 1n
continuity with 1t are pached with dry gauze It 1s important to pack the
superfiaal pornon widely and in order to avoid the tendency of all such
opemngs to close prematurely no sutures should be put in the ends of the
mason.

After-care The after—care of a patient with a lung abscess involves daily
renewal of outer dressings and the changing of the gauze pack at intervals
of scveral days. The onginal packing usually becomes soaked with pus and
sufficiently loosened to allow 1ts removal 1n four to six days after operation
After the abscess cavity has made considerable progress toward closure and
the outer portion of the wound has begun to close 1, 1t 15 possible to shuft
from gauze packs to a soft rubber tube which can be removed when the
cavity 1s practically obliterated, leaving only the chest wall sinus Ths wall
usually close promptly once the dramn has been onntted. Several wecks or
even months are necessary to allow suffiaent tme for healing However 1t
should be kept 1n mind that complete and permanent heahing of the average
lung abscess treated by dranage alone occurs m not more than one third of
the cases even though the cxternal opening may ulumately heal over In
the remamning cases of those who survive 1t 1s necessary to perform a lobec-
tomy to effect a defiitive cure.

EXTIRPATION OF PARTS OR ALL OF THE LUNG
General Principles

Asesthesia As for all merathoraac operations which are performed through
an open thoracotomy masion those upon the lung require positrve pressure
mnbalation anesthesia Ether mixed with oxygen remams the safest agent m
the majorrty of cases (see Chap 2)

Postion of the Patient The posinon of the patent on the o table
depends to some extent upon the nature and location of the oouP:h:?;gwhxch
prompts the performance of the operation but prmapally upon the pref-
crence of the surgeon There are no cases which cannot be handled sats-
factonly m the lateral thoracotomy posiion (Chap 2)

Inaston In the majonity of cases the standard thoracotomy 1nciston may
be used. It should be long and placed m such a manner as to provide the
best access to the region where the greatest techmcal difficulty 15 to be
expected. In general, a high nb or mtercostal space such as the fourth or
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fifth should be used when peripheral adhestons are to be cxpected over the
apex of the lung. Likewse, a lower rib or mterspace such as the seventh
or eighth may be necessary for a densely adherent lower lobe In all other
cases, especially when technical difficulties are anticipated n the region of
the hilus of the lung, the sixth or seventh ribs or mterspaces give the best
exposure (Chap. 3, Thoracc Incisions)

Dwviston of Adhesions. In many patients who require a pulmonary opera~
tion, the lung 15 discovered to be adherent to the parietal wall, the dia-
phragm or the mediastmal surface. The adhesions may be of long standmg
and therefore relatively avascular, or they may be recent and mflamma-
tory, with great vascularity and suffused with edema flud They may be
localized and filmy or widespread and dense In some cases of chronic pul-
monary sepsts, especially those with a history of complicating empyema m
the past, the lung may be so mtimately adherent that no plane of cleavage
can possibly be recognized

In general, the adhesions of tuberculosis tend to be most prevalent and
most dense over the apex and along the posterior surface of the upper lobe
and superior segment of the lower lobe Those of chronic bronchiectasis arc
likely to be most pronounced over the basal segments of the lower lobe,
the lingular segment of the left upper lobe, and the middle lobe on the nght
In lung abscess the adhesions are usually localized over the region of the
abscess itself and are likely to be exceedingly vascular even after the acute
process scems to have subsided Inflammatory adhesions of the mferior
surface of the lower lobe to the diaphragm are always unusually vascular
and are more dense near the margin of the lobe than over the central portion
Peripheral adhesions of an mflammatory nature, except mn certain €ascs of
tuberculosts of the upper lobe, are rarely as dense or as frequent on the
mediastinal surface of the lung as they are elsewhere.

The division of mflammatory adhesions between the lung and the parictal
pleura or diaphragm must usually be accomplished by sharp disscction with
scissors or knife (Fig 75). In the scparation of adherent surfaces which are
distant from the wound edges the illununation provided by the usual
operating room lights may be madequate In such a situation great benefit
results from the use of a small light which can be sterihized and held mside
the chest cavity, often actually beneath the adhesion esclf When this 15
done, the transdlumination prov1dcd Is an mmportant factor m avoiding
mjury both to the lung 1tsclf, because of failure to recogmze 1ts rc].mon' ttt
the adheston, and to important structures at the dome of the pleural cavay
or on the mediastinal surface (Fig 76).

In certamn cases of mflammatory fixation of the lung to the plevra w
it 15 impossible to find an merapleural plane of cleavage, 1t 15 ncccssa‘r)’ (:::
enter the retropleural fascial planc of the chest wall and remove a sects

here
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of the parietal pleura along with the lung 1tself mn the area where the dense
fixation exsts. This maneuver 1s advantageous whenever madvertent cut-
ting of the lung parenchyma might lead to the dissemmation of septic
material, as m lung abscess or tuberculosis with cavitation and m some
cascs of carcinoma.’

Pleural adhesions are often so vascular that considerable bleeding results
from their severance Sometimes this blecdmng tends to stop of itsclf, but not
mfrequently active measures must be mstituted Smmple hgation or the
placcment of suture higatures of silk usually suffices Occastonally m mac-

Light Adhesion

Lung

)

Fig 76 Transillumimation of a densc mnflimmatory adhesion to determine the proper e
for division

cessible regions, such as the dome of the pleural cavity, the application Of
metal dura clips to small bleeding pomts 1s helpful In certam cases the
oozing of blood takes place over a broader surface In such a situation m]z‘c
can try the cffect of suturing a picce of muscle over the arca or, better 51“‘1'
the application of oxidized cellulose gauze or fibrin foam plaques soakec
n thrombm solution In a foew mstances, however, W 1dc<prclqd co7mg cot-
anues m spite of cvery cffort to stop 1t Prolongation of the (’bpt.'r.’l](l():!
beyond a reasonable length of time m an attempt to prevent such blecdy,
how ever, 15 unwise It 1s far beteer m such a case to close the wound, termi-
nate the admmstration of the anesthetic, and rely upon copious transhusiont
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ro mamtam an adequate volume of arculstmg blood until the cozng
tendency ceases over the course of a few hours postoperatively The as-
sumption 13 made of course, that all pauents who are subjected to 2 major
thoracic operation will have had adequate preoperanve studies of their
blood so that any corrcctable abnormahities such as alteranons of pro-
thrombin level can be treated before the operation 18 undertaken

Dissection of Fissures It 13 a rare lung especially on the nght side, whose
mtcrlobar fissures are anatomically complete from the surface all the way
mto the hilus. The most frequent locations for incompleteness of the fissures
are on the nght side between the upper and muddle lobes and on both sides
between the superior segment of the lower lobe, especially over 1s posterior
extent, and the coniguous surface of the upper lobe. Abnormalities of the
fissures clsewhere are much less frequent. In addinon to the underlying
anatomic fusion between the lobes 1n certan cases the superimposed amal-
gamation of adjacent free surfaces which results from imflammatory proc-
esses within the lung may make separanon sull more difficult.

In general the separation of mfammatory adhesions between the lobes
of a lung presents litle difficulty except m very recent acute cases or n
certain cases of lung abscess which may be complicated by the spread of
the mfection across the scptum mto the adjomning lobe The separation of
the adhestons 15 effected by cutting with the kmfe or scussors often with the
gudance of transiltummation. While dissecion withmn the fissure 15 being
carried out 1t 13 1mportant to have the anesthetist keep the lung expanded
otherwise the flacadity of the collapsed lung may make 1t more difficult
to follow the mterlobar cleavage plane.

Once the mflammatory adhesions have been divided, 1t becomes nec-
cssary 1o a lung upon which a lobectomy 13 to be performed to complete
the fissure 1f 1t 15 congemtally partally absent. Proximuty to the regron of
anatomic ncompleteness of the fissure can always be recognized by the
presence of small vessels both arteral and venous, which cross from one
lobe to the other directly beneath the viseeral pleural reflection at the bot-
tom of the mcomplete fissure. Some of these are branches of the bronchial
vessels. They must be divided and ligated. From this level to the depths of
the hulus, the separation between the lobes must be made artificrally through
lung parenchyma. A detailed knowledge of the course and distnbution of
the pulmonary vessels within the hilus of the lung 15 necessary to avoid
myury to them. However unless a large vessel 1s divided, hiede actve bleedmg
1 incomtcd:cmd t1]f;r.hc distance to be traversed 1s short and if the dissecnion
15 kept wi C proper int cntal plane
vm:;i (400 Chap ll)) per intersegm plane between major pulmonary

If as 50 often happens 1 the case of the fissure between the u
nuddle lobes of the nght lung there 1s a long scction of lung to gcpc;u:nldt
1s helpful to apply long straight Ochsner or Kocher hemostane foreeps
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patrs and to cut the lung between them with a kmfe When this method
1s used, 1t 15 necessary also to identify the important pulmonary artcrics and
vems as well as the bronclu of the lobes which are bemg scparated so that
the clamps can be applied to a relatively free area Several pairs of clamps
may have to be applicd before the lumts of the fissure are reached (Fig 85).
After the division has been accomplished, the cut edge of the lobe which 1s
to be left behind 1s closed by means of a contuous suture of finc chrom-
cized catgut attached to an atraumatic needle Tlhis suture 15 started beyond
the end of the clamp nearest the hilus, avoidimg the artery, vem and bronchus
wlhich ate always found there It 1s then passed back and forth through the
lung beneath the clamps As the limut of the jaws of cach clamp 1s reached,
the clamp 1s removed until all have been removed m turn The suture 1s
then contmnued over and over the cut edge of the lung back as far as its
starting pomt, where the two portions arc tied together Tlus provides
effective control of any tendency to bleed and prevents leakage of air from
small bronchi which may have been severed (Fig 80, B)

Diussection of Structures of Hilus of Lung The manner of dissecting the
structures of the Iulus of the lung depends to a large extent upon the type
of operation to be performed and even more upon the nature of the patho-
logic process In carcmoma obviously a wide excision of lular lymph nodecs
and a hugh proximal division of the bronchus are essential In mflammatory
lesions other considerations such as the enlargement and adherence of the
peribronchial lymph nodes may have an mfluence upon the ultimate techme
employed In general, however, these differences arc ummportant mn rclation
to the broad prmeciples which are to be employed

In any case, wherever possible 1t 15 wise to reflect the pleura away from
the posterior surface of the hilus so that this flap can be utilized to cover the
bronchial stump If the paticnt mamifests a tendency to cough durmg these
first manipulations around the Iulus, local mfiltration of 1 per cent procame
hydrochloride solution mto the perthular tissucs wall often be eftective m
controlling the reflex stunulation This avoids the necessity for dccpening
the plane of ancsthesia

One of the greatest technical improvements m pulmonary surgery
been the abandonment of the tourniquet method of lobectomy or pneunmo-
nectomy m favor of mdividual higation of the pulmonary vesscls, scprgrf;tz
ligaturc of the bronchial arteries, and carcful closure and covcring 0 “o
bronchial stump Except mn certamn cascs 1n winch 1t may be unporta;it t
avord aspiration of pus or sccretions from a discased lung by placmgac 3‘“};
on the bronchus at the earliest possible moment, 1t 1s convement to Cﬂc
with the pulmonary vesscls first. It 1s unnecessary to mention that an :\ccm::at'
knowledge of the hilus of the lung 1s essential Idcally the pulmonary 3? 12
should be sccured first This demands scparate higation and division lobt 1—
vartous lobar or segmental branches 1 cases of scgmental excision or 10beC

has
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tomy or of the entire artery proximal to 1ts branches m the case of 2 pneu-
monycctomy In some cascs }i’lowtvcr it may be expedient to ligate and
divde the vem first mn order to gam better access to the artery The necessity
for this mancuver of course, depends upon the topographical anatomy of
the hilar structures m the particular lobe or lung which 15 being removed,
upon varsations winch are sometimes encountered m the normal anatonue
arrangement of these hilar structures, and otten upon the pathologic con-
ditions 1 and about the hilus 1tself

In cvery mstance 1t 15 necessary to clear the pulmonary vessels of the
ussues which envelop them In domg this accurate hemostasis 1s essential to
avord obscuning the field of dissection by extravasations of blood. After the
reflection of the pleura, the surrounding fibrous tissues m which numerous
small systemic arteries and vems are encountered must be dissecred off
These small vessels must be dinded and ned usually wath suture ligatures
In the performance of a lobectomy portions of lung tissue m the hulus may
have to be cut across m order to gain access to the pulmonary vessels Further-
more, there are always numerous lymph nodes which lie m the pervascular
fibrous tissues. These must be dussected away from the vessels In the removal
of lymph nodes with the lung 1t will be noticed that cach node has a small
artery and vemn which must be Iigated.

Ligation and Diwision of Pulinonary Vessels The details of technic of the
ligation and division of the pulmonary vessels will depend upon the pref-
erence of the surgeon. It should be mentioned however that these vessels
arc relanively thin-walled and more fragile than those of comparable size
m the systemic arculanon In order to avord teanng them 1t 15 best when-
ever possible not to apply hemostatic forceps. A method of accomplishing
this 15 to pass a higature of heavy silk around each vessel afier 1t has been
nolated by carcful dissccion A curved clamp such as the cysac duct forceps
of the Lowsley or Moynihan type 15 2 uscful mstrument for this purpose
(Fig 77 A) The vessel which 15 to be drvided 15 then wed firmly Whale
the first knot 13 bemg set, all eraction which 15 bemg exerted upon the lung
must be relaxed so that the vessel will not be tied on the stretch If thus
precaution 15 not observed the higature may be 5o loose that 1t wall slip off
after the vessel has been cut. Certam vessels may be long enough o permue
the placing of a second ligature distal to the first before cutting the vessel
between them, In the majonity of cases however 1t 1s best to apply a hemo-
stanic forceps at the farthest possible distal point. The vessel 15 then cut
between the clamp and the proximal hgature. The dwstat poruon 1s then
ted 50 that the clamp can be removed. In the case of the pulmonary veins
and the smaller branches of the pulmonary artery a smgle proximal Ligature
applied 1n the manner deseribed 1 sufficicne.

When one of the large branches or the mam trunk of the pulmonary
artery proxamal to 1ts branches 15 tied, specul precautions to avord sippmg
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of the higature should be used This 1s mmportant especially 1f the vesse] g
so short that the cuff on the proximal end 1s small after division A proximal
ligature 1s placed and tied and a distal hemostatic forceps 1s appled after the
manner described previously The artery 15 then cut half way across with
the scissors (Fig 77, B) At this pomt a hemostatic forceps 15 applied to the
mcompletely severed vessel distal to the hgature The division of the vessel
1s then completed (Fig 77, C) The advantage of this technic 1s the fact that
1 case the ligature should shp, the proximal end of the artery cannot escape
completely from the surgeon’s grasp before a second tie can be appled It
1s wise also to apply a transfixion higature behind the forceps distal to the

Fig 77 Techmc of ligation of a major pulmonary artery. A, Passing a higature around
the vessel after 1t has been 1solated by disscction B, Proximal higature tied A hcmost:m(:
forceps has been applied to the vessel at a pont distal to the site of division and thcfartcr)s
has been cut half through i preparation for C, the application of a hemostatic oer[CIl)'
distal to the higature but proximal to the site of division The vessel 15 then comp Coci
severed, but the proximal end 1s held by the hemostat for D, the wnscrtion and tymng
sccond ligature passed through the stump of the vessel with a necdle

proximal tie (Fig 77, D) If the mam trunk of the artery 1s lonf%: as fcif
cxample m the average case on the left side, a single ligature 15 sufnicien 1
the cuff of the vessel which remans after division 1s large and 1f the vesse
1s not tied under tension Liwated and
Duwvision of Bronchus Once the pulmonary vesscls have been ligatc o
cut, there remams merely the problem of dealing wath the bronchlu(';il O' o
lobe or lung which 1s being cxcised In preparation for the actua 111\’1 :
of the bronchus at the level which has been chosen, the peribronchia }I“TPH
nodes must be dissected away and the bronchial arteries divided Onlzrlc
cascs of carcmoma 1s 1t necessary to make an attempt to remove a Jrg
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number of the hular lymph nodes The bronchial artenes approach the hulus
of the lung from behind and send branches which ulumately surround the
bronchs m a loose network of vesscls 30 that sn cuttmg actoss any of the
Larger bronchy, branches will be encountered at several pomts. These tend
to group themselves so that the largest vessels Lic on the posterior anterior
and wnfenior surfaces of the respecve bronchi. Small vessels are often en-
countered on the superior surface as well In cach case therefore several
ligatures arc usually necessary to secure all the branches of the bronchial
artery Because the healing of the bronchual stump tahes place at 1ts end, 1t
1 of great importance to sever the bronchial arteries at a point only shighly
proxamal to the level at which the bronchus 15 to be cut across. This pre-
caution msures the preservaton of an adequate blood supply to the tissues
and tends to mummize the occurrence of necrosis which would mevitably
lead to delayed healing The importance of mamntaiming the nutriion of the
bronchual nssues m the prevention of bronchial fistula formation cannot be
overemphasized. Hemostasts 13 secured by means of suture ligatures of slk.
No matter whether a lobectomy or a pneumoncctomy 1s being performed,
the level at which the bronchus 1s to be cut should be selected 0 as to leave
the shortest ble stump This dimmishes the possbility of the accumula~
tion of secrctions tn the stump The technc for diviston closure and covermg 1+ ¢
the bronchus 15 as follows A heavy clamp such as a curved kidney pedicle
clamp 13 placed across the bronchus at 2 pont between the lung or lobe and
the level selected for divison Thus serves as 2 handle to mantpulate the lung
and also prevents the escape of matenal from the diseased portion of the
lung snto the tracheobronchual tree. A suture of medm silk 15 placed m
the supertor or inferior margin of the bronchus and nied. This 1s gven to an as-
sistant to hold. With a kmufe which has a blade curved on the flat side (Beaver
No 14) the division of the bronchus 1s begun (Fig 78 A) Afier cutung a
short distance a suture 15 passed from edge to edge across the parnally di-
vided end. This 15 held tghtly by the assstant so as to averd the escape of
the anesthetic gases which would lead to a reduction m pressure wathin the
anesthesia system. The bronchus 15 then divided slighdy further and a
second suture 13 applied and held as before. This process 18 contnued until
the weverance 15 complete and the lobe or lung 15 removed from the chest
(Fig 78 B) The sutures which are still held ughtly 50 as to occlude the
cut end of the bmnchus,arcthmncdmrumandcut,kccpmgthcﬁmasa
gude for traction (Fig 78 C) If a sufficient number of sutures has been
used, the bronchual stump will now be arrtight. If leakage 15 observed, one
or more additional sutures wall wsually correct the difficulty When the
cartilage 1s unusually ngad, the arraght closure of the stump 15 made easier
by cuttmg across the artilge at cach end. This eliminates the sprnglike
tendency of the folded carulage to force the bronchus open at cach corner
of the closure The division and closure of the bronchus must be accom~
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plished rapidly so as to safeguard the patient agamnst the effects of diminished
acration of the remaming lung which results from escape of anesthetic
gases through the severed end The division of the bronchus and especially
the placing of the sutures m the divided end 1s facilitated by starting at the
margin which corresponds with the heel of the clamp In ths way the handle
of the clamp can be more easily turned so as to be out of the way of the
surgeon as he works on the bronchus itself (Fig 78, B)

Stay suture

Fig 78 Division of the bronchus and closure of the bronchial stump A, Shows the stay
suture ready for tymng and the start of the division of the bronchus proximal to the dar]np
Note The knife has a blade curved on the flat side (Beaver type No 14) B, The bronchus
15 partially severed, sutures have been placed through that portion which has already lzjcf;l
cut, thesc are held taut by the assistant to prevent leakage C, Davision of the bronch
completed, all sutures m place and some of them already tied

It 15 important not to place a clamp on the proxmmal portion of t]hc
bronchus because the resultant crushing of the tissues at the end of the
stump would mterferc greatly with the healing process bl

No lobectomy or pneumoncctomy 1s complete unless the closed bronctl‘;C
stump 1s also covered There 1s no doubt that this part of the op<1:r,ﬂ ln p
technic 1s of equal importance with prescrvation of the blood supply a ”
the avoidance of the crushing of the sutured end of the bronchus Vanod
methods have been deseribed In practice the success of this detail d(I:pCl;f
rather upon the ingenuty of the surgeon m using the structurcs which n 0 ¥
be available m cach individual case than upon the arbitrary ndoptltool:n
any particular method In a few mstances, espectally after a pncumoncctomy,
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enough peribronchial areolar tissuc 13 available to make 1t possible to bury
the stump where 1t lies. This 15 done by approximating the mediastmal
fissucs over the stump by means of a series of sutures (Fig 79 4) In certamn
cases of lobectomy or scgmental excision the stump of the severed bronchus
an be buned bencath the surface of an adjacent lobe or withm the sub-

A B
l g
Areolar

tissues Lung

Fig 79 Methods of covenng the bronchial stmmp A By burying it within the peribeon-
chual arcolar tusue of the mediastinom npphablcpa]monyudnnv:lympmnnonpcmm
B By infoldmg 1t withm contiguous surfaces of the lung applicable m segmental ::cmuyn
zimmmoﬂobcctomy C By shiding an edge of pleura over 1t, sometimes wath an

nonal relaxmg mesion as shown. D By covering with 2 uinged flap of pleura sutured
to both sides of the stump (almost a free graft) B By covening with a hinged flap of pleura
held wrth one row of sutures (when the attached edge of the flap 18 thoroughly secure)

stance of the remainmg segments by suturing
portrons of pulmo tissue
tl;vcr it (Fig 79 B) hothamagcncmmﬂapofmcdlfmnﬂ';zm can
mgarcscrvcd durmg the dissection of the hilus usnally from 1ts postenor
ace. This may be lad over the bronchual stump and sutured to 1t surface
proxamal to'the end or to the surrounding areolar tissucs In some cases the
flap though available, 15 not large enough to be brought over without too
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much tension In this event a linear relaxing meision 15 made several centie
meters behind 1ts edge. This will allow the pleura to be shd over the stump
and sutured 1 place as described (Fig 79, C). It 15 sometimes necessary to
divide the areolar tissuc attachments beneath the pleural flap to accomplish
this In other mstances, however, 1t 15 necessary to construct a rectangular
flap of sufficient size which 15 allowed to remam fixed at the cdge nearest
the bronchus so that 1t can be turned over the bronchral stump as 1f 1t were
hinged This flap 1s then sutured over the stump m the manner described
previously, but 1t lics, of course, mside out with the serous surface aganst
the bronchus This difference 1 relation of the surface of the pleural flap
to the bronchus 15 of no practical importance (Fig 79, E) In ccrtam m-
stances when this method 1s employed, the attachment of the flap may be
msecure and might come loose, leaving the stump madequately covered
This possibility can be prevented by suturing the flap to cach side of the
stump as shown m Figure 79, D

Sometimes 1t 1s difficult to obtamn an adequate pleural cover for the
bronchial stump even by the methods described In these cases recourse may
be had to the use of a free graft of pleura obtamed from an undiseased portion
of the lung which has just been removed This can be sutured over the
stump and usually makes a satisfactory protection agamst leakage

Closure of Space Within the Plenral Cavsty The closure of the space which
remains 1n the pleural cavity after a lobectomy or pneumonectomy depends
upon shifting of the mediastinum, upward extension of the diaphragm,
flattening of the chest wall on the operated side by approximation of the
ribs and, m lobectomy cases, compensatory emphysematous cnlargement
of the remamder of the lung There 1s m addition, of course, the organiza-
tion of serosangumncous transudate by fibrous tissue In pncumoncctomy
cases, because of the large size of the residual space, 1t 15 advantagcous to
favor the risc of the diaphragm by crushmg the phrenic nerve beforc the
chest mcision 1s closed In lobectomy cases the action of the diaphragm
should be preserved to farther the respiratory function of the remamnmng
portion of the lung ,

Draage of Plenral Camity Dranage of the pleural cavity after lobcctomf)
or pneumoncctomy depends upon the naturc of the casc and upon the pre I
crence of the surgcon The use of a dram placed on suction or water-sca
collection 15 mdicated whenever an unusually large amount of flnd nught
be anticpated, as m mflammatory discases with very vascular adhcszonsi
and when arr leakage from the lung 1s anticipated, as i cascs of scgmcn;ﬂ‘
excision. In general 1t 1s wisc to msert a drain after lobectomy to allow t ;t(:
remaming portion of the lung ummpeded access to the pleural spacc &o mT ‘
its complete expansion On the other hand, 1t 15 preferable to onut r:;l;;tu?d
after pncumoncctomy because of the favorable cffect of the cffusion o e
m preventing too sudden or too pronounced a shift of the mediastinun
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the operated side also flwd ads 1 the ulgmate obliteration of the pleural
cavity

Speaal Considerations Relative to the Type of Operatie Procedure

Local Exasion of a Portion of Lung (Wedge Excision) In cortam cases of
penpherally located benign primary tumors of the lung or in certamn cases
1 which a metastatic tumor 15 presumed to be simgle and therefore amenable

Benign fumor First suture

Scissors
( or knife )

Second suture
Clamps { clamp removed )

A B
Fig 80. Local exasion of benign tumor 4 Method of wedge-shaped examon of involved
area mumg clamps to secare the divided surtaces of the remamder of the lobe. B dasure
by contmuows suture Upper portion shows start of rutnre by passmg through and through
beneath the jaws of the camps lower portion shows completon by pasang the suture
over and over back to the startmg pomt where 1t 13 tied to the free end.

to surgtcal extirpanon, the excision of a small wedge-shaped section from
the penipheral portion of a lobe 13 practrcable. No effort 15 made to 1solate
and ligate separately the pulmonary vessels or to secure the bronchi mdi-
vidually With the lung rendered parnally atelectanc by reduction of the
pressure within the anesthesa system, 2 wedge-shaped section of lung con-
taning the lesion which 15 to be removed 15 blocked off by means of two
series of straight hemostatic forceps applied 1n succession 1 the manner
described previously for the separation of two lobes of the lung with an
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incomplete fissure between them By cutting along the jaws of the clamps
with a sharp kmife the portion of lung thus outlmed 15 excised (Fig 80, A)
The defect 1 the lung may be closed by either of two methods The first
method 15 to approximate the cut edges with mattress sutures passed beneath
the clamps and placed i such a manner that they mnterlock one with the
other The sutures are held by an asssstant untd all are i place After the
clamps have been removed, they are tied To complete the closurc the cut
edges of the lung, which are turned up one agamst the other by the mattress
sutures, are sutured over with a continuous strand of very fine chromicized
catgut on an atraumatic needle Such a closure 1s artight and hemostatic
The other method 1s to use a contmuous suture of chromicized catgut passed
back and forth beneath the clamps and then over and over to the starting
pomt m the same manner as was described for the closure of a portion of
the lung after the surgical separation of an mcomplete fissure (Fig 80, B)
No dramnage 15 required 1n either case

Segmental Exciston (Resection) The practice of excising a bronchopul-
monary segment of a lobe of the lung as an anatomic umt 15 now well
established Its principal application 1s m the extirpation of pulmonary scg-
ments which are mvolved m localized bronchiectasis The technical success
of this procedure, however, depends upon the accurate solation and separate
division of the segmental branches of the pulmonary artery and vem and
the corresponding bronchus of the segment which 1s to be removed The
older method of cutting blindly across the lung without knowledge of the
location of these structures led to a high mcdence of complications m-
cluding hemorrhage, empyema, tension pneumothorax, spread of mfection
n the remamder of the lobe, and failure of the lobe to expand or to remam
expanded after the operation was termunated Accurate knowledge of the
mtricate anatomic relations of the pulmonary vessels and bronchi m the
hilus and mn the mdividual lobes and segments of the lung 1s cssential It
must be kept m mind also that there are various anomalous arrangements
of these structures which must be looked for These usually fall mto several
more or less characteristic categories, but very rarc and unusual anomales
may be found occasionally (Chap 1) )

Knowledge of the cxact segment which 1s to be removed must be o }
tamed durmg the preoperative mvestigation of the patient by study 0(
roentgen ray films of the chest obtamed after the mtratracheal mjection 0

1odized o1l

The disscction 1s begun m the hilus of the lung where the artery and ]\’Clﬂ
of the discased segment are 1dentified, tied and cut In some scgments tlcrc_:
may be more than onc of these vesscls, as for cxample m the superior scg
ment of the lower lobe where there arc often two mdependent arterics
Before any artery which 1s presumed to be the principal vessel 5111)p3}11:1g112
given segment 1s divided, onc should scarch for branches which may c
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from 1t to supply an adjacent normal segment In some cascs the scgmental
artery to the discased segment comes from the main branch of apother
sogroent.

Afier the segmental vessels have been ligated and scvered, the bronchus
must be dealt with Because of varmations m the branches of the larger
bronchy, 1013 not always possble to be exactly certain that the correct bronchus
haa been found More often this difficuley 11 confined to determining whether
a given bronchus 15 the chuef scgmental bronchus or one of 1ts pnmary
branches. The differentiation can be made, however by temporanly oc-
cluding the bronchus with 2 clamp which 1 apphed only ughty enough to
close the lumen and then having the anesthetist inflate the lung A study of
the portion of lung whih remawns atectatc will mform the operator as
to whether or not the correct bronchus hay been wolated. During it 1w
flation the lung should be watched closcly because i certam panents the
tendency of the segment whose bronchus has been occluded to become n-
flated through alveolar communications with adjacent segments 15 so great
that n a short time the entire Jobe may take on a umform appearance If
this should happen the anesthetist should be mstructed to reduce the mtra-
pulmonary pressure whereupon the occluded segment can be disunguished
from the remamnder of the lobe because of the fact that arr remains trapped
within 1t while the portion with an open bronchus becomes deflated. Onee
the segmental bronchus has been correctly identthied, 1t 15 clamped cut
proxmal to the lamp and sutured m the manner previously described.

It remams then to cut across the parenchymal portion of the lung along
the hmirts of the segment which 15 beng excised The determunation of the
pertpheral extent of the segment 15 made 1n the manner just described for
the selection of the correct bronchus The diviston of the lung can be ac~
complished m one of two ways The first 13 to apply a seres of straight
hemostatic torceps across the preramed hmuts of the segment to be removed
(Fig 85) The application of the clamps 15 usually begun at the peniphery
and carrted to the hilar himits of the segment where the divided bronchus
and vessels serve as 2 guwde to avoid mjury to the structures which serve
the remaming segments. Afier the discased porion of the Jung has been
removed the cut edge of the remander of the lobe 15 closed over m the
manner described under separation ot fissures and local excision of lung
(Fig 80 B)

The above technic has been supplanted by the more anatormic procedure
which compruses the second method. The prnciple of this method 15 to
bnng about a separanon without the use of clamps by blunt and sharp
dussection as required, beginning at the hilar portion and workmg outward
along the adjacent distended portion of the lobe whch 15 being preserved

{F1g 81 B) If the proper planc of dissection 1 followed there 15 relatsy cly
Little bleedmg becanse no large vessels are encountered unless the adjacent
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Left Lung

A

Phrenic nerve

|
Lingular /m

bronchus,“;”

B

Intersegmental
cleavage plane

* 1. - 7

3?3' Apex ot lower lobe

Fig 81 Technmic of segmental exaision Lingulectomy A, Firststep Ligation and division
of segmental artery and vein, division and proximal closure of the segmental bronchus
B, Removal of the segment (lingula) by cuttng with saissors along the mtersegmental
plane using the segmental vein s 1 guide
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On the left side vamations of the bronchi are of less importance in the
pecformance of 3 lobectomy  except m the rarc case when the lingula
bronchus arses from the lower lobe bronchus wmstead of the upper The
relation of thus bronchus to the omgin of the supertor segment branch of
the Jower lobe bronchus may then make 1t necessary to divide the superior
segmental branch and the mam trunk of the lower lobe bronchus separately

Right Lung

Phrenic nerve Pericardium

Pulmonary artery,

Upper lobe

Middie lobe
vein

Fg 82 Fisst steps m the performance of a nght upper lobectomy or nght pneumo-
nectonry Antenior portson of superior pulmonary vemn divided to give better access to the
polmonary arery ;Iobccmmy hganure around the opper lobe drtery to the apical and
anterior segmenty for poeumonectomy  addinonal higatare to be pla artery
below this branch. Anterior aspect of the hilus. phesd sround he

as on the nght nide Occasionally 1t be
e e e onte y 1t may be neces.ary to remove the lingula

Aside from the techmaal difficulties which anse from
ongm and relatons of the pulmonary vessels and the br:;ll:fhzdofhgl;
which result from meompleteness of the fissures, there are few other matters
of techme which are pecular to the performance of a lobectomy as com-
pared to pneumoncctomy The covening of the bronchual stump however
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a period of at least forty-eight hours to provide egress for the fluid which
often accumulates and to prevent the development of tension pneumo-
thorax 1f there should be a small leak of air (see Chap 2)

Lobectouny (Modern Technic) In general the technical difficulty of a lobec-
tomy 1s greater than that of a pneumonectomy but not often so great as
that of a segmental excision The difference 1s chiefly on an anatomic basis
A thorough knowledge of the anatomy of the hilus of the lung and of all
the common anomalies of the pulmonary vessels and the bronch 1s necessary
The differences between the various lobes and the two lungs must be under-
stood For a review of these details reference should be made to the appro-
priate section 1n Chapter 1 In the case of the upper lobes there are scveral
branches of the pulmonary artery Some of these must be sought withm
the fissure In the middle lobe there may be one or two arterics, both anising
from within the fissure In the lower lobes 1t 15 often possible to higate the
artery as a smgle structure, but on the right side the nuddle lobe artery (or
one of two 1 some cases) may arise from the lower lobe artery below the
origin of the artery to the superior segment When this occurs, mn order
to preserve the blood supply of the middle lobe 1t 15 necessary to cut scpa-
rately the supertor segment branch and the mam trunk of the Jower lobe
artery below the origm of the middle lobe branch On the left side a simular
situation may be encountered when the lngular artery arses from the
lower lobe artery below the ornigm of the superior segment branch Separate
division of the lower lobe vessels 1s necessary when this anomaly 1s found
Anomalous distributions of the vems must be watched for also and dealt
with m the appropriate manner

Abnormalities of the primary branches of the bronchi also may require
special attention m the performance of a lobectomy In the night upper
lobe httle difficulty 1s usually encountered, but two mfrequent anomalics
must be kept n mmd One 1s the occastonal occurrence of a tracheal bronchus
which arises usually along the night side of the trachca and extends dircctly
mto the apical segment of the right upper lobe Such an anomaly 1s a rarc
occurrence on the left side. The other 1s the separation of two of the primary
upper lobe bronchial divisions by the passage of the azygos vem between
them m the casc of so-called “azygos lobe™ of the lung.

Another more frequent difficulty which arises from varations of 3;0
bronchi i the nght lung results from the unusually low origin of the nuddle
lobe bronchus In some cases this bronchus arses opposite the superiof
segment branch of the Jower lobe bronchus In a few 1t may be found at :m{
cven lower level If a muddlc lobectomy 1s bemng done, this occurrence 1s 0]
no mmportance, however, 1f the lower lobe 1s to be removed, the r Cll]:l(?m\
of the middle lobe as well may be necessary 1f 1t does not appear feasible t(t
divide the superror and basal segmiental broncht mdependently m an attemp
to leave the nuddle lobe bronchus mtact.
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On the left side vartanons of the bronchi are of less importance 1n the
performance of a lobectomy  except m the rare case when the lmgula
bronchus anses from the lower lobe bronchus stead of the upper The
relation of this bronchus to the ongin of the superior segment branch of
the lower lobe bronchus may then mahe 1t necessary to drvide the supertor
segmental branch and the mamn trunk of the lower lobe bronchus separately

Right {_ung

Phrenic nerve Pericardium

Pulmonary artery,

Upper lobe
artery~,

Middie lobe
veln

Fig 82 Finst steps m the performance of a nght upper lobectomy or nght pneumo-
necromy Antenor portion of snpertor palmonary ven divided to give better access to the
pulmonary artery Por lobectomy Iigature around the upper lobe artery to the apical and

antertor segments for pnenmonectorry additional ligature to be placed around the artery
below this branch. Anterior aspect of the hulos,

as on the nght side. Occasionally 1t may be neceseary to remove the Lingula
to surmount the difficulty

Asde from the techneal difficulties which amse from anomalies of the
ongm and relanons of the pulmonary vessels and the bronchi and those
which result from mcompleteness of the fissures, there are few other matrers
of technic which are peculiar to the performance of a lobectomy as com-
pared to pneumonectomy The coverng of the bronchial stump however
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1s sometimes more of a problem It 15 almost always necessary to turn up a
rectangular flap of pleura to cover a lobar bronchus Tlis 1s especially so
m the case of the upper lobe Furthermore, 1f the stump of the bronchus i
short, as 1t should be, 1t 1s sometimes difficult to place sutures 1n the side
of the bronchus to hold the flap m place without mterfering with the pul-
monary vessels of the lobe which 1s not removed Advantage should be
taken of any hilar lymph nodes which may be present for the placmg of
sutures to hold the flap The flap can also be sutured m some cascs to that
portion of the remaimung lobe which hes close to the stump which 1s being
covered As m the case of segmental excision, m suturing a pleural flap
over a lobar bronchus one should avoid drawmg it tightly across a pul-
monary vessel of the remammg lobe becausc of the danger of mterference
with the circulation

Preumonectomy (Modern Technic). From the technical pomt of view the
performance of a pneumonectomy 1s relatively more simple than a Jobec-
tomy However, conditions secondary to the pathologic process which may
be present at the hulus may make the operation exceedingly difficult Certamn
details of technmic which have a particular importance should be mentioned
The method of ligating the pulmonary artery may vary depending upon
which lung 1s bemng removed On the right side, because the mam trunk
of the artery 1s short, 1t 1s often wise to tic the first upper lobe branch mde-
pendently The remamder of the vessel can then be sccurcd with another
ligature, but 1t will be found usually that this portion can be reached best
after the superior pulmonary vem has been tied and cut Ths step allows
an unobstructed view of the artery (Fig 82) It 1s then only necessary to
exert precautions agamst tcaring the vessel wiile the dissection between
the artery and the bronchus 1s being completed On the left side, because
the mam trunk 1s usually relatively longer than on the nght, 1t 1s almost
always possible to ligate and divide the mam trunk of the pulmonary artery

proximal to any of 1ts branches

Except for the presence of anomalies m arrangement of their branches,
the pulmonary vems do not present any particular problem m the per-
formance of a pneumoncctomy With the exception of the branches which
traverse the hilar portion of the lung and arc reached fron withmn the fissures,
thesc veins are more readily accessible than the arterics because they are
more superficial They are often covered mercly by pleura and a thmn ﬁllm
of arcolar ussuc The mferior pulmonary vem les at the upper Jimt of‘t‘w
pulmonary hgament Its exact location can be determined, as this hg:um'nf
1s being divided from below upwards, by the presence of a small artery
which runs m the perthilar arcolar ussucs along 1ts mfertor aspect Thi‘rcl’s
also a lymph nodc which lies below the vem at the upper hmits of the

pulmonary hgament
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The drvision and closure of the bronchul stump are performed m the
same manner as 1 lobectomy However 1t 3 important to keep mmd
¢hat the mam bronchus 15 large and that the loss of pressure in the mera~
tracheal anesthesia system 15 rapsd 1if much anesthetic gas 1s allowed to escape
The closure of the bronchial stump should thercfore be accomphished as
rapidly as possible by the method already described. Covering the stump 13

Right Lung

Ligatures on
second middle lobe
artery

Middle lobe

Upper lobe

incomplete
fissure

¢ Dlvided gartery Lower lobe artery

Miuddle lobe bronchus

Fig 83 Rght muddle lobectomy Exposure of the sirucnures at the depthn of the fisvare
between the msddle and lower lobes. Broochus and artenes shown. ’?g ﬁ.w‘\)nc between
the middle and upper lobes 1 anatomically imcomplete.

usually readily accomplished. This step i the procedure must not be omu

As already mentioned, the phrenic nerve should be crushed n ordct:'cf;
allow the maxamum elevaton of the diaphragm to assist 1n the obliteration
of the pleural cavity Dramage 1s ordinanily not used.

Companison of Procedures in Puemonectomy and Lobectomy In order to



Right Lung

Pericardium

Middle lobe vein Phrenic nerve

Fig 84. Rught middle lobectomy Exposure of the middle lobe branch of the superor
pulmonary vein on the anterior aspect of the hilus

Right Lung

Clamps

Middle lobe

Upper '
lobe Ligated
arteries
- Bronchus
Knife Lower lobe
arfef,y

Mg 85 Raght muddle lobectomy  Surgical diasion of the meomplete fisure
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Right Lung
A

Middle lobe ] Phrenic nerve

- Lower lobe
Middle lobe A bronchus
° (

¥ Lower lobe
Posterior seg y { artery
artery i
iy 4
Upper 33 ’ X Lower lobe
lobe
" Supernor 7
seq ;!
urfery/ y '\
| ' )

Phrenic -
nerve ,Clumps on
pulmonary
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|

Esophagus |

|

Fg 86 Rght lower lobectomy A Exposure of the strctures withm the fisure showimng
the relanoms of the branches of the palmonary artery Note In order to avosd occluding the
lower muddle lobe artery in thrs cate 1t 13 necessary o divade the sapenor segment branch
of the lower lobe artery separately The mun artsry can then be severed below the middle
lobe branch. B Divinon of the palmoniry ligam-at and exposare of the mferor pulmonary
vein. The liege branch which aru~ 1 th smp-rior s_gment 1 shown. In basal segmenal
excition thes branch must Ye preserved. In superior segmental excimon 1t 15 divided, but the
remanmg branches of the vesn mut be preserved. In lower lobectomy and pncumonectomy
Bhe et 110 ferte T verm 18 e e



' Left Lung .

Apical s posterior
seqg arteries

Pulmonary artery

Phrenic nerve

Upper lobe

Ligated apicala
posterior seg
arteries

- Branches of superior

/ lemonory vemn
/

Upper lobe bronchus

Lower lobe bronchus

P

Lo

Fig 87 Left upper lobectomy Exposure of the vesscls which must be divided m the

performance of left upper lobectomy and lingulectomy A, Exposure of the left pulmonary
artery and 1ts first branches In the performance of a pncumoncctomy on this side the mam
trunk can usually be hgated safely proximal to these branches B, Disscction withm

fissure to exposc the remaming upper lobe arteries for lobectomy or hngulectom

Superior pulmonary vem as scen from the anterior aspect of the hilus where nt has been nnldc
ready for division in the performance of a lobectomy or pncumoncetomy [he hngular
van 1s shown where 1t 1s to be divided for 1 lingulectomy  Separate division of the two
pnncipal branches as shown 1s usually preferable to using a smgle hgature on the mun

trunk. for lobectomy or pneumoncctomy
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Left Lung
A

.Basal seq artery Lingular artery

Phrenic <
nerve \

|
Phremic nerve Superior seg artery

Clamp on lower lobe
v bronchus (basal)

Pericards
Superior
Supenior seq vein
3eq veln
T Divided
basal
seg vemn
G
Clamps on Inferior pulmonary
pulmonary figament vem
B

Fig 83. A Exposure withm the fisure of the Imgular and lower lobe branches of the
left pulmonary arery The ligatures indicate pomts of drvmon of the several vesscls for
Lingulectomy  baal or supenor segmental exemion, or lower lobectomy B Division of
the pulmonary ligament and cxposure of the wnfertor pulmonary vem and 1ty major seg
mental branches for a basal or supenor segmental cxemon, lobectomy or pneumonectomy
C Techmic of banal segmental exasion Divinon of the basal segmental venous tnmk with
preservanon of the superior segmental vem. Broachnl trunk dutl to the supenor segmental
bronchus clamped and ready for dimmon (For artery see A.)
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-~
stmplify the understanding of the essential steps 1 the technic of lobectomy
and pneumonectomy as apphed to each of the several lobes and of the two
lungs, the followimng outlme 1s subnutted along with sug ggestions for the
most convenient utlhzatlon of the illustrations (Figs 82, 83, 84, 85, 86, 87,
88) It must be clearly understood, however, that because of anatomic
varnations and situations which result from pathologic processes 1t may be
necessary to vary the sequence of the steps as outlined The decision 1n cach
mstance must be made by the surgeon, depending upon the exigencies of
the case In using this outlme 1t will be found helpful to make frequent
reference to Figures 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27 and 28

Chapter 1

l""

OUTLINE OF PROCEDURE

A Pncumoncctomy
Rught Lung

1

Inciston and reflection of penlnlar
pleura

Left Lung
1 Same

2 Ligation and division of the superior 2 Ligation and diysion of the mam trunk
pulmonary ven to gamn better access to of the pulmonary artery proximal to
the pulmonary artery (Fig 82) 1ts first upper lobe branch (Fig 87)

3 Ligation and division of (a) first branch 3 Ligation and division of the superior
of pulmonary artery (to apical and ant- pulmonary vemn (Fig 87)
crior segments) and (b) the man trunk
below this branch (Fig 82) Note Some-
times the artery proximal to the first
branch 15 long enough to permut safe di-
viston at that level v

4 Division of the pulmonary ligament 4 Samc (Fig 88)

(Fig 86)

5 Ligation and dwvision of the mferor 5 Same (Fig 88)
pulmonary vem (Fig 86) .

6 Ligation and division of the bronchial 6 Same
arterics close to the Ievel of severance of
the bronchus

7. Scction of the bronchus and closurc of 7 Same (Fig 78)
the bronchial stump (Fig 78) Note
These steps 1n the procedure are per-
formed simultancously .

8 Covering the bronclial stump (Fig 8 Same (Fig 79, 4, C,Dwd k)

79, A, C, D and E)

9 Crushing the phrenic nerve 9 Same

10 Injection of anubiotic solutton mto 10 Same
pleural cavity

11 Closure of mcision without dramage 11 Same

B Upper Lobectomy
Right Lung Left Lung

1.

Ligation and division of the apical, -
tcrior and posterior branches of the su-
penor pulmonany van These are usu-

1 Ligation and divgsion of the supeno”
pu]mmnr) van (hig 87)
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ally secured scparately bat may at times
be a3 ome or two trunks. Note
The mddle lobe ven which enters the
supenor vem must be preserved. Thus
the mam trunk of the supenior vem can-
not be ligated smgly (Fig 82)

2. Liganion and divinion of the apical and
antentor segmental branches of the pul-
monary attery Note These ansc usually
212 single branch but may come off sep-
arately Thus 1t may be necemary to I
gate oaly one ot somenmes two art.nes
at this pomt (Fig 82)

165

2 Ligation and divmon of the fint one
or two branches of the pulmonary ar-
tery (Fig 87) Sec alio Figures 24 and
25, Chapter 1

Note. Steps 1 and 2 are carnied oat on the antenor aspect of the hilus of the g

3 Liganon and divimon of the posterior
segmental artery (Fig 86, 4)

4 Ligavon and division of the lobar bron-
chial arterses.

5 Secnon of the bronchm and dosure of
the bronchual stump (Fig 78) These
steps are performed nmultancously

6. Covermg the bronchal stump (Fig 79
C D and E rarely 1n lobectomy B)

7 Reexpansion of the middle and lower
lobes.

8 Injecnion of antihiotic solution mto the

timey omutted) (Figs. 32, 33 and 34)

3 Liganon and drviion of the remaming
upper lobe artenies including the lin-
gular artery (Figs. 87 and 88) Not
Numerons vanations of arfangement
and number of the upper lobe arteries
on the left mde are frequently found
(Fig 28)

4 Same.

5 Same (Fg 78).

6. Same (Fig 79 C Dand E rarely B)
7 Reexpannion of the lower lobe.
8 Same

9 Same (Figs 32, 33 and 34)

10 Closure of manon. 10. Same.

C. Muldle Lobectomy and Lingulectomy
Notz Because of the anatomue similanity between the nght muddle lobe and the bngular
segrment of the left upper lobe, these procedures are arranged together although hingulectomy
udmmta}wawtcchmmﬂyawgmmul:xmmkxﬂy‘hcknguhmmpmuanpanw
lobe (sce Chap 1)
Rught Lung \iddle Lobectorny
1 Lygzoon and divinon of the muddle lobe
artenay (or artery) (Fig 83) Tha step
13 accomplhed withun the fissure,

Left Lung  Lingulectomy

1 Liganon and divmion of the

atery (Fig 88 A alo Fg 81 A)
This step 13 accomplished withm the

2. Ligaton and drvinon of the middle lobe
vem, Ths step o sometimes performed
bcfor:d::artcryudaltmi(ﬁg 84)
Note Ths vein may be a tibutary of

2 Ligaton and drision of che

vem (Fig 87 abo Fig 81 A) Note
Thus vem may empty mro the infenor
palmonary vein mstead of the ruperior
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8

9

the inferior pulmonary vem (Fig 21)
or 1t may enter the heart independently
This step 15 accomplished on the an-
tertor aspect of the hilus

Ligation and division of the bronchial
arteries

Section of the bronchus and closure of
the bronchial stump (Fig 78) These
steps are performed simultaneously
Covering the bronchial stump (Fig 79,
B, C, D or E)

Separation of partially or entirely n-
complete fissure between the middle
and upper lobes (Fig 85) Note This
step 1s frequently accomplished before
Step 4 Either sequence 1s satisfactory

Reexpansion of the upper and lower
lobes

Injection of anabiotic solution mto the
pleural cavity

Insertion of a dramnage catheter (some-
times omutted) (Figs 32, 33 and 34)

10 Closure of the incision

D Lower Lobectomy
Rught Lung

1

Ligation and division of the pulmonary
artery below the middle lobe branches
(Fig 86, A) Note In order to preserve
the lower middle lobe artery 1t 15 some-
times necessary to divide the superior
segmental branch of the lower lobe ar-
tery separately, the mam trunk can
then be severed below the middle lobe
vessel

Division of the pulmonary hgament
(Fig 86, B)

Ligation and division of the inferior
pulmonary vemn Fig 86, B)

Ligation and diviston of the lower lobe
branches of the bronchial arteries
Section of the bronchus and closure of
the bronchial stump (Fig 78) Thesc
steps arc performed simultancously
Note Because of an unusually ligh
onigin of the superior scgment bron-
chus oppostte or actually proximal to

THORACIC SURGERY

vemn Thus step 1s accomphshed on the
anterior aspect of the hilus

3 Same

4 Same (Fig 78)

5 Same (Fig 79, B) Note Method B,
whereby the stump 1s buried wathun the
contiguous portton of the remainder of
the upper lobe, 15 usually suffictent
lingulectomy

6 Severance of the parenchyma of the
lung along the mtersegmental plane
(Fig 81, B) Occasionally there 15 a
partial fissure between the lingular and
adjacent segments Rarely this fissure
may be complete

7 Reexpansion of the remamnder of the
upper lobe and the lower lobe

8 Same

9 Same (Rarely omutted) (Figs 32, 33
and 34)
10 Same

Left Lung
1 Ligation and drvision of the lower lobe

artery (Fig 88) Note If the ongin of
the lmgular artery 15 unusually low on
the mam trunk or if 1t actually anses
from the lower lobe artery, 1t 15 nec-
essary, 1n order to preserve 1t to divide
the superior segmental branch and the
mamn trunk of the lower lobe artery
separately
2 Same (Fig 88, B)

3 Same (Fig 88, B)
4 Same

5 Same (Fig 78) Note In the rarc situa-
tion where the hngular bronchus ariscs
independently from the mam bronchial
trunk, a rclaton to the lower lobe
bronchus stmilar to that which fre-
quently prevails with the nuddle lobe
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the ongm of the muddle lobe bronchas, broachms m the nght lung may be en-

1t may be necessary to sever this bron- d. The same 1 then
chus independently of the mam lower requured as on the nght side.
lobe broactnal trunk which must be di-

vided separatcly In ths mstance two
broach! stumps must be dealt with of
the muddle lobe bronchns 13 to be pre
served. Otherwne the muddle lobe must
be removed wath the lower lobe. Th
is somenrmes unavoidable
6 Coverng the bronchul stump (Fig 6 Same (Fig 79 C Dot E)
79 C DorE)
7 Reexpansion of the upper and nuddle 7 Reexpansion of the upper lobe.
lober.

8, Ingecnon of the annbiotic solunon mto 8 Same.

the pleural caviey

9 Insernon of a dramage catk ter (Figr 9 Same (Fige 32, 33 and 34) (sometimes
32, 33 aud 34) (som~nms omured) omutted)

10 Closure of the merwon. 10. Same.

Toumiquet Method of Lobertomy Before the techmie of ilar dissection was
well developed, 1t was somenimes thought best 1 the presence of mtense
mflammatory reaction wathun the hilus to abandon the attempt to 1solate
the pulmonary vessels for scparate igatton and drvision and to resort to the
use of the tourmiquet method of lobectomy Although rarely needed nowa-
days a lung tourmquet should always be available The necesmity for ats
usc, however bears an mverse relation to the expenience and skill of the

surgeon

In casc 1t should be necessary to use the tourmquet method of lobectomy
a brief desenption of the technic follows

After 1ts pertpheral attachments have been freed and the fissure 15 com-
pletely developed, the lobe 13 held up by means of a lung forceps (large
Duval forceps) and the tourmquet 15 passed over 1t and down as far as
possible around the hiar pedicle of the lobe This pedicle consists of the
bronchus the bronchual artertes the pulmonary artenes and veins and the
lymph nodes all of them matted together by nflammatory adhesions and
mfiltration. The tourmiquet 1s then nghtened so that there 1 no doubt that
the pulmonary artery to the lobe 15 occluded. This necessitates a very con-
sderable degree of compression. A second tourniquet 15 apphed to the lung
scveral cenumeters dusta] to the proximally applied tourmiquet. If there 1s
danger of 1t3 slipping a large clamp can be used distally mstead of the second
tourniquet. Using a knufe the lobar pedicle 1s then cut m a V-shaped manner
with the depths of the V directed centrally toward the proximal tousmuquet
The discased lobe 15 then removed from the chest.

From this moment on the members of the operaung team must be careful
not to tmp the ratchet which holds the tourniquer tighe. This acadent
would result promptly 1n the escape of the pulmonary arrery with grave
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consequences because of the difficulty of securing the severed vessel m a
mass of mflammatory lymph nodes and other ilar structures

The en masse closure of the hilar stump 15 begun by passing numerous
mattress sutures of catgut across the divided tissues, starting at the depths
of the V-shaped surface and endmmg with a sertes across the edges It 15 well
to leave several of the outer sutures uncut with hemostats attached so that
the stump can be controlled After the last of these sutures has been tied,
the tourmquet 15 released gradually As the compression of the stump s
diminished, bleeding will occur from any vessel which may not have been
secured by the mass suture ligatures In this event the tourmgquet 15 tightened
once agam and another suture 1s applied at the pomt whence the blood
was seen to emerge The adequacy of the hemostasts 1s then tested agam and
further bleeding 1s stopped by sutures until 1t has been controlled completely
The tourmquet 15 then removed and the lobar stump 15 released

Healing of such a mass of partially devitalized tissue compressed by higa-
tures 1s naturally slow and often mcomplete because of the necrosis and
sepsts which usually result A bronchial fistula develops i many such cases
and empyema 15 a frequent complication The tourniquet method 1s to be
condemned except for emergency use or m exceptional mstances of in-
flammatory fixation of the hilus

Techuscal Problems Presented by Certarns Diseases

Bronchiectasts The ease with which a lobe or a lung can be removed for
bronchiectasis bears a direct relation to the severity of the complicating m-
fection and the duration of the resultant inflammatory changes The mant-
festations of mfection m this disease consist of adhesions between the lung
and the parsetal pleura and the diaphragm, or between the lobes, and cn-
largement and mflammatory fixation of the hilar lymph nodes

In some cases the element of infection 1s negligible and there 1s therefore
almost no mflammatory reaction Such lungs are not adherent and the hilar
lymph nodes are only moderately enlarged In fact, 1t would often be difﬁ}
cult to determine just where the discased segments of the lung mught be 11
1t were not for the benefit of preoperative roentgen studics of the bronchia
tree after the mjection of 10dized o1l ”

Certamn guides to the dentification of the abnormal arcas are helpful
these relatively uninfected lungs In the first place, the bronchiectatic portul)ll
of the lung 15 often much more frec of anthracotic pigmentation tlmndt 1%
other segments or lobes This difference 15 sometimces very striking a]n ) 1
not understood by the surgeon, nught lead him to the erroncous conc usion
that the discased portion 1s actually ummnvolved Seccondly, the ]]mJ]OHZ
of cascs 1t 15 possible to palpate the abnormal termmal bronchi which a
more obvious to the sense of touch than mn the normal lung and impart to
the exammer’s fingers the sensamon that they arc thickened and drawn
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closely together A third mportant axd to the rdentification of the abnormal
portion 1s the observanion of areas of atclectasis or of trapped air 1n emphyse-
matous regrons. Atelectasis of the alveolar portion of the diseased segments
1s of course, a frequent and helpful finding A less well-recogmzed phenom-
cnon which when found, 15 also characterstc of the lung m a bronchi-
cctatic segment before atclectasis has supplanted 1t 15 a tendency of the
alveolar portion of the discased segment to retamn 1ts air after the pressurc
wathin the bronchial tree has been reduced Thus 1s sometimes so pronounced
that for many nunutes after the air has left the remainder of the lung the
bronchiectattc segment remamns air-filled or even emphysematous This 1s
spoken of as  obstrucave emphysema

Right Lung

b
Pericordial fat
Pericardium
Lung (L L)

Fig 89 Divmuon of vascular adhessons between the lung and the pencardnl sac 1n 2 cae of
bronchicctasns of the nght middle lobe.

In panents who have cxpenenced infection in the bronchiectatic portion
of the lung one finds at operaton evidences of mfammation which vary m
degree depending upon the extent and duranon of the mfection. The tech-
mcal difficulty of the operation n such cases naturally varies with the mani-
festations of mflammanon In some the adhesions of the lung to the chest
wall and duphragm are very dense and exceedmgly vascular Adhesions to
the duphragm and pericardial fat tabs i particular are notably vascular
and often difficult to divide (Frg 89) It 13 1n such cases that trapsillununation
with 2 small operating light 1 valuable to avord cutting nto the diaphragm
or the lung 1selt durmg the disscction.
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“The hilar lymph nodes m bronchiectasis are frequently much mflamed
and adherent In some cases this tendency 1s so pronounced that 1t 15 difficult
to free the pulmonary vessels for mdrvidual ligation and division However,
by pamstaking work and with a thorough knowledge of the anatomy of
the hilus of the lung 1t 15 usually possible to accomplish the desired result
In order to find the vessels to a given lobe or segment 1t 15 frequently nec-
essary to dissect between the enlarged lymph nodes which are so swollen
and adherent as to make a confluent mass of mflammatory tissue completely
surroundmg the vessels which are to be divided Once the dissection has
been accomplished and the vessels have been severed, the management of
the bronchus does not usually present any special problem However, after
its closure the bronchial stump 15 almost completely surrounded by swollen
lymph nodes and the covering flap of pleura must sometumes under such
circumstances be sutured to the nodes rather than to the bronchus itself

Lung Abscess In lobectomy or pneumonectomy for lung abscess the
technical problems are essentially the same as m the cases of bronchiectasts
with assoctated mflammatory changes The peripheral adhesions, though
dense and often exceedingly vascular, are usually confined to a smaller area
than m bronchiectasis The inflammatory reaction at the hilus of the lung mn
abscess cases 1s likely to be very pronounced and the presence of enormously
swollen mnflamed lymph nodes 1s characteristic

The technical difficulty of performing a lobectomy m a case of lung
abscess 1s sometimes greatly magnified by the fact that the process has crossed
the septum and mvolved the contiguous portion m an adjacent lobe Tl
occurrence takes place only when the abscess lies m certam segments and
near the fissure Abscesses located i the middle lobe, 1 the lateral aspects
of the upper lobe, and mn the superior segment of the lower lobe are the
most frequent offenders m this manner The fact that an abscess may have
crossed the septum to mvolve an adjacent lobe may make 1t neccssary to
excise a portion of the lobe which has been nvolved secondanly This 1s 2
potentally dangerous procedure because of the possibility that the surgical
trauma mught cause the propagation of a necrotizing mnfection 1n the re-
mander of the Iobe This occurrence may be prevented by the prophylactic
utilization of the antibiotics, pemcillin and streptomycmn, if these drugs arc
not available 1t 1s unwise to perform a local excsion of the process Under
such circumstances 1t 1s far safer to resort to a pneumoncctonty than o
temporize with the attendant serious risk of gangrenc of the rcmamdclr O}f
the residual lobe, of empyema and of bronchopleural fistula, all of whic
are likely to develop once the spread of mfection has begun

Another scrious difficulty which may mterfere with the successful pclf-
formance of a lobectomy for abscess 1s the sudden flooding of the bronc]H
and trachea with pus from an abscess which has not empticd prcwof}lSl};
through the bronchus or has not been dramned as a preliminary phasc of th
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surgical treatment. The dangers of such an acadent are spread of mfection
i the opposte Tung becanse of mhalation of pus into the bronch or the
sudden asphyxuation of the patient before the anesthetist 1s able to aspirate
the material from the trachea. Under these arcumstances the surgeon may
prevent a fatal outcome m one of two ways. He may 1f the dissecuon of the
halus has been carried far enough occlude the bronchus by applying a larpe
clamp to 1t. If the bronchus 15 not sufficiently cxposed to allow the apphica-
tion of a clamp the alternate procedure 1s to open the cavity i the lung
and aspirate or wape out 1ts contents as quickly as posuble so as to avod
spilling wto the bronchial trec After the cawity bas been emptied 1 this
manner 1t can be closed with several sutures or merely stuffed with gauze
to prevent contmued contammation of the pleural space with pus and the
escape of pressure from the anesthena system durng the remainder of the
operation. The protecnion afforded by the use of the anabiotes makes 1t
possible to carry out this mancuver without serious danger of postoperative
empyema

Tuberculosis In the exurpative surgery of pulmonary tuberculosis the
most frequent techmeal difficulry anses from the presence of unusually dense
peripheral adhesions. As would be expected the regions where these ad-
hestons are usually most impervious are over the upper and posteror aspects
of the upper lobe and along the posterior surface of the supertor segment of
the lower lobe In the average case the lower and antertor surfaces of the
lung are not parnculacly adherent unless there has been 2 complicanng
chronte empyema. In many cases where 1t 18 impossible to find a plane of
cleavage between the visceral and the panmetal pleural membranes 1t 1
easter and safer to enter the extrapleural fascial plane and remove the fused
pazietal layer over the most adherent area along wnth the luag wself In this
way 1t 15 possible to avoid the contammaton which results from opening
mto the diseased arca withm the lung

Once the penphery of the lobe or lung has been freed, however the re-
mainder of the operation m tuberculous cases 13 not Iikely to cause unu-
sual difficulty Envelopment of the structures of the hilus by mflammatory
tissue and matted lymph nodes 15 rarely excesstve except in a few cases where
caseation of some of the perihilar lymph nodes may have occurred. In rare
instances the structures of the hilus may be buried 11 2 mass of caseous
matenal or surrounded by 2 tuberculons abscess In such a sitvation 1t 1
probably wiser to abandon the operation than to run the msk of dissemi-
natmg the mfection or of postoperative opening of the bronchial stump
Occasionally also when there 1s predommant bronchual involvement, there
may be consnderable thickentng of the bronchus 1tself and some degree of
peribronchual infiltration. This may be sufficiently pronotmced to make the
wsolation of the pulmonary vesscls difficult, but the condition 15 very un-
usual and the difficulty m such cases rarely msurmountable,
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Bemgn Tumors. Benign tumors of the lung arise erther i the periphery
or, as 1n the case of the tumor known as adenoma of the bronchus, m relation
to the primary bronchi Those m the first category can usually be removed
by local or segmental excision A lobectomy may occasionally be necessary
if they are large or have begun to encroach upon a major lobar bronchus

In the case of adenoma of the bronchus, however, 1t 1s practically always
necessary to perform a lobectomy or even a pneumonectomy because of
the Jocation of the growth (For exception see section on Bronchotomy )
There 15 also often the additional factor of bronchiectasis in the lung distal
to the tumor Technical difficulties i such cases have to do more with the
results of secondary mfection m the bronchiectatic lobe than with the presence
of the tumor per se As would be expected, they follow the same pattern
as n any other case of bronchiectass

On the other hand, the adenoma 1tself may offer some difficulty, especially
m the decision as to the level at which the bronchus 1s to be divided The
decision depends upon the conditions found 1n each mdividual case

Malignant Metastatic Tumors. Under certam conditions the removal of a
metastatic mahgnant tumor from the lung may be indicated There arc
enough reports of long survival of the patient to make extirpation a rational
method of treatment when the evidence pomts to the possibihity that the
lesion 1 question may be a single metastasis That a given lesion 1s actually
the only one present, of course, can never be proven Furthermore, 1t 1s not
always possible to be certamn before operation that the pulmonary tumor 15
not actually primary m the lung 1tself Certam mahgnant tumors, on the
other hand, have been known to produce smgle metastases more frequently
than others These are renal cell carcmoma of the kidney, carcinoma of the
thyroid gland, sarcoma of the breast, fibrosarcoma of the soft parts, and
occasionally carcimoma of the colon

In many cases of presumed smngle metastatic tumor of the lung the location

of the growth 1s m the lung parenchyma at a pomt where a Jocal wedge-
shaped excision of a portion of a lobe 15 sufficient to remove the lesion In
other cases, however, 1t may be necessary to perform a lobectomy because
of the proximity of the growth to a major bronchus For the same rcas;m
a pneumonectomy 1s requ1red i rare instances In a very few cascs t]IC
metastasis 1s located 1n the wall of,a major bronchus When this occurs the
surgical problem 1s cssentrally that presented by a primary brOUChngIf;:C
carcinoma, and a lobectomy or a pneumonectomy must be pcrformcdc1 bC
only significant difference from primary carcmoma Is that there necca be
no concern about lymph node metastases from the pulmonary leston |

Bronchogemic Carcimoma In bronchogenic carcinoma of the lung th'c tec 1;‘
nical problem may be threcfold, depending upon the location and cxt]cnt ?1
the tumor In the first place, the tumor may be adherent to the parictal wa S,
if located n the periphery of a lobe of the lung In some such cascs 1t 1
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posuble to frec 1t by enterung the extrapleural fasaial plane for the dissecton.
In that event a portion of the panetal pleura must be excised with the ad-
herent growth. In other cascs, however the growth bas actually nvaded
the structures of the chest wall even the overlymg nbs. In some of these 1t 13
sall possible to remove the lesion by excismg en bloc a section of the panetes
meluding portions of the ribs, the ntercostal muscles, the pervey and the
vessels. In the apex ot the chest this can rarely be done because of the early
mvolvement of the sympathetic nerves and the cords of the brachual plexus
by direct mvaston (Pancoast tumor)

Inability to complete the operation may result also from mvasion of the
pericardtum or envelopment of the pulmonary artery or vems m such a
manner that these vessels cannot be divided and Iigated wath safety In a
few such cases, however 1t may be possible to proceed by opening the peri-
cardium so that the vessels may be higated closer to the heart and so that the
mvaded section of the pencardium may be excised wath the discased img
Such herow attempts to eradicate a2 caranoma of the lung however are
rarely crowned with ultimate success

Penpheral adhestons m carcinoma of the lung are sometimes merely 1n-
flammatory because of the pneumonitis which frequently occurs as a com-
plication of the partial obstruction of a major bronchus by the growth. It 1s
almost always possible to differentiate between these inflammatory adhesions
and the fixanon which resuls from direct extennion of the tumor They
arc drvided m the usual manner often wath the aid of transilurmnation as
deseribed previously

The second factor of importanee 1n the removal of a caremoma of the
lung 15 the degree of mvolvement of the regional lymph nodes The nodes
withm the fulus stself are usually mvolved fist, but metastases may occur
to the nodes of the mediastnum, neck or abdomen 1n the absence of hlar
node nvolvement Ideally the operation should make proviston for the
removal of as large 2 number of the nodes as possible In order to do so 1t
follows that all hular nodes those 1 the pulmonary igament, and as many
as possible from the adjacent region of the medustinum espeaally mn the
subcarmal area, be exased Ifthis s done 1t 1s obvious that 2 pneumoncctomy
would be required 1 every case. In the management of carcnoma of the
lung however other tactors must be consdered, such as the pulmonary
and cardune reserve of the patient. If there 15 no evidence of lymph node
metstases m the hilar region ether by gross examunation or by frozen
section biopsy 1t 15 preferable m some poor nsk patients to be content with
the performance of a lobectomy mstead of the theorencally 1deal pneumo-
ncctom)

The final consideration which has a beapng upon the technical problem
1n caranoma of the lung 15 the Jocation of the tumor m the bronchus, It 15
necessary if posable to cut the bronchus as far away from the tumor as

.
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practicable m order to dumunish the possibility of a recurrence of the discase
mn the bronchual stump This makes 1t necessary m many mstances m which
the leston 1s primary 1n a lobar bronchus to perform a pneumonectomy
even when the lymph nodes appear to be unmnvolved. Furthermore, when
the tumor hes within the primary bronchus it 15 not always possible to
perform a pneumonectomy because of proliferation of the growth too close
to the carma. This occurrence may occasionally defeat the efforts of the
surgeon to complete the operation even m the absence of extensive lymph
node mvolvement.

Emphysematous Blebs Serious impairment of the respiratory function
pattents who have emphysematous blebs may occur either because of the
development of tension pneumothorax as a result of the rupture of a bleb or
because of the pressure produced by overmflation when the bleb 1s large
Although the usual course of spontaneous pneumothorax resulting from
the bursting of an emphysematous bleb 1s benign and healing 1s permancnt,
there are cases i which surgery 1s useful or necessary to effect a cure The
most frequent wndications for operation 1 this condition are the farlure of
the lung to remain expanded or the frequent recurrence of pneumothorax.
Many times the lesion 1s a small one and a simple procedure 1s sufficent
This consists 1 the excision of the outer portion of the bleb down to the
substance of the lung followed by an over and over suture of the arca from
which the bleb arose, including the small bronchial openung In some cascs
more than one opening 1s found, while m others there are multiple con-
fluent blebs However, the compression of a continuous suture of fine catgut
usually suffices to control the air leakage. Before the chest 1s closed the lung
should be expanded completely 1 order to test the efficacy of the repair
It 15 wise also 1 all such cases to msert a catheter through an mtercostal space
as a precautionary measure to prevent the development of tension pncumo-
thorax
Cases exist where a giant emphysematous bleb may become so enormously
distended wath atr that 1t encroaches to a serious extent upon the spacc e
quired for the proper functioning of the remainder of the lung In some t{lc
lesion may occupy the entire hemuthorax and may even push across the
mediastinum to compress the opposite lung In certan of these cxtreme €ascs
removal of the overdistended bleb 1s required When this becomes nccessary,s
it 15 rarely possible to excise the bleb alonc erther because of the dlstorn(l)ll
and compression of the remamder of the lobe m which 1t hes or because tl llc
adjacent lung tissue 1s diffusely mvolved by the same process and 15 actunl y
valucless from the functional pomt of view In thc majorty of examplcs
of giant emphysematous bleb, thercfore, nothing short of a Jobectomy O‘i “:
some cases a pneumoncctomy 1s sufficient to correct the condition Unlcs
an mtercurrent infection has developed, there arc no peripheral adhesions
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and the hilus 15 usually free It 1s often quite stnking however that the pul-

monary artery and vems i such cascs are relanvely small. The vesscls of the
bronchal circulation, on the other hand may be unusually well developed.

No particular techmeal difficultses are encountered, but the surgeon should
keep m mind the fact that 1n all these cases the bleb becomes mflated 1m-
meduately as the lung 15 expanded by the anesthetst, and the expansion of
the remamder of the lung lags behmd. If an opening has been made m such
ableb thercfore there 1s danger that the rapid escape of the anesthetic gases
will cause a relanve deflation of the remainder of the lung on the operated
sade and also of the opposite lung Such an occurrence would of course
interfere with the mamtenance of the proper level of anesthesia and also
give nise to a sertous degree of relative anoxia 1f long continued. The duffi-
culty can be overcome by the temporary applicanon of hemostatic forceps
to the leaking area or if possible, by putting a clamp across the lobar
bronchus.

Postoperative Care Following Pulmonary Surgery

The care of patients who have been the subjeet of an operation upon the
lung demands the exeraise of judgment and skill based upon a knowledge
of the possible complications which might ensue It should be mamately
supervised by the surgeon himself Although a detailed consideration 1s not
the subject of a volume which deals cluefly with operative techme, mention
should be made of certam 1mportant aspects of the after-care

Infusions and Transfusions The avordance of shock resulang from blood
loss depends upon the routine utihzation of blood transfustons durnng the
course of the operation and 1n the first few hours of the postoperative period
Enough blood should be admumstered to replace the amount lost. The
addinonal mtravenous mfuston of solutions of glucose and sodiam chlonde
most be used with caution because of the posability of overloadmg the
arcalation with the resultant danger of preapitating pulmonary cdema.
This precautton 15 more necessary in older patents than i young adults or
children, and particularly m those who have had the amount of avatlable
lung volume greatly reduced as by a pncumonectomy There 1s httle reason
why patients who have had operations upon the lung should be given
pasenteral fluds after their recovery from the effects of the anesthetic. They
an wwlly ke an adequate amotmt by mouth and the dangers of em-
barrassmg the airculation are thereby minimized

Intrathoracie Pressure Changes The pressure relations within the thorax
should also be the subject of concern to the surgeon dunng the carly con-
valescent pertod. There 15 always the possibility that an undetected leak of
arr from the lung parenchyma n cases of local or segmental exciston or
from the stump of the bronchus m cases of lobectomy and pneumonectomy
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may lead to the development of tension pneumothorax Such an occurrence
1s manufested by the development of dyspnca and by signs of the shifting
of the mediastinum to the opposite side The most obvious objective signs
are a shuft m the apex impulse of the heart and deviation of the trachea to the
nonoperated side Immediate correction by the aspiration of air 15 mdicated
If the leakage of air persists, a small catheter should be introduced through an
mtercostal space for the apphcation of suction or to provide a valyular
escape of air by the use of a water-seal apparatus In the majority of mstances
the leak, which 1s usually from the lung parenchyma, will seal over m a
few days and the catheter may then be removed Leakage from a carchully
closed and properly covered bronchial stump 15 an exceedmgly rare occur-
rence -

When a catheter has been mserted at operation, as m the average casc
of lobectomy or segmental excision, the danger of developmg tension post-
operatively exists only if the catheter should become obstructed This pos-
sibility must, however, be kept 1n mind

Sometimes after a pneumonectomy has been performed without dram-
age, an 1ncrease 1 the trathoracic pressure may develop on the side of
the operation as a result of the rapid effusion of fluud during the first few
days after the operation A moderate shifting of the mediastinum may result
from this because the absorption of air from the pleural space on the operated
side takes place more slowly When this difficulty arises, an adjustment of
pressure should be made by aspirating some of the air If the serosangumcous
effusion becomes excessive, some of the fluid should be removed also One
should remember that 1n such a case a large amount of protemn and red cclls
may be lost from the volume of circulating blood, and appropriate measures,
mcluding transfusions of blood, should be taken to overcome ths loss This
observation applies likewsse chiefly to cases of pneumoncctomy

Admmstration of Oxygen Oxygen should be admimstered routmely to
all patients who have had extirpative pulmonary surgery The duration of
its use, however, should depend upon the volume of lung which remams
and upon other factors such as the amount of available hemoglobm m thlc
arculating blood and the presence or absence of certam complications, such
as tenston pneumothorax and atelectasis of portions of the remammg hing
Every cffort must be made to make the unlization of the mspired oxyg‘Cﬂ
cffectve by clearing the respiratory passages and by improving the oxygen-
carrymg capacity of the arculating blood with transfusions if the hemo-
globin level 1s below normal

The technic used to admumister the oxygen depends upon the prefe
of the surgeon and the apparatus available. In gencral three mcthod? ’llr‘f
uscful For short periods of time, as, for example, durmg the trnusf;‘r o t}::
patient from the operating theatre to his room, a facc mask such as t

rence
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Boothby type may be used. When conscrous the majority of patients object
to the mask and 2 shuft should be made to one of the other two methods as
soon as practcable

For the great majonty of patients the use of the intranasal catheter 1 the
best. ‘The catheter 15 mtroduced so that its tip es at the choana so that the
oxygen 15 delivered mto the nasopharynx Tt s held mn place by a narrow strip
of adhesive tape This method 1s tolerated well by the majonty of patents ex-
cept young children and 1t has the advantage of smphaty No apparatus is
required cxcept a tankful of oxygen and a connecting unit which consss of
2 hurmdifier and a valve with a meter attached to ndicate the volume flow
of the gas One of the greatest advantages of this method over the oxygen
tent 15 the fact that 1t greatly amphfies the problem of nursing care. Further-
more, there 15 reason to behieve that it 18 more efficient than the average
oxygen tent. Two possible drawbacks however must be mentioned Both
of these can be avoided by the use of the proper precautions First the nasal
catheter frequently becomes occluded by the presence of mspussated secretions
on the ip This may occur 1 spite of the fact that a contmuous flow of
oxygen has been mamtained at all tmes Tt 1s wise therefore to change the
catheter at esght hourdy intervals in all cases Advantage should be taken of
thus opportumty to relieve the patiene s discomfort by shiftmg to the oppo-
site nostril

The second difficulty which may on occasion assume serious propornions
15 the danger of introdueing oxygen mto the gastromntestinal tract under
certain condisons This may result from the fact that the catheter has been
umskillfully mtroduced and pushed too far into the pharynx Purthermore,
when a Levin tube has been mtroduced into the stomach for some reason
through the other nostrl, an mexpenenced attendant may unknowingly
connect the axygen to the stomach tobe mstead of to the nasal catheter In
either cvent the rapid inflanon with oxygen may produce a sudden rupture
of the overdustended stomach. This rare acaident 15 easily recogmized by
the sudden pamn expenenced by the patient and the development of the signs
of pocumopentoneum with charactenstic tympamtic enlargement of the
abdomen The occurrence of this complicanion obviously ealls for a prompt
laparotomy The site of rupture of the stomach 15 usually on the lesser
curvature, just distal to the cardia Deflation of the peritoneal cavity and
suture of the injured stomach serve to prevent serious conscquences.

The durd method of admnutering oxygen namely by means of a tent
over the entire bed or a hood over the head and shoulders of the patient
15 the least efficacious of all three By actual measurement it has been shown
that 1t 15 very difficult, cven by using all posuble precaunons agamst the
escape of the gas, to obtain an merease of more than a few volumes per
cent of oxygen 1 the mspired air over the room arr concentration Thus
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method must be used, however, m place of the easier and more efficient
mntranasal catheter technic mn uncooperative adults and 1 cluldren

In the average case the admunstration of oxygen to pattents who have
had a segmental excision or simple lobectomy can be discontmued after
twenty-four to forty-eight hours After a pneumonectomy 1ts use will be
required usually for a longer period, but rarely more than four or five days
It 1s wise to give a patient a prelimmary trial of a few hours without 1t before
stoppmg the oxygen permanently.

Prevention of Atelectasis It 1s of spectal importance to avoid the accumula-
tion of secretions m the tracheobronchual tree This 15 done by encouraging
the patient to cough, by frequent changes of position, by carly rising after
operation, and by other measures as the mdications occur If the patient 15
unable to expectorate by coughing, either because of pam or because the
secretions are too viscid, mtratracheal aspiration through a catheter con-
nected to a suction apparatus may be effective If ths should fail, however, 1t
15 wise to resort to bronchoscopic aspiration rather than run the nsk of the
development of atelectasis from plugging of one or more bronchr. This
procedure can be carried out m the patient’s bed without moving um from
his room and may be a lhife-saving measure m certamn mstances It will at
least avoid the retardation of recovery which sometimes follows the delayed
expanston of an atelectatic portion of lung.

Management of Fluid Accumulations mn the Plenral Space After lobectomy
and segmental excision 1t 15 usually wise to employ closed dramage of the
pleural cavity during the first forty-eight hours postoperatively This re-
moves the majority of the flud which may accumulate after the operation.
If dramage has not been used, and sometimes when the cffusion 1s pro-
longed with reaccumulation after the catheter has been removed, 1t may bi
advisable to remove the flusd by thoracentesis subsequent to the withdrawa
of the catheter This depends upon the amount of flud present and lt;
probable cffect upon the remamder of the lung If no cmbarmss?:cntb od
respiration 1s caused by the cffusion, however, 1t will usually be absor 1(C)_
spontancously In general, large effustons should be removed AftcfiP“C“‘:m]
nectomy, unless there 1s evidence of mfection or shifting of the mediastin ;
1t 15 best not to remove the fluid because of the part it plays m the obliteratiot
of the pleural cavity on the operated side

Early Ambulation The advantages of carly ambulation ar o
the ficld of thoracic surgery as m abdomunal surgery. It 15 umportan o
remember, however, that m the care of patients who have had a P“C”mdo
nectomy there may be a profound physiologic dlsturbanclc): l}av:ﬁ (f::“ of
chiefly with the crculatory system, such paticnts must not ;: or e or
bed too soon Much depends upon varable factors such as the P":,q oo
absence of emphysema of the remammg lung, the mamtenance of a §

¢ as obvious m
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expansion of this lung the prevention of mednastmal deviation and also
the underlying ntegnty of the heart function Many panents have a partully
damaged myocardm as the result of previous imfarcrons or are 1w 2 po-
tentually precanous state because of artenosclerosis of the coronary arteries
even though no occlusion has yet occurred. The decision as to when such
panients may be allowed out of bed and how rapidly they are to be en-
couraged to resume physical activity must be based upon the exgencies of
the mdividual case, and no general rule can be supplied. On the average,
few panients who have had a pneumoncctomy are able to be much out of
bed before the fourth or fifth postoperative day unless they are young and
have an unusually sound heart. A left pneumonectomy 1s better tolerated
than a right because of the relatrvely smaller volume of lung nissue removed.

SPECIAL PROCEDURES
Biopsy of the Lung

When caranoma 1s suspected, a biopsy may be required m order to plan
the roentgen ray treatment i cases which appear to be moperable, or to
make certain of the diagnosis at the operating table 1n order to deaide upon
the amount of lung to be removed.

In patients presumably moperable because of the obvious extent of the
dusease or who because of age or poor general condinon are not suiable
candidates for surgery a diagnosis may be made by the aspiration method
somectimes wsed 1n other ficlds of surgery An accurate localization of the
tumor 15 determuned by means of fluoroscopy or a study of the roentgen
ray films. A large caliber (No 16) sharp necdle attached to a glass syrmge
15 thrust through the chest wall mto the tumor Traction 15 then exerted
upon the plunger of the syrmge and at the same time the synnge 15 rotated
1n an attempt to cut loose a small bt of tissue 1n the tp of the needle. These
forces are contmued as the needle 1s withdrawn when a few bits of tumor
tusue will be seen to pass into the barrel of the syringe as the needle leaves
the chest wall. These should be placed immeduately 1n a fixative and sent
to the laboratory

This method should never be used when the growth 1s resectable because
of the defimute danger of implanting caranoma cells m the needle track
within the thoracic wall

In certan patients, espeaally where the chest wall seems to be invaded
a durect approach through a short mason may be preferable Local anes-
thesta can be used. The advantage of this method lies m the face that larger
preees of tssue are obtaned directly from the growth wath a greater cer-
tanty of cstablishing an accurate diagnoss

In other pauents, when a postuve diagnosis cannot be made beforehand
1t may be advisable to obtan tssue by biopsy from a susprcrous lesion 1n
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the lung during the course of an exploratory thoracotomy If the mass 1
peripheral, 1t 1s no problem to excise a small portion with a kmife From tlys
a frozen section diagnosis may be made by the pathologist If the mass 15
located more centrally, 1t 15 necessary to incise the lung parenchyma to
reach it. In this mstance, 1f bleeding or leakage of air from the mcsed arca
becomes troublesome, a temporary closure of the area should be made with
mterrupted sutures It 15 wise whenever a pulmonary biopsy must be ob-
tamed at the operating table to provide extra protection of the opcrative
field with gauze pads to prevent sotling 1f an area of mfection 1s encountercd
When an abscess or tuberculous area 1s thus madvertently opened, the pul-
monary mciston should be closed as thoroughly as possible with sutuses or
by applying hemostatic forceps The mstruments and gloves of the opcrator
which were used during the biopsy procedure should be discarded m favor

of clean ones for the completion of the operation.

Bronchotomy

The direct opening of a major bronchus may be neccssary to remove a
pedunculated tumor or a foreign body which cannot be extracted through
a bronchoscope The operation 1s performed usmg a standard thoracotomy
mcision with mtratracheal mhalation anesthesta The bronchus 1s exposed
by reflecting the pleura from the posterior surface of the hilus of the hmg]
The exploratory maision through the noncartilagmous posterior bronchia
wall can be made either longitudimally or transversely In general the trans-
verse mcision 15 preferable Through such an masion, by bending t{;c
bronchus shghtly, the proximal and distal portions of its lumen may tc:
mspected and the object within 1t extracted with an appropriate mstrumct]
Closure of the bronchial wall 1s made by edge-to-edge approximation \;;1 C;
mnterrupted sutures of fine silk The needles should be small The b;st met ;1]
15 to use a swedged-on suture of silk such as thosc mtended Jor m;tcﬂ 1‘
anastomoses Air leakage 15 prevented by fastenng the hlar p curn, 11‘ 1}2
over 1t with fine sutures The lung 1s then cxpanded and the chest w asus—
closed The danger of developmg tension pneumothorax from ']\ln En{

a catheter intercostally beror¢
pected leakage of air 1s mummized by mserting 2 O o
closing the chest wall After the patient 1s returned to lus bed, :
1s made with a water-seal bottle or a threc bottle suction apparatus

Closure of Brouchial Fistulas

hus and the ext
Fistulous communications between a bronc ‘
cheslz may be grouped under three headmgs depending upo‘n thct If':tl(j)ltohgc)n
The detatls of treatment may vary slightly from onc type to

Bronchopleural Fistula as a Complication of Empycma

of chron-
A fistulous communication with a bronchus 1s a frequent causc e
no matter what the ctiologic agent may b

crior of the

1c1ty m cases of ecmpyema,
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been The condition may be treated aither by a direct attack upon the
openmg with an attempt to close 1t by suture or 1 an indirect manner by
suturmng a flap of muscle agamst 1t or by obliteratng the empyema cavity
with a thoracoplasty of the Schede type.

A direct closure of the fistulous opemng by suture made through the
empyema cavity 1s rarely successful unless 1t 1s done 1n combinaton with a
decortication and expanston of the partially collapsed lung A wide inciston
15 made mto the empyema cavity and the restricted thickened pleural mem-
brane 1 removed accordmg to the method previously described (Chap 5)
Once the lung has been released, 1t resumes 1ts normal phability The thick-
cned cdges of the fistula are exaised so that a closure can then be made
with fine suture matertal. The closed openmg 13 then mfolded wmto the lung
substance with a row of sutures of the Lembert type. With the lealage of
arr controlled, the lung remams expanded and the uswal aght closure of the
thoracic mersion 15 made

When the empyema cavity 1s small and a decornication and expansion of
the lung may not scem necessary  the fistida may be dosed by filing the
cavity with 2 flap of muscle The mtenor of the cavity 15 exposed by re-
secung a portion of the b on erther side of the dramage openng A rec-
tangular or rounded flap 15 developed from whichever muscle happens to
lie 1n the most convenient location to allow the flap to be placed 1n the caviey
This 15 often the latssimus dors. It may be however the trapezius the
serratus anterior or the pectoralis major muscle. Sometimes portions of two
or more muscles may be used to fill the same cavity The pedicles of the flaps
must be broad enough to preserve an adequate blood supply A portion of
muscle large cnough to fill the cavity completely must be freed This flap
of muscle 15 swung over the edge of the cavity and stuffed nghtly nto 1t
There 1t 1 held firmly 10 place by means of interrupted sutures around the
peniphery If the fistula opening 1s large, 1t 13 wise to mncse the nssue around
1ts edge and close 1t with fine sutures before mserting the muscle flap Cat-
gut sutures and Lgatures should be used throughout the operation because
of the possibility of developing infection m the wound which might be
prolonged as a resule of the foreign body reaction around nonabsorbable
suture materials such a3 stk or cotton. A oght dosure should be made, how-
ever unless 1t 13 1mpossible to leave a sufficiently dey operauve field. If
0ozmg of blood persists a small rubber dram may be mserted Thus should
be removed atter twenty-four to forty-eight hours The occurrence of m-
fection 15 unusual especaally 1f advantage 1s taken of the prophylactic use of

antibiotics.
Bronchoplenral Fistula as a Complication of Lobectomy or Pueumonectomy

As a result of the abandonment of the tourniquet techmic in favor of mdi-
vidual ligation of the vessels and closure of the bronchal stump the occur~
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rence of a bronchopleural fistula after extirpative pulmonary surgery 1s now
a rarity It 1s almost never encountered except as a result of mfection due to
postoperative empyema which m 1tself 1s now an unusual occurrence The
closure of such a fistula 15, however, unusually difficult Because of 1ts large
size the use of muscle flaps for obliteration of the empyema cavity 1s rarcly
practicable. The most umversally applicable method for the management of
such cases 15 a direct closure of the secondarily opened bronchial stump by
suture followed by the performance of a thoracoplasty of the Schede (ntra-
pleural) type (See Chap 5).

Bronchocutaneous Fistula as a Complication of the Dramage of a Lung Abscess

A certan percentage of lung abscesses do not heal after dramage Although
the acute mfection 1s overcome, the cavity persists and becomes epithelized
If the dranage tube 15 left m place for a long period of time m such a casc,
the process of epithelization may extend mto the chest wall smus and ul-
timately communicate with the mgrowing dermal epithelum from the ex-
tertor Thus results m a persistent bronchocutaneous fistula which will not
close spontancously when the drainage tube 15 removed

A fistula of this type can be closed surgically by a local procedure or 1t
can be ehmmated along with the extirpation of the chronic abscess cavity,
which 1s the most satisfactory treatment mn such a case If because of age or
otherwise the patient’s condition does not allow the removal of the discased
portion of the lung, the patient can be saved the annoyance of the fistula by
the sumple expedient of closing 1t by sutures The chest wall 1s mcised through
the external fistula opening and sufficient lengths of regencrated nib are re-
moved to expose the surface of the lung m the region of the fistula tract
The tract 1s exaised down to the lung The opening 1n the lung 15 closed with
sutures and mfolded with another layer. It may be necessary to free exten-
swvely the adhesions of the lung m order to obtam sufficient mobility to mak;‘_
an mfolding possible The thoracic meision 1s closed n Jayers consisting 0
muscle, fascia, fat and skin 1n order to elimmate any dead space which mght
collect flmd and lead to wmfection Catgut should be used for all buried
sutures )

Elimmation of the fistula by lobectomy or segmental excision 1s the most
cffective method of treatment when the condition of the patient permuts.

Removal of Foreign Bodies from the Lung

The technic for the removal of foreign bodies Jodged m the substancccﬁf
the lung depends upon the amount of mjury to the lung and to So::; scu\):1 iy
upon the kind and size of the object A standard thomcotom}' .
used m all cases In the least comphcated situation st 1s BCCCSSAry mfc‘tr:r,dg—
extract the foreign body and to close the laccration the lung a
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bridement of devitalized tissue, ligation of vesscls and suture of any bronchial
openungs which may be found. In other cases 1t may be necessary to excise
large scgments and, if the damage to the lung substance 15 great or of large
vessels have to be higated a lobectomy or m extreme cases 2 pneunonectomy
may be necessary The techmics of these procedures have been descnbed
clsewhere.



CHAPTER 7

OPERATIONS WITHIN THE
MEDIASTINUM

GENERAL PRINCIPLES

Before undertaking an operation which entails an exposure of the struc-
tures within the mediastinum, the surgeon should become fanuliar with the
topographic anatomy of the region He must keep m mind also the mechanics
of the thorax and the physiologic prmciples which must be understood m
order to manage successfully any mtrathoracic operation Certam considera-
tions deserve special emphasis

Effect of Dimmished Pulntonary Volume When 1t 1s necessary to work with
the lung partally collapsed m order to carry out any procedure withm the
medastinum, 1t 15 essential for the anesthetist to remnflate the lung at mtervals
of twenty to thirty minutes in order to mnsure continuous adequate oxy-
genation of the blood and also to make full expansion at the end of the
operation easier Elderly patients are particularly scnsitive to prolonged
dimmution of the pulmonary volume during the course of an opcration,
especially when the opposite pleural cavity has been opened across the
mediastinal space The evidences of disturbance arc a fall mn blood pressure,
sometimes cardiac arrhythmia, and often the development of shght cyanosts
These changes are usually corrected by total reexpansion of the lungs In
certamn patients the untoward effects of partial atclectasis arc so alarming
that the surgeon must work wath the lung almost completely expanded at
all imes or clse abandon the operation

Effect of Stimulation of Heart and Aorta Another important consideration
i mediastmal surgery 1s the effect of sumulating the heart and aorta Pressur¢
upon the heart by retractors or the hands of the surgcon and assistant must
be avorded at all imes In some patients the heart scems to be anusually
irritable and responds immediately to local sumulation by developmng extra-
systoles or other manifestations of disturbed rhythm such as aurscular ﬂuttcri
In the majority of mstances a normal rhythm 1s resumed as soon as the loca

ressurc 1s removed  Sometimes, however, especially wae auricular flureer,

N T8 ' 1O
the disturbance may be long continued In a few such cases 1t 1s necessary t
184
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abandon the operation 1f the arthythmia cannot be controlled by the mtra-
muscular myection of qumdme or by the use of procaine hydrochlonide
myected miravenously or withm the pericardial sac Excessve irritabihity
of the heart may be prevented 1 the great majortty of patients by the routine
prophylactic use of quinidme one hour before the operanon 15 begun and
sometimes also 1f 1t seems necessary during the course of the operation

Effect of Stuntilation of Cardiac Regulatory Nerves Duorders of the carduac
finction manifested by a drop i the penpheral blood pressurc are seen
frequently when 1t 13 necessary to perform an extensive dissection mn the
region of the aortic arch as for example, during an csophagectomy Marked
arthythmm may be observed, dae probably to 2 reflex disturbance resultng
from sumulanon of cardiac regulatory nerves i that region When this
occurs 1t may be necessary to mterrupt the operation temporarily m order
to favor a retum to a more normal funcuon The ancsthenst should wke
advantage of these brief mtervals of delay m the progress of the procedure
1n order to reexpand the lung The mereased oxygenation of the blood which
results from this tends to favor 2 restoraton of the heart to a normal rhythm
Several mterruptions of this sort may be required before the dissection n
the region of the aortic arch can be completed.

Effect of Stumulation of Vagus Nerves Contrary to the opmiton of certain
surgeons there 15 rarely any demonstrable disturbance as a result of sumu-
lanng the vagus nerves duning the course of any operation wathin the meds-
asonum  The only mmportant effect wiich mught be autmbuted to such
stimulation 15 an activation of the cough reflex observed 1n certan suscep-
tible patients when the plane of anesthesia 1s fauly hght. Whether this reflex
1s mediated pnimarily by way of the vagus nerves 1s open to debate How-
ever this tendency 15 uswally overcome promptly by wfiltrating the per-
bronchual tssues with a solution of procame hydrochlonide (1 per cent) or
by deepenmg the plane of ancthesta. The socalled  vago-vagal reflex
which 15 sa1d to occur as a result of handling the vagus nerves wathin the
medisanum and winch 13 held responsible for a sudden cessation of the
beart beat 1 some patients doces not occur even when the nerve 15 crushed,
pulled upon cut or otherwise traumatzed, at least when a patent 1s under
general anesthena, A carcful nvestiganon of cases of cardiac arrest observed
during the course of a thoracic operation whether mediastinal or otherwise
will almost mvaniably brmg to light the fact thar the patient had been labor-
ing under a state of relative anoxta of the arculanng blood for a prolonged
pertod of time  Sudden cardiac arrest occurting durmg manipulations within
the tracheobronclual tree m a conscious patient 1 another matter and does
no;}ppl?f to the subject under consideranon.

ect of Tiqury to Structures 1¥ithm the Mediastinum REcummeNt
Nrzves It should be hept 1 mund that i 1s possible to cause a ;?;IY;:EZ;
one or both voaal cords by acadentally njunng the recurrent Lrvnoea]
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nerves Because of 1ts greater accessibility the recurrent branch of the Jeft
vagus nerve 1s more vulnerable than the corresponding nerve on the night
Thus nerve may be mjured m dissections beneath or behind the arch of the
aorta as well as durmg mobilization of the upper portion of the esophagus
or m the removal of a tumor from the posterior region of the supcrior
mediastinum. It 1s possible also, under the Jatter condition, to mjure the
right recurrent laryngeal nerve. This 15 especially truc m dealmg with mera-
thoracic goiters which have descended mto the posterior mediastinal space

Broop Vessers. It 1s relatively easy to avoid injury to the pulmonary
vessels mn the performance of an operation m the mediastmum, but certam
other vessels such as the vems of the azygos system and the imtercostal,
esophageal and bronchial branches of the aorta may be torn A knowledge
of the course of these vessels will aid the surgeon in the control of bleeding
resulting from such an acaident

TroRrACIC DUCT. A structure of great simportance mn any disscction withm
the mediastinum 1s the thoracic duct (Fig 1) Ths vesscl may be mnjured at
any pomt along its course, but because of 1ts less sheltered position there, 1t
1s frequently encountered m the superior mediastinum at the pomt where 1t
crosses the left side of the esophagus to assame a positton near the trachea
along which 1t ascends mto the neck The serious consequences of Jeakage
of chyle from the mjured thoracic duct make 1t mperative to expose and
identify this structure to be certamn that it remams mtact 1 every casc when
the dissection must be performed m the regron where 1t hies. If the duct has
been torn, if a portion of 1t has been excised with a mahgnant tumor or if
there may be doubt as to whether 1t has been mjured or not, 1t 1s necessary to
hgate 1t at a pomt above and below the level of actual or possible mjury
In this way the leakage of chyle 1s avoided. There are usually enough collat-
eral lymphatic vessels to take over the function of the mterrupted chmmc]l
Ligation of the duct, therefore, 1s of no conscquence, but Jeakage of chyle
lcads to the death of the patient m a large percentage of cascs

Esorracus, TRACHEA, BroNcHI AND Luncs Injurics to the csophagus,
trachea and bronchs are readily avoided except m the case of adherent or m}
vastve tumors Injury to the lung during the performance of a medsastma
operation may be the result of excising a portion of this organ with an ml-
vasive tumor, but more often 1t anses from the necessity of freemg pul-
monary adhesions to the chest wall or diaphragm 1n order to gain access to
the mediastmum  Whale 1t 15 usually possible to idenuify and suture :m)'
arcas where the lung may be traumatized m this manner, the surgclonl m:ts)t
not always succeed 1 preventing a shght leakage of air which \?xl a’ :]:-)d
certamly give risc to tension pneumothorax after the chest has bcc;n c lS m-
Therefore, m any patient where such a probability exists, 1t 15 Ju;!xcmfi 0
msert a catheter through an intercostal space so that air may be allowc

cscape under a water scal.
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DRAINAGE OF MEDIASTINAL ABSCESS POSTERIOR
MEDIASTINOTOMY

An accumulation of pus withm the mediastinum usually occuptes the
posterior portion of the space and 1 most canly reached by an approach
from behnd The operation can as a rule be performed under local anes-
thesia, but a skilled anesthetist should be at hand 1 case the pleural cavity 15
opened. A verncal masion 18 made not far from the spine at the level where
the abscess 15 most prominent, as depicted 1n the roentgen films Short seg-
ments of two or three ribs are resccted. The mb segments to be removed
should extend from the articulation wath the transverse process of each cor-
respondmg vertebra to the angle of the b An aspiratmg needle 1s mserted
close to the side of the vertebral column and if pus 15 obtamed, the panetal
pleura 15 pushed gently away from the spine unal the bulging mediastnal
tissues are reached. By spreading cauttously wath a parr of blunt scissors the
abscess 13 entered and the pus 1s removed with an aspirating apparatus Soft
rubber drams are then mserted. It 15 usually sufficient to establish drainage
on one side of the vertebral column only

EXCISION OF PRIMARY TUMORS

Inhalation anesthesia with posinve pressure through an intratracheal tube
1s requured.

The type of meision nsed depends upon the locatton of the tumor and the
degree of exposure desired In the majonty of cases a standard thoracotomy
asion, placed erther high or low dependmg upon the necessities of the
case prowvides the best access to medastinal tumors The only exception to
this generalization 15 1n the case of certam tumors m the anterior portion of
the meduastmum, espeaally if they are small and therefore not easily found,
which may be reached best through a sternum-sphitnng maston. This applies
parncularly to parathyroid tumors and small thymomas, It 15 to be noted
that substernal gottets can wsually be removed through a thyroidectomy
ncision m the neck.

The majonty of mediasinal tumors tend to bulge more 1nto one side of
the chest than the other Advantage should be taken of this fact choosing
the side for the incision. In the case of tumors which seem to arise m the
antertor mediastnum 1t may be necessary to carry the inasion as far forward
as possible This can be done best when the measion 15 made through an
ntercostal space mstead of through the bed of a resected nb although 1f the
artlage 15 removed along with the bony porton, the same resule may be
obtained with the rib resection techmic.

The problem presented by the removal of a mediastinal tumor depends,
of course, upon 1ts location, 163 stze and 1t pathologic characteristics. It 1

converuent for the of discusn
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Fig 90 Excision of 1 bronchogenic cyst of the medistnum A, Exposure of the cyst as
it lay belund the night man bronchus B, View obtaned after cmpryng the cyst of 1t
mucilaginous contents, showing 1ts attachment to the left mun bronchus where 1t o 2
bulging s 1t developed mnto the subcarinal arex and finlly behind the right mam bronchus
C, Detul of the closure of the defect 1 the outer laver of the posterior bronchil w WM fter

removal of the cyse
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Mediasunun The four of cyst most frequently found m
tth gm;m{\ are the simple, the dcryfuc:md. the bronchogenwe or tracheal
and the enterogenous or esophageal reduplication varieties As a rule simple
or clear water cpsts present no problems They are almost never adherent
and can be freed eanly once the proper plane of cleavage has been entered
Deriond cpsts, on the other hand are somctmes firmly adherent to the
surrounding structures. ‘The fact that they anse m the anterior portion of
the medastmum may make 1t necessary to free these cysts from the peni-
cardium, the ascending aorta, sometimes from the mnommare veins and
often from the structures of the anterior aspect of the hxlusdof the lung The

hrenic nerve 1s frequently adherent to such a cyst. Dermord cysts sometimes
iccomc firmly aﬁr;qchcd ti a bronchus and may actually develop a fistulous
comniuntcation with ultimate evacuation of some of their contens mto the
bronchial sysrem When such a condinion 15 found, measuses muse be taken
to close the bronchus otherwise 1t may be necessary to combme a lobectomy
with exasion of the cyst. The avoidance of acadental mjury to pulmonary
vessels or important medstinal organs during the removal of an adherent
dermord cyst depends upon finding a safc plane of cleavage for the dissecrion
This 1s done by working continuously against the cyst wall as the procedure
progresses and sometimes penctranng deeper and decper layers of the pen-
cystic tssucs until the proper plane 15 reached.

The techmeal problem presented by the bronchogenic and enterogenous cysts
vartes greatly from case to case depending upon the location of the tumor
and the presence or absence of infection. When such a cyst hies frec in the
medstnum  no speczl difficulty 15 encountered. When the cyst 15 adjacent
to or actually a part of the wall of the machea, a bronchus or the esophagus
1ts removal may present a problem which taxes the mgenwty and skill of
the surgeon (Fig 90) This 15 truc particularly when a comphicatmg infec-
t1on has developed wathun the cyst. Thus occurrence resules from the mamate
adherence of certam of these cysts to the wall of the organ agamst which
they bie The inflammatory process makes 1t almost impossible in some m-
stances to find a safe plane of cleavage for the disection. If this difficulty
promuses to lead to actidental perforation of important vessels or the bron-
chus trachea or esophagus 1t 15 usually advisable to open the Cyst, aspirate
1ts contents and then wath the finger wnside as a gunde, to complete the
dussection, often removing the cyst wall m picces Sometumes as a result of
compheating mfection there 15 2 fistulous communication berween one of
these cysts and the bronchus or esophagus. The openmg 15 usually small,
however and may be closed with a few mnterrupted fine sutures The closure
should always be remforced with o flap of the adjacent meduasunal pleura
sutured over 1t to make 2 scal Ifltulargc,thcopnuug may be closed with

3 pleural flap alone. The sutures must be placed close together to prevent
leakage
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Congenital cysts of the type under discussion sometimes develop withm
the wall of the tubular organ m which they arise. When this occurs, although
the cyst expands peripherally mto the surrounding medrastmal tissucs m an
cccentric manner and ultimately appears merely to lic beside the organ to
which 1t 15 attached, 1t 1s actually an mtegral part of 1ts wall In this small
area of attachment, the wall of the trachea, bronchus or esophagus 15 mcom-
plete and consists merely of the mucous membrane to the outside of which
a correspondmg small surface of the cyst wall 1s attached (Fig 90, C) In the
removal of such a cyst thus fact must be kept n mund and if possible the m-
tegrity of the mucosa should be preserved by peching the cyst wall from 1t
If the cyst 15 one which has been mfccted, this may be imposable In any
event, 1f the mucous membrane 1s opened, a carcful closure must be made
In the esophagus 1t 15 relatively easy to accomplish this wath a layer of sutures
m the mucosa and an outer layer i the muscular coat for remforcement. In
the trachea or bronchus, however, 1t may be difficult or impossible to sccure
a tight closure because of the rigidity of these organs Recourse must then
be had to other measures. In the case of the trachea, after drawing the cdges
of the defect together as completely as possible with a single layer of suturcs,
the adjacent wall of the esophagus can be sutured over the tracheal defect
with two longitudinal layers of delicate sutures The two organs will theu
become adherent and air leakage from the trachea 1s prevented Sometsmics
it 15 possible to accomplish the same result wath a flap of the medstal
pleura which can be turned m over the defect The latter method 15 almost
always the only onc available to remforce a bronchial openmg, although m
some locations an adjacent portion of onc of the Jobes of the lung can be
utihized

Solid Tumors of the Mediastmum With sohd tumors of the medsastinum
the technical problem of removal depends upon whether they are bemgn or
malignant. Usually a bemign solid tumor has Iittle or no tendency to become
adherent, and once 1t has been exposed by the masion of the overlying
pleura, 1t can be removed with relative case (Fig 91) The blood supply to
these tummors 1s sometimes extensive, but 1t comes from mediastmal vesscls
which can be controlled readily by ligatures These tumors may reach m:
enormous size before they are discovered Large tumors of this sort ncq;l!rt
a considerable weight which may lead to an uncxpected complication whep
the chest 1s opened  As soon as the plearal space 1s cxposed to tl{xc .’!tm'(:‘
pheric pressure, the heavy tumor falls suddenly mto the mlu m(sium)!";
This may lead to alarmmg disturbances of the heart action wit 1. '1 m(‘lthc
blood pressurc almost to the pomt of circulatory collapse Howluz_r. 1' e
surgeon 1s alert to this possibihty, he will waste no ume m cn ’.1fg'.”.‘i o
maiston completely to obtamn a wide exposure It 15 then necessary merely

. acpon
grasp the rumor with the hand or with a large tenacutum and Uﬂ";{t IY‘W‘:Z:“N
upon 1t m order to reheve the mediastinal structures of ats weight The
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must be supported 1n this way throughout the counc of the dissection and
umal 1t can be removed from the chest m order to prevent a recurrence
of the arculatory disturbance

Right  Side

Tumor Pericardium

{Note Situs Inversus)

Fig 91 Removal of a sobd rumor of the medustinum. The view 1 ot the night thoracie
canty with cxposure of the nght nide of the mediasninal structures m a panent wath com-
plete sitws mversow The apex of the heart, the 2oruc arch and the descending aorta are

shown. The right recurrent laryngeal nerve (not thown) passes beneath the sortic arch. The
start of the dimsection for the removal of the tumoc 15 shown.

A speaal difficulty 13 sometimes encountered m the removal of the neuro-
geme fibromas which are found 1 the costovertebral gutter where they
anse from the fibers of the mtercostal or sympathetic nerves. Such aumors
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are not, strictly spcaking, mediastinal, although for the purposc of sim-
plicaty they are usually grouped under the general headmg of mediastinal
tumors The exposure of these chest wall lestons may be made casily through
a standard thoracotomy masion Their removal usually presents httle diffi-
culty, but in some mstances they tend to send projections along the course
of the nerve from which they anise mto the mtercostal spacc or even through
the corresponding mtervertebral foramen When this occurs 1t 15 sometimes
necessary to leave some of the tumor behmd to be removed by a spmal
approach posteriorly at a later time 1f symptoms anse In the apex of the
chest they may present difficulties from local extension belund the great
vessels at the base of the neck

Malignant solid tumors of the medmastnum may be removed only 1f
local mvaston has not yet occurred or become extensive The operability of
such a tumor depends upon the extent of adherence or actual mvasion of
vital structurcs which cannot be sacrificed by en masse excision of the growth,
The surgical problem, of course, varics from casc to casc

A special difficulty 1s presented by certam vascular tumors which, though
bemgn, envelop and surround the structures of the mediasanum to such an
extent that they cannot be removed completely They sometimes extend
from the mediastinum 1nto the neck so that a separate cervical approach 1s
necessary 1f the entire growth 1s to be removed These tumors often arise
from the lymphatic vessels and are related to the so-called “cystic hygromas
of the neck Sometimes, however, they contamn blood and are thercfore
hemangiomas A communication with a large vemn, such as the azygos or the
mnominate, may be found

The after-care followmg the removal of a mediastmal tumor docs not
differ from that of any post-thoracotomy patient

THYMECTOMY

The attempt to alleviate the severity of symptons 1 a patient with myas-
thenia gravis 1s the most frequent mdication for the removal of the thymus
gland Certamn details of the management of the casc w hich are of pnrucul?r.
mnportance m this discase should be mentioned Every cAort should be m.n; L
to shorten the length of time durmg winch the patient must be under the
mfluence of the anesthetic agent This 1s accomphshed m part by ﬂ‘;l”.ﬂ
cyclopropane, from which the recovery of consciousness 18 rnpld.lmu]’"
part by an expeditious conduct of the operation There 1s evidence nlm t n:
cyclopropanc docs not have as lasting an cffect on the myoncural mec !-?m\,"
as cther scems to excrt Furthermore, 1t 1s of grear importancee o have the

. -
dosage of prosugmune properly adjusted to the needs of the mdn{tdu{nl ]
-~ N ’ 'l r
nent and to continue the admnstranon of this drug mtrav uwl}l*l‘ ; urt :{
: refore,
the course of the operation. In patients with myasthenia graves, therclort
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ly m
expedient to have two mtravenous mfusions running smultancousty
lcilﬁ'crcnt vems One 15 to be used for the prosagmme m dilute soluton and
the other 1 for the mransfsion of blood as wadicated by the needs of the

paucnt.

Thymus
gland

Pericardium Small Finochietto :

rejracior

Fag 92 Exposure of the thymns gland for thymectomy View of the anterior meduasn-
num obtamed throngh a medun sternotomy mamon with tmccnon of the gladolar

portion at the level of the fonrth 1ntercostal space. Note, The retractor should be of mull
tuze.

Technic The techme of the“stemum-sphtting masion, which grves the
best exposure for the exanon of the thymus gland, has already been de-
scribed i Chapter 3 The thvmus hies smmediately beneath a2 tin Jayer of
arcolar tissue and 1 recognized by s charactensuc pink calor It conssts of
two fobes ot halves which are jomed 1n the middle and extend 1 2 bilateral
fashuon downward over the perscardium and upward mto the base of the
neck (Fig 92) Ios panapal blood supply enters from cach side as branches
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of the mternal mammary vessels However, there are other small vessels
which must be higated as well, some m relation to the upper poles and some
from the penicardial region. The lateral lobes often extend deeply mto the
mediastinum around the ascending aorta Here they must be separated from
the mediastmal reflection of cach pleural sac. The dissection must often be
carried as far posteriorly as the phrenic nerves As the gland s freed, scarch
should be made for the two veuys which Iead away from it posterior surface
to enter the left mnommate vern There 18 sometimes only a single thymic

, Thymus A B Thyrod vein
; gland

!

Left n-
nomingte
vein

Thymic
vein

Right
phrenic
nerve

Left
pleura

Left pleura Right Pericardium
pleura

Fig 93 Thymectomy Stages m the removal of the thymus gland A, Disscction of Ih;‘ m-
ferior portion of the gland B, Structures obscryed after the ghind has been remove

vem (Fig 93, B). The gland 15 usually not adherent and 1f the locanons Of-fht‘
vessels are antictpated so that they can be hgated quickly, very hule nmen
consumed 1 1ts removal .
If eather pleural sac has been opened madvertently durmg the dmclmcm'.
one need only have the anesthetist mamtam full expansion of the lnm:l( ur v
the closure of the meision to avord any subscquent resprratory embarras

ment. ot v ath
The after-carc 1s the same as that of any post-thoracotomy p ,
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particular emphasis upon mamtuning a correct level of prostigmumne at all
fmes. Intimate cooperation with the intermist 15 of parncular importance.

OPERATIONS ON THE PERICARDIUM AND PERICARDIAL
CAVITY
Penicardral Paracentesis

Aspiranion of the pertcardial sac may be mdicated exther to obtam flnd for
dugnostic purposes or as a method of treatment to overcome the effects of
carduc amponade resultmg from the extravasanon of blood or from ex~
cessive effuston of flud of an nflammatory character The same type of
apparatus used m the performance of thoracentesis 13 recommended. There
are two satsfictory approaches One 15 to msert the needle directly mto the
chest through the fourth o fifth mtercostal space close to the Ieft side of the
sternumy, At this pomt there 13 nsually no pleural reflexon over the pen-
cardinm 3o that mpury of the lung 15 avoided. The operator must keep m
mind the course of the mternal mammary vessels Another approach 1
through the upper abdominal wall at the junction of the left costochondrium
with the left side of the xiphoid process. The needic 1s mserted at the proper
angle and pushed upward and to the left 1n an oblique direction penetrating
the subpenicardial pornion of the diaphragm and the nferior reflexion of
the pencardial sac. The chowe between the two methods rests with the
mdrvadual operator The direct mntercostal approach 13 ssmple but perhaps
more likely to be attended by acaadents than the paraxaphoid method.

Pericardiostomy for Drainage of the Pencardial Cavity

The operation comprises almost wholly the making of an masion through
the chest wall to exposc the pencardium tor dramage. The previously de-
scabed masion mvolving the exason of the left fifth costal carnlage usually
provides adequate dramnage (Chap 3 Fig 53) In opeming the pencardium
caution must be exerted to avord mjury to the anterior coronary vessels.
Dramage may be provided by mscrung 1oft rubber tubes (such as the
Penrose drain} which are held 1 place by sutures to the skin edges If a pro-
longed pertod of dramage 15 indicated, the edges of the pencardial opening
can be sutured erther to the fasaa or to the edges of the skin masion.

No particular problem of after-care need be annapated unless an openmg
bas been made acadenully i cxther pleural sac. In that cvent empyema or
pyopneumothorax may have to be dealt wath as the occaston demands
Usually the only important decision required 1s to know how long drams
are to be left m place. This depends upon the arcumstances of each cse

Pencardiectomy for Constrictive Pericardits
Intratracheal nhalanon ancsthesa 15 used because of the possibihry that
one or both pleural cavities may be opened either acadentlly or meen-
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tionally during the course of the operation The acaidental opening of the
pleural sacs 1s of no importance 1f 1t 15 recognized so that the anesthetist
may keep the lungs properly expanded The deliberate opening of one or
both pleural cavities may be required 1 some patients either to aspirate an
eftusion of fluid m order to merease the pulmonary volume or, on the left
side occasionally, to assist 1n the enlargement of the mcision

Improvements i diagnostic methods have made 1t possible i recent years
to predict with some accuracy whether there 1s a preponderance of con-
striction of the heart over the right or the left side. This may be of some
umportance 1 planning the thoracotomy ncision for the exposure of the
pericardium and especially m deciding how far to carry the denudation over
the chambers of the heart. Experience has demonstrated that m the majority
of mstances, no matter which side seems to be most constricted, the classical
anterior approach described m Chapter 3 15 adequate If the night ventricle
and right auriculoventricular groove need extensive liberation, a larger than
usual segment of the sternum can be excised If, on the other hand, the left
ventricle and the left side of the auriculoventricular groove need special
attention, the same mcistion can be used if the ribs are divided somewhat
further to the left thin usual and 1f the inferior end of the mcision 1s enlarged
laterally As an alternative the sternum-splitting incision may be used with the
advantages that less deformuty 1s produced and postoperative paradoxical
motion of the precordial area of the chest wall 15 avoided The exposure
provided by this means 1s somewhat greater over the right side of the heart
than the left, but adequate denudation of both sides 15 accomplished readily
A larger experience with 1ts use may demonstrate that this approach 1s
superior to the older method, at least in the management of the average case

Under unusual circumstances, especially when the classical anterior -
ciston has already been used unsuccessfully, 1t may be necessary to use a k{t
transpleural approach A long anterolateral mtercostal mcision 1s made throug
the fourth mtercostal space This gives good access to the left posterior
aspect of the pericardium provided 1¢ 1s carried as far forward as the sltcrnur‘l)lf
When employed for a secondary operation following the origmna q usbc o
the usual antertor approach, the fact that the cartilages have aready ch
removed makes a wide antertor separation of the ribs possible If used as t }Clt
primary mncision, 1t may be necessary to enlarge 1t by cutting the fzurtc
and fifth costal cartilages close to the sternum It 1s WisC, when this (1151 (::cr’
to ligate and divide the mternal mammary vessels at the upper and [0
limats of the operative ficld

Techmic of Pericardiectomy The principal secret o

of the heart for constrictive pericarditis 1s to find th O el
m which to carry the dissection between the heart and the membra

the pert-
15 to be removed (Fig 94) Usmg a sharp kmife, the meision mf;zc ° ga]ly
cardium 15 started at some convenient place on the anterior surface,

f success 1n the denudation
¢ correct plane of cleavage
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over the left ventricle Often one or two possible planes for dissecoion may
be found, but none 15 correct unal 23 the maston 1 deepencd caunously
the heart muscle begins to bulge berween 1ts edges at each systole As scon
as this 13 observed, the edges of the pencardim arc grasped with small
hemostatic foroeps and the masion 1s enlarged. This 1s sometimes done casly
with the saissors. At other nmes the heart muscle may be so densely adherent
that a slow and tedious dissection 15 required. In some cases the pericardim
15 glued to the heart everywhere In others however there may be rela-

Panetal layer

Cephalad

|
l Heart muscle

Fig 94 Pencardiectomy The operation i this panent was performed through a median
stemotomy masion extendmg from the xiphoid attachment to the level of transection oppo-
ate the sccond fntercostal spaces. n the drawmg the panent s head bes to the left and his
feet to the nght. In this case thewseeral and panetal layens, though much thickened, were
not adberent to each other The visceral layer was tuckened and densely adherent to the

myocardium. The beginnmg of the separation of the viceral hayer from
correct planes of deavage m shown. e thd the heart m the

uvely free areas which make the operation much easier At times there 15 2
Large amount of claum deposit which may present techmical difficultes.
Sometumes the calcium 15 wholly or partly amorphous conssting of a soft
chalky or putty-hike substance lying between the heart muscle and the pen-
cardium. At other imes 1t 1 30 firm that 1t must be cut with a bone shears.
1t usually makat}\;p ;lpart of the layer which 1s being removed. Occastonally
1n certam areas caum 1 so mtimately adheren

a thin shell of 1t must be left behmd buc:l\);u:c of thct ;:ntﬁ;cgz'?n;il;;n tg;t
muscle 1f a decper dissection 15 attempted. The calaum depont 15 ofu:ngpar-



198 THORACIC SURGERY

ticularly dense over the auriculoventricular groove where m some cases 1t
forms a firm constricting ring  Merely dividing this annular band will
frequently permut a very noticeable improvement m the filling of the ven-
tricles As much of the thickened or calcified perscardium as possible should
be excised from this area.

A difficulty which may be troublesome m some patients 15 an unusually
uritable condition of the heart muscle which responds to touching or to the
gentle pressure which 1s necessary durmg the dissection by developing extra-
systoles. This tendency may be overcome to some extent by the topical
application of procame hydrochloride solution (2 per cent) applied with a
large flat pledget of cotton or gauze which has been soaked m the solution

If the heart muscle should be mjured durmg the process of freeng an
unusually adherent area, the laceration may be closed wath sutures of fine
suk The myocardium 15 often unusually fragile m chromic pericarditss so
that 1t cannot be rehed upon to hold sutures well When such 1s the case, 1t
may be necessary to suture a small flap of the pericardium back agamst the
myjured area to provide additional reinforcement Special pams should be
taken to avoid injury to the coronary vessels

The extent of denudation which should be carried out varies to some ex-
tent, dependmg upon how much of the heart 1s affected, but m general 1t 15
advisable to perform as wide an excision of the adherent pericardium as
possible. In the average case this should mclude the surface of the mght
ventricle, the auriculoventricular groove from right to left, the left ventricle
including the apex, and the entire left side to a pomt behind the left phrenic
nerve, often as far back as the entrance of the left infertor pulmonary vein
As the left side 1s freed, the correspondmg phrenic nerve 1s retracted along
with the overlyng pleural reflection. If necessary the pleura may be mcsed
to gam greater access to the posterolateral aspect of the pericardium on that
side. Inflation of the lung 15 mamtamned by the anesthetsst. It 15 usually
necessary also to reflect the right pleural membrane over the lateral aspect
of the right ventricle .

Sometimes there 15 0ozing of blood from the surface of the heart whic
cannot be controlled completely. Ths leads to a large effusion of scrosanl-l-
guineous flud, the effects of which may be prevented by leaving 2 smah
catheter 1n the lower part of the mediastmum to be brought out throug
the lateral end of the mcsion An alternative method of preventing the ac-
cumulation of such an effusion about the heart 1s to make an mtercon?lnling
cating opening between the mediastinal space around the heart and tdc’ Clu
pleural cavity by mcising the mediastinal pleural reflection The flmd W
then accumulate 1 the left hemithorax away from the heart and dramage
of the mediastinum to the exterior can be avoided If the amount of cffusion

1s excessive, 1t 1s removed by thoracentests. ;
or
After-care The after—care of patients who have had a pericardiectomy
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constnicuve pencardins demands extraordmary vigilance to protect the
heart from any unusual stran which mught result from the complications
sometimes cncountered after thoracotomy It 1s important to avoud the
accumulation of 2 large effusion of flud around the heart 1self which tends,
when cxcessive to reproduce the effects of cardiac tamponade. This occur-
rence 1 suggested by the development of the usual symptoms of compression
and also by a bulging of the precordul region  Prompt aspiration with a
needle and syringe 15 mdicated. As already mentoned, making an opening
m the left pleural sac before closure of the mcision, so that the flud which
forms around the heart will pass into the pleural cavity may prevent serious
difficuley

Embarrassment of the respirations by pleural effusions should be pre-
vented by thoracentesis. The patent should be encouraged to cough and
rane secretions to prevent pulmonary atelectasss. If he 15 unable to do so
aspration should be provided csther through a catheter mserted directly mto
the pharynx and trachea or by means of a bronchoscope. These manipula-
tions may be cammed out with the panent n bed n the semitting positon.

The possible embarrassment of the respirations caused by paradoxical
moton of the chest where the nb cartilages and a section of the sternum are
lackmg should be avorded by means of a firm dressmg  consising preferably
of a thin layer of gauze covered by a limited anterior plaster shell or plaque
to give support This 15 necessary only durmg the first few days after opera-
nion, The use of a medun sternotomy inasion makes 1t possible to avoid
this comphicanion

Supportive medication for the heart should be provided as indicated.

Exasion of Cysts and Diverticula of the Pencarduim

The dagnosss of pencardal cyst or diverticulum can rarely be established
definitely before the operation. These cysts usually bulge Laterally on the
sde from which they arise and cannot often be distingwshed by roentgen
exammmation from primary mediastinal tumors or sometimes from hermas
of the smus of Morgagny, although the Ltter may be discovered 1n many
cases by roentgen ray studies of the gastromvestmal tract. As for any mass
arung 1 the anterior meduastmum, a long mtercostal meiston extending
anteriorly as far as the mternal mammary vessels usually provides sufficient
exposuce. The actual removal of a cyst or divernculum of the penicardium

15 2 stmple matter which does not mvolve any particular techmeal probl
and demands no detaled deseniption. Y proviems

CARDIAC RESUSCITATION

Before the subject of cardiac surgery 1s begun 1t 15 convenent to present
at thus point a duscussion of the treatment of carduac arrest. Sudden c;mn

of the heart beat may occur as a complicanion of any operative procedure,
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whether thoracic or otherwise. It has been observed occastonally during the
mduction or the excitement stage of anesthesia even before the operation 1s
begun No situation throughout the entire field of surgery demands more
prompt and effective treatment The loss of even a few minutes of time may
mean the death of the patient The surgeon, the anesthetist and all other mem-
bers of the operative team must know beforehand what 1s to be done m such
an emergency and must carry out the necessary procedures 1 a calm and
dehberate manner Excitement at such a tune may dimmish or even abolish
the effectiveness of the team with disastrous consequences
Canses of Cardiac Arrest Although the important mdications for the man-
agement of such an acadent are obvious, 1t 1s helpful 1 a given case to have
at least some knowledge of what may have been the mciting cause of 1its
occurrence Various factors may be mvolved Hypoxia 1s of enormous m-
portance, and may account for some of the cases which develop early m the
course of an operatton although the majority of these are due to ventricular
fibrillation Usually the cardiac arrest which results from hypoxia occurs
during the course of the operation, often near its termmation Under these
conditions 1t 1s due apparently to the cumulative effects of a relative degree of
anoxta prolonged over a period of one or more hours The use of certam
anestheticagents such as cyclopropane, a potential myocardsal wrritant, seems
to be complicated by sudden cessation of the heart beat more frequently than
the employment of others such as ether 4
Other mmportant controllable aspects of the case such as the volume of the
crrculating blood must be considered Excessive blood loss without adequate
replacement durmg the course of the operation 1s a frequent mciting cause
Thus situation can be avoided usually if the technical difficultes of the pro-
cedure have been foreseen and if sufficient compatible blood has been pre-
pared The necessity for efficient control of the rate of admmustration of the
blood to compensate for that bemg lost during the operation 1s obvious
Disturbances of cardiac rhythm due to underlying myocardial disease Tan
frequently be anticipated 1f proper preoperative study of the patlmzlt 125
been made Although not always successful m preventing major acct Cnlt:;
the prophylactic preoperative admmistration of quumdimne or dlgltahslas tm
mndications may suggest may prevent scrious disturbances of rhythm
many patients be d
It must nat be forgotten also that sudden cardiac arrest may be th
of a massive coronary occlusion with irreversible changes e two
Treatment of Cardiac Arrest In the treatment of cardiac arrcstb; lcd :
indispensable indications are to mamtain the crculation of the ; 00 g O)f’_
effective manipulation of the heart and to bring about the exc mngf ;
nous artificia
oxygen and carbon dioxide through the lungs by contin N ed 0
respiration A third aspect of the treatment which may have to be ‘]] .
the others 1s to overcome the disturbed rhythm of the heart, usua }f o
tricular fibrillation, which may have been the causc of the cessation ol Ne

e result
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beat or which may be the type of carduac activity developed as the heart
resumes independent action Ten cc of 1 per cent aqueous solutton of pro-
caine hydrochlonde mjected wtravenousty may be employed to desensitize
the myocardium in certamn 1nstances

TeCHNIC OF CARDIAC MAssAGE. Varous methods of cardiac massage have
been advocated but 1 complete cardiac arrest only one 15 actually successful
m the mamntenance of a sufficent arculation of the blood. This consists m
the steady forccful squeezing of the ventricles of the heart by the surgeon s
hand. This cannot be donc adequately by mtroducing one or two fingers
through 2 hastaly made mntercostal inaston or by pressmg agamst the heart
beneath the diaphragm through an abdominal masion The whole hand
must be mtroduced mto the left thoractc cavaty erther through an adequate
thoraaic mason or 1f the abdomen 15 already open through an masion
made m the left leaf of the diaphragm. The heart 15 then grasped and com-
pressed, as the rubber bulb of a syringe 1s squeezed 'Thts manipulation expels
the blood from the ventricles The pressure of the hand 1s then relaxed and
the heart chambers wll be observed to fill agan whercupon the ventricles
are forcefully squeezed once more By alternately squeezing and releasing
the ventricles at the rate of approximately 40 umes per munute, a satisfactory
arculation of blood can be mamtamned for a prolonged penod of tme If a
faster rate of squeczing the heart 15 adopted  the heart does not fill sufficiently
between cach compression and the arculation of blood 1s therefore made-
quate Likewse if 2 slower rate of squeezing 1s used, the cfficency of the
propulsion of the blood 1s not so great.

From time to ame durmg this procedure the hand should be removed
momentarly to observe any tendency of the heart to start spontancous con-
tracnons I contracnions occur the heart should be given an opportumty
to pick up 1ts acavity agamn Frequently, however the fist fow bears are
weah and srregular and more often than not the heart wall stop beating m a
few moments The manual control of the circulanon 15 then resumed unul
spontancous beats are observed again Thus procedure 1s contmued untl the
heart resumes 1ts normal activaty or until it becomes obvious that the patent 15
dead.

MamTenaNce oF OXYGENATION The second cssentnal part of the treat~
ment of carduc arrest 15 the mamtenance of adequate oxygenation by
mechameal means Ths 13 done casdly by alternate compression and relaxa-
ton of the oxygen-filled rubber bag of an anesthesa machme with the
usual equipment m the closed system for the absorption of carbon dioxade
This mancuver can be begun instandy and cffectively when an intratracheal
tube 15 bemng used for the admunistration of the anesthenc agent. Otherwise
such a tube may be mserred 1f one 1 at hand and the anesthetist 1s skilled 1n
tts introduction However no more than a brief moment should be devored
to the attempt to msert a tube because of the urgent haste required to obtain
effecave oxygenation of the blood which 1 already being airculated by the
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hand of the surgeon If an mtratracheal tube 15 not already m place and if
such a tube cannot be mserted with dispatch, resort must be made to the
use of a tightly fittng face mask with an ordmary mouth airway m place m
order to maintain a closed system with which to mflate the lungs Jt1sma
time such as this that the employment of a skilled anesthetust equipped with
the knowledge and experience required to handle such an emergency may
be mstrumental 1 saving the life of the patient

STIMULATION OF HEART Muscie Once the circulation of blood has
been resumed by manipulation of the heart and with the oxygenation of the
blood mamtamed by artificial means, consideration may be given to the
employment of methods to stimulate the heart muscle to resume 1ts con-
tractions or to mduce a normal rhythm if ventricular fibrillation should
begm The only method likely to be available m the average operating
room 1s the mjection of adrenalm or neosynephrin solution mto the heart
It 15 1mportant, however, to avoid the use of a concentrated solution One
or 2 cc of adrenalin solution (1 to 10,000 m salme) 15 safer than the same or
even smaller volume of a 1 to 1000 solution This should be mtroduced mto
the chamber of the right ventricle through a needle of small caliber Some-
times 1t 15 helpful, especially 1f irregular contractions of the heart occur, to
add to thus solution 9 cc of procame hydrochloride solution (1 per cent) to
desensitize the irritable myocardium The stimulating effect of the adrenalm
may mduce contractions of the heart and as these are felt by the surgeon
during his manipulation of the heart, he should begin the alternate mterrup-
tion and resumption of manual compression until the heart takes up 1ts regular
thythm again

If the proper electrodes should be available to stimulate the heart elec-
trically, the conversion of ventricular fibrillation 1mto a normal rhythm can
be accomplished wath reasonable certanty Until such equipment becomes
avatlable for use m every operating room where this emergency may be
encountered, the method remains mapplicable in the vast majority of cases.

Criteria for Postponement of Operation Once the heart has been rcsusatat;:d
and the normal propulsion of the blood has thercby been resumed, the
surgeon must use his judgment as to the advisability of continumng or 1mtcr-—
rupting the operation Under certain circumstances, as when the esophagus
15 partially resected or when the circulation of a lung 15 mterrupted by hgat110ﬂ
of the pulmonary artery, there 1s no choice but to procced On .thcbogle
hand, whenever the operative procedure has not been carried too far ]c ore
the accident occurs, 1t 1s probably wise, 1f a long operation 1s contempid
to close the mciston and postpone the completion of the surgical mtervention

until another day.

ted,

OPERATIONS ON THE HEART

There 1s no branch of thoracic surgery which 1s more
present time than that of the heart New technics are bemng

unscttled at the
tried and older
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methods arc being modified 10 an effort to overcome the coppling effects
of certam cardiac disorders. With a few outstandmg exceptions these cfforts
have been relatively ansuccessful or at least disappomting Some progress
has been made, however and as more effort 15 applied to these problems,
there 15 reason to believe that in the not too distant future a sigmficant mea-
sure of saccess may be obtamed. No uscful purpose would be accomplished
by an cffort to describe and illustrate all of the operations which have been
proposed or mied thercfore only those which appear to have an established
value will be described. Those whose value remams uncertun or whose
technic 15 stll m the early phase of development will merely be mentioned

Operations for Congenital Disorders of the Heart

Established Procedures No operations on the heart 1tself for the relief of
congenutal anomalies have yet been devised which can faily be considered
as established procedures. Those which have been attempted wall be men-
tioned below For pulmonic stenosis (Tetralogy of Fallot type) however
much relief may be obtained by creating an extracardiac shunt by means of
anasgtomosts between the pulmonary artery of one lung and the aorta or one
of 1ts major branches. This method 15 deseribed m the section dealing with
operations on the major vessels (see p 209)

Unestablished Procedures VALvuroTomy ror Porsonic Stenosts This pro-
cedure was attempted unsuccessfully before the prmeiple of the extracardiac
shunt between the aorta or one of 1ts branches and the pulmonary artery
was developed. Efforts are being made to revave it, however with some
promuse of success in favorable cases.

Crosure oF SEPTAL DEreCTs Progress has been made towards the devel-
opment of a technuc for the closure of a patent mterventricular septum by
means of sutures passed through the heart mn the septal plane. Several patents
have been operated upon and the procedure gives promuse of becomng a
useful one under favorable arcumstances which remam to be defined.

Operations for Acquired Disorders of the Heart
Established Procedures In ths category 1t cannot be sud that any procedure
yet devised has acquured an established place 1n the treatment of diseases of
the heart. On the other hand, a large amount of experimental work has been
done and some progress has been made, especually m the field of umproving
the vasculanty of the heart muscle and, more recently 1n the manzgement
of mutral stenoss by valvulotomy
Unmatl;lﬂuhcd IZr:ccdurcs Some of the procedures used more or less ex-
entally to date are mention,
inmmg':d mytwo o ed i the following pages. They may be
OPERATIONS TO [MPROVE VASCULARITY OF THE Myocarorua. In the first
group are those operations mtend.d to improve the vasculanty of the myo-
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cardium after the development of msufficency of the coronary artery cir-
culation

INTRAPERICARDIAL POUDRAGE The method which conststs of abradie the
epicardium, followed by the application of powdered asbestos, scems to
brmg about a limuted collateral circulation or to mcrease that already bemg
developed between the branches of the coronary arteries

FLAP GRAFIS TO THE EPICARDIUM Equivocal results have been reported
from attempts to mprove the vascularity of the heart muscle by suturing
pedicled flaps of omentum or skeletal muscle to 1ts surface.

LIGATION OF THE CORONARY VEINS In experimental ammals which have
had one of the coronary arteries occluded by ligature, an mmprovement n
the circulation m the heart muscle has been reported as a result of hga-
tion of the coronary vems A lmited trial has been made m human
bemngs

CARDIAC NEURECTOMY. Interruption of the sympathetic nerve fibers at the
base of the aorta and around the origm of the left coronary artery has been
tried sometimes m conjunction with ligation of the coronary veins

DIRECT ANASTOMOSIS OF BLOOD VESSELS. A few attempts made to dircct
blood from a systemuic artery such as the mternal mammary by anastomosis
with a coronary artery have been reported Attempts have been made also
to use an artertal graft between the aorta and the coronary smus

OpERATIONS TO OVERCOME HYPERTENSION IN THE PuLMONARY Circutt In
the second group are operations mntended to overcome hypertension m the
pulmonary circuit produced by stenosis of the matral valve

vALVULOTOMY. For many years sporadic attempts have been made to en-
large the constricted orifice m mutral stenosis by mtracardiac manspulation
The 1dea of dilating the valve with a finger was soon abandoned Efforts to
mese or actually to excise a portion of the stenotic valve were at first un-
successful, largely because of the creation of an msurmountable burden for
the heart 1 the form of mutral regurgitation Recent revavals of this method
show more promuse as new mstruments and an approach through the auricle
mstead of the ventricle are bemg tricd The procedure 1s not yet on a sound
bass erther from the standpomt of the perfection of 1ts technic or from the
aspect of 1ts cffects upon the mechanics of the arculation The regurgstation
which usually results from the excision of a portion of the stenotic valve
cannot as yet be adequately controlled and may produce a scrious Joad upon
the heart muscle Valvulotomy has been advocated chicfly m mitral stenosts,
but a few patients wath aortic stenosis have been treated by this method as
well With few exceptions the operative mortality thus far has been pro-

hubitive
CREATION OF AN INTERAURICULAR SEPTAL DEFECT IN MITRAL S

knowledge that those patients with nutral stenosis who have

renosts The
a congcmtn]
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mteraumcular septal defect do not develop attacks of pulmonary edema be-
cause of the relief from hypertension 1 the pulmonary circmt which the
mtracardiac shunt provides has led certun surgeons to attempt to create
such a defect by surgical means. The procedure appears to be a relatively
hazardous one and the results m the very few patients on whom the operation
has been tried are sl uncertam.

CREATION OF AN EXTRACARDIAC SHUNT TO RELIEVE THE PULMONARY CON-
GESTION OF MITRAL STENOSIS The relief of congeston mn the hypertensive
pulmonary arculation has been accomplished by performung an anastomosis
between the carduac end of the divided supenior segment branch of the right
inferior pulmonary vein and the cardiac end of the azygos vein after diviston.
Thus 15 a procedure which can be carned out with relative ease and greater
safety than the mtracardiac mampulanons It has produced smiing amehora-
tion of symptoms 1n a few pagents and perhaps should be given further
trmal.

Although this operation doces not mvolve a direct attack upon the heart
iself, 1t 15 described at this point because 1t has nothing to do wath the
surgery of the great vessels to be conadered subsequently A brief description
of the technic follows.

A srandard thoracotomy mncision 1s made on the nghe sde. The pleural
cavity 1s opened through the sixth intercostal space (or through the bed of
the wxth nb 1f the rib resection techmc 18 adopted) The lung 15 held forward
by the hand of the first assistant and the pleura 1s reflected from the mfenor
pulmonary vein. The superior segment branch of this vem 15 1dentified and
freed from the surrounding arcolar tissuc by sharp and blunt dissection Any
small tnibutanies which may be found must be ligated wath fine silk and
drvided The vew 1s followed upward mto the lung as far as 113 origm where
two or three fauly large mbutanes jomn beneath and shghtty anterior to the
lower portion of the superior segment bronchus. The vem 15 not divided
untl the freemng of the azygos vemn has been accomplished (Fig 95)

The medustnal pleura and retropleural fascia over the azygos vem are
mased Jongitudinally The azygos vemn 15 freed from a pomnt 2 or 3 cm
below the level oppostte the supersor segmental vem upward as far as 1ts Junc-
tion with the highest itercostal vemn In freemg the azygos it 1 usually neces-
sary to ligate and divide a large number of 1ts tributanies These mclude the
accessory hemmazygos sometumes the hemiazypos most of the night mnter-
costal vewns above the level of transection of the azygos vem and many small
esophageal and other mediastnal branches. Occasionally 1n order to gain

;uﬂi&cllcndfclc;g& fc;lr the Eﬂfomﬂm of the anastornows, 1t may be n
to divi c nght cst 1ntercosta
should be prcscl'-lr%td e vem but the mght bronchial veun

A bulldog clamp 1 placed across the azygos vem at the upper himut of the

s
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dissection and the vem 1s ligated and divided at the lower It approx-
umately 2 cm. below the level of the pulmonary ven

A Blakemore-Lord vitalhum tube having a diameter of proper size to
permut cuffing back the azygos vein upon 1t 15 then applied to the upper or
cardiac end of the azygos vein The average size 1s 4 mm , occastonally 3 mm
The end of the azygos vem 15 passed through the tube and turned back to
the ferrule near the flange where 1t 15 tied with heavy silk

A short clamp (“bulldog type™) 1s apphed to the superior segment vem as
close as possible to 1ts junction with the basal segment branches of the m-
ferior pulmonary vem A hemostatic forceps 15 then apphed as far mto the

-3

Lower lobe

Medhastinal Pleura

Azygos Vern

Intercostal Veins

duc to mutral stenosis by

Fig 95 Operation for the relief of pulmonary hypertension y

crcat%ng an anastomosts between the superior segmental branch of the nght mferior pul
monary vemn and the azygos vem Exposure of the two vemns

lung as necessary to avoid sacrificing any of 1ts length, and the vewn 15 al]t
close to the hemostat A suture ligature of heavy sk 1s used to tic the pul-
end of the vemn (Fig 96, A

m?flilar?; strands of arterl(al %ﬂk sutu)re matertal are passed through the end
of the pulmonary vem at equdistant pomts Short hemostatic forceps ’1Cr§
fastened to these strands about 2 mches from the end of the vem A Cu(ﬂihc
hemostat attached to the flange of the tube 15 used to hold the end ;]) e
azygos vem and direct 1t mto the open end of the pulmonary E}c(m’;ﬁclc '
drawn over 1t by exerting traction on the three strands of sb o I;C .
monary vemn 1s drawn up over the proximal ferrule on the tu 3 whe o
held wath a silk tie. A second higature 1s then apphed to hold the ven

gether close to the tip of the tube (Fig 96, B).

The bulldog clamp 1s removed from the azygos ven first, and then that
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be obscrved flowng
the pulmonary vew. In a moment the blood can
g:f]ily En?md:tcblgl pressure area in the pulmopary vein to the low pressure

A

Superior Seamonfol f Inferior Pulm Yem
Bronch

B Blokemore Tube

% ; Intimal Surfoce
Axyges Vein

Sup Segmental Branch

NThlt

Arygos Ven

Fg, 9. Anastomosn between the pulmonary vemn and the azypos vem details of technse,
A, The supenior segmental branch of the nght mfenor pulmonary van nv about to be sev
ered to make ready for the anastomons. The level of transection of the arppos ven s mds-
cated by the silk byature passed around 1t ready for rymg B, Detals of the anastomons by
the Blakemore-Lord vitallum tube method.

tegion 1 the azygos vem Palpation of the latter beyond the anastomoss
reveals the presence of 3 soft thall
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A small mcision 15 made m a lower ntercostal space postertorly and a
large catheter 15 mserted for drainage The lung 15 then expanded fully and
the chest wall 15 closed

Operations for Cardiac Injury

The majority of patients who sustam serious mjures to the heart and great
vessels die so promptly of hemorrhage or the effects of cardiac tamponade
that there 1s no opportunity for the snrgeon to apply s skill i an attempt
to save them. In a few cases of cardiac mjury, however, the opening 1s 5o small
that leakage 1s not excessive or there 1s a foreign body or mussile which re-
mauns to plug the hole temporanly. Under such circumstances surgery may
be apphed

Cardiorrhaphy for Penctrating Wounds of the Heart The approach to the
heart already described (Chap 3) 1s used It consists in making a transverse
mcsion through the fourth mtercostal space, supplemented occasionally by
transection of the adjacent cartilages. As soon as the pericardium has been
opened and the blood within 1t evacuated, the surgeon should be prepared
to deal with a fresh spurt of bleeding from the heart wound The mdex
finger should be Jaid over the Jaceration to check the escape of blood, taking
care to avord mserting the finger through the opening because of the danger
of enlarging 1t A strand of heavy silk should be passed through the apex
of the left ventricle and held by an assistant so as to steady the heart for the
placing of the sutures The details of management of a penetrating wound
vary to some extent depending upon whether 1t 15 1 the auncle or the
ventricle In the case of 2 wound of the ventricle, the silk sutures threaded
on fine needles and held m readmess during the early phase of the operation
are now used to close the openng As each suture 15 passed 1t may either be
held m such a way as to approximate the wound edges until all the others
have been mserted or 1t may be tied by an assistant, the surgeon keeping his
finger over the opening meanwhile. The sutures should not be tied so tightly
that there would be danger of cutting the heart muscle Mattress sutures arc
preferable when the muscle 1s unusually friable. This holds true especially
. the auricle.

Lacerations of the auricle may be sutured directly, usmg mattress suturcs,
or 2 flexible clamp may be applied bencath the wound to hold the wall of
the auricle steady and to stop the flow of blood while the sutures arc being
applied If the aunicular appendage 15 myured, 1t may be excised and the cut

edges approximated with sutures of fine silk. :
Penetrating wounds which are so close to a coronary artery that t ?

sutures cannot be applied m the usual manner should be closed by means l0

mattress sutures which are carried through the myocardium beyond the

artery on the side nearest the vessel '
After suture of the laceration, the penicardium should be closed Jooscly
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to allow a few spaces for the escape of flud n casc a postoperauve cffusion
or further leakage of blood should occur Thus will usmlly prevent the re-
currence of cardiac tamponade

The necessity for adequate blood replacement by transfusion durmng and
after the operauon need only be mennoned. The use of autotransfusion may
be a hifesaving expedient if large enough quantities of donor blood are not
avalable.

Extraction of Foreign Bodhes from the Heart The extraction of metallic foreign
bodies from the chambers of the heart may be necessary esther as a part of
the procedure for closure of a penetrating wound o as an clective procedure
once they have been carned 1nto the heart by the arculauon after pene-
tratmg a major vessel. Such an occasion 15 unusual. Before planning the -
aston 1t 15 tmportant to determine by roentgenographic studies 1 which
chamber the object lies The exposure of the heart may be made by a trans-
pleural incison on the rght or by a classical anteror masion over the pre-
cordual region depending on winch heart chamber 13 to be explored In the
case of foreign bodies which have penetrated directly through the cardiac
muscle therr extraction should 1f possible be a part of the procedure used
to close the opemung  After the foreign body has been extracted, the closure
of the openung 1n the heart muscle 13 carned out mn the manner described
above no matter whether 1t be traumanc or surgical m ongin.

No such operation should be undertaken wathout large quanuties of com-
patible blood available for replacement of the large volume which 15 likely
to be lost durng the intracardiac mampulanon required to extract the
foreign body

OPERATIONS ON THE GREAT VESSELS
Established Procedures

Extracardicc Shunt for Congenstal Pulmonic Stenosis The effects of con-
geniral stenosis of the pulmonary valve can now be greatly relieved by the
production of an extracardiac shunt between the pulmonary artery and the
aorwa or one of 1ts pnmary branches. Congenital stenous of the pulmonary
valve may be of either the pure type, wathout an wnterventrcular septal
defect and wathout cyanoms or the more frequent type spoken of as the
tetralogy of Fallot with cyanoss resulting from the admuxture of blood
from the ventricles produced by the mtcrventricular septal defect. An accu-
rate preoperauve duagnons must be established m each case It 1s especually
tmportant also to bear in mund that there are frequent combmations of
anomalies and vamauons m the course and distrbution of the zorta and 1ts
pumary branches which may make major alteratons 1 the exposure and
technic necessary  The detarls of diagnoms are not the subject of this treatse

Two satsfactory methods of ereasing the flow of blood mnto the puk-
fuonary artery are available
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A small mcision 1s made 1 a lower mtercostal space postertorly and a
large catheter 1s mserted for dramage. The lung 15 then expanded fully and
the chest wall 1s closed

Operations for Cardsac Injury

The majority of patients who sustain serious njuries to the heart and great
vessels die so promptly of hemorrhage or the effects of cardiac tamponade
that there 1s no opportumty for the surgeon to apply his skill 1 an attempt
to save them In a few cases of cardiac mjury, however, the opening 1s so small
that leakage 1s not excessive or there 15 a foreign body or nussile which re-
mans to plug the hole temporarily. Under such circumstances surgery may
be applied

Cardrorrhaphy for Penctrating Wounds of the Heart The approach to the
heart already described (Chap 3) 1s used It consists in making a transverse
mnciston through the fourth mtercostal space, supplemented occasionally by
transection of the adjacent cartilages As soon as the pericardwm has been
opened and the blood within 1t evacuated, the surgeon should be prepared
to deal with a fresh spurt of bleeding from the heart wound The mdex
finger should be laid over the Jaceration to check the escape of blood, taking
care to avoid msertng the finger through the opening because of the danger
of enlargmng 1t A strand of heavy sik should be passed through the apex
of the left ventricle and held by an assistant so as to steady the heart for the
placing of the sutures The details of management of a penetrating wound
vary to some extent depending upon whether 1t 1s 1 the aurcle or the
ventricle. In the case of 2 wound of the ventricle, the silk sutures threaded
on fine needles and held m readmness during the early phase of the operation
are now used to close the opening As each suture 1s passed 1t may either be
held 1 such a way as to approximate the wound edges until all the others
have been mserted or 1t may be tied by an assistant, the surgeon keeping his
finger over the opening meanwhile The sutures should not be tied so tightly
that there would be danger of cutting the heart muscle Mattress sutures are
preferable when the muscle 1s unusually friable This holds true espectally
in the auricle.

Lacerations of the auricle may be sutured directly, using mattress suturcs,
or a flexible clamp may be applied beneath the wound to hold the wall of
the auricle steady and to stop the flow of blood while the sutures arc bemng
apphied If the auricular appendage 15 mjured, it may be excised and the cut
edges approximated with sutures of fine silk ot the

Penetrating wounds which are so closc to a coronary artery ‘
sutures cannot be applied m the usual manner should be closed by mcans o

¢
mattress sutures which are carried through the myocardium beyond th

artery on the side nearest the vessel

After suture of the laceration, the pericardium should be closed looscly
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to allow 2 few spaces for the escape of flid m case a postoperative cffusion
or further leakage of blood should occur This will usually prevent the re-
currence of cardiac tamponade.

The necesnity for adequate blood replacement by transfusion duning and
after the operation need only be mentioned. The use of autotransfusion may
be 2 life-saving expedient if large enough quantinies of donor blood are not
available

Extraction of Foreign Bodies from the Heart The extraction of metallic foreign
bodies from the chambers of the heart may be necessary etther as 2 part of
the procedure for closure of a penetrating wound or as an clective procedure
once they have been camed mto the heart by the arculanon after pene-
trating 2 major vessel. Such an occasion 15 unusual. Before planming the -
ason 1t 1s important to determune by roentgenographic studies 1 which
chamber the object hies The exposure of the heart may be made by 2 trans-
pleural masion on the night or by a classical antenor masion over the pre-
cordual region, depending on which heart chamber 1= to be explored. In the
case of foragn bodies which have penctrated directly through the cardiac
muscle their extracnion should 1f possible be a part of the procedure used
to close the opening After the foreign body has been extracted, the closure
of the operung 1n the heart muscle 15 carned out m the manner described
above no matter whether 1t be traumatc or surgical sn ongm

No such operation should be undertaken wathout large quantittes of com-~
pauble blood available for replacement of the large volume which 15 likely
to be lost dunng the mtracardiac mamipulation required to extract the
forcign body

OPERATIONS ON THE GREAT VESSELS
Established Procedures

Extracardiac Shumt for Congenital Pulmomc Stenosts The cffects of con-
gemal stenosis of the pulmonary valve can now be greatly relicved by the
production of an extracarduac shunt between the pulmonary artery and the
aorta or one of 1ts primary branches. Congemital stenosis of the pulmonary
valve may be of ather the pure type, without an interventricular septal
defeet and wathout cyanosss, or the more frequent type spoken of as the
tetralogy of Fallot, with cyanosis resulting from the admixture of blood
from the ventricles produced by the mterventricular scptal defect. An accu-
rate preoperative dugnoss must be established m each case It 1 cspeaally
mportant also to bear 1 mind that there are frequent combmnatons of
anomahies and vanations m the course and distrbution of the 2orta and 1ts
primary branches which may make major alterations mn the exposure and
technic necessary The details of dizgnoss are not the subject of this treatse,
Two sausfactory methods of mercanng the flow of blood wnto the pul-
nlonary artery arc available.
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Drrect Anastomosis Between the Pulmonary Artery and the Descending Aorta
(Potts-Smuth Operation) The simplest method of directing a flow of blood
from the aorta mto the pulmonary artery 1s to make a direct anastomosss
between these vessels In the average case mn which the aorta descends i the
normal manner along the left side of the mediastunum, this procedure can
be accomplished with relatvely hetle technical difficulty by using the mn-
gemously contrived spectal aortic clamp devised by Potts and Smuth (Fig
39) On the left side the direction and length of the pulmonary artery make
a lateral anastomosis between 1t and the aorta relatively easy to perform
The operation s, therefore, sutable for use 1n the usual case of tetralogy of
Fallot or simple pulmomnic stenosis If, however, the aorta happens to be one
which arches to the right and descends i the right side of the medastmum,
great difficulty 1s experienced because of the nnfavorable direction of the
right pulmonary artery mn relation to the aorta and also because of the fact
that the night pulmonary artery 1s so short. It 1s wise, therefore, to lnut the
use of direct anastomosis between the aorta and the pulmonary artery to the
cases where the aorta descends on the left side

Tecanic A standard thoracotomy mcision 1s made on the left side through
the fourth mtercostal space The lung 1s retracted anteriorly A longitudmal
mcision 1s made 1n the pleura of the mediastinum midway between the aorta
and the pulmonary hilus (Fig 97, A) The vagus nerve 1s dissected free and
retracted with a strand of silk passed dustal to the origin of the recurrent laryn-
geal branch To gam ready access to the left pulmonary artery several pulmo-
nary branches of the vagus nerve must be divided The penvascular arcolar
tissues are dissected away from the vessel This necessitates the higation of
several small vessels which are frequently engorged by the perthilar collateral
circulation of blood which 1s observed m these cases The greatest possible
length of pulmonary artery 1s denuded of 1ts surroundmng arcolar tissuc an
strands of heavy silk are passed twice around the vessel, both proximally
and distally, for temporary occlusion durng the performance of the anas-
tomoss It 15 frequently necessary to 1solate and occlude the first branches
of the artery distally m order to gam sufficient length for the anastomosis

(Fig 97, B)

The next step 15 to prepare the portion of the descending 2
the pulmonary artery for the anastomosis Ths requires the free ]
cm of 1ts length In order to accomplish this 1t 15 usually necessary to igate
and divide several intercostal arteries as they arse from the aorta (Fsig 97, C)
One should be careful to avoid myury to the thoracic duct and csophn;gus
during this manipulation The Potts-Smuth clamp 1 then apphed sulfl ‘:
manner as to 1solate a portion of the aorta temporanly m order to m-’tI c1
possible to perform the anastomosts (Fig. 97, D) Three sizes of this clamp
arc available and should be at hand for use. The choice of the corsect sizc 15
a matter of cxperience which 1s Jearned best by pracuce on cxperiment

orta oppositc
mg of4toS
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human bemg The
animals before attempting to perform the operation on 2
proxamal and distal eemporary occlusive ligatures are passed one whole turn

Left Side
A B
Pleura Occlusion ligatures

on pulmonary oriery

Pheenic nerve

Potts Smith clamp —""

Fg 97 Anastomons between the left pulmonary artery and the descending sorta (Potns-
Smuth technic) A Begmnmg of the dmsection to expose the palmonary artery B Exposure
of the pulmonary artery completed  cxposare of the aorta begun. C Both vesscls exposed
divesion of two pairs of intereostal arteties required to free 2 kength of the aorta suffictent for
the apphcation of the clamp. D Potn-Smuth aor@ clamp m place showing the method of

dwng the artery close to the sorta by pamng the ends of the occluuon liga-
tures through a loop of the damp

around the pulmonary artery and the two ends of each are ned together
around the corresponding loop of the aortic clamp so as to draw the artery
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Durect Anastomosis Between the Pulmonary Artery and the Descending Aorta
(Potts~Smith Operation) The simplest method of directing a flow of blood
from the aorta mto the pulmonary artery 1s to make a direct anastomosss
between these vessels In the average case m which the aorta descends m the
normal manner along the left side of the mediastunum, this procedure can
be accomplished with relanively hitle technical difficulty by using the -
gemously contrived special aortic clamp devised by Potts and Smith (Fg
39) On the left side the direction and length of the pulmonary artery make
a lateral anastomosis between 1t and the aorta relatively easy to perform
The operation 1s, therefore, suitable for use m the usual case of tetralogy of
Fallot or sumple pulmonic stenosis If, however, the aorta happens to be one
which arches to the right and descends m the right side of the medastmum,
great difficulty 1s experienced because of the unfavorable direction of the
night pulmonary artery m relation to the aorta and also because of the fact
that the right pulmonary artery 1s so short. It 1s wise, therefore, to hmat the
use of direct anastomosis between the aorta and the pulmonary artery to the
cases where the aorta descends on the left side

TECHNIC. A standard thoracotomy mcision 1s made on the left side through
the fourth mtercostal space. The lung 1s retracted anteriorly A longitudinal
ncston 1s made 1n the pleura of the mediastinum midway between the aorta
and the pulmonary Inlus (Fig. 97, A) The vagus nerve 1s dissected free and
retracted with a strand of silk passed distal to the origin of the recurrent laryn-
geal branch. To gam ready access to the left pulmonary artery several pulmo-
nary branches of the vagus nerve must be divided The persvascular arcolar
tissues are dissected away from the vessel This nccessitates the ligation of
several small vessels which are frequently engorged by the perihilar collateral
arculation of blood which 1s observed m these cases The greatest possible
length of pulmonary artery 1s denuded of 1ts surrounding arcolar tissuc and
strands of heavy silk are passed twice around the vessel, both prommall)'
and dustally, for temporary occlusion dunng the performance of the anas-
tomosis It 15 frequently necessary to 1solate and occlude the first branches
of the artery distally i order to gam sufficient length for the anastomosts
(Fig. 97, B)

The next step 1s to prepare the portion of the descending aorta :
the pulmonary artery for the anastomosis Thas requires the frecing Of‘; to ’
cm of 1ts length In order to accomplish this 1t 1s usually necessary to 1gat
and divide several intercostal arteries as they arise from the aorta (Fig 97, C)
One should be carcful to avord mjury to the thoracic duct and csophn%us
during this manipulation The Potts-Smuth clamp 15 then applicd m su{l}‘:
manner as to 1solate a portion of the aorta temporanily m order t;) mn] Cn )
possible to perform the anastomosts (Fig 97, D). Three sizes of this clai ,}‘
are avatlable and should be at hand for use. The choice of the correct stz¢
a matter of experience which 1s Jearned best by practice on exper menta

opposite
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bemg The
mals before attempting to perform the operation on a human g
;Tonmal and distal temporary occlusve ligatures arc passed one whole turn

_Left  Side

A B

Pleura Occlusion Igatures
on pulmonary artery

Phrenic nerve

Pulmonary artery Pulmonary artery

PoHs Smith clamp —"

Fig 97 Ansstomoss between the left pulmonary artery and the descendmg aorta (Potts-
Smuth technic) A, Beginming of the disection to expose the pulmonary artery B, Exposure
of the palmonary artery completed, exposure of the zorta begun. € Both veuch
drvinion of two pairs of intercostal arteres requured to free a length of the aorta sufficient for
the appheaton of the damp D Pors-Smith aorta damp m place showng the method of

drawng the pulmonary artery dose to the 2ora by parung the ends of the occlusion higa-
tures through a loop of the clamp

around the pulmonary artery and the two ends of each are ued together
around the corresponding loop of the aortic clamp so as to draw the artery
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Fig 98 Potts-Smith operation (continued) E, Vessels n apposition, lines of 1ncmox;
shown F, Detail of suture, decp layer of the anastomosis showing continuous suturc o

fine silk (5-0) G, Superficial layer being placed H, Completed anastomosts

It 1s important to make certain that every possible bit of perivascular ad-
ventitia has been removed before the mcisions 1 the vessels arc made A
small sharp knife should be used. If the mcision, which should be approx-
imately 4 mm 1n length, nceds enlargement, a small pair of straight scnsorcs
with a lateral angulation of the blades 1s available for usc (Fig. 39) Bcc:m.;
of the tendency of the aorta to fracturc or tear, these cutting nxs;?nncx]lw
must be sharp so as to avoid unnccessary trauma A smgle strand of finc silk
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fustened to an atraumatic needle 15 used for the anastomoss (5-0 Deknatel
atraumatic) The suture 15 begun at the proxumal (cephalad) end of the 1n-
cston m the vessels and after transfoang both aorta and artery 1t 13 tied,
l&vmgaxhonmdfrct:Thcdccpcdgcscfdlcvtssclsarcmescwtdto-
gether with an over-and-over contnuous statch until the distal ends of the
opcnmgsmrcachcd,whcrcthcmmrcmaybclockcdby passing the strand
through the last loop before 1t 15 pulled ughr (Fig 98 F) An altermatve
method of msurmng a tight apposion at this end 15 to msert a smgle mter-
rupted suture which 1s tied before the superficual edges of the vessels are
approxumated. When the continuous suture has been carned back to the
starting pont at the prommal end, the two portions are tied together and
the excess 18 cot away (Fig 98 G) The butes of the suture should be placed
as close together as possible (not over 1 mm apart) The temporary occlusive
Iigatures arc then removed from the pulmonary artery starang with those
on the distal end. After the pulmonary artery has been released the clamp
on the aorta 15 loosened gradually As the blood begms to flow through the
anastomoss mto the pulmonary artery there may be a small amount of
leakage through the suture Ime. If this scems to be excesave at any pomt,
the clamp 15 ughtened agam and 2 single suture may be applied at the weak
pomt. This must be done with the wmost gentleness because of the danger
of teanng the vessels, especaally the aorta The clamp 15 finally removed. A
shight amount of leakage 15 frequently observed, but 1t usually stops after a
few mmutes A thrll wall now be felt 1n the pulmonary artery as the blood
from the aorta rushes mto 1t through the completed anastomoss (Fig 98 H)

The lung 13 expanded fully and the chest wall 1s closed. It 1s advisable to
msert a small catheter through an mtercostal space 1n the lower part of the
chest to provide egress for the postoperative pleural effusion which m some
cascs may amount to several hundred cubic centimeters.

Anastomosis Between the Pulinonary Artery and a Major Branch of the Aornc
Arch (Blalock Operation) By this operanion blood from the aorta 1s directed
mnto one of the pulmonary artenies through a shunt produced by an anasto-
mosis with a branch of the 2orta The vessel which 15 usually chosen for this
purpose 1s the subclavian branch of the mnommate artery This means,
therefore that the operation 13 performed typically on the nght side because
1n the majonty of instances the aortz descends on the left. However when the
aorta descends on the night the innommate branch lies in the left side and the
operation must therefore be done m the left side of the chest. As 2 matter of
fact, expenience has shown that the left subdavian artery can be employed
equally well no matter on which side the mnommare artery may lie This
makes 1t advantageous to employ a left thoracotomy 1n all cases because if
conditions are unswitable for the performance of a Potts-Snuch procedure
a Blalock operation can sull be carried out, and vice versa The subclavian
artery on cither side can be freed far enough distally 10 the majortty of m-



214 THORACIC SURGERY

stances to obtamn sufficient length for the performance of the anastomoss
In a few cases 1t may be necessary to use the proximal (cardiac) end of the
common carotid or the mnominate artery 1f not enough length can be ob-
tamed from the subclavian. When vascular anomalies are found, other
vessels may have to be employed For a detaled consideration of these
possibilities, one should consult the current surgical literature

Tecmnic. The operation as onigmally performed on the right side 15
described An anterolateral incision 1s made through the second intercostal
space The lung 1s retracted laterally and the mediastnal pleura 1s mased.
The night pulmonary artery 1s identified and dissected free of surrounding
tissue The azygos vemn 15 divided between hgatures and the dissection 1
carried upward behind the superior vena cava to the mnominate artery The
right vagus nerve and its recurrent branch are identified The subclavian
artery 1s found It 15 wise to make certam also of the location of the
carotid artery to be sure that the correct vessel has been found The subclavian
artery 1s followed distally as far as possible and a rubber-shod bulldog clamp
1s placed across 1t close to its origin. It 1s then divided at the farthest possible
pomt distally and the distal cut end 1s ligated The adventitial tissuc 15 cx-
cised from the proximal end, whach 15 pulled out from the loop formed by
the recurrent laryngeal nerve and turned down for the anastomosis. The
pulmonary artery 1s temporarly occluded as far proximally as possible with
a rubber-shod clamp (Blalock type, of which there are three sizes) (Fig 39)
The distal portion of the artery 1s likewise occluded, but sometimes, 1n order
to gain a sufficient length for the performance of the anastomosts, the first
branches are occluded separately mstead of the mam artery Bulldog clamps
are used A short transverse mciston 1s made m the pulmonary artery (Fig
99, A, Band C Note The left side was used 1 the patient whosc opcration
was the subject of these drawings )

An end-to-side anastomosis 1s made, usmg a continuous Suturc of fine
silk (5-0 Deknatel on an atraumatic needle) The best manncr of applymg
the suture 1s as an cverting continuous mattress stitch to turn the mtma o{ut-
ward (Fig. 99, D). The posterior row 1s mserted before drawng 1t up. Ad tc;
this row has been drawn tight, a single stay suturc 1s mscrted at cach cnd 0
the anastomosts The anterior row 1s then applied and the strand 1s tied to
the stay suture at the starting pomt The clamp and occlusive hgatuc;"c; ;Ts
removed from the pulmonary artery, and finally the clamp 1s rcmovcr ffchc
the subclavian artery A thrll should be felt i the pulmonary artery !

anastomosis 1s patent

Dinsion of Igascular Ring Produced by Anomalous Double Aortsc Arclr YC(}H;
stricion of the trachea and csophagus by an arterial ring comlstmg,(o n-c
persistent double aortic arch can be rcheved by hgation and division 011(;"5
of the two component vessels The exact arrangement of thc! m;,(;:i o
vessels, including the origins of the various branches gomg to the b
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although
extremites, cannot always be anticipated wath accuracy

:xggtographw studics arc helpful. There 15 wsually a large channel which
passcs postertorly behund the wachea and esophagus and a small anterior
vesiel which communicates on eather side with the ascendmg and descendmg

Left Side

Vertabral ortery

Pulkmanory arfery

A Yagus narvs B (ntarno) mammary ortery

Puimonary artery
i .

Blalock clemp

Pumonary ortery Siubclavian ortery

Fig 99 Anasomons between the subclavian artery and the pulmonary artery (Bladock
technic) lett nde. A, Exposure of the left pulmonary artery and the subdlavian artery B
Duscenon of the sbclavan artery with Liganon of 16 branches (vertebral, thyrocesvacal,
mternal mammary and axillaicy). € Occluwon of the two arteries m preparation for the
anastomoxs. D Detail of the contmuons everting sutnre wsed m the performance of the
anastomons. (Note Marty surgeom, indoding Blalock, prefer the nght nide )

portions of the postertor arch. The anterior component may be parually or
completely oblitcrated, but 1n many wnstances an apprecuble volume of
blood passes through 1t. This vessel can usually be divided without mter-
fering to any noticeable extent with the circulation. In an occasional case
the larger vessel may be the antenior one making 1t necestary to drvide the
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lesser posterior arch Angiography may be of assistance 1n deciding which
vessel passes behind

The usual standard thoracotomy mcision 1s used The chest 1s opened
through the fourth mtercostal space The choice of side depends upon the
position of the descending aorta The anterior vessel always presents toward
the side of the mediastmum m which the aorta descends Thus 1s usually the
left, but 1f as a result of roentgenographic mvesugation the descendng
portion of the aorta 1s found to be m the right side of the medastmum, a
right-sided approach may be preferable

After the chest has been opened, the lung 1s retracted downward by the
hand of an assistant and an ncsion 15 made through the mediastinal pleura
so as to expose the vessels The identification of the anomalous vessel and a
survey of 1ts branches are completed (Fig 100, A) There 15 usually a patent
ductus arteriosus which may require division The relation of the recurrent
laryngeal branch of the vagus nerve to the anterior arch must be obscrved
Heavy silk ligatures are then tied around the small anterior vesscl at what-
ever pomt seems to be advisable to avoid mterference with crculation
through mmportant branches As soon as the vascular rmg 1s mterrupted by
cutting the anterior arch, the trachea and esophagus risc forward mn response
to the release of the constriction (Fig 100, C) A groove can usually be
identified extending obliquely across the lower end of the trachea at the pomt
where the constricting vessel was It may be necessary also to divide the
patent ductus or igamentum arteriosum 1 order to producc the maxmum
relief (Fig. 100, 4)

The masion 1 the mediastmal pleura 1s closed with mterrupted fine silk
sutures and the chest wall 1s closed after the lung has been expanded com-
pletely |

Interruption of Patent Ductus Arteriosus Eather the antcrolateral or the
standard thoracotomy mcision may be used The latter 1s preferred becanse
1t avoids mterference with the mammary gland, provides an cxccpnonnll)’
wide exposure, and makes 1t possible to approach the ductus m a more
direct manner. The maston 1s made through the fourth intercostal space on
the left sside The upper lobe of the left lung 1s retracted downward and fcl>r-
ward to expose the surface of the medmstmum above and behind the In uf
of the lung. A vertical meision 15 made through the pleura about mxd]\k .1(){
between the vagus and phrenic nerves This 1s extended downward be nnw
the lung hilus The subpleural layer of arcolar tissuc 1s divided to expo ‘
the aortic arch and pulmonary artery. Secveral small vessels, somcu]mcs 21':‘5
cluding the highest mtercostal vem, must be scvered Several lympl 1‘!“0“0
must be dissected away from the pulmonary artery In children t] )LSL—;.us
frequently large and may show cvidence of mflammatory changes iT 1c \;5; "
nerve below the origin of its recurrent laryngeal branch s retractec P‘j‘“somc
Iy by means of a strand of silk passed around 1t It 1s nccessary to scver
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Left Sid
Ligature on patent Ligature on anterior aortlc arch !
ductus arteriosus I
\ Left common carotid artery |
Pulmonary arfery. l Lett suclavian artery

Vagus nerve

Ligature on cnteri
aortlc arch

Of// osterior aortic arch

B G

_Before division fer

Fig 100. Divmon of the vascolar rng produeed by an anomalous double 2orac arch.
A Drawmy, made at operapon m a typical case, showing the anatomuc relations of the
vessels as they were exposed ready for divinon, B Disgram to show the constrretton of the
trachez and esophagus by the double sortic arch m the case fMlmstrated m A, € Duzgram to
show the release of the constrcted trachea and esophagos after diviwon of the antenor
companent of the double aortic arch,

of 1ts pulmonary branches m order to retract 1t sufficiently The ductus 15
readily found by idenntymg the recurrent laryngeal nerve, which always
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passes around beneath 1t to ascend behind the aortic arch. The palpation of a
thrill m this region gives further evidence of 1ts location

In order to render the frecing of the ductus casy, 1t 1s essential to start the
dissection m the deepest possible plane over the vesscls It 15 wise to begm
on the anterior surface of the aorta, sweepmg the arcolar tissues of the
adventitial layer forward agamst the pericardial reflection over the ductus

A

Mediastinal pleura
Phrenic nerve
Pericardial

reflexion

Vagus nerve

Pulmonary
artery

Recurrent nerve

Pericardium 4

Pulmonary
artery

Ligatures on ductus

Vagus nerve

Recurrent nerve

B

the ductus

Fig 101 Ligaton of patent ductus artcriosus 4, Exposure of the region of
for double

after reflecting the mediastinal pleura B, ductus completcly exposed and ready
ligation

This reflcction sometimes extends onto the aorta itself Sharp dissection % sth
scissors and occastonal wiping with gauze arc used As the pcncardml re-
flection becomes obvious, 1t should be lifted from the ductus (Fig 101, A)
This makes 1t possible to approach the junction of the ductus with the plj-
monary artery safcly. With the anterolateral surface of the ductus exposed.
the dissection 1s carried beneath and behind, using the same techme. Tor ths
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part of the procedure additional asnistance 15 obtamned by gently spreading
the surroundmg nssues with a carved hemostatic or cystic duct forceps. In
domg this however there 1s danger of teanng the pulmonary artery at the
pomnt where the ductus 1s attached. This 15 the most vulnerable region In
fact, 1 the majonty of mstances where hemorrhage 13 encountered, the
leaking pomnt 15 at the angle between the artery and the ductus along the
mfenor surface When freemg the decp surface of the ductus also the up
of the dissecang mstrument should be dirceted as much as possible toward
the aornc side to avord the fragile pulmonary artery A part of the deep
dissection can be done also from above. By working m turn first from below
and then from above the ennre arcumference of the ductus 1s freed. If ie 15
difficult to free the penicardial reflection because of mflammatory fixation

1t may be necessary to open the pericardial sac 1 order to find the way
around behmd the vesscl. However the anatomic relations of the region are
such that 1t will be necessary to find an exat from the penicardial sac behind
the ductus m order to pass an mstrument completely around 1ts pulmonary
artery end. This maneuver 1s rarely necessary

Certam anatonuc vanatons should be mentioned The pericardial re-
flection over the ductus may be large and long extending somenmes onto
the aorta isclf or 1t may be very small or even noncxmstent The ductus
varies greatly from patient to patent 1in length diameter and durection. Tt
tends to be relatvely longer m chuldren than 1 adults Sometimes 1t leaves
the pulmonary artery and joms the aorta almost at nght angles. At other
times 1t Joms these vessels at acute angles Frnally there 15 1n some mstances
marked, almost ancurysmal bulging of the aorta at the site where the ductus
15 attached. This does not oceur at the pulmonary artery end.

The mterruption of the flow of bloed through the ductus may be accom-
phshed aeither by double hgation m continwsty or by division and closure of
the drvided ends. Ligauon has the adwantage of safety and mmplaty If
carned out properly 1t gives corpletely sansfactory results. The possiblity
of recanalizaton must be mentioned, but the reports which have described
this complication may have been based upon developments in cases where
the ligatton of the ductus was not thoroughly done A good method s to
tic the ductus as closely as possible to the major vessel at each end, using very
heavy braded silk (Deknatel No 2 to No 4) If heavy matersal 15 wsed,
thcrcupmcuullynodangcrofcumngthmughth:vmsclwallbyt.hchgz—
ture to cause immedute hemorrhage or of damage which might lead to
aﬂx]lcurytmal dlllaztmon atalater uglc Care must be excrred to avord pinching

¢ recurrent nerve while setang th
the aora (Fig lfg;'lg;l g the knot of the higaturc nearest

An alternative method 15 to divide the ductus between two o
hemostanie foreeps, the serrations of whose Jaws have bcmP:::dLﬁfc’dnTogl:;
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to prevent sidewse shipping The distal clamp 15 removed from cach side
and the edges of the end of the vessel are sutured over and over with 2 con.
tnuous strand of fine silk The proximal clamp 15 then removed and the
suture 1s carried back agam through the end of the vessel to the starting point
where 1t 1s tied So far as can be determined at the present tunc, this method
does not provide enough superiority of ulamate result to make Justifiable
the additional risk 1t entails 1 the hands of the average surgcon

As soon as contmuity has been mterrupted, the thnll m the ductus and
the pulmonary artery can no longer be felt It should be remembered, how-
ever, that many of the patients who are operated upon because of a patent
ductus artertosus also have other congenutal anomalies such as septal defects
These may cause a thrill and a murmur which do not depend upon the ex-
1stence of a patent ductus and whach persist after the ductus has been higated
Thas fact must be kept 1n mind when evaluating the results of the operation
Differentiation, however, 1s not usually difficult

To complete the operation the incision n the mediastinal pleura 1s closed
loosely with interrupted sutures, the lung 1s expanded and the chest wall
mcision 15 closed 1n the usual manner Drainage of the chest cavity 1s optional,
depending upon the amount of cozing from small medastinal vesscls and
the thoracic mncision

Operations for Coarctation of the Aorta A standard thoracotomy mcision
15 used on the left side In an adult the fourth or fifth rib should be resccted
In a cluld the mcision may be made through the fourth mtercostal space
In cither case 1t may be necessary to divade adjacent ribs posterorly m order
to gan a sufficiently wide exposure The enormous enlargement of the
vessels m the chest wall usually prolongs this portion of the operation be-
cause of the difficulty of securing satisfactory hemostasis The mtercostal
vessels are not only very much enlarged but also unusually fragile.

The prnciple 1nvolved 1 the surgical correction of coarctation of the
aorta 1s to remove the obstructing barrier by exciston and to cstablish vas-
cular continuity so as to make a direct flow of blood mto the descending
aorta The cxact method of accomplishing this result depends upon the
location and cxtent of the abnormal scgment In general, three different
situations may be encountered, cach requiring a different solutton of the
technical problem These wall be considered separately as follows

SHORT CONSTRICTION LOCATED IN THE IDESCINDING STGMENT SFVIRAI
CENTIMETCRS AWAY FROM THE SupcraviaN Artrry This is the sumplest
type of casc to handle It 1s usually possible to rescee the short scgmcn’t. m
which the constriction lics and to make an end-to-cnd anastomosis between
the proximal and distal severed ends A long mciston 1s made n the mc;h(‘;;
tmal pleura over the aorta The aorta 15 uncovered from the region 0{ "
arch down to a pomnt well below the coarctation A long scgmcntl [o-ltw.'
vessel, mcluding several centimeters of normal artery both above and bele
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the constricted arca 18 mobilized and freed of 1ts adventitial layer so that
clamps may be placed a smtable distance away m both directions from the
portion which 1t to be removed It 15 usually necessary to divide several
intercostal arteries to accomplish this. The clamps are applied and the dis-
eased segment 15 excised, leaving as much vessel on cach side as possible for

Blatock mod|fication of
Potts Smith clamp

Coarctation
\ Subelavien artery
f

B G
Detalls of suture

Fig. 102. Coarctaton of the aorta. Details of excasion and anastomons of the divided ends.
4 CmmunmxgmmtmdyfurmNoccdnmcofdrBhlodxmodtﬁauouof
d:ePom—Smrd:dlumcdmamofcmrcnmnnmrdxlc&mbd:mmiCI'-lfOOTd
€lamp 1 msed on the sorta distal to the constmction. B and C Detaihs of the everting sature

the anastomosts. In some cases 1t may be necessary to mobilize the divided
Encds more extensnively exther by cutting onc or two more wntercostal vessels
low or by freeing the aornic arch above It 15 sometimes helpful to drvide
ductus actenosus or ligamentum arterosum.
When 1t 15 apparent that the two ends can be approxmmnated without ex-
cesstve tension the anastomosts 1s begun. The handles of the clamps are

10
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swung forward and the posterior sutures are mserted first The position of
the clamps 15 then altered and the anterior aspect of the anastomoEs,xs 1s cg .
pleted. The exact method of suturing depends on the preference of 3::
surgeon and to some extent the nature of the casc. A simple over-and-over
contnuous suture which merely approximates the edges of the aorta 15

Recurrent
laryngeal nerve

Intercostal aortenes

B

Intercostal arteries Rubber around coarctation

Fig 103 Coarctation Preparation of the vessel for exciston of the 2bnormal segment.
A, Begimmng of the disscction B, Start of the division of two sets of miercostal artencs
below the coarctation Note The higamentum artertosum had ro be divided also in this case

satisfactory A better method, which should be used 1if possible, 5 to cvert
the edges of the vesscls by cither a contnuous or an mterrupted suture of the
mattress type If the continuous strand 15 used, remforcement should be
secured by means of two or three mterrupted sutures placed at cquidintine
mtervals around the arcumference (Fig 102, B and C) Another techmic s
to msert a lyer of mterrupted cverting materess sutures of sk follow ed by
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a second contmuous suture passed over and aver the cverted edges Such an
anastomosts will not leak and 13 unusually strong
The distal clamp 1s removed first. The proxumal clamp 1s then released
slowly to detect any evidence of leakage and to prevent too sudden loss of
artenal resistance. If necessary the clamp may be ughtened again and one or
more extra surares applied. Tt 15 advisable to avord this if possible because of
the danger of tearmg the fragtle aortic tissucs. The edges of the pleura are
approximated looscly unless they have been torn dunng the operation so
that they wll not come together easily ‘The lung 15 reexpanded and the chest
wncision 13 closed. Dramage of the thoracic cavity 1s optional
CONSTRICTION AT Ox NEAR THE ORIGIN OF THE SUBCTAVIAN ARTERY (Fig
103) In many paticnts the coarctation 1s so close to the left subclawian artery
that 1t 13 imposuble to place a clamp across the aorta proximal to 1t i the
manner just described. This difficulty may be overcome by clampmg the
aortic arch proxunal to the subclavian branch and by occluding the sub-
clavian separately A satsfactory proxmal end of aorta 1s sometimes thereby
made available after exasion of the narrow segment, and an end-toend
aortic anastomosss can be made as m the first type The techmeal problem
however 15 often almost msurmountable, especially m the placing of the
postenior layer of sutures A modification of the Potts-Smith clamp devised
by Blalock 15 nseful m this sitvation 3 this instrument 15 available, an end-
to—end anastomoss can be made 1n the majonty of these cases (Fig 102 A4)
Occasionally however 1t 13 impossible to approximate the ends of the aorta.
When ths situation arises, the proximal end must be occluded by hgature
or by sutures The proximal end of the subclavian artery may then be swung
down affer 1ts division to perform an anastomosss with the dustal end of the
aorta. This 15 made posuble because the diameter of the subclavian artery 1s
unusualty large and that of the aorta below the coarctation correspondmgly
small. The subclavian artery must be handled gently because of the danger
of fracture of these unusually fragtle vessels The anastomosts 1 performed
by the method described above
Lonc DEFECTIVE SEGMENT Or UNFAVORABLE RELATION TO THE SUBCLAVIAN
ARTERY In some cases the excessive length of aorta which must be excised
or the relanon of the abnormal area to the subclavian artery makes 1t umn-
pracucable to attempt to perform an excamon and direct anastomoss It
then becomes necessary ether to abandon the operation or to adopt some
other expedient. Recent expeniments have shown that a long defect 1 the
aotta can be bridged successfully by msertng 2 heterogencous graft taken
from the 20rta of another member of the same spectes This procedure has
been used 1n a few human bemgs but 1t 15 sull not practicable for widespread
use The difficulty of universal apphication centers around the problem of
obtamung and preserving the necessary matenal for usc m the panent with

coarctation.
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swung forward and the posterior sutures are mserted first The position of
the clamps 1s then altered and the anterior aspect of the anastomol;s is com
pleted The exact method of suturing depends on the preference 0?):}"-
surgeon and to some extent the nature of the case A sumple over-and-o cf
continuous suture which merely approximates the edges of the aorta 1s

Recurrent
laryngeal nerve

Intercostal arteries

B

Liga tu terio Subclavian arfer
sigamentum arteriosum f‘l\\J/ u y

e ':f ;
ﬁ

Intercostal arteries Rubber around coarctation

Fig 103 Conrctation Preparation of the vessel for encision of the abnormal scgment
A, Beginning of the dissccion B, Start of the division of two sets of mtercosta} artenes
below the corrctaion Note The igamentum arteriosum had to be divided also 11 thus case

satisfactory. A better method, which should be used if possible, 1s to cvert
the edges of the vessels by cither a contmuous or an mterrupted suture of the
mattress type If the conunuous strand 1s used, remforcement should be
sccured by means of two or three mterrupted sutures placed at equudistant
mtervals around the arcumference (Fig 102, B and C) Another technic 1
to msert a layer of nterrupted evertng mattress sutures of silk followed by
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a sccond contmuous suture passed over and over the cverted edges. Such an
anastomosis wall not leak and 15 unusually strong

The distal clamp 15 removed first. The proximal clamp 1s then released

slowly to detect any evidence of leakage and to prevent too sudden loss of
artenal resistance. If necessary the clamp may be tightened again and one or
more cxtra sutures applied. It 15 advisable to avod this 1if possible because of
the danger of teaning the fragile aortic tissues. The edges of the pleura are
appronimated loosely unless they have been torn dunng the operanon so
that they wall not come together easily The lung 15 reexpanded and the chest
masion 15 closed. Dramage of the thoracic cavity 1s optional

CoNsTRICTION AT OR NEAR THE ORIGIN OF THE SUBCLAVIAN ARTERY (Fig
103) In many patients the coarctation 13 so close to the left subclavian artery
that 1t 15 impossible to place a clamp across the aorta proximal to 1t 1 the
manner just desenibed. Thus difficulty may be overcome by clamping the
aortic arch proximal to the subclavian branch and by occluding the sub-
clavian separately A sansfactory proxumal end of aorta 13 sometimes thereby
made available after exaision of the narrow segment, and an end-to-end
aortic anastomosts can be made as 1n the first type The techmecal problem
however 15 often almost msurmountable, cspecially 1n the placmg of the
posterior layer of sutares A modification of the Potts-Smuth clamp devised
by Blalock 1s useful n this situation If this mstrument 15 available an end-
to-end anastomosts can be made 1n the majonity of these cases (Fig 102, A)
Occasionally however 1t 15 impossible to approximate the ends of the aorta
When this situation anses the prowimal end must be occluded by higature
or by sutares The proximal end of the subclavian artury may then be swung
down after 1ts drvision to perform an anastomoss with the distal end of the
aorta This 11 made posnible because the diameter of the subclavian artery 1s
unusually large and that of the aorta below the coarctation correspondingly
small The subclavian artery must be handled gently because of the danger
of fracture of these unusually fragile vessels The anastomosts 15 performed
by the method described above.

LoxG DEPECTIVE SEGMENT OB UNFAVORABLE RELATION TO THE SUBCLAVIAN
AstERy In some cases the excessrve length of aorta which must be excised
or the relation of the abnormal area to the subclavian artery makes 1t mm-
practicable to attempt to perform an exasion and direct anastomosis It
then becomes necessary aither to abandon the operation or to adopt some
other expedient. Recent experiments have shown that a long defect m the
aorta can be brdged successfully by mserting a heterogencous graft taken
from the aorta of another member of the same species This procedure has
been used 1n a few human bengs but 1t 15 sull not pracucable for widespread
we. The difficulty of umiversal application ecnters around the problem of

obtanmg and prescrving the necessary matenal for use m the pattent with
coarctanon.
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Procedures Not Well Established

Operations for Aneurysm of the Thoracic Aorta Thus far no preenuncntly
satisfactory procedure has been developed for the trcatment of aneurysms
of the mntrathoracic portion of the aorta.

The largest experience has been with attempts to bring about clotting
the ancurysm by stuffing 1ts cavaty with great lengths of fine wire mtroduced
through an especially constructed needle The procedure may be carried
out by mtroducing the winng ncedle blindly through the chest wall or
under direct vision through a standard thoracotomy maision Relief of pam
has resulted from the use of this method mn some patients, but there 1s hitele
evidence that life has been prolonged by it.

Attempts to stay the expansion of a thoracic ancurysm by wrappmg 1t
with cellophane have been reported The method 1s still m an experimental
phase

Operations for Transposition of the Great Vessels. This rarc anomaly which
consists 1 a reversal of the circulation so that the aorta arises from the nght
ventricle and the pulmonary artery comes off of the left ventricle 1s not com-
patible with hfe unless there 15 some sort of shunt between the two vessels
In the relatively few mfants who have been known to survive, this shunt
has been provided by congenital patency of the mterventricular or mter-
auricular septum However, tlus 15 not usually sufficient for a prolonged
existence and attempts have been made, thus far with mdifferent success,
to better the situation by means of an additional mtercommuncation be-
tween the two circulatory systems Two methods have been tried One 1s
to perform an cxtracardiac shunt by anastomosis between the left pulmonary
artery and the descending aorta or some other combination of vessels t)o
mcreasc the mingling of the two streams of blood This puts a constderable
additional stram upon the heart The other 15 to create an mtcraum;uhr
septal defect Recently a combmation of an additional mtracardiac wath m;
artificial extracardiac shunt has been shown to offer the greatest promisc ©
amchoratmg the difficulty Relatvely few survivals have occurred after
these operations and the future of such patients 1 obwviously precanous

OPERATIONS FOR LEAKAGE FROM INJURED THORACIC
DUCT

The serious consequences of a contmuing Jeak from the t];orncrc:[l(jll:;f
mto the pleural cavity make 1t necessary to attempt to close the np: C(m;
The fragile nature of this vesscl precludes the possibihty of rc<tf>rm§;hblc
unuity by anastomosts with sutures Two alternative mctho-ds arc avalable,
cach of necessity requiring a direct approach by open thoracotony

Lication of the Thoracie Duct A standard thoracotoms musmr; zs‘ AR
the side of the chest i wluch the chyvle accumulates After the Hd b i

made on
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removed and the lung has been retracted forward the medustmal pleura 1s
mncsed 1 the region where the leakage occurs The thoracic duct 1s 1dennfied
and freed by sharp duscction The site of injury or rupture 1s found and the
duct 15 igated proximal and distal to that pomt.

Packing with Gelfoam If 1t 15 mpossible to 1dennfy the duct 1tself because
of the mduration and mflammatory mfiltranon of the adjacent tissues leak-
age may be controlled successfully by stuffing the area with gelfoam and
suturing adjacent surfaces of the pleura together over this pack. If the tssues
are not flexible, an maston 1s made on each side of the packed area in order
to create two edges of pleura which can be turned toward each other and
approximated over the pack with a row of sutures

TRANSTHORACIC VAGECTOMY

The transthoracic approach provides ready access to the vagus nerves. Its
chuef advantage Lies m the fact that a very long extent of the nerves may be
observed so that branches which anse at a hugh level and do not jom the
nerves agawm below may be more readily discovered. In some cases there-
fore 1t may provide greater certamty of obtaming a complete mnterruption
of all the vagus fibers than the abdomunal approach. On the other hand, 1t
must be pomnted out that n contrast to the abdominal approach 1t 1s more
difficult to gain access to the ulcer 1f it seems necessary to visuabize 1t, although
the stomach and duodenum can be explored by openmg the diaphragm
There 15 the additional disadvantage also that postoperaave thoracic comph-
cations such as tension pneumothorax, resulung from trauma to the lung
while severing pulmonary adhesions, and effustons of flud 1nto the pleural
cavity may develop The performance of a gastrocnterostomy at the same
operation  although 1t can be carmied out by openmg the duaphragm s
more easily done through the abdomrnal approach.

Technic of the Operation Although the vagus nerves can be reached through
an mason m the nght side of the chest, the left side 15 used for vagectomy
because of the posubihity that 1t may be necessary to gam aceess to the stomach
especually 1f 2 gastroenterostomy 1s to be done A long standard thoracotomy
incision 18 made through the eighth intercostal space or through the bed of
the exghth or ninth nb Adhesions between the lung and the thoracte wall
must be freed sufficiently to gan access to the lower mediastinam., The
smeduastmal plenra 13 mased from the level of the mfenor putmonary vemn
to the duphragm. The lower end of the esophagus 1 freed by blunt dussec-
tion and a long strip of Penrose rubber dram 1s passed under 1t for retraction.
The two ends of this are held together wath a hemostat. The tight and lefe
z’nﬁiu.sl&cgvcs are 1dentfied both above and below the pericsophageal plexus

As they are 1solated, the well-known vanations 1a the

co d arrange-
ment of the nerves should be kept 1w mind. It 15 2 ot o

frequent occurrence to
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find several independent trunks m the place of a single nerve All these
nerve trunks are identified and followed down below the esophageal plexus
through the esophageal huatus of the diaphragm mto the region of the
cardia, where each 1s divided and tied The proximal division 1s made high
enough to facilitate the excision of several centimeters of each trunk These
ends are Iikewse tied, largely to secure the small vessels which may run wath
them Proximal ligation or crushing with a dura clip has been advocated for
the purpose of preventing regeneration, but no evidence has been brought
forth to show that effective regeneration of the vagus nerves ever occurs
Excision of long segments, to prevent restoration of function, 1s also very
likely unnecessary During the dissection of the nerves and especially as a
result of the excision of segments from them, some of the small pertesopha-
geal vemns must be divided An effort should be made, however, to avoud
mjuring any more blood vessels than necessary and to keep from mjuring

Vagus nerve (nght)

Diaphragm

Fig 104 Intrathoracic vagectomy

the esophagus by rough handling Transitory partial dysphagia result:n:l%
from swelling of devitalized or traumatized tissues of the esophageal w p
will thus be prevented The mediastinal pleural edges are approximate
with fine silk

If 1t 15 desired to perform a gastroenterostomy as an adjuvant procedug:,
an messton 1s made through the diaphragm. Through this the ulcer may hC
visualized and palpated, and a gastrojejunostomy may be pcrformcddm the
usual manner. This may be made either antecolic or retrocolic an anttl—
penstaltic or 1soperistaltic, as the relations of the wviscera may sugglilSt;l a(:
suit the preference of the mdividual surgeon. It must be kept 1n n(lim ln
the transthoracic approach provides access to the viscera 1 2 lrﬁfﬂof
different from that with which the surgeon 1s more likely to be famaar 1
he 15 more accustomed to the abdommal approach Ths prccautxo]n Wb-
make 1t easier to place the anastomosis m a correct position After the a
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dommal phase of the operation 1s completed, the diaphragm 15 closed with
mterrupted silk sutures The lung 1s expanded and mspected for air leaks
if 1t was necesuary to sever adhesions Leaking pomes are dealt wath esther
by bgation of a small portion of lung caught 1 a hemostat or the plaang
of several fine silk sutures. The chest wall 15 closed i the usual manner
Closed catheter dramnage should be used 1f a leakage of air 15 antcipated or
1f there 15 reason to believe that an unusually large scrosangmneous effusion
nught occur When 1n doubt, 1t 15 best to dram

After~are Followmg a transthoracic vagectomy one should be prepared
to deal with any of the usual complcations which may follow the per-
formance of a thoracic operation These wnclude pleural cffusion, tension
pncumothorax and mabulity to rause secretions wath resultant massive atelec-
tasis of some portion of the lung In addition there 15 the problem of dealing
with the cffects of the mterrupnon of the vagus nerves Excessive gastric
dilatation can be avorded 1n the majonity of panents by means of constant
suction applicd with a Wangensteen apparatus to the end of the mlying
Levin tube The tube should be left 1n place for at least five to st days. After
uts_removal daily or bidaly aspiration may be required for a bref period.



CHAPTER 8

OPERATIONS ON THE ESOPHAGUS

GENERAL PRINCIPLES

Operations upon the esophagus mvolve the application of principles which
encompass a wide field of biologic and surgical knowledge The esophagus
differs from other portions of the alimentary canal m certam mmportant
respects

Anatomy From the anatomic standpomnt the esophagus 1s characterized
by the fact that it Jacks a serosal coat, upon the presence of which some of
the methods of anastomosis of the mtraperitoneal portions of the digestive
tract largely depend Its fragile muscular coat consists mostly of longitudmal
fibers with only a weak crcular layer, therefore 1t 1s relatively madequate
to hold sutures The mucosa, on the other hand, 1s of the squamous cell
variety and relatively strong The blood supply 1s segmental 1 ongmn (Fig
105) The lymphatic drainage from the esophagus 1s extensive, with numerous
connections m the regional nodes of the neck, mediastinum and upper
abdomen (Fig 105) The topographic anatomic relations of the esophagus
are likewise of great importance to the surgeon and must be thoroughly
understood before operations upon 1t are undertaken (Fig 1)

Physical Charactenistics The physical characteristics of the esophagus are
such that 1t distends circumferentially and shortens by retraction, but does
not stretch readily Therefore, every anastomosis with this organ must be
absolutely free from any possibility of tension on the suture line Mobuliza-
tion of the esophagus can be accomplished wath safety to a limuted extent
but, with the exception of the lower end, only for the purposc of pulling 1t
upward. Attempts to displace 1t downward are limted by the pull of the
already downward sloping segmental arterses and, m the Jower portion, by
the suspensory effect of the vagus nerves and their periesophageal plexus n
the lower thoracic area A small degree of downward displacement of the
abdominal segment of the esophagus can be accomplished by cuttng 1'111
these vagus nerve fibers It 1s axiomatic that all manipulations involving fi 1c
handling of this organ must be carried out with the greatest possible gentic-

ncess
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Bacteriology. From the bacteriologic standpomt 1t 15 important to emphasze
that the contents of the esophagus are grossly contamunated wath the bactersal
flora of the mouth, mcluding virulent organisms of the gram-positive coceus
group, predommantly streptococcr and staphylococe: Because of their
effectiveness m mhibiting the growth of these orgamsms, pemcillin and
streptomycin are valuable 1n the surgery of the esophagus As a method of
prophylaxis m elective cases, a satisfactory procedure 1s to give pencillin
mtramuscularly during the twenty-four hours preceding operation and a
solunon of streptomycn orally durmg the last forty-eight hours before
operation Just before the mcision 15 closed, a solution contaming the two
antibrotics 15 mserted mn the mediastnum and m the pleural and upper ab-
domunal cavities (in case the diaphragm has been mncised) Both antibiotics
are admimstered parenterally duning the first few days of the postoperative
period, until the possibility of the development of sepsis has been elimunated

Anesthesia Anesthesia for esophageal surgery must provide for control of
the mflation of the lungs even when only the cervical area 1s being dealt
with This 1s accomphished with ether and oxygen, or other suitable volatile
agent, admisstered through an mtratracheal tube This tube should be pro-
vided with an mflatable rubber cuff or balloon to prevent the backward
escape of anesthetic gases mto the pharynx when pressure 1s apphed If this
precaution 1s not observed, some of the gas may pass down the esophagus
and produce troublesome or even dangerous degrees of mflanon of the
stomach The potential danger of this occurrence durmg the mflation of the
lung after the completion of an esophagogastric anastomosis 1s obvious
Even aspiration through a Levin tube lymg withm the esophagus durmg
the course of the operation may not be sufficient to prevent the disruption
of the suture line from overdistention

Approach to the Esophagus. The approach to the esophagus depends UPOI}
the segment which 15 to be exposed, the nature of the lesion and the type o
procedure to be carried out For operations upon the short cervical segment
the patient 1s placed on his back with the head turned slightly to the oppostte
side An mncision made paralle]l to the anterior margin of the sternocleido-
mastoid muscle provides good access to the cervical segment and upper en
of the mediastmal portion (Fig. 112, A) To expose the long thoracic portion
a thoracotomy maision must be used In general, the mudthoracic scgmf}fl1t
15 dealt with more easily through the nght side of the chest than throughh ¢
lett In all bemgn lesions such as congenttal or inflammatory trachco-csop a;
geal fistulas, benign tumors to be removed by local excision, and mn any Cagt
which does not require the use of the stomach for an anastomosts, the 118
side provides ready access to the esophagus at all levels m the mediastinum
On the other hand, when there 15 a strong probability that a large port;OE
of the esophagus must be resected, as m the case of a carcinoma, th[c (}:IC
side 15 used m order to make the moblization of the stomach (or rarcly t
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Jejunum) more cauly accomplished. In crther case the standard thoracotomy
ncsion, usually with a nib resection 13 used, the pauent lying 1n the lateral
recumbent posiion When the growth 1s high m the thorax, this masnon
must be enlarged upward by postenor division of adjacent ibs (Chap 3)
For tumors m the superior medustnal segment a combined thoraac and
cervical exposure usmg wo separate mncistons 15 required. Combined nghe
thoracic and left abdominal ncsions have been advocated by some surgeons,
but dus method 15 unnecessanily complicated. A recent modihcation of
technic mvolves the use of a long thoraco-abdommal tnaision whch 1s used
to open the night chest and by crosung the mudepigastme region, can be
made to provide a reasonably satsfactory exposure of the stomach. In dus
way a single meision 1s uzed for both the rescction of the esophagus and the
mobilization of the stomach and a one-stage operation by the nght thora-
cotomy approach can be performed wath greater casce than when two separate
masions are used.

Lestons m the short abdominal segment are dealt with through a left
transthoracic approach, using a standard thorzcotomy maston through the
bed of the nmth rib or n the cighth intercostal space

General Operatwe Considerations The performance of an anastomoss or the
closure of an nersion 1n the csophagus must be carned out wath the greatest
gentleness and with speaal precautions to msure prompt and satisfactory
healing Certain details of technic which are acceptable m operations on the
stomach or mtestine are mappheable for operations on the esophagus The
most important smgle 21m 15 to prevent necrosis of the edges which are to
be sutured Thus prompt and accurate healing especially of the mucous
membrane layer 13 fostered and the acatrzaton whnch results from delayed
or secondary healing 15 avorded. It 15 such aicatrization winch 15 responsible
for stricture formation at the site of anastomosis. This means that
clamps must never be apphied that the esophagus must be cut wath a sharp
mstrument and not with the cautery and that continuous sutures which
cause necrosis because they compress the entire sutured edge must be avorded.
In every mstance therefore an open anastomosis made without the use
of clamps 15 preferred. The csophagus 11 cur wath the knife or saissors, and
mterrupted sutures of fine material are wsed. The nature of the suture matenal
15 of relanvely hitle 1mportance provided that the smallest size which cn
be tied without breaking be used. Because of the ease with which 1t can be
handled, waxed silk 15 ighly sansfactory for thus purpose (size 5-0)

Under certan ctreumstances i the closure of an o m the esopha
pening phagus
or 1 the performance of an esophageal anastomoss 1t 15 possible to obram a
satisfactory result wath two layers of sutures, one to appromimate the mucosal
edges and the second to unite the muscular Layers It 13 preferable m the
majonity of cases, however especually m the making of an anastomaus, to
add a third layer to provide addimonal remnforcement. The surures of the
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mucosal layer are mserted 1 such a way that when tied the knots present
withm the lumen (Fig. 106, 1) This 15 done to avoid the presence of the
knots between the layers where the healing 15 to take place It also facihtates
the separation and sloughing away of the sutures of the mner layer, which
15 anticipated. Sumple sutures apphed m the ordmary manner are used
to approximate the edges of the muscular layer (Fig 106, 2). The outer
layer should be of mattress sutures, which have less tendency to cut through
the fragile muscularts Each layer of sutures should be placed not more than
2 or 3 mm from the other so as to avoid infolding too much tissue, which
might tend to narrow the lumen too greatly The mdividual sutures of each

Fig 106 Techme of esophagotomy (longitudmal masion and lengthwise closure) 1;
Mucosal suture showing the method of msertion of sttches employed m all esopl;agcad
surgery The knot hies within the lumen when tied 2, Simple interrupted suture employe
for the approximation of the edges of the muscle Jayer

succeedng layer should be mserted so as to pierce a different groupF of
longitudinal muscle fibers from those which hold the preceding layer (Fig
115, A, B, C and D) 1
In contradistinctson to the small mtestine, 1 which stenosis may resu 3
lengthwise mcisions mn the esophagus may be closed longltudmaﬂy(mst:ﬂ
of circumferentially. In fact, unless the mcision 1s very short, circum crcnd;C
closure may be impossible or at least result m excessive tCDSlCl))Il OnSC "
sutures Lengthwise closure, however, does not produce stenosis becat
the ease with which the esophagus expands circumferentially fent
Wiath few exceptions, mn operations on the csophagus 1t 35 cxlpc 1en o
msert a Levin tube before the operation 1s begun, leaving the tp closc to
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revent | of the contents while the esophagus 15
f)“plcc:anhurtlsg 15]:0 colimc of diﬂil;cgrauon. It also provides to some extent for
the escape of ancsthetic gases which mught have been forced mto the esopha-
gus durmg the admuustration of the anesthenic. The tube 15 valuable also
for the continuous aspiration of flud dunng the carly convalescent pesod.
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Fig 107 Chart sutumary of procedures employed m the surgery of the esophagus,

For the latter purpose 1t 18 usually sufficient to leave the rube m positon with
1ts up Just above the level of the anastomoss, In thn way the possibility of
mjury to the suture hme because of pressure by the tube 15 avorded. When a
tugh wntrathoracie or cervical esophagogastric anastomosis has been made,
1t 23 wise to pass the tube through the anastomoss to prevent the disturbing
consequences of overdistention of the large mtrathoracic stomach with arr
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or flud In such cases the tube should be left 1 place for approximately
four to five days

Operations on Esophagus. As an mtroduction to the various operative
procedures which may be employed m dealing with the lesions of the
esophagus requiring surgical treatment, the outline presented m Figure 107
1s submutted. It represents pictorially and m summary the procedures ordi-
narily used and suggests their most frequent applications These may be ar-
ranged 1n groups as follows.

Group 1 Esophagotomy
1 Longitudmnal incision for removal of mmpacted foreign bodies or excision of
bemgn tumors It 1s completed by lengthwise closure of the masion
Group 2 Plastic Operations Without Resection
1 Excsion of a web through a longitudmal mcision with lengthwise closure
2 Esophagoplasty by longitudmal mcision followed by circumferential closure,
used 1n achalasia and certain cases of benign stricture
Group 3 Resectton with Restoration of Contuuuty (Esophagectony)
1 Segmental resection with
(a) End-to-end anastomosis used occasionally for short stncture (bemgn)
(b) Interposition of a skin tube used 1 cervical segment for resection of car-
cinoma
2 Partial esophagectomy wath esophagogastric anastomoss at the followng levels
(a) Supradiaphragmatic for carcmoma of cardia and lower esophagus, mnflam-
matory strictures, chemical obliteration (when confined to lower end)
and masstve benign tumor at lower end (Jetomyoma)
(b) Subaortic for same lesions as above at a somewhat hugher level
(c) Supra-aortic for same lesions as above extending behind the aortic arch
3 Subtotal esophagectomy with esophagogastric anastomosts at the followng
levels
(a) Apical mtrathoracic for same lesions as above cxtending mto the lower
portion of the superior mediastinal segment of the csophagus
(b) Intracervical (supraclavicular) for same lesions extendng mto the upper
portion of the superior mediastinal or lower portion of the cervical seg-
ments of esophagus
4 Total esophagectomy with anastomosis as follows
(a) Pharyngogastric for total obliteration of esophagus by chemical burning
(b) Pharyngojejunal for same mndication

Note In any mnstance followmng esophagectomy, whether partial, subtotal or to;al.
jejunum may be employed for the restoration of contmuity mnstcad of the stomach
stomach 1s better functionally and mechanically

the
The

OPERATIONS FOR CONDITIONS RESULTING FROM TRAUMA
Suture of Perforations

Perforations of the esophagus may result from instrumental manip t
either during the course of an esophagoscopic examination or i the attcrtnfc
to dilate a stricture Many such cases respond favorably to conscr(\j'ﬂnin-.
management consisting of the prohibition of oral mtake and the adi

ulations
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sstration of perucillin and streptomyan. In a few however the prompt
resort to surgical exploranon with the mtent to suture the laceration may
be relied upon to save the patient the dangers and annoyances of prolonged
mediastmal and pleural sepsts wath fistula formation. The deciston must be
made soon after the myury 15 sustained

The same reasoning holds true m cases of penetrating wounds from sharp
instruments  projectiles or flymg objects such as broken ghss. If not too
much tme has elapsed afier the mjury the Jaceranon may be closed m
layers using meerrupted sutures of fine matenal such as 5-0 silk (or catgut}
Erther the cervical or the thoracic approach 1s chosen depending upon the
location of the mjury If the thoracic portion of the csophagus 18 nvolved
as 2 result of instrumental perforation or the laceration produced by a foreign
body such as an open safety pin a nght thoracotomy masion 1 used. If the
source of the mjury 15 a penetrating wound of the chest, the side through
which the traumanzing object entered 1s preferred. In exther mstance the
lung should be mnspected for 1njuncs. If any are discovered, suitable debride-
ment and suture of lacerations should be carried out as indicated  After the
esophageal laceration has been dealt wath, the lung should be cxpanded com-
pletely Before the chest 1s closed, a catheter 1s mserted for continuous suctson
dramage 1 order to manran expansion of the lung and to remove the
extravasated blood and plasma which accumulates duning the early recovery
pertod. Liberal use should be made of the antibiotics.

Esophagotomy for the Extraction of Impacted Foreign Bodies

The majonty of impacted toreign bodies can be removed through the
esophagoscope If they cannot be extracted by this means they may be
pushed into the stomach whenee they may be removed through a laparotomy
masnon if they fal to pass through the gastromtestnal tract mn the parural
manner I these measures fail a direct approach may be necessary through
a cervical or a standard thoracotomy mcision as the case may require A
longitudinal incision 13 made wath a kmfe through all layers of the esophageal
wall 1 the area where the foreign body lies After the object has been re-
moved, the opening in the esophagus 15 closed by means of nterrupted
sutures, using a layer m the mucosa, a second layer to approximate the
muscle edges, and sometimes an outer layer of mattress sutures to nvert
the suture lme (Fig 106) It 15 wise to employ closed catheter drainage of
the thorax. In the cervical region a dramn 15 not requrred.

LOCAL OPERATIONS FOR CERTAIN BENIGN LESIONS

Operations for Webs and Localzed Strctures

Stctures of hmited longitudmal extent and weblike constrctions are
unusual except at esther end of the esophagus The majonty of such lesions
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respond favorably to instrumental dilatation In a few cases a direct surgical
approach must be made and one of three methods of dealing with the con-
dition may be chosen depending on the exigencies of the case

Exaston of an Esophageal Web In rare mstances a weblike stenosis may
exist which for some reason cannot be dealt with by nstrumental dilatation
These occlusions consist of a diaphragm-like constriction mvolving the
mucosa almost exclusively They occur most frequently m the cervical
segment The esophagus 15 exposed m the usual manner and a longitudinal
mcision 15 made through all layers near the region where the web lies The
mcision 1s extended sufficiently to open the lumen both above and below
the lesion. The web 15 excised with a curved scissors and the mucosal edges
at 1ts base are approximated with sutures of fine sk The esophagotomy
openung 1s then closed longitudinally as already described (Fig 106)

Plastic Enlargement of a Stricture (Esophagoplasty) This method applics
to sharply localized strictures The esophagus 1s exposed and a longitudinal
meision 1s made through its wall 1n the constricted area If more than the
mucous membrane 1s mvolved, the difficulty may be overcome by circum-
ferential closure with three layers of sutures This procedure 1s apphcable,
however, only 1f the longitudmal extent of the stricture 15 very lumted
The details of the technic are described 1n the section dealing wath esophago-
plasty for achalasia (Figs 114, 115 and 116).

Local Resection and End-to-End Approximation Sometimes the longitudinal
extent of the stricture, although too great for correction by esophagoplasty,
1 still short enough to permut the excision of a small segment followed by
an end-to-end approximation In order to make the procedure possible, a
limited degree of mobilization of the proximal and distal ends of the di-
vided esophagus may be necessary The availability of an adcquate blooj
supply to each end must be kept m mund and the frecing must be confinc
to safe lumits (not over 3 to 4 cm each way, dependmng upon the location
of the available arteries) If placed carefully and without any tension on the
suture line, two layers of fine silk sutures suffice for this type of anastomoSiS
The avoidance of tension and the preservation of an adequate blood supply
to cach sutured end are of such mfinite umportance that the failure to observe
either of these details might mean the death of the patient from scparation
of the cdges It 1s unwise to pass a Levin tube through such an anastomosis

Closure of Acquired Fistulas

Esophagopleural Fistula A fistulous communication between the csoplmgclclz
and the pleural cavity may be the result of trauma or 1t may in rarc mst:fl_llom
be a complication of empyema of the pleural space Fistulas rcsultmgb]f "
the perforation of an csophageal carcinoma are obviously not amenabie o
closure and are not mcluded n thus discussion The surgical problem m th
noncarcmoma cases varies 1n degree depending on the size of the opening,
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a rough esnmate of Whivctahn be made by observing the kind and amount
of esophageal contents which escape

Thcpﬁr%tacmmdcnnon 15 to establish adequate external dramage of the
empyema cavity I the amoumt of leakage from the esophagus 15 excessive
2 temporary gastrostomy should be performed. The necesnty for the oral
intake of foods and fluds 15 thereby elimmated and the volume of matenal
which might cscape through the fistula 15 greatly diminished. After a suitable
period of observation and preparation the patient 15 operated upon If the
fistulous openmg 15 small an attempt to close 1t without the benefit of a
prelimmary gastrostomy 1s justifiable.

Tecanic. Intratracheal inhalation anesthesta 1s administered using a cuffed
tube. The chest 15 opened through a standard mnasion Except n children
the r1b rescetion method provides the best exposure. The empyema cavity
1s explored and the fistula opening 15 found. An nasion 15 made through
the mediasunal pleura around the fistulous opening and the esophagus above
and below 1t 15 1dennfied. The edges of the fistula are freshened and the
thickened mnflammatory tissue 15 excised. The esophagus must be mobilized
sufficiently to permut closure and infolding of the opening The closure 15
made longitudinally with two layers of sutures, one 1n the mucosa and a
second m the musculans (Fig 106) Somctimes the tissues are phable enough
to make 1t possible to remforee the closure by means of a third layer con-
ssting of mattress sutures Fine silk 15 used Whether or not mfoldmg 1s
impossible, 1t 1s advantageous to suture a flap of the mediastinal pleura to
the csophagus over the suture hine to give addinonal secunty

If the case 1s one which occurred after pncumoncctomy nothing further
18 donc except to close the masion, If the lung 1s present and 1f 1t 11 not
ttself the seat of a pathologic process which might make 1t myudicious o do
50 a pulmonary decortication should be performed mn the hope of bunging
about the rapid obliteration of the empyema cavity In erther event
should be provided by mserung a catheter through one of the lower mter-
costal spaces, Protection with antbiotics 1s ughly desirable

Dunng the postoperative period the patient must be mameained by means
of parenteral feeding with ntravenous infusions or by means of the gastros-
tomy which may have been made to improve the preoperative condinon
of thosc whose fistula 15 large. Oral mtake should be withheld for several
days, after which small amounts of clear hquids taken slowly may be al-
lowed. More nutntious liquds are added as the convalescence progresses,
and by the tenth postoperative day very soft solds can usually be tolerated
with safety

The removal of the dramage tube from the chest should follow the prn-
aples laid down 1 the discussion of the management of empyema (Chap 5)

Esophagobronciual or Esophagotracheal Fistulas An acquired fistulous com-
munication between the csophagus and the waches or a major bronchus,

i
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other than those resulting from ulceration of a carcinoma, 1s usually caused
by erosion of a calcareous deposit n a mediastinal lymph node These are
almost mvariably tuberculous m ongm, but the active phase of the disease
has 1 the majority of mstances long since disappeared In many of these
patients there 1s a history of expectorating stonelike objects (broncholiths)
The fistulous tract between the two organs 1s usually small and the orifices
are narrow (Fig 108, A).

TeceniCc Intratracheal mhalation anesthesia 15 used A right standard
thoracotomy mcision usually provides the best access to the diseased area
The mediastmal pleura 1s mcised and the esophagus 1s dissected free both
above and below the region of the fistula The posterior surface of the
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Fig 108 Acquired broncho-esophageal fistula A, Diagram of the fistula bctwclcn the
nght mamn bronchus and the esophagus B, Diagram illustrating the method of COSUS:-
Note There was a hustory of expectoration of broncholiths m this case These werc €
careous deposits ongimating 1n adjacent chronuc tuberculous lymphadenitis

trachea or bronchus 1s cleared, and the fistula tract 1s divided The cdges of
the onfices 1n each organ are freshened by trimming any unhealthy tissuc
which may remain and the closure of cach 1s begun With the trachcfft IO(I:
bronchus only a single layer of fine silk sutures can be used because ;) tl:c
mmpossibihity of mverting the suture line 1n the sermrigid tube The ¢ oslb]C
must, therefore, be remforced with a pleural flap applhed with a dou}
row of finc suturcs, one on ecach side of the suturc lne uscd to closc]ty::
opening (sce Exciston of Tracheal Cysts, Chap 7) When the fistula mv? t\hc
a bronchus, an adjacent surface of the lung may be used The c105t]1rc (])d b
csophageal opening 1s made as described above This Iikewise shou "
covered by a pleural flap 1f 1t 15 available (Fig 108, B) In order to pro
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agus 1t 1s possible to perform a primary anastomosis i the majonty of the
patients

Only a light anesthesa 1s required, but some means of mflating the lung
must be provided This can be accomplished by means of a small cathetes
of suitable caliber passed through the nose mnto the trachea, with control of
the pressure supphed either by a direct connection to the anesthesta apparatus
or by means of a tightly fitted face mask especually designed for use on mfants

The mcision 15 made mtercostally i the right side through the fifth mtcr-
space The difficulties of mamtamung good.aeration of the Iung are such,
however, that 1t may be preferable to resort to an extrapleural approach
unless an anesthetist who has had special trammng m the anesthetization of
such small patients 15 available If this method 1s adopted, several adjacent
ribs must be transected posteriorly i order to provide an adequate exposure

The ensumng description 1s based upon the use of the transpleural approach

One-stage Procedure, Closure of Fistula with Primary Anastomosis The opera-
tion should be performed with the lung as completely expanded as possible
at all times Total atelectasis occurs m mfants with great rapidity and the
surgeon must wmform the anesthetist 1f 1t should occur so that prompt re-
expanston of the lung may be brought about

The mediastinal pleura 1s incised and the fistula 1s identified It 1s usually
advisable to divide the azygos vemn close to the superior vena cava to improve
the exposure (Fig 110, A and B) The communication may be found be-
tween either the proximal or the distal segment and the trachea The knowl-
edge of the type of condition which 1s likely to be found can be determncd
beforehand (Fig” 109) In each mstance the attachment of the esophageal
segment should be cut absolutely flush with the surface of the trachea mn
order to preserve every available millimeter of length The opening 1 the
trachea 1s closed with mterrupted fine sutures (Fig 110, C) Additional
protection should be provided by approximating a layer of peritracheal
areolar tissue from the mediastinum over the suture hine or by the method
of attaching a flap of pleura as already mentioned )

The proximal esophageal segment 1s found and, if long enough to ma] ¢
an end-to-end approximation possible, 1t 1s dissected free for usc m t,)c
anastomosts If the two ends do not come together casily, additional relaxa-
tion may be obtamed by extensive mobilization of the distal scgment. This
maneuver makes 1t possible to perform a satisfactory anastomosis 111 alm?sct
all cascs except those where the proximal pouch does not reach below ;11
neck The end of the pouch, whether proximal or distal, 1s opened an ¢S
suttable edge 1s developed for suturmg (Fig 110, C) The anastox:;oswq:1
made without clamps, using two layers of 5-0 artcrial silk attached to
atraumatic ncedle which mumimizes the amount of mjury to the dchcat%
wall of the esophagus The mucosal edges are sutured first A sccond r(]DW ;)d
sutures 15 used to unite the muscle layers edge to edge No attempt § 104
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Hemastat beneath
A azygos vein

B8 Proximal pouch
Subclavion Vagus nérve
vein
Trachao-esophageal
D N fistula
\ ﬁ
E ~ G

Right Side

110. Congerutal trachco-esophageal fistula with strestz of the cophagn. Operauve
tcj.f}cdn\vn from a case wath long proxumal pouch and distal fistnla commumcaton,
A exposure of the operatve ficld obtamed by a nght transpleural approach through the
fourth mercostal space The first step 1n the igatton and division of the arygos vem o thown,
B Aratmic relanons of the organs before severance of the fistals trace. € Closure of the
openng 10 the trachea. The two ends of the esophagus have been trimmed m preparation
for the D A postenior lar layer of sutures {mattress type)
E Anavomons postenor mucosal byer of atures F Amastomosts antenor mucosal layer
of sutnres G Anastornoss antrmor muscular layer of sutures.

be made to mvert the suture Ime wath a third row because of the danger of

producing a stenosis or of tearing out the sutures as a result of excesstve
tension {Fig 110 E Fand G)

A catheter of small caliber 1s brought out through a lower itercostal
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space for continuous aspiration, the lung 15 expanded completely, and the
chest wall 1s closed m the established manner If the operation has been
excesstvely time-consuming, 1t 1s wise to use contmuous chronucized catgut
sutures of fine size (3-0 or 4-0) m the muscle layers mnstead of the customary
mterrupted sk This maneuver reduces considerably the time required for
closure .

Small amounts of feeding formula can be allowed after forty-cight hours,
with gradual mcreases m volume over the ensung few days Contmuous
“vigilance 15 demanded m these patients to avoid the aspiration mto the
trachea of flud or secretions, and repeated recourse to asprration of the
pharynx and trachea 1s often necessary for this purpose The usual methods
of admunustering fluads parenterally 1n mnfants are employed A competent
pediatrician should be 1n attendance at all times

Tawo-~stage Procedure, Closure of the Fistula, Establishment of a Cervical Esopha-
gostomy and Gastrostonty Followed by Secondary Restoration of Contmuty First
STAGE In a few patients, when either segment of the esophagus happens to
be too short to permut the performance of an anastomosis, a two-stage
procedure must be resorted to In fact, 1t 15 sometimes 1mpossible to deter-
mumne beforehand whether a primary anastomosts can be made or not The
mcision and exposure are the same as 1 the one-stage operation The fistu-
lous opening 1 the trachea 1s closed and covered m the usual manner (Fig
110, A, B and C) If the proximal pouch 1s too short for the performance
of an anastomosts, the end of the distal segment, 1f 1t happens to be the open
one as 1s usually the case, 15 closed by mversion with a purse-string suturc
The chest wall 1s then sutured )

The remamnder of the preliminary operative procedure mvolves the ex-
teriorization of the proxumal blind segment of the esophagus and the per-
formance of a gastrostomy for feeding

The cervical esophagostomy must be made at the time of the closure of
the fistula because of the danger of asprration of salva by the mnfant To
accomplish this a short mecision 1s made over the anterior cdge of the sterno-
clerdomastord muscle on the left side The dissection 1s deepened m front of
the carotid sheath and the prevertebral space 1s entered There the pro:um:lll
segment of the esophagus 1s found and drawn gently mto the wound It
may be necessary to transect the omohyord muscle The blind pouch (cv-
cept 1 the cases where the proximal segment has a fistulous commumcatxlon
with the trachca) 1s opened immediately and the edges are sutured to the
skin edges of the cervical mcision

The gastrostomy may be established at the same time, but m the ma_];)rlfs}
of cases 1t 15 probably better to delay this step of the procedure for a few ﬂ)m;
mamtamnmg the mfant by parenteral ahmentation m the meantime BCC(-;ECC
of the fact that the gastrostomy 1s to be tcmporary and m order to rc} { ‘
the amount of distortion of the stomach to a mmimum, the rubber catheter
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method should be used The tube may be mserted by the Stamm or the
Kader echmc through a short muscle-sphiting meiston 1 the upper portion
of the left rectus muscle There 13 no objection to suturing the stomach wall
adjacent to the catheter to the pancul pentoneum on ather side of the
marston, but the omentum should not be drawn up

SECOND STAGE CLOSURE OF THE GASTROSTOMY AND RISTORATION OF
CONTINUTTY BY INTRACERVICAL ESOPHAGOGASTRIC ANAsTOMOSIS Formerly,
m the unfortunate paticnts for whom a primary anastomosis could not be
performed attempts o restore contnaity of the ahmentary canal were
made by external esophagoplasty usually using skn tubes developed from
the antertor thoracic wall A few successes were obtained, but the method
1s so difficult nme-consuming and ulomately nadequate from the func-
nonal pomnt of view that 1t thould be abandoned 1n favor of esophagogastric
anastomosis.

The opumum time for the performance of the second and final stage of
the combined procedure cannot be arbiranily decided. It 15 probably unwise
to do 1t duning; the first two years of life because of the fact that the stomach
of an mfant 15 relanvely so large m relaton to the volume of the thorax.
Furthermore the stomach 18 of ncoesity distended much of the ame by
large feedmgs of liquid and the air which 13 invanably swallowed 1n large
quantiaes by mfants. Dunng the first aighteen months of Lfe thercfore
the stomach would encroach too much upon the pulmonary volume 1f 1t
were placed wathin the chest as the operanon requires Furthermore of this
prmaiple 15 accepted, 1t 13 even more obvious that to perform an intracervacal
or even mtrathoracic esophagogastnic anastomosts as a part of the first opera-
ton on the newborn infant would be wnense Therefore,  delay of mghteen
to twenty-four months 1s desirable

The operation 1s performed 1n onc stage It consists of three steps as follows.

FIWT STEP MOSILIZATION OF THE STOMACH AND EXCISION OF THE DISTAL
SEGMENT OF ESOFHAGUS A standard thoracotomy maston 13 made through
the eighth intercostal space on the left sde A small b spreader 15 mserted.
The phrente nerve 1s crushed. The duphragm 1s mased from a pont close
to 1ts costal msertion through the margin of the csophageal huatus The rudi-
mentary distal segment of the esophagus 15 freed through an nasion m the
mediastinal pleura, ligated just above the cardia, and removed The rematming
stump 15 mverted with a purse-string suture of ulk remforced by sevenal
Lembert sutures of the same materal. The anterior wall of the stomach 1s
then freed from 1t attachment to the abdommnal wall and the gastrostomy

openmg 15 closed with rwo layers of fine silk sutures The suture hme of the
closure must be made lengthwise on the stomach so as to avoid longirudmal
shortening The attachments of the fundus of the stomach are divided, 1n~
cluding the gastrolienal hgament and the vasa brevia which must be ligated

The left gastro-cpiploc vessels are tied and cut and the enare gastrocolic
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higament 15 mcised all the way to the level of the pylorus, taking care to
avord mjury to the arcade of vessels along the greater curvature which 1
supplied by the right gastro-epiploic vessels The left gastric artery and vemn
are tied and cut. The gastrohepatic ligament 1s then mcised as far as the level
of the pylorus Here Iikewise the mtegrity of the vascular arches along the
lesser curvature, which are supplied by the rght gastric artery and vem,
must be preserved It 1s important to mention that the left gastric artery
should be severed close to its origm from the celiac axis so as to preserve

Esophagus
First rib
Fundus of stomach
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Fig 111. Congenital tracheo-csophageal fistula trcated n two stages Digram c;f; dolf
second stage to show the principle mvolved m the restoration of continuity by csgp Lxﬁto
gastric anastomosts The stomach has been mobihized sufficiently to draw rhc] fun l;j e
the neck through a passageway from the apex of the left thorax to the base of the neck,
ated by exasing the mnner end of the clavicle and of the first nb

the peripheral branches which form the greater portion of the arcade .1:10125
the lesser curvature The stomach 1s now sufficiently well mobihize g
allow the fundus to be pulled up through the thorax mto the nczk (t 1 é%
111). (Note The technical details employed m this procedure are 1 lcn C;‘
with those described and 1llustrated m the section dealing wath csop ;’;}( )
tomy for carcmoma m the supcrior mediastmal scgment [Chap 9, Flg: r 1’nd

The stomach 1s drawn as high as possible mto the Icft thoma? cawt)c; "
1s prevented from fallimg back mto the abdomen by means ot a sen
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sutures between the antral portion and the adjacent pleural edge overlymg
the descendmg sorta. The fundus 15 allowed to hie free mn the upper portion
of the chest. The dphragm 15 closed around the stomach just above the
pylorus Tts edges are sutured to the stomach wall with fine silk. An adequate
opening somewhat larger than the size of the normal esophageal huasus must
be provided.

To complete the fint sep of the operation the lung 15 expanded com-
pletely and the thoracotomy tncimon 1 closed m the usual manner A mall
catheter 15 mserted chrough the ninth or tenth mtercostal space for closed
suction dramnage

SECOND STEP PERFORMANCE OF THE INTRACERVICAL ESOPHAGOGASTRIC
ANASTOMOSIS After the closure of the thoracotomy nasion has been com-
pleted the paticnt 15 turmed on hus back and a vertical inasion 15 made from
the esophagostomy stoma above to the level of the second nib below The
pectoralis major muscle 15 mawsed close to 1ts atiachment to the sternum
and reflected laterally at the ssme time separating 113 insertion on the medial
portion of the clavicle The sternal and medual clavicular wsertions of the
sternoclesdomastord muscle are severed and retracted laterally The mnason
1s then carried around the csophageal stoma and enough of the end of the
esophagus 15 freed to make 1t possble to perform an anastomoss This
mobilization must not be too extensive for fear of jeopardizng the blood
supply to the cnd which must be preserved for the anastomosis.

The medial halt ot the clavicle and a corresponding segment of the lefe
first rib and costal carnlage are resected extrapenosteally This produces 2
large openmg from the basc ot the neck behmd the lower end of the sterno-
cledomastoid muscle mto the apex of the left pleural cavity through which
the fundus of the stomach can be drawn easily and without danger of com-
presuon. The tundus 16 pulled up behind the apex of the lung o the lower
porton of the neck. A short masion 15 made 1n the posterior wall of the
fundus close to 1ts apex and an anastomoss consisung of three layers of
wnterrupted fine silk sutures 15 made. Careful approximations of mucosa to
mucosa and muscle edge to muscle edge constitute the mner and muddle
Layers. The outer layer 11 of wterrupted mattress sutures Several mierrupted
sunres are used to fasten the tundus to the assues surrounding the region of
the anastomoss The wound 15 closed bv sutunng the lower end of the
stermoclerdomastord muscle and the cut edge of the pectoral muscle to the
sternum and placing a layer of fine wilk sutures in the subcutancous fat and
another i the skin No dramage 15 used.

THIRD SYEF CLOSURE OF THE ABDOMINAL WALL AT THE GASTROSTOMY §
The odges of the former gastrostomy maston 1 the abdominal wﬂllﬁ

exased. The fasaa and pentoneum are identified and a layer by layer closure

b
::D t}:zux{f';}:; about, usng interrupted fine chromuc catgut surures wich sk
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After-care Following operation the patient 15 kept m an oxygen tent for the
first few days The pharynx should be aspirated frequently if secretions
accumulate Close watch should be maintamed to detect overdistention of
the stomach and prompt resort made to deflation by means of a small
catheter mserted perorally or mtranasally as required The condition of the
patient must be mamtained during the first week or ten days by means of
the mtravenous admimstration of solutions contaming the necessary electro-
lytes, dextrose, amino acids and vitamms If the hemoglobmn level 15 low,
blood 15 given The mtravenous alimentation 1s made contmuous so as to
avord frequent prercing of vems with a needle A polyethylene tube of small
caliber mserted through an open mcision mto a vem such as the saphenous
vemn just above the ankle 1s very satisfactory for this purpose

Fluids may be given orally after five to seven days and the amount m-
creased slowly over the next few days Soft foods may be allowed m grad-
ually mcreasing amounts from the tenth day on It should be kept m nund,
however, that the child 1s not accustomed to cating m a normal manner
and he may have to learn how to eat enough to mamtam his nutrition It
may take several weeks before he 15 able to consume enough food to provide
for a gam m body weight

The growth and development of children who have been subjected to
this method of restoring contmuty proceeds m a normal manner after a
period of readjustment to the new situation There 1s no apparent himitation
of activity or accomplishment, and the function of the left arm and shoulder

girdle 1s not impatred

Diverticulectony

True pulsion diverticula of the esophagus occur, with almost no cxceptions,
eather at the junction of the hypopharynx with the csophagus or m the
supradiaphragmatic portion Diverticula obscrved m other scgmcnt}s{ arc
almost mvariably of the so-called traction typc and are not, strictly spea 1lng,
true diverticula. They consist merely of distortions of the wall of the esop lﬂ:
gus produced by adhesions to mflammatory arcas m the immediate vicinity
such as 1n the case of subcarinal mediastinal lymphadenitis

Excsion of a Dwerticulum of the Pharyngo-esophageal Junction ONr-STAfFIl:
ProcepURE The success of the one-stage operation depends upon carctu
attention to the details of technic required m the handhng of the csoPhagL]ls
The most important of these are the ueilization of finc suturc matcral, the
avordance of trauma, msistence upon accurate hemostasts and the omission
of drams and mtraluminal tubes The prophylactic admmistration of anu-
brotics 1s an 1mportant adjunct

The operation 1s performed
trachcal tube The patient
thyrotdectomy, but hyperes

inhalation ancsthesia, using an ntra-
n lus back m the position used for
- head and neck should be avoided
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because 1t tends to dectease the space berween the trachea and the vcr(tiebral
column and wterfetes to some cxent with the casc of access to t.h}clc WE:-
aculum The left side of the nech chosen unless the case 13 one where the

A

o l,v://
N e
( /

tnchon line

Left lobe of thyrold glard

Fig 112 Divertaculectomy  excmon of pulsion diverticulum of pharyngo-esophagea
yoxuon. A Lefr nde of the neck, showmg the dircetron of the naison over the antertor
margmn of dhye stemockadomastord musde B Details of the exposure of the diverniecatum,

diverticulum bulges to the nght or unless the surgeon 15 lef-handed when
the nght-snded approach s more converent. An oblique mamon 18 made

through the skin fat and platysma muscle over the antertor border of the
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sternoclerdomastord muscle The muscle 1s retracted posteriorly The left
lobe of the thyroid and the overlying sternohyoid and sternothyroid muscles
are retracted medially The omohyoid muscle 1s retracted downward and
medally, or 1t may be divided 1f a larger exposure 1s desired The left superior
thyroid vessels are usually encountered and may be divided if they mterfere
with the exposure The ansa hypoglosst nerve 1s sometimes m the way and
may be cut at the apex of 1ts loop without producing any untoward effects
The carotid sheath and 1ts contents are retracted laterally (Fig 112, B)

By blunt dissection with the scissors the retropharyngeal space 1s entered
and the diverticulum 1s found by enlarging the field downward m this
plane Gentle dissection frees the fundus of the diverticulum which can be
grasped with a mucosa forceps and drawn out through the mcsion The
neck of the sac 1s developed by careful dissection (Fig 112, B) In domg this
several small pharyngeal arteries and vems are encountered cxtendmg from
the wall of the pharynx onto the surface of the diverticulum Thesc should
be cut and ligated

The removal of the diverticalum 1s now begun The principle of this
maneuver 1s to cut the diverticulum at 1ts base but without encroaching upon
the wall of the pharynx or esophagus, so as to avoid the danger of constricting
the lumen The longitudinal opening which results 1s then closed ncatly with
two or three layers of fine silk sutures (Fig 113, 4, B, C and D) An im-
portant detail of technic i this step of the procedure 1s to cut through the
outer layers of the diverticulum at an appreciable distance distal to 1ts basc
(Fig 113, A). This makes allowance for the tendency of the muscularis
of the pharynx to retract and makes 1t possible to avord concentric narrow-
mg of this structure after the opening has been closed After c1rcumc1sm§
the outer layer of the diverticulum ncar 1ts base, stay suturcs of fine sl
may be placed through the muscularis to outhne the upper and lower
ends of the longitudmal defect The mciston of the mucosa 1s then begun
and after cutting 1t part way at the upper end, the first mucosal sutur; 15
mserted (Fig. 113, B) Ths 1s done by passing the needle through onc cdgc
from within the lumen and back through the opposite cdge m the reverse
dircction so that after 1t 15 tied the knot lics mside This suture 15 tied and
held until the sccond has been placed, when 1t 15 cut just before the latter ;S
pulled up for tymg (Fig 113, C) As this 1s done, the knot of the ﬁrlst stltij
3 swept mside the lumen by the tightening of the sccond stitch T (;15' ,:i]c‘d
neuver 1s repeated with cach succeeding suture, the mucosa bemg diy l y
further and further across the opening until 1t has been completely scvcr'C‘ :
The last mucosal stiech 1s then put m and ted No cffort 1s made t;) m\lL:s
the cdges If the masion through the outer layer of the diverticu un:qt:d
been propertly placed, the edges of the muscle layer can now be approxnfl : "
with finc silk sutures without tension (Fig 113, D) In the majority © "‘1' .
a third layer consisting of mattress sutures may be mscrted to mvert th
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suture lme ‘This 15 desirable as an cxtra protection against leakage butitis
1ot absolutely cusential The stay sutures at cach end of the masion are re-
moved and the esopbagus and pharynx arc allowed to drop back n place
As thus 15 done 1t wall be observed that the linc of closure lies on the postenor

wall of these structures as they assume their normal position.

A B
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Fg 113 Drivertculectomy- exwnston of pubson divernculum of the plaryngo-csophageal
junction. 4 Circumasion of the onter layer leaving a muscnlar edge for subsequent closnre,
To avmd constaction this mamon mast not be made too dose ta the wall of the pharyns.
B Ouwr layer completely divided mucota expoted ready for memon and desure €
Placement of the final suture i the mucosal incison befote completing the severance of the
diverticulum. D Closure of the muscle Layer of the hypopharynx by edge-to-edge approx-
mmapon. (An addinonal layer of matiren surures 13 sometimes mserted to mfold the sorure

bine.)

The wound 15 closed without dranage, using a layer of finc silk sutures
m the platysma muscle and another m the skin

ArTIR-CARE- Recovery following operation 1 nsually rapid and the period
of hospialization not over seven to ten days Every cffort should be made,
especially durmng the first forty-eight hours to avord retching vormting
coughing or swallowing anythmg which has substance or 13 large 1 volume.
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A few sips of water are allowed each hour, beginning on the first postopera-
trve day, to prevent excessive dryness of the mouth and to make the swallow.
mg of saliva easier. The necessary amount of fluid contaming dextrose,
saline and vitamins 1s admimstered by venoclysis as mdicated Liquid food
15 allowed sparingly on the third day, and the amount given at a time 1s
gradually mncreased each succeeding day until soft solds are begun, usually
on the seventh day From that time on the amount and kind of food are
rapidly increased until a normal diet can be tolerated Thus 1s usually by the
end of the second week

The admunistration of penicilhn and streptomycin 1s continued for a
pertod of four to five days or until any suspicion of sepsis may have subsided.

The patient 1s allowed out of bed, begmning with the first postoperative
day.

Two-sTAGE PROCEDURE Before the adoption of the present-day improve-
ments m technic and before the advent of the antibiotics, a two-stage opera-
tion was preferred At the first stage the diverticulum was freed and sutured
n the upper angle of the cervicalancision The wound was then packed wath
gauze m order to produce a barrier of mflammatory tissue as a protection
agamst mfection of the superior mediastmum At the sccond stage several
wecks later, the diverticulum was excised Because the operation no longer
has any wide applicability, the details of 1ts technic will not be described here

Exasion of Supradaphragmatic Diverticulum Pulsion diverticula m the Jower
thoracic segment of the esophagus arc removed by exactly the same technic
as that employed for the one-stage excision of those m the neck It should
be rexterated that the esophagus docs not take kindly to the use of crushing
clamps, cutung with the cautery and contmuous sutures, and all of these
should be avoided, The approach to the diverticulum 1s through a standard
thoracotomy mcision on cither the right or the left side, depending upon
which scems to give the better access In the majorty of cases diverticula
mn this region bulge to the right, making 1t somewhat casier to get at them
from that side, but the left can be used with cqual facility m any casc The
decision 1s ummportant

The after-care presents no specific problems

Esophagoplasty for Idiopatluc Dilatation (Achalasia)

In the lttle understood condition spoken of as achalasia or sdropathic
dilatation of the esophagus and sometimes crroncously called cardx‘c])spa:;:.
the scgment just above the cardsa 1s anatomically narrowed and ?‘a(t)ﬂ]n,-
atrophic. The lumen 1s considerably smaller than that of the normal cs }; ;O
gus and the wall 1s abnormally thin The principle of the opcratxozl }1 w
overcome the cffects of this anatomic narrowmg Various proc<:durc;11-l”tkr
been tried, mcluding longitudinal maision of the muscular coat (Hc

! ¢ stomach and the
operation), lateral anastomosts between the fundus of th
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esophagrus above the constriction, and plastic procedures at the carda sumlar
m gmg;l;lz to the Finney pyloraplasty The most effective method as
racasured by the umformuty and permanence of the rehef of dysphagta 1
the form of csophagoplasty to be described. Thus consists of longstudinal
inaston through all layers of the constncted segment from 2 wide pomt on
the esophagus above to a correspondingly wide pomnt on the stomach below
followed by cireumferential closure of the opening thus produced.

Diaphragm

Liver

Narrow  segment
Cardia

Bg. 114 Achalim chmmanon of the narrow segment by longitudmal manon and
arcamferental dlosure. Fint step  Exposure and freemg of the lower end of the esophagus,
cardiz and tundis of the stomach. In thes, as 1n the magorty of the cases, 1t was necessary to
open the duphragm m order to mobilire the fundut. The downward pull of the spleen hus
beent lemunated by diwding the upper two thirds of the gastrolienal hgament.

Tedhme of Longitwdinal Incision and Circumferential Closure Intratracheal
whalation anesthesta 15 used and a standard thoracotomy maston 15 made
through the cighth intercostal space or through the bed of the nmth b of the
patient 15 n the older age group

wThe mediasunal reflection of the pleura overlying the lower portion of the

esophagus 15 incised longitudinally and the csophagus at that level s mobil-
1zed, taking care not to mterfere with 1ts blood supply The pathologcally
narrow segment 1s identified and 1t length 1s observed (Fig 114)

A pomt on the anteror surface of the esophagns at a level where the lumen
15 sufficiently wide to function well 15 chosen as the upper limat of the Jon-



2
252 THORACIC SURGERY

L_ongitudinal  Incision

Muscularis

- Aspirator

Quter
. layer

X . y %
Gircumferential Closure N -

G D

Fig 115 Achalasia, ehmmation of the narrow scgment by longitudmal masion and
arcumferennal closure A, Incision through the anterror wall of the esophagus from 2
pomt at a level of wide aircumference on the csophagus (Y) to a pomnt of comparable cie-
cumference on the stomach just below the cardia (X) The drawmg shows the masion
through the muscular layer correctly made and the mucosal layer m the process of Lemg
mased B, Commencement of the closure showing the method of mscriing the mucos
sutures and the correct starting point on each side of the opeming equidistant from the ends
(X and Y) C, Closure of the muscle lyers by edge-to-edge 1ppronimation (mucosil Ier
already closed) Note pomnts X and Y wall be drawn toge ther at the completion of this row
of sutures D, Inscrtion of the outer layer conststing of mattress sutures to mfold and 1ppror-
mmate the esophageal musculins and the gastric scrosa

gitudnal masion The lower hnut of this mciston must lic at or just distal
to the cardia where the diameter of the lumen 1s cquivalent to that chosen
on the csophagus above the narrowed segment An mciston s then n}ndc
from the wide upper pomnt to the wide lower pomt through all lavers of th
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anterior wall (Fig 115 A) The opening which results 15 now closed 1n the
opposite or circumferential dircetion This mancuver serves to climmnate the
long narrow segment of esophagus and substitutes for 1t a lumen of large
sze equivalent to or shightly greater than the actual dumeter of the cardia
The techmic of the closure 15 1denneal with that employed for an esophago-
gastric anastomoss or the cloture of the defect left after exasion of a di-
verticulum as already described (p 248) Three layers of fine ulk interrupted
sutures are used (Fig 115 B Cand D)

As 2 tosult of the arcumferential closure of what 13 often a relanvely long
longitudinal masion consderable shortening occurs This 13 prinapally ac

Closure of
Diaphragm

Fundus of stomach Esophagus

Fg 116, Achalina chmmaton of the narrow segment by longitndmal

ongy nanon and ar-
cumferental closure. Closare ot the daphragm and frxation of the fimdm of the mm:h
wnithm the chest by means of sutures to the plewra overlyng the docending 20rm.

the expense of the fundus of the stomach 1n the region of the cardia and
necesnitates a moderate amount of mobilizanon of this portion If the vasa
brevia and upper portion of the gastrolienal higament are short, 2 condimon
which prevails 1 the majonity of patients, 1t 15 necessary to mcse the dia-
phragm a short distance from the esophageal hiatus outward 30 as to gamn
access to the structures which must be divided. Suffiaent mobilization of
the fundic and carduac portions of the stomach can be obtamed by dividing
the vasa brevia and the pentoneal reflecnon from the stomach onto the
undersurface of the duaphragm (Fig 115) After the esophageal masion has
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been closed, the cut edges of the diaphragm are sutured to the stomach m 4
manner simular to that used m cases of resection of the cardia and lower
esophagus as described elsewhere (Fig 116)

At the completion of the operation a catheter 1s led out through a short
mciston 1n one of the lower intercostal spaces, the lung 15 expanded fully,
and the chest wall 1s closed m layers, using silk techmic

ArTER-CARE The after-care 1s essentially the same as that for any case m-
volving suture or anastomoss of the esophagus Clear liquids may be allowed
at the rate of 30 cc per hour, begmnning on the first postoperative day The
oral feeding program may be advanced at a more rapid rate than m the cascs
of resection and anastomosis A normal dictary can usually be resumed by the
end of ten to twelve days (For further details see Chap 9, p 290 )

Local Exciston of Benign Tumiors

Bemign tumors of the esophagus are usually intramural and must be
removed through a transpleural or transcervical approach, depending upon
their location Occasionally they may be pedunculated and hang down withm
the lumen. The latter may be removed by means of a snare through the
esophagoscope

Exaston of Intrammual Bemgn Tumors The usual anesthesia 1s employed
A standard thoracotomy mcision 1s made The right side may be chosen
if one can be certamn that there 15 no possibility that the growth 1s mahgnant
and would therefore necessitate wide exciston and freemg of the stomach
for the performance of an esophagogastric anastomosis If there 1s reason
to believe that a resection of more esophagus than could be treated by end-
to-end reapproxmmation may be required, the left side should be used The
mncision 1s made at whatever level 1s indicated accordng to the location of
the tumor 1 relation to the long axis of the chest

The region of the tumor 15 exposed by mncising the overlying mediastmnal
pleura, and the tumor-bearing scgment of the csophagus 1s mobilized suffi-
ciently for manipulation The blood vesscls should be disturbed as Inttle as
possible The thinned-out muscular layer over the tumor 1s mascd If the
layer 1s unusually thin or almost nonexistent, an clliptical mcision 1 madc
through thicker, morc normal tissues, leaving a small amount of tlmmcd~0ll£
muscle attached to the growth The proper planc of cleavage 1s entered an
the mass 1s dissccted free In the absence of mflammatory or malignant
changes, the tumor can usually be shelled out of the surrounding csop]mgcﬂl
ussucs with about as much casc as a Jetomyoma of the uterus m the perform-
ancc of a myomectomy In fact, the majonity of these tumors are lnstologl-
jcally smmlar to the uterine myomata, arising as they do from smnlofl
muscle cells The mucosa m the majority of nstances remains ntact ufl (s
it 15 adherent to the tumor because of attempts made at previous csophgos-
copy to obtamn assuc for a biopsy This should be avorded m all cases ©
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benign tumor of the esophagus If the tumor 15 an intramural cyst, there 13
more likelhood of mjurmg the mucosa because of inflammatory changes
resulung from the infecton which somenmes develops m such cysts

The closure of the defect 15 made 1n layers, suturing the mucosa (if 1t has
been opened) with fine silk placed so that the knows lic on the side of the
lumen and approxamating the muscle Jayer edge to edge An addinonal
wfolding layer 1s used 1f there appears to be no danger of encroachment on
the Jumen (Fig 106)

The medstmal pleural masion 1s left open Dramnage of the chest 15 pro-
vided with a catheter

The after—care 15 the same as that for any patient who has had an masion
made m the esophague (See Chap 9 p 290)



254 THORACIC SURGER)

been closed, the cut edges of the diaphragm are sutured to the stomach m a
manner simuar to that used m cases of resection of the cardia and lower
esophagus as described elsewhere (Fig 116).

At the completion of the operation a catheter 1s led out through a short
meision 1 one of the lower ntercostal spaces, the lung 15 cxpanded fully,
and the chest wall 15 closed 1n layers, using sitk technic

A¥TER-CARE The after-care 15 essentially the same as that for any casc m-
volving suture or anastomoss of the esophagus Clear liquids may be allowed
at the rate of 30 cc per hour, beginming on the first postoperanive day The
oral feeding program may be advanced at a more rapid rate than m the cascs
of rescction and anastomosts A normal dictary can usually be resumed by the
end of ten to twelve days (For further details scc Chap 9, p 290 )

Local Excision of Bemign Tumors

Benign tumors of the esophagus arc usually mtramural and must be
removed through a transpleural or transcervical approach, depending upon
their location Occastonally they may be pedunculated and hang down withw
the lumen The latter may be removed by mecans of a snare through the
esophagoscope

Exasion of Intramural Bemgn Tumors The usual anesthesia 1s employed
A standard thoracotomy mncision 15 made The right side may be chosen
if onc can be certain that there 15 no possibility that the growth is mahignant
and would thercfore necessttate wide exciston and frecing of the stomach
for the performance of an esophagogastric anastomosts If there 1s reason
to believe that a resection of more csophagus than could be treated by cnd-
to-end reapproximation may be required, the left side should be used The
mcision 1s made at whatever level 1s indicated according to the Jocation of
the tumor 1 relation to the long axis of the chest

The region of the tumor 1s cxposed by meising the overlymng meduastnal
pleura, and the tumor-bearmg segment of the csophagus 1s mobihzed suffi-
ciently for manipulation The blood vesscls should be disturbed as httlclnf
possible. The thmned-out muscular layer over the tumor 1s maised If IC;L
layer 1s unusually thm or almost nonexistent, an clliptical meision 15 madc
through thicker, morc normal tissucs, Jeaving a small amount of dnnncd-ou;
muscle attached to the growth The proper plane of cleavage 1s entered anc

ant
the mass 15 dissected free In the absence of mnflammatory or mahgn

be shelled out of the surrounding csOPh-"gc"

changes, the tumor can usually
perform-

tissucs with about as much casc as a letomyoma of the uterus in the "
ance of a myomectomy In fact, the majority of thesc tumors arc hsto ntzh
ically simular to the uterme myomata, arising as they do from “nm}“;;
muscle cells The mucosa m the majority of mstances remans ntact uni

. hagos-
it 15 adherent to the tumor because of attempts made at pres fous €sop Lo
R . e av e U all cases ¢
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benign fumor of the csophagus If the tumor 1s an mtramural cyst, there 1s
more likehhood of mjunng the mucosa because of nflammatory changes
resulung from the nfection which sometimes develops 1n such cysts

The closure of the defect 15 made 1n layens, suturmg the mucosa (1f 1t has
been opened) wath fine silk placed 3o that the knots lic on the side of the
lumen and approximating the muscle layer edge to edge. An additional
mfolding layer 15 used 1f there appears to be no danger of encroachment on
the lumen (Fig 106)

The mediastinal pleural inasion 1s left open Dramage of the chest 1s pro-
vided with a catheter

The after-carc 15 the same as that for any patient who has had an mcision
made m the esophagus (See Chap 9 p 290)



CHAPTER 9

OPERATIONS ON THE ESOPHAGUS
(Contined)

ESOPHAGECTOMY

Because of recent technical developments i the ficlds of both anesthesia
and surgery, 1t 1s now possible to restore the contmuity of the alimentary
canal atter rescction of a portion of the esophagus at any level 1 1ts course
from the hypopharynx to the cardiac end of the stomach This 1s accom-
phished m the cervical region by the mterposition of a tube constructed
from the skin of the neck After resection of portions of the thoracic and
abdommal segments an csophagogastric anastomosis 1s performed withm
the chest or even within the neck after the removal of the supcrior mediastmal
scgment Occastonally the anastomosts may be made between the csophagus
and the jejunum

Although cicatricial stenosis from chemical burns and strictures at the
cardia caused by chronic csophagitis with ulccration sometimes require
trcatment by resection, the most frequent mdication for the operation 1s the
necessity for removing a carcimoma Thercfore, the ensumg description 1s
dirccted toward guidance m the performance of an csophagectomy for
carcmoma Separate consideration will be given, however, to the char-
acteristic findings at operation and the modifications of technic required
the treatment of bemgn stricture and cicatricial stenosts

Cervical Segment, Rescetion with Restoration of Contimnty by Means of a 1 by
of Skin from the Neck

This operation provides for the removal of the cervical segment Of: I:N
csophagus with a limted number of adjacent lymph nodes Because of the
necessity for preserving the mtegrity of the blood supply to the large rt}C'
tangular flap of skin and platysma muscle, 1t 15 difficult to perform a '~Ufl 1=
ciently wide dissection of both sides of the neck to prevent recurrence of the
discase from regronal node metastases The scope of the operation 1 there-
fore limited and 1ts application should be confined to the carhest and nm;t
fuv orable cases, af possible before any lvmph node metastases have occurru
If the growth has anisen on the anterior wall of the csophagus the retro-

LA
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cncord region and has mvaded the larynx, a laryngectomy can be per-
formed at the same tume. Both types of procedure will be described, although

the latter has a hmited apphcability The operatton 15 performed 1 two
stages

First Stage

Supenior thyrod ortery
8 vein

Omohyoid muscle

Flap of skin fat &
platysma muscle

Sternohyord muscle

External jugulor vem Sternothyrold muscle

Stemodetdomastad  muscle

Internal Jugulor ven

Pig 117 Cerwical esophagectomy without laryngectomy First suge Some of the 1n-
portant structures exposed by the reflection of a rectangular flap of skm, fat and platyyma
;I;dmmcd. The excinon of a mangular porton of the stemodeidomastord muscle 1

wn,

Cervical Esophagectomy Without Laryugectoy FisT STAGE Intratracheal
mhalation anesthesa 15 used. The patient 1s placed on hus back 1 the posion
used for thyroidectomy with moderate hyperextennion of the neck. A long
rectangular incision 13 made across the neck, outhning a flap of skin with 1ts
base attached on the nght and 1ts free end extendmg to the anteror cdge of
the left sternoclerdomastosd muscle The upper line of the masion starts
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OPERATIONS ON THE ESOPHAGUS
(Contined)

ESOPHAGECTOMY

Because of recent techmical developments m the fields of both ancsthesia
and surgery, 1t 1s now possible to restore the continuity of the almentary
canal atter resection of a portion of the csophagus at any level m ats course
from the hypopharynx to the cardiac end of the stomach This 1s accom-
phshed m the cervical region by the mterposition of a tubc constructed
from the skin of the neck. After resection of portions of the thoracic and
abdomimal scgments an esophagogastric anastomosis 15 performed withm
the chest or even withmn the neck after the removal of the superior mediastinal
segment Occastonally the anastomosis may be made between the esophagus
and the jejunum

Although cicatricial stenosts from chemical burns and strictures at the
cardia caused by chronic esophagitis with ulceration sometimes require
treatment by resection, the most frequent mdication for the operation 1s the
necessity for removing a carcinoma Therefore, the ensuing description 1s
directed toward guidance m the performance of an csophagectomy for
carcmoma  Separate consideration will be given, however, to the char-
acteristic findings at operation and the modifications of technic required m
the treatment of benign stricture and cicatricial stenosis

Cervical Segment, Rescction with Restoration of Contumnty by Means of a Iube
of Sk from the Neck

This operation provides for the removal of the cervical segment Of(: t}u‘
csophagus with a limited number of adjacent lymph nodes Because ot tic
necessity for preserving the mtegrity of the blood fllppl}' to the large r;g—
tangular flap of skin and platysma muscle, 1t 15 difficult to perform a Sll}l"
crently wide dissection of both sides of the neck to prevent recurrence of the
discase from regional node metastases The scope of the operation 1s thcrc;
forc Iimted and 1es application should be confined to the carhest and mc;;
favorable cascs, 1f possible before any lymph node metastases hve occurt
If the growth has anisen on the anterior wall of the csophagus i

~

1 the retro-
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d region and has mvaded the larynx, a laryngectomy can be per-
?:ri;lcd ::%}11: same tume Both types of procedure will be deseribed, although
the latter has a limsted applicability The operation 15 performed m two

stages
First Stage

Superior thyrod artery
8 vein

Flop of skin fat & Omohyord muscle

platysmo muscle

Sternchyoid muscie

External juguiar ven Sternothyrond muscle

Sternocteidomostord  muscle Common carotid artery

Internal jugular ven

Fig 117 Cervical esophagectomy wathout laryngectomy Finst stage  Some of the im-
porunt structnres exposed by the reflecnon of a recangular flap of sk, fat and platysma
are depicted. The examon of a tmangular portion of the seemocleidomartord muscle i
thown.

Cerincal Esophogectomy Without Laryngectonry FIrsT StacE. Intratracheal
nhalation anesthesia 15 used. The patient 15 placed on his back m the posiion
used for thyroidectomy wath moderate hyperextension of the neck. A long
rectangular maision 15 made across the nech outhming a flap of shan wath 1ts
base attached on the nght and 1ts free end extending to the anteror edge of
the left stemocleidomastord muscle The upper line of the masion starts
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Just below the angle of the mandible and the lower line just above ¢

clavicle. The two lines arc made to converge shghtly so that the l;asc of d::
flap will be approximately 1 mch wider than 1t free end, which should be
about 3 to 314 mnches m the average case. This three-sided mersion 5 dccpt

Superior thyroid Cricopharyngeus muscle
artery 8 vein

J’ gland
|
=

Recurrent

nerve

Inferior
~thyroid vessels

E sophagus

Tumor
Larynx &
frochead)
‘V; (retracte
X 3

B

Fig 118 Cervienl esophagectomy First stage (contnued) .1, Faposure of the tumor m
the cervical segmant (rarocnicord) ind exeision of the nght Jobe of the thyrad !".‘”‘{
Note The ramamng udges of the cvased sternohyord nd sternothyrosd museles of the
nght side are shown but not lhbeled B, Division of the csophagus

Diviston of esophagus

ened through the subcutancous fat and the platysma musele The flap o
then dissected back in the lay er beneath this muscle to the region of the pm-
terior edge of the night sternoclerdomastord muscle The flap thus consists
of skin, subcutancous fat and plary sma m one thuckness (i 117) Tew fand
between two gauze pads mosstened m sahme solution A phine of dieccton
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18 developed along the antenor border of the sternocleidomastord muscle
and the prevertebral fascual space 18 entered exposing the cervical segment
of the esophagus where the growth hes To obtam an adequate exposure
longitudinally 1t 15 necessary to ransect the omohyoid muscle If the growth
1 small and does not nvade the larynx and 1f 1t 13 not surrounded by tymph
nodes wvolved 1 caranomatous metastases the way 18 prepared for s
removal. The dusection 1s carried up as far as the hypopharynx and down
to the superior meduastinum The superior and mfertor thyroid artenes and
one ot two pharyngeal artenes are severed. The correspondmg vewns are
dvided. The sternal avachment of the stemocleidomastord muscle 15 cut
close to 13 1nsernon 1nto the bone and a long trangular-shaped section of
the muscle belly 15 excised (Fig 117) Thus 15 to facilitate the proper fitung
of the flap agaist the prevertebral fascia 1n that arca. The nghe sternohyoid
and sternothyroid muscles are excised and the nght lobe of the thyrod
gland 1s removed, cutting across the 1sthmus just to the Ieft of the rachea
(Fig 118 A) Dunng this part of the procedure the nght recurrent laryngeal
nerve 15 exposed m the lower part of the field of operation and unless 1t 1
mvaded by tumor 1t should be preserved.

The csophagus 1s separated from the trachea and a prece of tape or narrow
Penrose drain 15 passed around 1t to be used for retraction The dissccuon
between the esophagus and the prevertebral fascia 1s continued up to the
pharyngeal region The esophagus 15 cut across as far as possible below the
growth but not 10 low that 1t will be difficult to suture the lower edge of
the flap to the dustal end. The lower himt of pracucability 13 approxmately
at the level of the superor border of the clavicle The transection above the
tumor 15 usually at the pharyngo-esophageal junction. Rarely 1t 15 possible
to preserve a very short proxamal stump of esophagus but only m the case
of a low-lymg small growth A few small vessels which approach the
esophagus from the left must be ligated and cut. A strand of fine ulk 15
passed with a needle through each side of the open end of the lower segment
to provide traction (Fig 118 B)

The skin and platysma muscle flap 15 now tumed over mto the defect and
fastened by means of two rows of fine chromic catgut (5-0) sutures between
the platysma and the prevertebral fasca. The night lateral row 15 mserted
first and tied before the left atcral row 18 putm (Fig 119 A) This maneuver
fixes the postenor surface of the flap The next step 15 to attach the upper
edge of the flap to the pharynx and the lower edge to the esophagus. This 15
done with two layers of sutures The outer or penpheral layer approximarcs
the platysma muscle and the musculans of the harynx and eso Th

P phagus The
wner layer joms the skm and the mucous membrane of the two organs.
]limc chromic catgut interrupted sutures arc used. The posterior muscle

yer 15 mserted finse both above and below as far as the left comer on each
edge When this pomt 15 reached the approxamation of the skin and mucosz



260 THORACIC SURGERY

1s made The same suture material s used, but small, fine, cutting pomt
needles are needed to pierce the sk (Fig 119, B)

After the posterior mner layers are completed, the approximation of the
anterior edges 15 begun by continuing the mucosa to sk layer both above

Hypopharynx

Second row of
sutures

Prevertebral
fascia

Esophagus

Muscle layer

Skin tfo mucosa
R layer

the
Fig 119 Cervical esophagectomy First stage (contnued) A, Suturc of dlcfﬂt.il]}z }tgpo]-
prevertebral fascia B, Suture of the edges of the flap to the posterior margins o
pharynx above and the esophagus below

artin omt
and below Tlus 1s continued around to the right as far as the starting p

on the circumference of the esophagus and pharynx The mus?C‘ ]:l)]:xl;clc;
mserted next (Fig 120, A). The remaming free end of the flap ’3 t}:‘;: ors o
to the left over the larynx and the trachea Its cdges arc suturfc hlc ﬁ:.) The
the upper and lower edges of the mcision as far as the tp of the Hap
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defect on the left side of the nech which resules from the shortening of the
flap produced by folding 1t mto the depths of the nech 1 covered by a
prnmary Thiersch graft obramed from the skin of the left thigh by an
asastant. The superior and inferior edges to the nght of the infolding
of the flap are sutured also 1n two layers. Silk 15 used 1 the skn (Fig
120 B)

As a result of the surgical trauma m the region of the pharynx and larynx,
a considerable degree of edema and swelling of the tssues develops reaching
2 mammum someume between twelve and forty-cight hours after the com-
pletion of the operation The swelling 1s sometimes so great that serious ob-
struction of the airway through the larynx results and an emergency trache-
otomy may become neeessary Thercfore 1t 15 preferable to perform a
tracheotomy as a part of the prmary procedure m all cases This 1s done
through a short meiston m the skin just above the suprasternal notch (Fig
120 B) The tube 1s held in place by means of tapes tied around the neck
m the usual manner

A stenhized Levin tube 15 mserted 1nto the stomach through the lateral
groove produced by the mfolded flap

AFTER-CARE. The after—care followmg the first stage of the operation pre~
sents no speaial problems The antibiotics should be continued for five to
seven days postoperatvely Feeding through the Levin tube 15 begun as soon
as the panent has recovered sufficiently from the cffects of the anesthenc,
usually on the subsequent day The patients nutnuon 1s provided by
2 iquid gastrostomy formula during the mterval between the stages.

The trachcotomy tube 15 removed after the danger of obstruction of the
arway from laryngeal edema has subsided This 15 usually on the third to
the fifth day

SECOND StAce. The sccond stage must not be attempted untl the wound
1 completely healed and the subcutancous tissues are soft and phable Thus
also allows enough time to elapse for the 1mplanted skan to acquire a blood
supply from the bed 1n which 1t Lies. The usual interval of ame 15 approx-
imately two months

The patient 13 anesthetized 1 the usual manner The Levin tube 1s removed
and replaced by a sccond tube which 13 mserted through the nose and
threaded down the pharynx through the skin groove mto the esophagus
and stomach An ellipucal mewsion 13 made around the penphery of the
Lateral groove, allowmg a sufficient margmn for closure (Fg 121 A) The
maer edges are approximated with a layer of finc catgut sutures nserted
s0 that the knots, when ticd are mside the lumen. A second layer of con-
nective aissue and muscle 15 brought together over this. The outer edges of
the wound are approximated 1n layers m the same manner (Fig 121 B)

After recovery from anesthesta the patient 15 fed by means of the Levin
tube for a period of approximately seven to ten days. The tube 13 then
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Skin to mucosa suture

Muscle layer suture

i

End of flap

!
Skin graft”
;l S RE
B /
Tracheotomy
tube

Levin tube

Fig 120 Cervical csophagectomy First stage (completion) A, Suture of the cdaes of

the flap to the anterior margins of the hypopharynx and the esophagus B, Completion o
the skin closure showing Thicrsch graft m place Levin tube for feeding and tr1clu0t0n;.‘
tube as a temporary mcasure to avoid strangulinon from laryngeal cdemn This 1s to be

removed after the expiration of a few days

removed and oral feedmng 1s begun The patient does not as a rule expericnee

any difficuley with deglutition
Cervical Esophagectomy wnth Laryngectomy In the presence of dircct inva-



OPERATIONS ON THE ESOPHAGUS (Contintied) 263

ston of the larynx by the growth 1t 15 justifiable to remove the larynx with
the cervical segment of the csophagus if there 13 relanvely Lirtle evidence of
lymph node metastasis. The number of such cases 15 small

Second Stage

Skin layer
(tube)

Skin layer
(surface)

Fig 121 Cervical esophagectomy without larvngectomy Second stage A4 Inason around
the lateral groove as the first step in closure. B Three layers of sarures to close the defect.
The mnermont Layer consists of fine catgut in the cdges of the skin wbe the next 1 of the

same matenal to approximate the platysma over the mner skin layer the outer 15 of silk
in the skin over the neck.

Intratracheal mhalation ancsthesta 15 used Duning the course of the opera-
8on 1t 15 necessary to remove the ongmal ntratracheal tube, and a second
one previously stenlized should be available on the nurse s table for use at

¢ appropnate aime

The incision and prelinunary dissection are the same as those already de-
scribed. When 1t beconics apparent that the larynx must be removed with
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the esophagus, the steps of the procedure are modified shghtly The pre-
tracheal muscles are severed at their sternal attachments. The thyroid isthmus
1s transected to the left of the trachea and reflected to the nght, rammg 1t
from the trachea The night lobe of the gland 1s left attached to the Jarynx,
but the left lobe 15 dissected from 1t and left wath 1ts blood supply mtact,
provided there 15 no sign of carcinomatous mnvasion of that lobe The re-
current laryngeal nerves are cut The esophagus 1s transected at the proper
level as described previously and the two traction sutures arc mscreed, onc
on either side of the open distal end

At this time the anesthetist 15 requested to withdraw the intratracheal
tube. The trachea 1s then transected with a knife at as high a level as possible
so as to provide a sufficient length to bring the distal end to the surface
above the sternum A second previously sterthzed ntratracheal tube 1s m-
serted by the surgeon mto the trachea and its outer end 1s passed through the
drapes over the patient’s left shoulder to the anesthetist, who then connects
1t with his anesthesia apparatus for use during the remainder of the operation

The way 1s now cleared for the transection of the pharynx above the
larynx and across the pharyngo-esophageal junction. As much length of
pharynx as possible 1s preserved From this point on the procedurc 1s sumlar
to that described under the technic of cervical esophagectomy alone A short
meision 1s made through the skin just above the suprasternal notch, as far
as possible below the lower transverse mcision edge. Through this the end
of the trachea 1s brought out Its edge 1s sutured to the skin cdges of the
short mcision with fine silk on curved cutting-pomt necdles This 1s donc
near the termmation of the operation because the mtratracheal tube must,
of course, be removed for the purpose

The Levin tube 15 mserted and a light gauze dressmg 15 applied, but the
opemng of the trachca must be left uncovered During the carly post-
operative period the nurse must exert precautions to keep the arway free

The second stage of the operation 1s carried out 1 exactly the same m:mnclr
as m the simpler procedure The vertical mncisions must be madc far cnoug;
away from the opening so that the turned-mn skin wall producc a tube o
sufficient diameter.

The after-carc 1s the same as for cascs of csophagectomy alone, but [}]]c
patient will nced encouragement regarding the loss of the power of spcdcc :]
If one 15 fortunate cnough to deal with a favorable tumor so far as free O;
from recurrence of the discase 1s concerned, the patient may subscquenti)
be taught to usc an artificial Jarynx or to employ csophagcal speech

N 1oaastric
Thoracic and Abdoimmnal Segments; Resection unth Restoration by Lsophagags

Anastomosis

a of the csophagus below the

he treatment of carcimom
The prmciple of t P oy

cervical segment mvolves the widest possible exurpatios
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tumor and the exasion of as many of the regional lymph nodes as can be
reached, subject to the anatomuc limiations of the region which 15 mvolved
(Fig 105) This means that a margin of normal esophagus several centi-
meters long must be removed above and below the growth and as many
as possible of the regional nedes n the medistunum and upper abdomen
must be excised. The topographic imitations of the region are such that m
the supertor and muddle portions of the medistinum only those nodes
which lie close to the esophagus can be removed However n the lower
portion of the mediastnum a larger latitude of dissection makes 1t posuble
to remove not only the group of nodes which surround the esophagus 1n 1ts
lower fourth, but also some of the subcarmnal nodes and those 1n the pul-
monary ligament as well In the abdomen 1t 15 essential to remove the entire
group of nodes which surrounds the cardia and abdommal segment of the
csophagus (paracardial) and also whenever possible (scc p 282 for excep-
tion) the important large group which lies along the lesser curvature mn
relation to the left gastric vessels Lymph node invasion 1s observed 1n over
70 per cent ot all patients operated upon

It 15 obvious, therefore, that the Torek operation, which was formerly
the only method available 1s completely 1nadequate from the standpont of
adequate extirpation of the discase Furthermore this operation fails to pro-
vide sansfactory pallmtion Because of these facts the Torck procedure has
been discarded 1n the management of caranoma of the esophagus and will
not be descnibed.

With mmor vananons the techmical problem nvolved 1 the modern
treatment of caranoma of the esophagus 15 essentially the same for all levels
below the cervical segment It meludes extrpauon of the growth-beaning
segment and the immeduate restoration of continuity by esophagogastnc
anastomosis The special details required for the management of tumors
located 1n the higher Jevels represent modifications of the techme employed
for those near the cardia The method as apphied to the removal of low-lymng
tumors wll therefore be described first and the modificattons required to
deal with those m the more proximal segments will be described later
Reference to the chart (Frg 107) wall scrve as a review of the technics re-
quired at cach level.

The usual intratracheal inhalagon ancsthessa 15 used The patient 15 placed
on hus rght nde wath the left side arched upward slightly A standard thora-
cotomy masion 1s made using the nb resection technie. Modifications of
the 1ncision which may be required under certain conditions wall be men-
tioned ﬂlbscqu:ntly

Operation for Carcittoma of the Lou er Esophagus and Cardsa Partial Gastrec-
tomy and Esophagectomy with Low Intrathoracic Esophagogastric Anastomoss
For the performance of a resection of the lower esophagus two types of
masion may be used, depending almost enteely on the expenence and per-
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sonal preference of the surgeon The better mcision, because 1t avods cutting
across the costochondral arch, 1s a standard thoracotomy meision resecting
the left exghth or ninth b The lung 1s palpated for metastases, and the lower
portions of the esophagus and mediastmum are explored The diaphragm 1s
then opened by a small masion and the abdomen 15 explored The lver,
stomach, spleen and regional lymph nodes are observed If the growth 1s
resectable, the division of the diaphragm 1s completed through the csophageal
hiatus and the resection 1s begun.

The alternative incision 1s the abdominothoracic, which 1s used only when
there 1s a strong suspicion of moperability of the growth becausc of its
extent withm the upper abdomen A short oblique mcision 15 made through
the abdomunal muscles lateral to the rectus sheath, mchnmg upward and
outward to the costal margin Through this mcision the region of the growth
1s explored and the resectability of the tumor 1s established If a resection 1s
possible, the mcision 1s enlarged mto the thorax by cutting across the costo-
chondral margin and extending 1t posteriorly mn the eighth or nnth mter-
costal space The draphragm 1s then divided from 1ts costal mnscrtion through
the esophageal hiatus Thus incision presents the advantage that 1t avouds the
opening of the thorax in case the growth 1s not resectable It also provides,
of course, an unusually wide exposure of the operative ficld However, the
division of the costal arch 1s a distinct disadvantage because of the mereased
discomtort and mterference with deep breathing which results Furthermore,
it requires a Jonger time for closure than the simple thoracotomy mcision
Thas 15 an important consideration from the standpoint of the welfarc of the
patient at the end of a long operation

The left phrenic nerve 1s crushed to quiet the left half of the diaphragm
and to prevent diaphragmatic pull upon the stomach during the postopera-
tive period When there 1s doubt about the resectability of the growth 1t 15
advisable to myject the nerve with procaine hydrochloride solution to produce
a temporary cessation of diaphragmatic motion The njection of the nerve
1s made caster 1f 1t 15 stcadied by grasping the tissues beyond 1t the jaws
of 2 mucosa forceps of the Allis or Babcock type (Fig 123)

Tecanic oF Dissection. The disscction 1s begun as follows Through a
longitudmal masion m the mediastinal pleura posterior to the pu]monnrc}i'
hgament, the lower end of the esophagus 1s freed (Fig 122) The nght].’m ¢
left vagus ncrves are severed at a point just above the probable level o
scction of the esophagus Small vessels which accompany these nerscs mlllst
be hgated The dissection 1s then carried downward, dividing the attach-
ments behind the cardia. In this region several vesscls which anastomose
with the lower csophageal, left phrenic, left gastric and left superior ﬂllpl'ﬂ.‘
renal arteries are found These must be cut and ligated In the casc of a large,
locally mvasive growth 1t may be necessary, when the opening Eh?‘ dtll:
phragm 1s cnlarged, to remove a nm of the diaphragm along with
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tumor The gastrolicnal hgament 18 mased. This gves access to the lesser
omental cavity If the growth has begun to adhere to the splenic artery or
has mvaded the tl of the pancreas the dissection 1s planned 50 as to provide
for the removal of the spleen or a portion of the pancreas or both If the
growth 15 not thus mvastve, the spleen 15 not removed The left gastro-
eptploic vessels and the vasa brevia between the spleen and the stomach are

Digphragm Phrenic nerve

Bg 122, Esoph Lower Exposare of
pragy ¥ 1t of the aperative ficld obtaned
throegh a Left standard thoracotomy masion with examon of the nmth ob Inasion of the

pleura to mcover the amor-bearmg portion of the esophagus. (Note the
tection of the wound edges with gawre pads.) i e i

severed and fied. The gastrocolic ligament 15 divided as far as the region of
. h::rum of the stomach, taking care to avord jury to the mﬁmouc
ches of the nght gastro-epiploic vessels which lic close to the greater
':“);‘murc‘ The gastrohcpatic Ligament 1s divided almost to the level of the
l;ur::u, preserving the nght gastric vessels which course along the lesser
. ture In the proximal portion of the gastrohepanc hgament an artery
uently encountered which anses from an ascending branch of the left
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gastric artery and extends within the ligament to the porta of the liver It
must be divided 1 order to complete the mobilization of the stomach

The last attachment wluch must be freed m order to bring about complete
mobilization of the upper portion of the stomach 1s 1n the region of the left
gastric artery This vessel should be divided as close as possble to 1ts origm
from the celiac axis m order to make 1t possible to remove the large group
of lymph nodes which surround 1ts branches as they approach the Jesser

Stomach

Injection of
phrenic nerve

Tumor Aorta

Fig 123. Esophagectomy Lower scgment Injection of the left phremic m;:ic wll):;lo lf;r:':
caine hydrochloride to quiet the diaphragm temporanily untl the cxploratlonf) 1 1: dome)
has been completed Inciston and retraction of the diaphragm preparatory to abe

exploration

curvature of the stomach The left gastric vemn and the cchac branc1h? ?f lt!;;
right vagus nerve must also be severed (Figs 122, 123, 124, 125, 1206, 1=
: 28). .

"“‘i 1schmd pair of gauze pads 15 used to protect the ficld of (:5:312‘:1‘"’]’;
anticipation of cutting across the stomach, and ml;o]lar’gi fl]!o“ et
clamps arc applicd to the stomach as far as posmblc] c %\\ tsl:;ch rection
of the growth (Fig 129, A) The clamps should be p ‘:‘CL m om )‘;tlblc with
as to leave as long a portion of the greater curyature as 1s comps
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an adequate exaision of the diseased area. The stomach 1s then cut between
the clamps wath a knife A pad of gauze 1s tied over the proamal cut end
and the tumor-bearing scgment 1s turned back over the posterior angle of
the maston Drvision of the esophagus however 15 postponed until the
postenior layers of the anastomosis have been completed. In this way the

necessity for the use of 2 clamp on the proxumal portion of the esophagus

- Exploration of
Abdomen

Rubber around
esophagus

F'g‘lz"t“flu y Lower seg Growth m the lower esophagus exposed
C’i’bnuonofﬂ:abdommbcgun_Ifmccnmumbcproc:cdcdmlh,dxlcﬁphrmm
ReIVE 13 crushed at ths stage.

3 avoided and soiling of the field 15 postponed untl the antenor layers of the
amstomons are
The dustal cur edge 11 closed wath two layers of fine catgut remforced by

210w of interry
method of g pted Lembert sutures of silk as a third layer A convement
the distal clay

cing the catgut layers 15 to sew through and through below

p with a straight atraumanc needle, starting at the greater
12
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curvature end. If a clamp with fenestrated blades s available, this suture s
passed through the blades (Fig 129, B). When this type of clamp 15 uscd,
the application of the proximal clamp may be deferred unil the through
and through suture has been completed The second clamp 15 applicd
and the stomach 1s cut between. The distal clamp can then be removed
without spilling the gastric contents

;Spleen Stomach

™ \ \
N
N
(™

Omentum

Left lung

Tumor

Left vaqus nerve

Bronchial artery

ced
Fig 125 Esophagectomy Lower segment First step m resccuon The csoplngl;us 15 ]ﬁ' e
. 1
to 1 level several centimeters above the tumor The diaphragm has been mased (llrc‘mgcrc({
A}
liatus and the attachments of the esophagus and stomach m this arer are parely s

Using the same strand of catgut, the cut cdges of the distal portion are
sutured over and over from the lesser curvature end back to the starung
pomt at the greater curvature (Fig. 130, A) This suture controls the blcc;ht;gf
which anses from the severed intramural gastric vessels The closure o (tlc
end of the stomach 1s completed with two more layers of suturc]s. d‘f{ :;)5;
consisting of a contmuous mverting (Cushing night-angle) sutc ]; an o)
sccond of interrupted Lembert sutures of fine ailk (Fig 130, B and &)
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Afrer the end of the distal segment of the stomach has been closed 2
arcular masion 15 made through the serous and muscular coats of us an-
tertor wall near the upper cxwermty avoiding 1f powstble any myury to the
mtramural vessdle. This mason should be placed where no important
branch of the gastro-cpiploic vessels may be severed. Furthermore 1t shounld
not be made 100 closc to the end of the somach becawse of the danger of
interference with the blood supply of the brndge of gastnic wall which lLes
between 1t and the nverted end. The dameter of this masion which 1

Pleural opemng
{right side)

Fig 126 Esophagectomy Lower segment. Duseetion of the attachment of the esophagus
mﬂ'mnghtplnm!dnchu:hownpamﬁyopmcimmomtofﬁmgofdnghag\n
a5 shown n sufficent for 3 caremoma of the lower partion of the esophagus

be used for the anastomosis should be approsumately equivalent to that of
the esophagus when slightly distended The final clqc.gon of this arcular
portion of stomach wall 15 postponed unul after the fint two layers of the
postenior aspect of the anastomoss have been placed and tied. This 15 done
to delay the sorling of the ficld with gastric contents unal the last posuble
moment. After the arcular masion has been made 2 series of suture igatures
of very fine silk 1s applied to the small vessels which cross the area 1 the
submucosal layer (Fig 131 A) This facthiates the completion of the anasto-
mosis by dimmuhmg the amount of bleeding which comes from the edges
ofdxcgamcwallafr.:rthca:cuhrpmhmbccn removed.

anastomons 13 now begun with a layer of mattress surures of fine
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(5-0) sk between the muscularss of the csophagus and the seromuscular
coats of the stomach wall (Fig 131, B) After the completion of this layer, a
nght-angle clamp 15 applied to the esophagus just proximal to the upper
rcaches of the tumor The muscle layer of the esophagus 15 next meised as
far as, but not through, the mucosal layer This allows the placing of a second
row of silk sutures to approximate the cut cdges of the muscularis of both
organs The posterior portion of the mucosa of the csophagus 1s then m-
cised A small opening 15 now made through the mucosa of the stomach and

Fundus of stomach

Scissors

Spleen

Gastrolienal

hgaoment Tumor

Cardia

visa
Fig 127 Esophagectomy Lower segment Division of the gastroltenal ligament nd
B ‘ brevia

an asprrator 15 mscrted so as to remove whatever hquid may be w 1thmg IThl:
mancuver may be accomplished casily as a smgle mmnpulnuo;u u olrltg:,n;)
trocar-pomnted aspirator 1f one 15 available (Fig 132, B) The aircu a:: p.\w(d
of gastric wall which was outlined by the onigmal masion 1s now Lﬂ( i,
and the posterior aspect of the anastomosis 15 completed with n(r;m o
silk sutures approximating the mucosal layers The transecuon ol t I(LmL (,(}‘(hc
gus 15 completed next and the discased segment, mcluding a p({jrt; o e
stomach and of the csophagus, 15 remoy ed The completion of the
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mosts proceeds from this pomnt by continung the postenor layers around
the arcumference anteriorly The sutures i the mucosal laver are wnserted
so that the knots are ticd on the surface inside the lumen Thus 1s done to
allow these sutures to separate and come away with greater ease. The
muddle and outer layers arc placed in cxactly the same manner as m the
posterior portton of the anastomons but in reverse order On 113 complenion

Stomach (greater curvature)

Stomach
\ {postenor surface)
\ Ph

Left gastric
artery & vein

Stomach

(lesser curvature)
Diaphrogm {right crus)
Fig 128. Esophag, Lower segy Mokl ot the stomach. The gastro-
henal, gastrocolic and gastrohepanc lymments have been divided, the atchments around
the cardia and abd | of the csophagns have been severed the gastnc ends of

the 1 ere
scvered left astnic vewsels are shown. The stomach 1 rotared wath the greater curvatare
uppermost, briiging the posterior surface nto view

the anastomoss 15 exactly arcular It a tab of omentum 1 avatlable on the
greater curvature this should be swung up and sutured around the anasto-
mosts for addinonal protecuion (Fig 132, 4, B € D Eand F)
ALTERNATIVE TECHNIC In certain insances, when 1t 18 necessary to excise
an unusually farge portton of the stomach, leaving only a short distal frag-
ment, an end-to-end esophagogastric anastomosis may be performed. Al
though this method may be somewhat more difficult technically and subject



A

Fenestrated clamp
- N\

_—Crushing clamp

Lesser 4
curvature .

Distal end Proximal end
(suture through clamp) (covered with gauze)

Fig 129 Esophagectomy Lower segment Division of the stomach below the group of
lymph nodes surroundmg the branches of the Icft gastric vesscls on the lesser curs ature near
the cardin A, The position of the clamps 1s shown In practice when 1 clump with Inb-r
fenestrated bladcs s cmployed s shown, the crushing clamp 15 not applied unul after the
through and through suture has been mserted B, Detuls of the first suture, passed bach and
forth through the bldes of the climp but ncver over them As soon as the lesser corsatre
end 1s rcached, the clamp 1s releised and the suture strand pulled out of the blade throuen
which it passed laste C, Gauze eover of the proximal cut edee to mminize sothing the opzra-

tve fidd
271
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A B
First layer (completion) Second layer

i
Third layer |

Fg. 130 my Lower segment. Closure of the dustal portion of the stomach,
A4 Completion of the fiest layer by over and over surure along the cut edges vung the
mme strand of catgut as m Figare 129 B ending at the startmg pomt on the greater curva-
wre. B Second layer canssting of 3 Cushing right angle stutch of fine catgut starting ar the

bﬂmrvznncmdmdmgatrhcgrnmmmc Third layer of Lembert sutores
wang fine silk.
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Fig 131 Esophagectomy Lower segment. Begmnimng of the anastomosss 4, Circular

mnaston of the anterior wall of the stomach through the serosa and nto the musculans but
avotding scverance of the intramural vessels Suture higatures of fine silk are beng ticd arounc_l
the vesscls which cross the mciston line m anticipation of the excision of the contained disk
of stomach wall B, The anastomosis 1s begun with the outer layer of mattress suturcs on
the posterior aspect Note that only one third of the circumference 1s sutured m the posterior
portion This 15 to avoid the mnconvenience which might result from pulling the csophagus

around too far at e1ch end
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to greater danger of madequate heabng 1t 1 sometimes preferable to per-
formng a total gastrectomy or to leaving the turned-in distal segment and
restoring contmuity by csophagojejunal anastomoss A large curved crush-

A

Fg 132 Esophagectomy Lower segment Details of the anastomoms. A Incision of the
posterior muscular layer of the csophagus and begmnung of the muscle edge o muscle edge
approximaton. B Incmon of the posterior portion of the mucosa of the csophagns and
exanon of the duk of stomach wall after aspiranon of gasmic contents wath a trocar pomt
sucton apparatus, € Postenor muconal layer sutured and circumeinon of the esophagm
completed. D Degmamg of the anterior mocosal layer showing the manner 16 which the
Futures are mserted 10 a3 to bring the knots on the mtralumminal nde. £ Antenor approx-
mation of the mmscle edgea. F Completion of the outer layer of mattress sutures.

g cdamp (Kocher) 1 apphed and near the greater curvature end a short
staaght clamp 15 put on to obviate the creanion of a sharp angle at the end of
the gastric remnant. The stomach 1s cut with a kaufe along these clamps so
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that the distal portion remams with its edges uncrushed The open end of
the distal portion of stomach 1s closed partially. The first layer consists of a
continuous Connell suture of fine chromicized catgut, starting at the lesser
curvature and extendmng to the pomt where the resulting opemng has a

A

Greater
curvature

B

Fig 133 Esophagcctomy Lower scgment. Alternauve technic for nnastomos;s by th;:
end-to-end method A, Closure of the end of the stomach partally completed, Cwn;go
portion of the stomach on the greater curvature side open Diagram shows the gass::)n of
the tp of the stomach necessary to prevent angulanion at the site of anastomosts.
anastomosts Note The csophagus has not yet been cut across
diameter which 1s approximately the cquivalent of that of the csIc:IpI:zg:}‘;
This corresponds to the portion outlmed by the smaller clnmpI thh ",
suture 1s tied A sccond ]aycr consistig of a continuous rlght angic stt ; S,Ik
the same materal 1s mserted and an outer layer of Lembert suturcs O
T A dhenn Tavere are tormmated before the greater curvature 15
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rached, leaving an opeming of adequate size for the anastomoss The
anastomoss between the csophagus and stomach 1s then performed m the
wme manner as described above (Fig 133)

Special pains must be tahen to secure a satsfactory approxiumation of the
layess at the pomt where the sutures used to narrow the open end of the
remamder of the stomach meet the suture Ine of the anastomosis It 15 the
posabihity of farlure to sccure prompt healing at thus pomnt which makes

Closure of
diaphragm

Greater curvature

Suture to pleura Anastomosis

Big 134 Esophagectomy Lower segment. Compl f th

plenon of the operanon showmng the
location of the anastomons at approsamately the kevel of the mferior pulmonary vem, the
method of fastenmy the stomach to the pletra over the descondmg aorta, and the dosure

zid;:n?:phngm aromnd the stomach. Note the absence of constnictton of the stomach by

this type of anastomosis more hazardous than that mvolving a arcular
"P;!ng i the stomach wall.
ension on the anastomons 13 prevented b the stomach to the
l!;_cdnsuml pleura along the aorta zwth a row zfﬁnlﬁngmm The cut cdges
(:h the daphragm arc sutured to the stomach at an appropriate level below
xhz;[zu;zmom (Fig 134) In fiting the duphragm to the stomach care
exerted to avord constricnon. The opemung through which the
“Omlh;h 1s made to pass must be several umes larger than the normal esopha-
geal hatus The remamder of the diaphragmanic incusion 15 then closed from
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the stomach wall to the costal msertion, using mterrupted sutures of heavy
sk (Fig 134)

Before the closure of the diaphragm 1s completed, a solution containing
1 gm of streptomycn and 100,000 units of pentcillin m 30 cc of salme 15
mjected, one half 1n the upper abdomen and one half m the mediastmum
and left pleural cavity The usual closed catheter dramnage 1s provided, using
a Foley catheter brought out through the tenth mtercostal space postersorly

Operation for Carainoma of the Midthoracic Segment of the Esophagus, Partial
Esophagectomy wnth High Intrathoracic Esophagogastric Anastomosis As men-
tioned above, this procedure offers better palliation and greater prospects of
ultimate cure than the Torek operation which it now supplants m the treat-
ment of carcinoma of the nudthoracic region of the esophagus It 15 a natural
development resulting from modifications of the technic used for the re-
moval of carcinoma located at or near the cardia By preserving the nght
gastric and right gastro-epiploic vessels and mamtammg the continuity of
the vascular communications along the greater and lesser curvatures and m
the wall of the stomach itself, an adequate blood supply may be prescrved
so that the entire stomach can be mobilized without danger of nccrosis
After tlus has been accomplished and the stomach has been cut across at the
cardia, the fundus will reach as lugh as the apex of the chest and an anasto-
mosts can be made at that level without danger of scparation of the suture
line From the standpomt of the esophageal blood supply 1t 15 important to
remember that the segment of esophagus between the aortic arch and basc
of the neck 1s almost entirely dependent upon the esophageal branches of the
inferior thyroid arteries. Whenever, therefore, the high situation of the
growth makes 1t necessary to mobihze the entire thoracic portion of the
esophagus and to pull 1t from belund the aortic arch for a supra-aortic anasto-
mosts, the level of division across the esophagus must be at some pomnt above
the superior surface of the aortic arch In order to avoid the development of
necrosis at the cut end of the esophagus, this rule must be ngidly obscrvct?,
cven 1f 1t appears that a greater uscful length has been obtamed as a result
of such extensive mobilization

After the thoracic and abdomunal parts of the exploration have been carried
out and the growth has becn found to be suitable for resection, the frccn]lg
of the esophagus 1s completed from the diaphragm below to abovcrtlc
upper limits of the tumor In the majornty of instances this mvolves cné.r}mgt
the disscction up belund the aortic arch Somctimes, however, a su 1c1clllc
length of unmvolved esophagus exists between the growth and the nort1
arch to make 1t possible to perform an anastomosts just below 1t Ina ? pls'q
casc the esophageal arteries from the descending aorta, the small csophag .l
branches of the bronchial arterics, and, with a high growth, the esophagea
arteries arising from the aortic arch atself must all be divided

. ften
The dissection between the hilus of the lung and the discascd arca 150
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dsfficult. The freeng of an adherent tumor located behind the 2ortic arch 1s
sometumes troublesome  but 1t can usually be accomplished by worhing
from both above and below the arch. The disscction at this pownt may be
fachtated by higaung and dividing the upper one or two left ntercostal
arteries as they anse from the aorta This permuts the aormc arch to be

Tumor

Fundus of
stomach

Fig 135 Esophagectomy Supra aoruc arch anastomoss. A Detatls of the dusscets
on
behmd and above the sortic arch, showiny, the thorae duct a3 1t croses the crophagm

above the
- arch. B Start of the supra-aornc anastomoss placement of the outer posterror

drawn forwar eTWIse
el dui;lgﬁfcndy to complete what might oths be an almost
At the level of the superior surface of the aortic arch the thoracic duct 1s
E:']l}y cncountered as 1t crosses the esophagus to assume a more antenior
o :;T)\ 1{2_&:: superior medashnum whence 1t ascends mto the neck (Fig
o the thoractc duct 15 adherent and a section of 1t must be excised
growth, or 1f 1t 15 traumatized to the pomt where leakage of chyle
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mught occur, 1t must be ligated If this 1s not done, a fatal outcome 1s almost
certain to result from manition due to the loss of chyle

Durmng the dissection of an adherent growth, the night pleural sac 1s often
opened unavoidably A portion of the mediastinal pleura and occasionally
of the right lung 1tself may have to be excised If the lung 15 cut across, the
defect 15 sutured with a contmuous suture of fine catgut. No attempt need
be made to close the opening m the night pleural reflection because at the
completion of the operation both lungs will be expanded by the posive
pressure within the anesthesia system, and this expansion 15 mamntamed by
the mtrathoracic negative pressure after the wound has been made air-nght
by closure

After the dissection of the esophagus has been completed, the nciston m
the daphragm 15 enlarged through the hiatus and the entirc stomach s
mobilized almost as extensively as m a case where a total gastrectomy 1s to
be performed, with the vital exception that the mght gastric and nght
gastro-epiploic vessels are preserved, together with the anastomotic arches
along the curvatures The contmuty of the anastomotic arches along the
lesser curvature depends upon the fact that the left gastric artery, with which
the branches of the nght gastric artery communicate to make a contmuous
channel, must be severed as close as possible to its origm from the ccliac
axis (Fig 138) Drvision of the stomach 1s carried out as close to the cardm
as 15 consistent with the removal of the lymph nodes i that region. The
distal cut edge of the stomach 1s mverted by the technic previously described
An alternative method, which can be used when the growth 1s so lugh that
1t 15 1mportant to sacrifice no gastric vessels whatever, 1s to tic the csophagus
2 cm above the cardia with a hgature of heavy silk and to mvert the stump
after transection by means of a pursc-string suture m the stomach at the
level of the cardia Further reinforcement 1s provided by means of a layer of
Lembert sutures This method 1s unsatisfactory if lymph node metastascs are
present 1 the region of the cardia Great care must be exerted 1 handling
the stomach to avoid trauma to any of the intercommunicating anastomotic
branches of the vessels m 1ts walls, especially m the fundus where no ex-
trisic vessels exist

The proximal cut end of the csophagus 1s covered by a rubber g]ovc{or ;1
square of rubber tissue tied over 1t The esophagus 1s then pulled up ro}n
behmd the aortic arch and the stomach 1s brought up mto the apex of the
chest for the performance of an anastomosis (Fig 135, B) The circular m-
csion m the fundus of the stomach 1s prepared and the csoplmgogﬂsms
anastomoss 1s performed mn exactly the same manner as 1n cases of carcmonl;;
of the cardia Because of the high level at which the anastomosts must

made, unusually long mstruments arc required i 15 placed on
At the completion of the anastomosts a suturc of fine sitk 1s plk

m the
cither side between the fundus and the adjacent cdge of the mncision
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pleural reflection over the supcrior medustnum 1n order to hold the fundus
up behind the anastomoss The remainder of the stomach 1s fixed withmn
the chest by means of a long row of sutures to the pleura overlying the
thoracic portion of the descendmg aorta The closure of the diaphragm
about the stomach 15 completed as described previously (Fig 134) The
pylorus usually lies only a few centmeters below the diaphragm at the
completion of the operation The antibiotic solution 15 myected both above
and below the duaphragm as alrcady described.

Caranoma of the Superor Midiastinal Segment of the Esophagus, Subtotal
Esoplagectomy with Intracervical Esophagogastric Anastomosis The resection of
3 caramoma m the supenior mediastinal segment of the csophagus presents
the most difficult techmical problem of all possible locanions The high situ-
ation of the growth makes 1t necessary to transect the esophagus through its
short cervical segment thus removing almost the entire length of the esopha-
gus. This entails the makmg of a scparate cervical masion  Furthermore 1t
15 necessary to provide a means of passing the completely mobilized stomach
from the thorax into the neck where the anastomosis must be performed.
Thus step may be completed 1n one of two ways. It 15 possible 1n some cases,
if the stomach 13 not too large to bring 1t up behind the aortic arch and mto
the superior mediastinum through the thoracic mlet m the bed from which
the esophagus 1s removed. The employment of this method, however -
volves the possibility of irreparable damage to the blood supply of the fundus
of the stomach because of the amount of mampulation requured or the
posubility of 1schemua of the fundus because of the constriction produced
by forang 1t through too small an aperture. Therefore, m the average case
1t 15 probably safer to create an artificial channel from the left thoracic cavaty
mto the neck by excising the nner portions of the clavicle and the first iib
3 described below It should be recogmzed that the exact detadls of this
part of the procedure are not yet well established and may be modified
subsequently as more expertence 15 acqured.

The operation using the latter method consists of two steps performed
one stage as follows.

FmsT STEP DISSECTION OF THE ESOPHAGUS AND MOBILIZATION OF THE
StoMacat A standard thoracotomy inasion 1s made on the left nde resecung
the aaghth nb If suffcient exposure 15 not available to reach the supenor
mcdumjium,Thd;c seventh, sixth and sometimes the fifth nbs may be divided
posteniorly dusection 13 begun 1n the region of the tumor after m
the mediastinal plevra above the aornc a:cmhgl:nd posterior to the lcﬁa:ig—
clavian artery If the tumor-bearmg portion of the esophagus can be freed
suficaently to make 5t possible to perform a resection, the operation 1s con-
tnued by completing the dissection of the entire length of the thoraac
Portion of the esophagus The freemg of the superior mediastinal segment
PTesents no particular problem except that the thoracic duct must be 1dentr-
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fied as 1t crosses the esophagus just above the aortic arch If the duct 15
vaded by tumor or 1s too adherent to be dissected free, or if 1t has been
myured during the dissection, 1t must be higated to prevent the development
of a chylous hydrothorax after the operation Below the aortic arch the
esophageal arteries must be tied and cut These arise from the aortic arch,
the bronchial arteries and the descending aorta In freemng the lower porton
of the esophagus, the periesophageal Iymph nodes must be mcluded m the
dissection wnsofar as possible After the entire thoracic portion of the csopha-
gus has been dissected free, the phrenic nerve 1s crushed and the diaphragm
1s mcised from a pomt close to its costal msertion through the margm of the
esophageal hiatus This permuts the complete mobilization of the stomach,
which 15 carried out exactly as m the cases of esophagectomy for carcmoma
of the midthoracic segment of the esophagus requiring a supra-aortic anasto-
mosts

After the mobilization of the stomach has been completed, the csophagus
1s tied and cut across just above the cardia, and the stump on the gastric
side 1s mverted with a purse-string suture remforced with a layer of Lembert
sutures of sitlk This technic 1s employed to avoid mjury to any of the vesscls
of the anastomotic communications m the region of the cardia A pece of
rubber tissue or a rubber glove 1s tied over the proximal end and the esoph-
agus 15 then pulled up and out from behind the aortic arch mto the left pleural
cavity so as to make 1ts subsequent withdrawal mto the neck somewhat
easier

The stomach 1s now drawn up as far as possible mto the left side of the
thorax behind the hilus of the left lung and lateral to the aortic arch Fixation
m this location 1s mamntamed by means of a series of mterrupted silk sutures
between the gastric wall and the mediastinal pleural surface which overlics
the descendng aorta The fundus of the stomach 1s allowed to be free m the
superior portion of the pleural cavity until the cervical portion of the opera-
tion 15 performed The fixation sutures already applied prevent its falling
down out of reach after the chest has been closed The diaphragm 15 sutured
to the stomach just above the pylorus and the remainder of the draphragmatic
mciston 1s closed after mnjecting the antibiotic solution, as described m the
section dealng with the technic of partial esophagectomy at lower levels

A Foley catheter 15 led out through a small incision 1n the tenth llllth'
costal space posteriorly To complete the first stage of the operation the lung
1s expanded by the anesthetist and the thoracotomy mncision 1s closcd, usmg

mterrupted silk sutures m all layers .
SELCOND STrp, PLRTORMANCL OF THEL INTRACERVICAL ESOPHAGOGASTRI
AnasToMmosts After closure of the thoracotomy mcision has been com-
pleted m the usual manner, the patient 1s turncd on his back and an mc;'i‘m(l;
s made along the anterior margin of the left sternocleidomastord mlm{Ld:c

the suprasternal notch and then downward over the upper portion 0
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stenum to the level of the sccond costal cartilage. The pectoralis major
muscle 15 meised close to 1ts steral attachment and reflected laterally at the
same time sevenng 1ts medual clavicular msertion The sternal and medsal
clavicular msertions of the sternocladomastoid muscle are severed and re-

tracted laterally The dissection 15 deepened in the space between the carond

Fixotion suture

Sternum

Clavicle

First rib

e Internal jugular vein

Fig. 136 Esophagectomy Intracervical esophagogastnc anastomons. The
csophagus bas
‘;;-dlpuﬂadupﬁomdxcmchnnnummdbmugbtoutmErontofd:cmmndnrtcry The
us of the stomach has been drawn op from the kft thoracic cavity throngh a channel
c‘ﬂ:“ﬁmdedncmmofd}cmncrdmdofdthdawdcmd:cormpondmgpomcmof
mnb The suture shown 1 for the purpose of supportmg the gastnc fundus m 153 new
poai !I:’:uvcg?d;l:mmoud:camommw}nd\mﬂbcmdcmdmmmdw

;hmth and the trachea to expose the esophagus which 15 grasped wath a
m and pulled up from the mediastinum and out 1n front of the caroud

The medual half of the clavacle and a co
rresponding segment of the left
first mb and costal cartilage are excised extrapenosteally The clavicle should
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fied as 1t crosses the esophagus just above the aortic arch. If the duct 15 m-
vaded by tumor or 1s too adherent to be dissected free, or 1f 1t has been
mjured during the dissection, 1t must be ligated to prevent the development
of a chylous hydrothorax after the operation Below the aortic arch the
esophageal arteries must be tied and cut These arise from the aortic arch,
the bronchual arteries and the descending aorta In freemg the lower portion
of the esophagus, the periesophageal lymph nodes must be mcluded mn the
dissection nsofar as possible  After the entire thoracic portion of the esopha-
gus has been dissected free, the phrenic nerve 1s crushed and the diaphragm
15 ncised from a pomt close to 1ts costal msertion through the margm of the
esophageal hiatus This permuts the complete mobilization of the stomach,
which 15 carried out exactly as in the cases of esophagectomy for carcmoma
of the midthoracic segment of the esophagus requiring a supra-aortic anasto-
mosts

After the mobilization of the stomach has been completed, the esophagus
1s tied and cut across just above the cardia, and the stump on the gastric
side 1s mverted with a purse-string suture remforced with a layer of Lembert
sutures of sk This technic 1s employed to avoid myury to any of the vesscls
of the anastomotic communications 1n the region of the cardia A picce of
rubber tissue or a rubber glove 1s tied over the proximal end and the csoph-
agus 15 then pulled up and out from behind the aortic arch mto the left pleural
cavity so as to make 1ts subsequent withdrawal mto the neck somewhat
easter

The stomach 1s now drawn up as far as possible mto the left side of the
thorax behind the hilus of the left lung and lateral to the aortic arch Fixation
m this location 1s mamtamed by means of a scrics of mterrupted silk sutures
between the gastric wall and the mediastinal pleural surface which overlies
the descending aorta The fundus of the stomach 1s allowed to be free the
superior portion of the pleural cavity until the cervical portion of the opera-
tion 15 performed The fixation sutures already applied prevent its fa]lmg
down out of reach after the chest has been closed The diaphragm 1s sutur¢
to the stomach just above the pylorus and the remainder of the dmphragmn;lc
mncsion 1s closed after mjecting the antibiotic solution, as described m tIIC
scction dealing wath the techmc of partial csophagectomy at lower fevels

A Foley catheter 1s led out through a small mecision the tenth n]ncr-
costal space posteriorly To complete the first stage of the operation the lung
1s expanded by the anesthetist and the thoracotomy nciston 1s closcd, using
mterrupted silk sutures 1n all layers

SECOND STELP, PERFORMANCE OF THE INTRACERVICAL ESO
AnasTomosts After closure of the thoracotomy mecision has been com-)-
pleted m the usual manner, the patient 1s turmed on his back and an mc;:(:)
15 made along the anterior margin of the left sternoclerdomastoid mmc( f
the suprasternal notch and then downward over the upper portion 0

I’HAGOGASTRIC
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sternum to the level of the second costal cartlage The pectoralis major
muscle 13 mased elose to sts sternal attachment and reflected laterally at the
same tme sevenng 1ts medial clavicular insertion The sternal and medial
clavicular inscrtions of the sternoclerdomastord muscle are severed and re-
tracted latcrally The dssection 1s deepened 1n the space between the carotd

Fixotion suture

Sternum

Interna! jugular vein

Fig 136 Esophagectomy Intracervical esophagogmastric 3. The esophagos has
been pulled up from the medizstnum and brought out m front of the carond artery The
fmdmofdxnomachhnbomdnwnupfmmthclcﬁzhonacawfylhmmghndumml
created by the excmon of the mmer third of the left chvicle and a corresponding portion of
the first b The sutare shown n for the purpose of supporting the gastric fundus m 168 new
postion to avord traction on the anastomomy which will be made 1n ths mstance on the

Posterior wall of the stomach.

sheath and the trachea to expose the esophagus, which 15 grasped wath a
fﬁft‘tpt and pulled up from the mediastnum and out 1n front of the caroud
sheath,

The medual half of the clavicle and a correspondmg segment of the Ieft
first b and costal cartilage arc exased extrapenosteally The clawicle should




286 THORACIC SURGERY

be cut with the Giglt saw. This produces a large opening from the base of
the neck mto the apex of the left pleural cavity through which the fundus
of the stomach can be drawn easily and without danger of compression
The pleura 15 opened and the fundus 1s brought forward medial to the apex
of the lung and pulled up mto the lower portion of the neck through this
channel (F1ig 136). A short linear mcision 1s made 1n the posterior wall of
the fundus close to 1ts apex and an anastomosis consisting of three layers
of mterrupted fine silk (5-0) sutures 1s made A careful approxmnation of
mucosa to mucosa and muscle edge to muscle edge constitutes the mner and
middle layers The outer layer 15 of mattress sutures Several sutures are
used to fasten the fundus to the surrounding tissues of the neck to prevent
tension on the anastomosis which, after its completion, les m front of the
carotid and mternal jugular vessels The wound 1s closed by suturing the
lower end of the sternocleidomastoid muscle and the medial cut edge of the
pectoralis major muscle to the sternum and placing a layer of fine sitk sutures
m the subcutancous fat and another 1n the skin Dramage 1s not employed.

SPECIAL CONSIDERATIONS RELATIVE TO THE TYPE OF
LESION

The details of the operations required to resect segments of the csophagus
at vartous levels have been presented from the viewpomt of the extirpation
of carcinoma arsing 1n that organ Special emphasis 1s placed on radical
extirpation including a large segment of the esophagus and all possible
lymph nodes which may be within reasonable access to the surgeon The
himitations of surgery from the standpomt of radical excision have already
been mentioned

It should be borne m mind, however, that whereas a radical policy 1s not
only justifiable but also lughly desirable when dealing with a fatal discase
such as carcnoma, the same attitude may not be applicable the case of
benign lesions On the other hand, persons who develop mtractable dys-
phagia or who require repeated mstrumentation to keep a passageway opcn:
and cspecially those who may be condemned to depend upon a gastrostomy
for fecding, are often so unhappy and so uncomfortable that hife offcrs a poor
prospect and any reasonable risk becomes justifiable in the hope of a rcstori”t-
tion to normal hving There are occastons, therefore, when the rclnt;VC)
radical procedures just described should be undertaken m order to rchabihtate
the patient and to restore him to a happy and uscful hfe Tlhis applics p:;r—
ticularly n the case of cicatricral stenoss resulting from ulceration at the
cardia, found charactersstically m the patient with a short csoplmgusf_ ”
lnatus herna, and 1 many cases of cicatrization from chemical burns o t;}
csophagus Bricf reference will be made to the details of the apphecation

the operation to these special problems -~
Almost without exception the only types of bemign mflammatory

and
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ture of the esophagus which may require treatment by resection are those
due to stenosts resulting from esophagatis wath ulcerations and those resultmg
from chemtcal burns mduced by the mgeston of sclerosing caustc solutions.
In the former there 1s frequently a charactenstic syndrome consisting of an
mderlying congemtal anomaly wath a short esophagus and huatus hermia
the thoracic portion of the stomach resembhing an mverted cone Super-
mmposed upon this anatomic arrangement there 13 esophagitis of the lower
end Just above the cardia and gastntis of the thoraaic portion of the stomach
This Jeads to ulecrations of the peptic variety and ulamately to cicatrization
and stenoss There 15 also a high madence of coexisung duodenal ulcer 1n
this condition sometimes also wath stenosis Ths fact must be kept 1n mind
when a resection for stricture at the cardu 1s being considered  Scparate
surgical treatment for such a duodenal stenosts may be necessary before the
proxumal stnicture 15 resected  Sometimes both conditons can be rehieved
at the same operation with a pyloroplasty to correct the former and a re-
secion or an esophagoplasty to overcome the latter

Dunng the dusection required to free the lower esophagus and upper
stomach m cases of this sort 1t wall be observed that the surrounding tissues
of the meduastmum are cxceedingly adherent, making the development of
planes of cleavage more difficult than i the average case of nonmvasive
cranoma. Most of the dissection 1n many cases must be accomplished wath
sharp nstruments. When the tune arnives for the transecton of the esoph-
agms, 1t 15 frequently difficult to determme the level where the pathologrc
changes merge with the normal csophagus Thus 1s a matter of great im-
portance however because 1t has been found m the cases of esophagitis
that 1f the esophagus 15 transected too close to the diseased arca, there 1s a
deaded tendency for the mflammatory process to spread proamal to the
anastomosts In thus respect the leston behaves much hike regronal deitis or
uleeratve colis and 3 large proxamal margin of normal ussue must be
exased even though the lesion 15 of an iflammatory and non-malignant
nmature

Another unportant consideration 1 dealing with ths discase 15 that 1t 13
complicated 1 a2 sgmificant number of cases by the development of car-
Qnoma. This 15 apparent from the obscrvanon that approximatcly 15 per
cent of cases of carcinoma 1 the region of the cardia and lower end of the
&sophagus develop 1n the presence of a short esophagus and huatus hernia.
Therefore the surgeon should scarch for posstble evidences of malignant
i’;g@ durmg the operation and plan the extent of his resection accord-

chmcxtunccumytomah:gcscgmmtofbothcsophagmmd
stomach, 1t 13 necessary i the majonty of instances to mnterrupt the con-
tmutty of both vagus nerves for technical reasons In the case of the nght
¥agus nerve which sometimes leaves the esophagus at a high level proxamally
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1t 15 sometimes possible to preserve the major trunk. Morcover, i the majority
of these cases, because of the hiatus hernia the left gastric vessels lic much
closer to the diaphragm than 1n a patient with a normal anatomc arrange-
ment This also favors the preservation of the right vagus nerve by making
it unnccessary, many times, to divide these vessels i order to swing the
stomach up mto the chest for the anastomosis On both a theoretical and a
practical basis, however, 1t 15 unwise to preserve this nerve because of the
destrability of elimmating the acid-stimulating function of the vagus nerves
mn these patients who have a definite ulcer diathess

The effect of vagotomy, on the other hand, may be very troublesome m
these patients because of the reduction 1n gastric peristaltic actrvity and the
hypertomcity of the pylorus This tendency to delayed emptymg of the
stomach can be overcome to some extent, at least m the absence of organic
stenosis at the pylorus or duodenum, by dividing the gastrocolic and gastro-
hepatic ligaments as far as the region of the pylorus m exactly the same
manner as required whenever an unusually Ingh mtrathoracic anastomosis
1s to be performed This has the effect of mterrupting some of the sympa-
thetic nerve fibers whose activity might otherwise produce excessive tonicity
of the pylorus In cicatricial stenosis of the pylorus, obviously something
more 15 required and the most effective procedure 15 a Hemncke-Mikulicz
pyloroplasty. This can always be done through the thoracic meision, al-
though enlargement mto the abdomen may be necessary occastonally to
gam sufficient exposure

Once the dissection has been completed and the mobilization of the
stomach has been accomplished, the remamder of the operation proceeds
in the manner alrcady described

Cicatricial stenosts from chemical burns of the csophagus presents sinuilar
difficultics which depend upon the nature and extent of the lesion. Also,
this condition there 1s usually marked evidence of pericsophagitis and m-
Aammatory fixation, makmg the disscction difficult In fact, the freemg Of
such an esophagus 1s sometimes more difficult to accomplish than m an)
other type of discasc mn which a resection s required It 1s difficult also ]t(?
determime where the proximal dividing linc between the normal and the
discased portions of the esophagus lies. This 15 almost mvariably higher thim
onc might gucss by mspection and even by palpation Reference to the
roentgen film showing the pattern produced by the mgested barium xm\mrli
may be necessary m order to determme the correct level for transcction.
should be remembered also that the proxmmal margm of the cicatrized area
1s almost mvariably funncl-shaped On the other hand, 1t 1s not nccc‘ﬂsnlf}'l [:
cut across the csophagus any Ingher than the last normal ussuc \\h'lc ; (ll:c
jJust proximal to the lesion This 1s a very mmportant matter because (,;'(I,L
necessity of conserving as much proximal length as possible m some 0
cascs of extensive mjury.
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It 15 umportant to remember also that 1n some cases of stricture resuluing
from ngested corrosive iquids there 15 m addition to the esophageal myury
a chemical burn of the pyloric end of the stomach. This 13 usually sharply
localized at the pylorus but may occasionally involve some of the antral
portion of the stomach as well In a few such cascs although the ability of
the patient to swallow may be temporanly mamtamed by means of bougien-
age, the maccessibility of the pylorus allows the acatnzaton to progress to
the pownt of stenosis and ulnmate obstruction The surgical relief of the py-
loric stenosis should be accomplished 1f possible by some procedure which
will produce a mimmum of shortemng n order to preserve sufficient length
and flextbility of the stomach for use Jater should an esophagectomy become
necessary  The Hewnche-Mihulicz pyloroplasty serves admurably for this
purpose.

‘When with some paticnts 1t becomes obvious that bougicnage must be
abandoned, the possibility of performung a resection should be considered
and the decision to operate made before the poor nutntional condition of
the patient reaches the pomnt where a prelimmary gastrostomy must be
established for feeding It 15 possible thereby not only to shorten the interval
of tme before the definitive operation can be carmed out, but also to avord
the inconvemience of having to close the gastrostomy dunng the perform-
ance of the procedure. Occastonally however a gastrostomy must be used
and 1n that event several months shotld be allowed for the improvement of
the patient s condiuon and the subsidence of the nflammatory reaction of
the tissues about the gastrostomy site.

Ordmanly 1t 1s possible even after a gastrostomy has been made to
mobilize the stomach sufficently to carry out the usual procedure as de-
scribed above with a partial or even subtotal esophagectomy and a prmary
esophagogastric anastomosts withm the left thoracic cavaty or actually with-
1n the neck. However 1n those panents who have sustuined an injury to the
major portion or all of the esophagus and who have also developed 2 stric-
ture of the pylorus which requires surgical reltef with resultant foreshortenmg
of the stomach, 1t may be necessary to use the jejunum for the restoration of
contmuity When this 15 the case the stomach 1s transected just distal to the
cardia and the opening 15 closed 1n the manner described previously The
uppermost loop of jejunum 15 drawn up and prepared for use m the manner

bed ongnally by Roux The vessels of the mesentery of this loop are
studicd and a seres of the prmary branches 1s singled out for liganon and
drvision, preserving the continuity of the vascular arches and anastomotic
communications 1n order to carry the arculanon of the divided end of the
bowel The vascular pattern of the proximal portion of the mesentery
Which supplies the first twelve inches or more of the Jejunum mmmediately
beyond the ligament of Treiez 15 such that the vessels cannot be safely divided
without danger of terfering with the nutriion of a portion of the bowel
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This area of the mesentery 1s therefore avoided and the transection of the
jejunum 1s made about 12 to 14 inches distal to the higament The length of
jejunum distal to this point which 1s needed to make the anastomosts with
the esophagus 1s then determuned by tr1al, and one or more branches of the
superior mesenteric artery 1s divided beyond those already severed as required
After the necessary length of bowel has been prepared, the distal portion 1s
pulled up through a short mcision m the transverse mesocolon to a pomt as
high as necessary m the chest The edges of the opening 1 the mesocolon arc
sutured to the bowel where 1t passes through 1t An anastomosis 15 made
between the end of the proximal jejunal segment and the side of the distal
segment several mches below the transverse mesocolon Two or three
layers of sutures of catgut or silk may be used

After the mtrathoracic esophagojejunal anastomosis has been completed
or, i cases where this anastomosis 1s to be made m the neck through a
separate ncision, as soon as the bowel has been pulled up far enough nto
the chest, the diaphragm 1s closed around 1t m the same way as when the
stomach 1s used The lung 1s then expanded, a catheter 1s brought out through
a lower intercostal space and the chest wall 1s closed

A certain amount of coiling of the bowel cannot be avoided without
dividing vessels which are important m the preservation of the vascular
continuity through the anastomotic arcades For this reason also 1t 1s not
possible always, especially when the anastomoss 1s to be madc at a high level,
to avoid arching of the end of the bowel which 1s to be used This may
mterfere with the performance of an end-to-end approximation It 15 €%~
pedient under such crcumstances to close the end of the distal jejunal seg-
ment and to make the anastomosis end-to-side at a pomt scveral mnches away
from the mverted jejunal end Three layers of fine silk are used The meiston
through the wall of the jejunum 1s Imcar Sometimes, however, the anas-
tomosis may be made end-to-end

CARE OF THE PATIENT AFTER ESOPHAGECTOMY

At the completion of the anastomosis or, mn the superior mcdmstm]ﬂl
segment group, after the stomach has been fully mobihzed and the csop ;
agus divided, 60 cc of a solution contamnmng 100,000 umts of PC”‘C'”'S Al
1 gm of streptomycm are mstilled, onc half m the upper abdomen an onC.
half m the mediastinum and Ieft thoracic cavity. The administravion of tlz_C“L
agents 1s continued by mtramuscular mjcction during the first five d:\)’}s ﬂ:{i
operation or until any suspicion of mnfection m the lungs or within ;10 ;;r'
dominal or pleural cavities or i the mediastmum has subsided A 5“;“ nCt,c )
dosage 15 025 gm. of streptomycin and 100,000 units of pemailhn cvery
six hours Sulfonanides arc no longer uscd J durme

Admimstration of oxygen by the mntranasal mecthod 15 cmplc))}'cf 'Uw;
the first twenty-four hours. After that time 1t may be omitted i the AvEr
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case. In the patients who have had a supra-aortic or mtracervical anasto-
moss, the large masion required and the extensive dissection within the
mediastmum  as well as the presence of almost the cntire stomach withm
the left thoracic cavity make the readjustment of the respiratory and ar-
culatory functions more difficult as a result the mhalanon of oxygen may
have to be contmued at least mtermuttently for three to five days.

In the patients with an anastomosis low 1n the thorax, the Levin tube 15
left at the complenon of the operaon wath its tip just proximal to the
anastomosts 1 order to avoid the posuble danger of necrosis at the suture
hne which mught result from the pressure of the tube if 1t were passed
through nto the stomach. The amount of dramage obtamed by continuous
aspiranon of the Levin tube 15 usually small and the tube can thercfore be
removed m the average case after twenty-four hours However 1n the
patents who have a supra-aortic or mtracervical anastomosis because of
the danger of sudden regurgitation of large amounts of gastric contents and
the disturbances of the respiratory and arculatory functions which may
result from the pressure of an overdistended mntrathoracic stomach 1t 1s
preferable to overlook the possible disadvantages of the presence of a tube
and to leave the Levin tube wath 1ts nip actually wathin the stomach at the
completion of the operation Contmuous aspiration 13 then maintamed for
a peniod of three to four days before the tube 13 removed. Thereafter 1t may
stll be necessary to remsert a tube temporanly 1if gastric dilatation should
occur but this 1 an infrequent occurrence.

The intrathoracic dramnage catheter 15 removed after fory-eight hours.
Subsequent removal of fluid by thoracentesis 15 rarcly necessary when the
antibiotics are used prophylactically The reaccumulation of a large amount
of fimd after the first effuston 15 over usually heralds the oliset of empyema,
2 rare occurrence at the present ime.

In patients 50 years of age or older the routine admnistration of quuudine
and avordance of the overadmmnistration of flud intravenously are applied as
m any other patient of like age who 15 subjected to a major thoracic
operation.

Durmg the first few days the patent s requirements of food and fluid are
mantnned almost entirely by intravenous myecuon By thus means glucose,
amuno aads viamms and whole blood, 1f indicated, are admumstered taking
cate always to avord embarrassment of the arculatory system as mentioned
previowsly

The oral admmistration of fluads 13 begun after twenty-four hours grvmg
30 cc. of water each hour The second day afier the operation 60 cc. of clear
fluds, not including frut jurces, may be given hourly It 15 tmwise to -
erease this amount, however on the third day or even wath some patients,
on the fourth. By the fifth postoperanve day hiquds made with milk may
be added and shghty larger amounts admmstered each hour From that
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day on the amount and character of the feedings can be adjusted to sut the
ability of the pawuent to take them Gradually the amount per feeding 15
ncreased and the mtervals between lengthened The patient should not be
urged to cat, however, until he feels the inclination to do so or at least unti
after the cxpiration of ten to twelve days, when the danger of damage to
the anastomosis from overloadmng the stomach 1s not great The majonty
of patients, however, are able to eat a soft solid diet divided mto six small
meals per day by the twelfth postoperative day

The majority of patients who have had an esophagectomy are well enough
to get up from bed on the second postoperative day Many of them are al-
lowed to begin ambulation on the first day after operation A few patients,
however, must be kept 1n bed four or five days before the readjustment of
the respiratory and circulatory functions 1s sufficiently well established to
allow greater activity This rule applies almost cxclusively to the patients
with a growth which necessitates the performance of a high supra-aortic
arch anastomosis or one within the neck

THE MANAGEMENT OF THE LATE RECOVERY PERIOD

The majority of patients on whom an esophagectomy has been performed
(excluding those whose growth lies m the cervical segment) arc able to
return home within two to threc weeks after operation, depending upon
the distance to be traveled and the possibilities of care at home Then there
15 a period of readjustment which may present difficultics and lead to ani-
ctics from which the surgeon should seek to protect the patient by explana-
tion and advice

In common with patients who have been subjected to a total gastrectomy,
paticnts who have had operations of the sort described frequently comp ]a;\n
that they do not regam a normal appetite Thus may correct wtself after weeks
or months have clapsed, but 1 many mstances the return of appetite 15 m(;
complete at best This occurrence 15 associated with and possibly Cx})hm; .
m part by the fact that many patients experience a functional delay m the
emptying of the stomach The mterruption of the vagus ncrves 1s ;Oln:
tributing factor because of the resultmg diminution mn the amplitude o] the
gastric peristaltic activity and because of the hypertonicity of the p)’fm}':z
sphincter The result 15 that the stomach remains partially filled m uch g] [
tunc It 1s a common obscrvation among these patients that they are a Zm
cat a large breakfast, but that they have htele appetite for their noon '%Y
meal and arc able to accommodate hardly any of their supper This funcuor
difficuley 1s most pronounced i the patients with carcmoma of ;ihc.f
which requires excision of a large segment of the stomach This o I;H R
Jeaves only a small distal portion w hich accommodates a hnnted vu:;
food It has been observed, however, that pronounced camples of 1
ability of the stomach to empty after the performance of a parttal g

”



OPERATIONS ON THE ESOPHAGUS (Conthmued) 293

and esophagectomy have become much less frequent than formetly and that
the difficulty arises least often m patients who have had a high esophagec-
tomy A possible explanation for this 1s that the division of the gastrocolic
and gastrohepatic ligaments 1s now carried all the way to the level of the
pylorus m every case thus probably mterrupting many of the sympathetic
fibers which would otherwise be overactive because of the absence of the
vagus inhibiton

In evaluanng the postoperative digestive function of these panents 1t
should be kept m mund also that, except i the case of lesions high i the
esophagus where the whole stomach 1s preserved, 1t 15 necessary to resect
portions of the fundus of the stomach This sometimes causes a very large
reduction 1n gastric volume which further Limuts the ability of the patent to
take food.

The mability of patients to handle large quantities of food during the first
few months of their convalescenee 1s sometimes so great that there 15 a
progressrve loss of weight Such patients should be advised to take nothing
but the most nounshing types of food and to avoid wasting valuable space
on matenals, either hiquid or solild which have a low aloric content. As
tme goes on however 1 the majonty of instances the patient s capaaty
for food mereases as the gastric remnant enlarges and the emptymg ume of
the stomach approvamates a normal rate In spite of thus 1t 1s unusual for the
patent to regain his customary weight More often he will gamn only a few
pounds. Many times he will be able merely to hold his weight at a reduced
level without farther loss

Although 1t 15 frequently necessary to ligate the thoracic duct, particularly
mn the cases where the posion of the growth requires a supra~aortic arch
anastomosis, no disturbance of nutrition which can be attributed to this
procedure hag been observed The nutntional status of such panents does
1Ot vary in any respect from that of those whose thoracic duct remams
undusturbed.

A woublesome occurrence frequently observed 1s the tendency to re-
gurgitation from the stomach 1f a recumbent posture 1s assumed soon after
camg All patients who have had the operation should be advised not to lie
down the finst two hours afier meals In some patients 1t 13 never pos-
uble for them to lic on therr night side wathout expenenang regurgitation

Occastanally a patient may develop diarthea which lasts sometimes a few
days, sometumes scveral weehs before 1t subsides Thus 15 probably caused
by the disturbance of function resulting from bilateral vagus secnon. How-
ever this phenomenon 15 observed m thesc patients much less frequently
;hm 2mong those who have had a vagotomy performed m the treatment of

u_l:ij:llt\ﬂmr Relief 15 obtamned by means of the usual symptomatc

Recurrences of dysphagna arc cxecedingly wmusual after esophagectomy
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with esophagogastric anastomosis. Cicatricial stenosis of the anastomosis 1
a rare occurrence Treatment by bougienage 1s all that 1s necessary to over-
come the difficulty 1f 1t should occur. Recurrence of carcinoma at the anasto-
mosts 1s observed occastonally, but the majority of the patients who succumb
to the disease die from the effects of distant metastases or local recurrence
withm the mediastinum, and retam therr abihty to swallow normally as
long as they live.

Although a large portion of the left thoracic cavity may be occupied by
the transplaced stomach, patients on whom an esophagectomy has been
performed almost never experience any sensations which might make them
aware of the presence of the stomach withm the thorax Gastric perstalnc
sounds are occasionally heard, but they are more often noticed by other
people than by the patient himself. Furthermore, after the immedrate post-
operative period of readjustment has gone by, there 1s rarely any striking
dyspnea or evidence of circulatory disturbances



—

ABDOMINAL OPERATIONS PERFORMED
THROUGH THORACIC INCISIONS

INTRODUCTION

The development of the technic of transthoracic or abdommothoracic ap-
proach to the upper portion of the abdomunal cavity has broadened enor-
mously the field of abdomumnal surgery especually that having to do with
the viscera of the left upper quadrant. Also 1t has been recogmized recently
that this approach 1s supenior for the performance of a nephrectomy par-
ticularly 1n cases of renal tumor and for the exposure of the suprarenal
gland. Tt provides the best cxposure for splencctomy 1n the difficult cases
and s wseful m the performance of an anastomosis between the splemic vem
and the renal vem. On the nght ude 1t gives good access to the vena cava
and portal vemn for the creation of an anastomosts between those two vesscls
The employment of the wansthoracic approach for the performance of
these operations has a threcfold advantage The first 15 the supenonty of
the exposure of the area where the lesion hes m comparison with the diffi-
cult or hmrted exposures obtamed through the classical abdomunal or flank
masions. Under some arcumstances, notably 1 carcmoma of the stomach
mvadimg the lower end of the csophagus, this advantage 15 so great that it
EUDVEIB what would otherwise be an moperable case 1nto one which s
d:mblc for surgery The second advantage lies m the fact that because of
han:lmrﬂ recumbent position of the patient there 15 little or no necessity to
e the mtestines particularly the small bowel. The effect of gravity
comes to the aid of the surgeon and walling off wath pads of gauze 15 not
ut;:’“) The shock-producng effect of manpulation of the viscera 1s
i by avoded. The third advantage, which depends to some extent upon
o d‘:‘lgj, 15 the fact that unce there 15 no neeessity for handling the majonity
 nog 2bdominal viscera and since relaxation of the abdommal musculature
Posﬁblchmmd to obtam an adequate exposure of the operative field, 1t 15
to perform the entire operation with a relanively hight level of anes-
coduge Th"“forc, by using a transthoracic mesion a long and difficult pro-
@n be carried to completion without any evidence of shock to the

295
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patient Using gastric surgery alone as an example, the relative absence of
shock 1 patients whose operation 15 done through a transthoracic meiston
as compared with those who are operated upon through an abdommal m-
cision 1s striking

An 1mportant use of the thoraco-abdommal approach 1s 1n the surgery of
trauma With patients who have sustamed penetrating wounds of the upper
abdomen or lower portion of the chest, the posstbility that both body cav-
ities may have been mvolved makes 1t advantageous to cxplore through a
thoraco-abdominal mncision The wide exposure thus obtamned makes it
possible to deal with injuries to the lung, esophagus, heart or pericardium,
stomach, lver, spleen, the splenic or hepatic flexures of the colon, or the
upper small mtestine at one and the same time On the contrary, patients
who are suspected of having a ruptured spleen, as the result of a crushing
mjury or a blow upon the upper abdomen, should be explored abdonumally
because of the possibility that a tear of the mesentery or a rupture of the
small mntestine may also have occurred Such mjuries are more readily found
and dealt with through a laparotomy mecision

TRANSTHORACIC GASTRIC SURGERY
Incision

The vast majority of transthoracic operations upon the stomach can be
performed through a low left standard thoracotomy ncision resecting the
mnth rib If the exposure thus obtamed 1s msufficient, the nciston can be
made thoraco-abdommal by cuttmg across the costochondral arch oppositc
the minth mtercostal space and meising the lateral musculaturc of the ab-
domumal wall m the direction of the thoracic mcsion This method of en-
largement has been described (Chap 3). The necessity for this mancuver
anises chiefly m certain cases of carcinoma of the stomach which require a
total gastrectomy, particularly when the mescntery of the upper Joop Of)thc
jejunum 1s so short that 1t must be clongated by division of vesscls or when
1t seems preferable to use the Roux type of anastomosis ;

Under certam crcumstances, particularly when the case 1s presumc ]tg
be moperable, 1t may be advantageous to start the incision mn the upper Cn
quadrant of the abdomen, extending 1t obliquely toward the costal n;ar{;lls
at the minth 1ntercostal space If the previous suspicion of mopcrablllt) *
confirmed by exploration through tlus short mciston, nothmg furt 1cr’m
done If the growth 1s rescctable, the incision 1s rcadily converted l:{]to -“
abdomunothoracic onc by cutting the costochondral arch and extending
mto the ninth mtercostal space

The diaphragm must all\avays be maised except when only an abdo:)::)a;
exploration has been done 'Wath benign lestons and with carcmonlm rcql)S "
total gastrectomy, m which the abdonunal scgment of the csophagus
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mvolved by the disease 1t 15 unnecessary to carry the duphragmatic ncision
completely through the esophageal hutus. In every instance when the
esophagus must be severed several mches above the cardia, complete nasion
15 requured. In the latter group it 15 desirable to crush the left phrenic nerve
m the chest 0 as to elimnate the tug upon the portion of the stomach or
Jequnum which lies 1n the embrace of the daphragmatic inason after com-
plenon of the anastomosis

Gastric Operatrons . Whch the Transthoracie Approach Is Preferable

Transthoracic operations upon the stomach may be clasafied under two
headings depending upon the indrcations for the use of the thoracic approach.
The first category comprises those procedures in which the transthoracic
(or thoraco-abdominal) approach 15 preferable or mandatory such as the
local exasion of berugn tumors of the fundus partal gastrectomy for local-
1zed lesions near or myolving the cardia and extenstve lesions which require
a total gastrectomy for thewr complete removal. These will be described
turn.,

Excision of Berugn Tumors of the Proximal Half of the Stomach The proximal
portion of the stomach 1s a frequent site of benign intramural tumors the
majority of which are letomyomas or neurofibromas. For thetr removal a
limited excsion of the portion of the gastric wall from which they anse 15
sufficent. In the majonty of mstmnces exasion of an elliptical or wedge-
shaped section of the stomach through all layers, mcludng a generous
margm of normal tussue around the base of the tumor prowides adequate
mstrance against the posstbility of local recurrence 1n the few cases where
Rrcomatous changes may be detected by hustologic examination

The exposure 15 obtained m the usual manner using a transthoractc -
ason with 2 imited mewion of the daphragm. Occlunve clamps are not
wsed. In order to prevent soiing of the operative field, the flud contents of
the stomach should be removed by asprration as soon as the lumen 15 opened.
The defect which rematns i the stomach afier the tumor has been excised
may be closed 1n any ot several ways depending upon the preference of the
Furgeon. A convement method 15 to use a contmuous suture of chromicized
€rgut wserted 1 such a manner as to mvert the cut edges of the gastric
wall (Connell technuc) followed by a second layer of Lembert sutures of fine
Ofth?:r Q@tgut. A somewhat better method, especully from the standpomt

Prevenuon of postoperative bleedmg mvolves the use of three layers

- yer conusts of a contmuous Connell suture of catgut to mvert the

m\z"“ only The second layer (also of catgut) 1s an over and over contm-

$UUIE to approximate the edges of the muscularts The outer layer com-
BUSS 3 tow of mterrupted Lembert sutures of slk or fine catgut.

metimes the growth 15 attached o close to the margm of the cardiac

that 1t 15 mposuble to perform a Iimited excason of the gastric wall
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without encroaching upon the lumen at that pomt Resort must be made
under these circumstances to the performance of a resection mvolving the
tumor-bearing area 1 the stomach, the cardia and a short length of the
lower esophagus The easiest and safest method of restormg continuity 1s by
end-to-side esophagogastric anastomosis after closing the open cnd of the
stomach. Thus technic has been described (Chap 9)

Closure of the thoracic meision, mcludmg the mcision 1 the draphragm,
15 made m the usual manner. Even m such a simple operation as this 1t 15
wise, for reasons already presented, to provide closed suction dramage of
the left pleural cavaty This rule applies m all types of operation upon the
stomach performed through the thoracic or combmed thoraco-abdomsmnal
1ncision

Rescction of the Proximal Portion of the Stomach with Esophagogastric Anasto-
mosis (Proximal Partial Gastrectonry) This procedure 15 used 1n those cases of
carcinoma of the upper portion of the stomach which are not so extensive
as to require a total gastrectomy, 1n cases of benign tumor arising close to the
cardia, and 1n certam cases of bemign gastric ulcer situated m the proximal
portion of the stomach Benign gastric ulcers are sometimes of enormous
size, often with penetration mto the pancreas or occasionally the left lobe of
the liver, and cannot always be distingushed climnically from the ulceranng
type of carcinoma

The essential details of the technic of the operation have already been
described 1 Chapter 9 under the discussion of resection of the Jower end of
the esophagus The 1dentical method 15 used for lesions near the cardia, no
matter whether they arise m the stomach or i the esophagus The difference
consists only 1 the level of transection of the two organs In lesions of the
lower esophagus near or mvolving the cardia, only a relatively small seg-
ment of the stomach need be excised The patient 15 then left with a fawly
large distal segment of stomach On the other hand, n lestons which arise
within the stomach, a large portion of the stomach must be removed, but
more of the esophagus can usually be preserved so that an csophagogastric
anastomosis can still be made However, the patient 15 left with a much
dimimshed gastric volume In the latter group of paticnts the use of an cnd}
to-end anastomosts may be the only satisfactory manner m which union cl)
the esophagus with the distal remnant of the stomach can be cffected, ﬂé
though m the majonty of mstances the end-to-side technic can be cargcd
out The techmcal details of both types of anastomosis have been describe
(Chap 9) and will not be redescribed here

Total Gastrectomy The mncision 15 made according to the P““C‘Pl‘":S O:lt-,
lmed previously Complete division of the diaphragm 1s necessary 0 )t
when the lesion has extended mto the esophagus so far that transection miust
be made at or above the level of the huatus Since m the majority of mistances
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the operation 15 performed 1n the treatment of carcinoma, the description
of the techmic wall be directed toward the management of such a case

Once 1t has been dearded on the basis of a thorough exploration of the
abdommal cavity that the growth 1s resectable a survey of the local extent
of the disease should be made 1 order to plan the steps of the procedure
In many cases removal of the entre stomach with short segments of the
esophagus and duodenum together wath the entire omentum  as much as

Gastrolienal

ligament Liver

Esophagus

Diaphragm

Fg 137 Tnmcho?;toul gastrectomy Dissecron of the fundus of the stomach and
portion o aophaguy division of the gastrobenal ligament. Note The m-
Mdd"%mdmmnmdoum(cﬁmddlmughdwaoﬂug&lhum

possble of the gastrohepatic igament, and the lymph nodes around the
aent, Inu?chmd n the region of the ongin of the left gastric artery 15 suffi-
for sacedts et cases, because of local nvasion by the growth or the necesity
w CINg important arteries 1t may be necessary to remove the spleen
color, the Ot to exase with the stomach portions of the Liver the transverse
tomy pancreas, the left suprarenal gland and the daphragm. Splence-
me“'h or without partzal pancreatectomy 1s frequently necessary as an

Pamment of total gastrectomy  Excision of a portion of the hiver and
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without encroaching upon the lumen at that pomnt Resort must be made
under these circumstances to the performance of a resection mvolving the
tumor-bearing area in the stomach, the cardia and a short length of the
lower esophagus The eastest and safest method of restoring contmuity 1s by
end-to-side esophagogastric anastomosis after closing the open end of the
stomach This technic has been described (Chap 9)

Closure of the thoracic mncision, mcluding the incision 1n the diaphragm,
1s made m the wsual manner Even m such a simple operation as this 1t 15
wise, for reasons already presented, to provide closed suction dramage of
the left pleural cavity. This rule apphes m all types of operation upon the
stomach performed through the thoracic or combined thoraco-abdommal
ncision

Resection of the Proximal Portion of the Stomach with Esophagogastric Anasto-
mosts (Proximal Partial Gastrectonty) This procedure 1s used m those cases of
carcinoma of the upper portion' of the stomach which are not so extensive
as to require a total gastrectomy, 1n cases of benign tumor arsing close to the
cardia, and mn certam cases of berugn gastric ulcer situated m the proximal
portion of the stomach Benigh gastric ulcers are sometimes of enormous
size, often with penetration mto the pancreas or occasionally the left lobe of
the liver, and cannot always be distinguished chnically from the ulcerating
type of carcinoma

The essential details of the techmic of the operation have alrcady been
described m Chapter 9 under the discussion of resection of the lower end of
the esophagus The 1dentical method 15 used for lesions near the cardia, no
matter whether they arise 1 the stomach or 1n the esophagus The dfference
conststs only m the level of transection of the two organs In lestons of the
lower esophagus near or nvolving the cardia, only a relatively small seg-
ment of the stomach need be excised The patient 1s then left with a farrly
large distal segment of stomach On the other hand, m lesions which anse
within the stomach, a large portion of the stomach must be removed, but
more of the esophagus can usually be preserved so that an esophagogastric
anastomosis can still be made However, the patient 1s left with a much
diminished gastric volume In the Jatter group of paticnts the use of an cnd-{-_
to-end anastomosis may be the only satisfactory manner m which unxgn ?
the esophagus with the distal remnant of the stomach can be cffected, a(;
though m the majonity of mstances the end-to-side technic can be cnrgcd
out The technical details of both types of anastomosis have been describe
(Chap 9) and wall not be redescribed here s ot

Total Gastrectomy. The ncision 15 made according to the prmcip c’s o '
lned previously Complete diviston of the diaphragm 1s necessary onfy
when the lesion has extended mto the csophagus so far that transection must,
be made at or above the level of the hiatus Smce i the majority of mstances
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the operation 1s performed m the treatment of caranoma the description
of the techmc will be directed toward the management of such a case
Once 1t has been decided on the basis of a thorough exploration of the
abdominal cavity that the growth 1s resectable a survey of the local extent
of the discase should be made n order to plan the steps of the procedure
In many cases removal of the entire stomach wath short segments of the
csophagus and duodenum together with the entire omentum  as much as

Gastrolienal

Liver

Esophagus

Diaphragm

Fg 137 Trmsdm;?i total gastrectomy Dussection of the fundus of the stomach and
portion o aophagus division of the gastrohienal hgament. Noww The -
cmon of the duphragm m this istance docs not extend through the esophageal huatus,

possible of the gastrohepatic hgament, and the lymph nodes around the
duodenum and m the region of the ongin of the left gastric artery 15 suffi-
ttElcut. In other cases, because of local mvasion by the growth or the necesuty
ot sacnifiang important arteries, 1t may be necessary to remove the spleen
 addition or to excise with the stomach portions of the liver the transverse
lon, the pancreas, the left suprarenal gland and the duaphragm. Splenec-
tomy with or without partial pancreatectomy 1 frequently necessary as an
3ccompamiment of total gastrectomny Excision of a portion of the liver and
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resection of a segment of the colon are required less frequently On occasion
all of these additional maneuvers must be mncluded m the same opera-
tion. The decision 1 each mstance should be made before the dissection 15
begun

Tecrnc In the uncomplicated case the operation 1s begun by freemg the
omentum from the colon For this purpose the transverse colon 15 drawn

Greater curvature

Left gastric
vein & artery

Celiac branch of

artery & vein
right vagus nerve

Fig. 138 Transthoracic total gastectomy Exposurc of the left gastric artery and vaclg
for ligaton and division along the superior margmn of the pancreas The stomm;h 18 t;::‘gvc
up, exposing the postertor surface to view Note In this patient 1t was necessary dto rg\"ml
the spleen and ¢he distal two thieds of the pancreas with the stomach The sumrc] p‘r’1 i
end of the pancreas and the ligated stumps of the splenic artery and vein arc showr
termmal branch of the right vagus nerve was obscrved i this csc as shown

out through the lower end of the masion The omentum 1s held up by f]h;
assistant and the colon 1s held by the surgeon so that the rclatively “V“SC? nv
omental attachment can be exposed for division with the scissors The ?\
small vessels encountered are secured with small hemostatic forceps ("‘r
ligation at an appropriate moment By this mancuver the lc]sscr ox;:slﬂctl“t
cavity 1s entered. This facithtates the division of the omental attac
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between the spleen and the splemic flexure of the colon and the gastrolienal
hgament. At this pownt the left gastro-cpiploic artery and vein and later the
vasa brevia of the stomach are cut and ligated. The small retropenitoneal
surface of the fundus of the stomach adjacent to the duphragm 15 exposed
and the abdomunal segment of the esophagus 15 freed of 1ts peritoneal cov-
emg A strip of Penrose tubing 1s passed around the esophagus and held
with a hemostatic foreeps for traction purposes (Fig 137) Several small
retrogastric and retro—csophageal blood vessels which are always encountered
m this regton must be divided. These blood vessels are a posterior gastric
branch of the splemc, branches from the superior suprarenal and inferior
phrenic artenes and from the lowermost csophageal vessels This step frees
the carda postertorly
The next step 15 to divide the upper portion of the gastrohepatic ligament
which contains one or more anastomotic vessels from the ascending branches
of the Icft gastric artery Suture higatures arc used to seeure these vessels
after diviston. The greater cunvature of the stomach wath the omentum
attached 15 swung up over the proximal edge of the masion and the pedicle
of the left gastric vessels 15 exposed for division (Fig 138) Here provision
should be made for the excston of the large and 1mportant group of lymph
nodes which 15 5o frequently nvolved by metastatic 1mplants from the
tumor By careful dissection along the superior border of the pancreas the
gasmic vein can be 1solated as 1t enters the splenic vein where 1t should
be tied. The corresponding artery can be 1denufied and hgated close to 1ts
ongm from the celiac axis avording at the same time any mjury to the
splensc and hepatic branches Also 1n this area 1t 15 usually possible to identify
the termunation of the night vagus nerve near the celiac plexus (Fig 138)
the nerve and vessels arc severed the stomach can be drawn upward a
o, f;]f;ll;vml inches to gam better access to the duodenum. Wath the
up the nght c and nght 1plotc vessels are cut
o g (R 135 ght gastnc and nght gastro-cpip
In comphicated cases which require 2 wader exaston including all or
Portions of adjacent viscera the dissection 1s carmed out somewhat differ-
eatly The mvasion of the spleen or pancreas by tumor or the presence of
Z:‘Ph node metastases around the ongn of the splenic artery necestates
wcﬂ-Pq'fomuncc of a splenectomy often with a partial pancreatectomy as
KCEccuUqu these aircumstances, the spleen 1s held up and the pentoneal
on Lateral to the splenic hulus 1 meised. The dissection 15 carmed
m the retropenitoneal fissucs over the left kidney and suprarenal
gland, reflecting the splenic vessels and the tal of the pancreas Occasionally
2 portion of the left suprarcnal gland may have to be removed wath the
Browth, but more often the gland 1s uninvolved and merely the branches of
$upenior suprarenal artery have to be severed. As the stomach, spleen
Pncreas are turned forward en masse, the splenic vessels come mto
u
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view. The artery can be traced along the superior border of the pancreas
to 1ts origm, near which 1t 1s tied and divided The vewn, which 1s usually
found lymng behind the pancreas, 1s tied and cut at a convenzent level If only
the spleen 1s to be removed, the tail of the pancreas must be reflected from
the hilus of the spleen, dividing several branches of the splenic vesscls to

r

Greater curvature

Duodenum

Cardia

\

j Pancreas

Fig 139 Transthoracic total gastrectomy Stomach completely freed with all vessels
higated and cut The entirc omentum remams attached to the greater curvature after Stf p-
aration from the colon The csophagus and first portion of the duodenum are rewdy ’nr
transcction Note In this paticnt 1t was not necessary to remove the splecn or any of the
pncreas The restoration of continuty m this case was by csophagoduodenal anastomosss

(sce Fig 140)

st
accomplish this If the tail of the pancreas 1s adherent or mvaded, 1t n

also be removed along with the spleen and the stomach A transverse wedge-
shaped masion 1s made across the body of the pancreas as far as ncccs}mr]},
away from the growth but avoiding the superior mesenteric vessels \’\ "C;
hie behind the pancreas close to 1ts head. The wedge-shaped "’C’“O", L‘T‘,,(f
a decp groove which makes 1t casier to suture the cut edge withour having
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the sutures cut through the pancreas as they are tied The end 1s closed with
ane row of mterrupted interlockmg mattress sutures. If the pancreatie duct 15
1dentified, 1t can be higated independently If 1t 1s not seen, the mterloching

A First jayer of
Duodenum sutures

7
7
s
/
F
Esophagus
B
Second layer
of sutures
Duodenum

dmﬁzglr 140 Trausthornac totl gastrectomy Restoratoa of conunmty by esophagoduo-
7 astomons. A Fiststwp Placement of dhie outer posterior layer of somures (mattress)
u:f?fﬂnmofdmuophagmmddmdmumaﬁucomplmmmommﬁmpm
il Yer of satures hat been tied and cut. The middle layer of satutes to apprommate
muscle edges 15 beng mserted. The mucosal layer remams to be put m for the com-
&nbc“f'hfmorvpcaofcb:mmmTh:h\mofdxcmmoraspcctwﬂ
mtdmmord:rnmuop}ugog:mcmmmom(wcﬁg 132)

I;"‘;:mm certain 1o ocelude 1t The sutured end of the pancreas 1s then

o ed 1 the retropenntoncal arcolar tissues overlymng the kadney by means

. *everal interrupted sutures. From this pomt on, the operation proceeds
1 an uncomplicated case (Fg 138)



304 THORACIC SURGERY

If m addition the transverse colon 1s mvolved or 1f, m order to arrcumvent
the growth, 1t 15 necessary to mterrupt and hgate the mddle colic artery, a
segment of thus portion of the colon must be resected. To accomplish ths a
pair of short straight crushing clamps 1s apphed at the proper place both
proximal and distal to the segment to be removed, the bowel 15 then cut
with the electric cautery between each pair of clamps, leaving the 1solated
segment attached to the mass of tissue which 1s to be removed The proximal
and dustal ends of the colon are covered with pads of mosstencd gauze and
left for ultimate anastomosts after the completion of the rest of the procedure

The next step 15 the transection of the duodenum, but before this 1s done
one must decide whether the duodenum or the jejunum 15 to be used for the
anastomosis In approximately 10 per cent of the cases 1t 15 possible to per-
form an end-to-end esophagoduodenal anastomoss, but this eventuality
depends upon the presence of an unusually mobile duodenum and complete
lack of carcinomatous mnvasion of the lower end of the esophagus. The
mobility of the duodenum may be mmproved by masing the peritoncal
reflection lateral to the second portion, thus swinging the entirc duodenum
and head of the pancreas toward the midhne In the majority of paucnts,
however, 1t 15 necessary to use the jejunum

Anastomosis by Esophagoduodenostomy When conditions are favorable for
anastomosts with the duodenum, the two organs are drawn closc together,
leaving the stomach attached, and an outer postertor layer of finc silk mat-
tress sutures 1s mserted (Fig 140, A) After all have been placed, they arc
tied 1 turn and the last suture at each end 1s held by a hemostat, The mter-
vening sutures are cut A right angle clamp 1s apphied to the esophagus distal
to the level of intended transection and usually also to the duodenum be-
tween the pylorus and the level of anastomosis Usmg a Jaufe with bent
blade, the muscularis of both the csophagus and the duodenum 1s mcised,
avoidmg the mucosa, and the muscle-approximating nuddle layer of finc
silk sutures 15 mtroduced and tied The mucosa of cach organ 1s then m-
cised 1 turn and the contents of the proxmmal esophagus and of the d110;
denum distally are aspirated The posterior mucosal suturcs arc inscrt€
next and tied. The division of both the csophagus and the duodenum 15
then completed, using the right angle scissors

Sometimes 1t 1s more convement, cspecially m the presence of a large
heavy tumor or when morc than just the stomach 1s bemng rcmovccg:);ﬂg
perform this step of the procedure before mserting the postcno}r ;nucr (;[
layer (Fig 140, B) The anastomosts 1s fimshed by carrying CaC‘l a3 -~
suturcs around to complete the antertor aspect The ancertor ln)crs] n-“f' "
serted 1 reverse order, proceedng from the mucosa outward to't 1(.“ :1(;11
mverting layer of mattress sutures The duodenurm 1s held m 1ts new po

< X . peritoncum over the
by means of several fine silk sutures, fixmg 1t to the pu-l over 1
pancreas or occasionally to the mferior surface of the diaphragm



A

Divided vessels

Incisions for lateral
anastomosis

Fig 141 Transthoraac wt] gawrecromy Restoration of contnuty by esophagojejunal
anastomoss (end~to-nde) A Mrethod of dongating the jejunal mesentery by Ligation and
divmmon of one or more jegunal arveries dose to therr ongins from the supenor mosentenc
artery The eorrespondmg vemns are likewnse mterrupted. The correct ponnon for the lme
of incston for the anastomoms 1 shown on the jumum. B Postersor aspect of the anasto-
motls. The outer Layer has been completed the muscular layer 1 bemg started. € The

phagogeyumal has been completed wich three layers all around. The jejunal
loop 1 thown folded togrther to cover ths anastonons and the posttion and length of the

Be Jeyunoje} Y arc mdweated
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completion of the anastomosis, the operation 1s finished The fact that only
one anastomosts 1s required constitutes one of the many advantages of this
method.

Anastomosis by Esophagojejunostonry An esophagojejunal anastomosts can
be made either end-to-side (Fig 141) or end-to-end by the so-called Roux
techmic (Fig. 142) The choice between the two methods rests somewhat
upon the preference of the surgeon, but to a greater extent upon the ana-
tomuc factors prevailing in each individual patient In the majority of m-
stances either method 1s satisfactory, however, when because of the extent of
mvasion of the lower esophagus by the growth 1t 1s necessary to transect
the esophagus at a lugh level, often above the diaphragm, 1t 1s sometimes
difficult or mmpossible to use the end-to-side techmic without resorting to
the elongation of the jejunal mesentery by dividing some of 1ts vessels This
mancuver may be necessary also when the mesentery of the proximal
jejunum 1s unusually short, even though a satisfactory length of esophagus
may be available Under these conditions the Roux Y-type of anastomosis
1s sometimes preferable to the end-to-side Either method 1s satisfactory
from the functional standpoint, but, as will be pomted out, the end-to-side
anastomosis can be modified m such a manner as to make 1t possible for the
patient to consume a larger volume of food at one time than when the end-
to-end method 15 employed Furthermore, the latter techmic 1s somewhat
more difficult to usc successfully When correctly made, neither type of
anastomosts should be complicated by the formation of a stricturc or leak-
age from the suture line

The adoption of cither method of performing an esophagojcjunal anasto-
mosts implics that the duodenum must be divided and closed asa prelimmary
step The technical details of this portion of the operation may be varied to
sutt the preference of the surgcon The duodenum may be cut across prox-
imal to the jaws of a night angle clamp, thus avoiding spilling of 1ts contents,
or 1t may be severed and closed without the usc of a clamp In the formc(;
mcthod a contmuous through and through suturc of catgut may be mserte
behind the jaws of the clamp which 1s then removed. A sccond layer consist-
ing of a contmuous Lembert suturc of finc catgut or of mterrupted Sumfﬂ
of silk or catgut 1s then mserted As a further protection agamst Jeakage ]‘;
third layer of mterrupted sutures, preferably of silk, should be uscd to ro
the mverted end over agamst the peritoneal covering of the pancreas

Esophagojepunostomy by the End-to-side Techme Many tumes the pm\n’n[ll
loop of the jejunum can be brought up to the end of the esophagus ]“l .
casc On the other hand, the approximation may be mmpossible “u,;mcl],
relaxing the pull of a short mesentery. To accomplish this the loop w “_' |
35 to be used for the anastomosts 1s held up and the vascular pattern 0] 11
mesentery observed. It will be discovered m cvery mstance that by dwu‘ m)g.
from one to three Jeyunal branches close to their ongm from the superiof

al
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mesenteric artery together with the accompanymg veins the pull will be
immedutely released, making 1t possible to draw the loop several inches
hugher than before By dviding as many vesscls as necessary 1t 13 possible to
advance the jejimum a relauvelv long distance nto the thorax, often as hugh
as the Jevel of the inferior pulmonary vem. It 15 not necessary to close the
resulting aperture m the mesentery (Fig 141 A)

Two precautions must be observed 1 carrying out thuis mancuver The
first and most obvious 15 to mterrupt the vesscls closc to their ongmn 5o as to
prescrve the contmuity of the anassomonc vascular arches in the mesentery
dustal to the pownt of higaton The other 13 to avord usmg the highest jejunal
foop just beyond the hgament of Treitz because at that level the vascular
arches are erther madequate or are finally lost mn favor of a typs of vascular
pattern more closely resembling end arteres with a mimmum of nter-
communication. Interruption of any vessels at this level may lead to the
development of a localized area of necross of the bowel proximal to the
anastomosts In practice the nte chosen for the anastomosis 1s usually at least
8 to 10 mnches dustal to the igament of Treiz.

The loop of jeunum may be drawn up either in front of the transverse
colon or behmd 1t through an opening made n the transverse mesocolon.
The advantage of the former location hes 1n the fact that the possibility of
hermation of small intesnne through the openung 1n the mesocolon 15 com-
pletely eliminated, while that of the latter obwiously 1¢ the fact that some-
times 2 somewhat shorter loop can be used.

The anastomosis 18 made 1n three lavens, using iterrupted sutures of fine
sk 1 exacily the same manner as i the performance of an csophagogastric
amstomosts except that a hnear masion 13 used 1n the jgjunum instead of
excusing a circular portion as 15 done 1n the gastric cases (Fig 141 B) When
the esophagus 1s not invaded by tumor and the level of transection can there-
fore be below the diaphragm  the anastomoss 15 usually placed on the ante-
mesentenic surface of the bowel at che apex of the foop The loop 15 sus-
pended wath a row of sutures to the crura of the duphragm behind the
anastomosis and another row between the jgjunum m front of the anasto-
mons and the surface of the duphragm near the anterior margin of the
esophageal hiatus When the csophagus has been divided above the dia-
phragm, the anastomoss 1 placed on the anterior surface of the Jejunum
Just beyond the antemesenteric border At i completion it will be observed
that the jejumum then has a tendency to fold upon itself as 2 result of the

torward movement of the two arms of the loop which can be sutured to-
gether in such a way as to surround the anastomoss completely (Fig 141 C)
The loop 15 suspended within the chest by means of several sutures fixang 1t
to the edges of the incision i the mediastinal pleura.

No marter what the details of the esophagojejunal anastomoss may be in
any gven case 1t 15 always advisable to perform an entero-cnterostomy
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between the proximal and distal arms of the jejunal loop in order to insure
proper function Thus is done by a side-to-side approximation without the
use of clamps. Two layers of sutures suffice. Interrupted silk or, 1f tume 15 a
factor as 1t often 1s at the end of a long operation, contmuous fine chromi-
cized catgut may be employed This anastomosis should be placed close to
the bottom of the proximal arm of the loop near the igament of Treitz A
highly desirable modification of this portion of the procedure consists m
makng the jejunojejunostomy unusually long (Fig. 141, C). Instead of the
customary 2 or 3 mches 1t may be elongated to 6 or 8 mches Thus has the
disadvantage that 1t prolongs the operation, but if the condition of the
patient warrants the expenditure of this additional time, 1t 15 worthwhile
from the functional pomt of view because the long mtercommunicating
opening thus produced makes 1t possible for the patient to consume a
larger volume of food at one time. As a result he can eat with more comfort
and at less frequent intervals

When the loop has been passed up behind the colon, the peritoneal edges
of the opening 1n the transverse mesocolon should be sutured to the loop so
as to avoid leaving any apertures through which another loop of small
ntestine might pass Several sutures of fine silk usually suffice The level of
fixation of the mesocolon should be near the upper lumt of the entero-
enterostomy or even above 1t

Esophagojejunostomy by End-to-end Anastomosis (Roux Techuic) There 15
nothmg about the use of the Roux technic of esophagojejunal anastomosis
1n cases of transthoracic total gastrectomy which differs essentially from the
application of the method m the abdommal approach, except that a larger
dissection and freeing of the mesentery of the distal segment 1s necessary
when the esophagus must be transected at some pomt withm the chest This
mvolves the higation and division of a larger number of jejunal artercs, but
if the usual precaution of cutting the vessels close to their orign so as to
avoid mterference with the continuity of the vascular arcades m the mesen-
tery 1s observed, an adequate circulation can usually be preserved all the way
to the end of the bowel where the anastomosis 1s to be made The color of
the end should be observed from time to time, 1f an adequate blood supply
has not been preserved, as determined from discoloration beyond the ter-
munation of the active arculation, the precartous end of bowel should be
trimmed away and discarded no matter how long 1t may bc. When the
proper length of healthy bowel has been frecd, the anastomosis 15 begun.
It matters little whether the esophagojejunal or the jejunojejunal anasto-
mosis 1s made first. For the former, two layers consisting of an mnncr to _i‘olri
the mucosa cdge to edge and an outer of mattress sutures to mvcrtdthc ,rlsr
layer are usually sufficient. Because of the precariousness of the bloo’ 511};}; 1}1
of the jejunal end, a third layer 1s usually omutted unless the nPP"O’*““L;m y
produced by the first two Jayers 1s not cnurely satisfactory  The jejun
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suspcndcdmthcusualmanncrbvmamof:fcwﬁncnlksuru:atothc
mediastmal pleura. These must be placed wath 1nfinite caunon to avord -
jury to any of the jejunal vessels If the bowel has been brought up behind
the colon, the opening i the transverse mesocolon must be closed. The
jeunojejunal anastomoss 18 made end-to-side at any convenient point using
two layers of surures (Fig 142)

At the completion of the anastomoss the usual dose of pemicilin and
streptomycn solution 1 nserted and the diaphragm 15 closed. If the anasto-
moss lies wathm the chest, an openmg of sufficaent size must be left to prevent

Proximal jejunum

Esophogojejunal

\ ( anastomosts
| \
‘ E
A S
/ ! Distol
o jejunum

Colon

Jejunal anastomosis

Fig 142 Transthoraac total gastrectomy Restoraton of cononmnty by
esophagajegunal
anastomony {end-to—end, Rowx techme) The distal arm of the dvaded jejunat Yoop has
hcmdnwuupzhxmghmopenmgmdzmmmmlonforthcmoph;goquﬂ
The jejunoy ¥ lies below the mesocolon.

encraachment upon the jejunum where 1t passes through. The

ug edges of the
d?fhmcim az Suu&lmd to the bowel at several pownts Closed sucucmg:nm:.gc
of the chest should be provided by a Folev catheter The ] recxpan
lndt'ﬂcchatwallud%scd. eyt Thelmen e

Traustloracie Gastrie Operations Ordinanly Performed Through Abdamnal
Inasions
The second category of gastic operanons which may be performed

ticough a ansthoracic approach mcludes those procedures which are o
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dinarily carried out through the usual abdomunal ncision but which for
any of several reasons may have to be performed through the chest These
include partial gastrectomy for lesions mn the distal half of the stomach,
gastroenterostomy and gastrostomy

Resection of the Distal Portion of the Stomach with Gastrojejunal Anastomosis
(Distal Partial Gastrectomy) This operation 1s frequently spoken of as “sub-
total gastrectomy,” a term which 1s obviously inaccurate and nusleading
because of the fact that, with rare exceptions, a relatively large segment of
the proximal portion of the stomach 1s not removed The occasion for per-
forming 1t through a transthoracic or abdominothoracic mecision 15 usually
m the rare case of carcinoma of the stomach m which the roentgen examma-
tion has erroneously suggested that the lesion extends so far toward the
cardia that a total or proximal partial gastrectomy 1s indicated, whereas on ex-
ploration the upper half of the stomach 1s discovered to be unmvolved The
technical details of the procedure need not be discussed since, with the ex-
ception of the imcision, they do not differ from the usual operation as per-
formed through an abdominal mcision It should be mentioned, however,
that the thoracic approach provides such ready access to the upper portion
of the stomach that the securing of the vessels on the curvatures and the
transection of the stomach can be carried out with greater ease than 1 some
mstances when the operation 1s performed abdominally In some paticnts
it may be necessary to enlarge the mcision across the costochondral arch

Gastiojejunostomy A gastrojejunostomy can be performed through a trans-
thoracic mcision just as readily as through the abdomen The occaston for
1ts performance 1s almost always as an adjunct to a vagectomy donc through
the chest The mdications for supplementing a vagectomy with a gastro-
jejunostomy need not be discussed here Because the surgeon 1s likely to be
more familiar with the topography of the viscera as observed through the
abdomen, he should be careful to make the correct adjustment of the rcla-
tions of the stomach and the proximal jejunum to cach other before th%
anastomosts 1s actually begun In the average case of this sort, dramagc o
the pleural cavity 1s not necessary |

Gastrostonry In certamn patients who have a carcimoma of the csoph
which 1s discovered at exploratory thoracotomy to be moperable, 1tblj
desirable to perform a gastrostomy because of the completeness of the ?
struction This can be done cither through the thoracic meision or, A€t
closing the chest, through a separate laparotomy mesion T he former coursi
obviates the necessity of turning the patient from lus side to his back fm(;! re
preparing and redrapmg for a different approach If the decision dls n]\ﬂofl ‘]C:
proceed through the thoracotomy incision, a short mcision 1s made lt qu " (ﬁl
the diaphragm 1f this has not alrcady been done as a part of the exp (zir- .
The stomach 1s drawn out and the gastrostomy 1s carricd out accordmng
whatever method the surgeon may prefer A rubber tube may be mserted,

agllS
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but the Sprvah modification of the Janeway technic gaves the most satis-
factory results After the catheter has been mserted mto the stomach or the
living tube has been constructed from the anterior gastric wall, the catheter
or gastric tube 15 drawn out through a short maston over the upper portuon
of the left rectus muscle The anterior wall of the stomach 1s sutured to the
peritoncum of the abdomunal wall on cach side of the small incision and the
diaphragm 15 closed, Closure of the thoracic masion 1s made 1n the usual

manner

After-care

The prnaples of postoperanive care following the performance of an
csophagectomy as set forth m Chapter 9 arc apphicable for pauents after
transthoracic gastaic surgery The detals of feeding obwiously must be vared
to comply with the needs of the mdividual patient and to conform with
the type of operation performed.

SPLENECTOMY

A thoracic or thoraco-nbdommal inason provides the best exposure of
the spleen which can be obtamed. The superiority of this approach 1s most
obvious dunng the removal of a large spleen which 1s adherent to the dia-
phragm or when the vasa brevia are unusually short and maccessible through
the usual abdomunal incision

The single exceptron to the use of the thoracic approach for splenectomy
1s the casc of traumatic ruprure of the spleen In thus instance the possibility
that mjuries to hollow wiscera elsewhere 1 the abdomien may have cecurred
makes 1t preferable to use a laparotomy ncusion

For the transthoracic approach to the spleen the measion may be either
thoracic or thoraco-abdommal In the former the chest may be opened
through the ninth mtercostal space (in young patients) or through the bed
of the ninth nb (of the pauent 15 older) In older panents the mnth or tenth
mtercostal space may be cmployed also with extension wto the lateral
abdonunal muscles. In practice 1t 15 advisable to use the tenth mtercostal
space 1n order to avoud the disadvantages of cutting the costochondral arch
In a large number of panents however the cartlage of the tenth rib 15 un-
attached so that the ninch space may be employed. The diaphragm should
be messed wadely n the direction of 1ts fibers but not mto the esophageal
huatus. Because of the case with which 2 wide separation of the antenior por-
tion of the wound edges 15 obtamed, a somewhat shorter diaphragmatic
tnasion can be made when a thoraco-abdommnal masion 1s used than wath a
strictly thoracic approach,

The detatls of the technc employed i the actual removal of the spleen
need litle comment. The wide exposure provided by the manon makes 1t

relaively simple to deal with the adhesions between the upper pole and the
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dlfphraigm After these have been severed, the peritoncum lateral to the
splenic hulus 1s meised and the spleen 15 swung forward and medially The
gastrolienal higament 15 then cut and separate ligatures arc placed on the vasa
brevia The omental attachment at the lower pole of the spleen 15 severed

Perirenal ch\
i

Tumor

Peritoneum

———

:‘ : |"s;
At
1"40‘\\\\1"
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Lung L) Ry
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Diaphragm
the tenth mter-

Fig 143 Transthoracic nephrectomy for renal tumor Incision through
costal space on the nght side wich cnlargement mto the oblique muscles of the Abdommal
wall below the costal margm The beginning of the mcision mto the diphragm s shown

avord myjury to the splenic fAexure of the colon which some-
and vem arc

the tal

taking pams to
times lies unusually close to the spleen The splenic artery

within casy reach and can usually be higated mdividually The tp of
of the pancreas should be avorded.
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After the spleen has been removed all bicedmg pomts arc sccured with
higatures. The edges of the duphragm are approxumated with a single row
of heavy stlk sururcs and the wound 15 closed m the usual manner after ex-
pandmg the lmg Dramage of the pleural cavity 1 not necessary

Kidney

Liver,

Tumor/ 7 [ Diaphragm

Fig 144 Tramthoraac nephrectomy for renal tumor Further f the
Wostrated 143 sho ey s6ice conmplenon
i mﬁgm; wing wide exporare of the dueated kudney afier complenon

ADRENALECTOMY

EA thoracic or thoraco-abdomunal masion made cxactly as for the removal
ohchc spleen 15 of great value 1 the extirpation of tumors of the suprarenal
ghand. The technrcal detarls of the operation, once the aston has been made

?_Cpcud :Opon th: crcumstances m cach mdvidual case and do not require
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NEPHRECTOMY

A recent development n the field of urologic surgery 15 the adoption of
the thoraco-abdominal masion for nephrectomy. As experience accumy.

lates, 1t begins to be apparent that the exposure provided by this meision 55

A Splenic vein

Spermatic
veln

Splenic artery

Y/
. ‘%%Clamp on renal
»  artery

Renal ven

3 C D

Fig 145 Transthoracic approach for anastomosts between the end of lt)hc sp;cziio‘:lz]’:
after removal of the spleen and the side of the left renal vemn Exposure obtame o
a left abdommothoracic mcision mto the tenth mntercostal space with partial ma;;loxtl] o
diaphragm details of exposure and anastomosis A, Exposurc obmmfcd] cBﬁc[hSnc e
temporary occlusion of the renal ven using the Linton modification ;r t 1m0moSIS o
tourmquet. C, Posterior aspect of the anastomosis D, Posterior aspect of an
pleted, anterior suture beng mserted

often superior to that obtamned with cither the classical fank lmcxsm‘)'llll ;)]r]:i’z
transabdominal approach The rcasons for this are obvious to i ;(?SC \)rmchc d
used 1t They are principally that the kidney 1s casily and qmcd y ::S)Istn‘lctcd

and that the exposure of the renal artery and vem s direct and un
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The most striking cvidences of the advantages which result from the use of a
thoraco-abdommal inaston are observed m panents wath large renal tumors
or very adherent kidneys and 1n those with scoliosis when there 15 marked
encroachment upon the space avatlable 1 the flank. The only important
contraimdication to the use of this method 1 the presence of an acave pyo-
gene mfecuion which might lead to wound sepsis and empyema

The masion should be made through the tenth intercostal space with
suitable extension into the lateral muscles of the abdomunal wall. The dia-
phragm must be mased a short distance 1n the direction of 1ts fibers If an
unusually wide exposure 1s requured the tenth or cleventh nb may be re-
sected and the mcwon made through 1ts bed. The method 1s applicable n
cither the night or the left side (Figs. 143 and 144)

Except for the remarkable casc with which the structures of the renal
pedicle may be reached, the details of techmie employed n the removal of
the kadney do not differ essentially from those employed m a nephrectomy
performed through the classical inasion If dranage 1 requured the drains
are brought out through the flank and the masion 1 closed nghtly With
this exception the prmaples involved m the elosure are the same as for every
other thoracic or thoraco-abdominal mnasion

ANASTOMOSIS BETWEEN SPLENIC VEIN AND RENAL VEIN
OR. BETWEEN PORTAL VEIN AND THE VENA CAVA

A low thoraco-abdomunal mcision such as may be employed i the per-
formance of a nephrectomy 15 1deally suited to the cases of portal hyper-
tension which requure the creation of a venous shunt for the relief of bleeding
from esophageal vances. In the casc of a splenorenal anastomoss the masion
1s made on the [eft nde Wath a portocaval anastomosis 1t must obviowsly
be made on the rght. The tenth mtercostal space with adequate extension
mto the abdominal muscles provides an excellent exposure

The techmecal detadls of these interesing and important operations may be
sought clsewhere (Fig 145)
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SURGERY OF THE DIAPHRAGM

INTRODUCTION

The development of thoracic surgery has provided a new mmpetus for the
treatment of conditions of the diaphragm which were formerly either not
operated upon or only mmperfectly treated through an abdomunal approach
At the present time, with the single exception of hernia m the smus of Mor-
gagni, every surgical mtervention having to do directly with the diaphragm
can be more easily and more effectively accomplished through a thoracic
mcision Intratracheal mhalation anesthesia 15 requured to provide control of
the expansion of the lung while the chest 1s open A standard thoracotomy
ncision 1s used The choice between the mtercostal and rib resection technics
rests with the exigencies of the case and the preference of the surgeon For
a discussion of these details reference should be made to Chapter 3 In the
majority of mstances the best exposure of the diaphragm 1s obtamed through
the bed of the exghth rb or through the eighth mtercostal space Closure of
the mcision 1s made m the customary manner. Except under unusual
circumstances 1t 15 not necessary to dram the pleural cavity If, on the other
hand, there 1s reason to beheve that the lung may have been torn or other-
wise myured as a result of the necessity for freemg adhesions to the thoracic
wall, or 1f as a result of recent mflammation the adhesions arc unusually
vascular, 1t 15 wise to provide dramage through a catheter by the method

alrcady described m Chapter 2

CONGENITAL DEFECTS

Although the ctiology of certam of the conditions, the treatment of which
1s to be described, 1s not thoroughly established, 1t 15 convenient to group
them together under the heading of congenutal defects

Eventration

There 15 rarcly any occasion to operate for the correction of the condltlm;_
known as eventration of the diaphragm Patients who have mnvolyement o

onc cntire side of the diaphragm do not as a rule experience any sym
316
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from 1t and surgical treatment 13 only occasonally attempted. If 1t scems
wise to correct the situation which results from the unusually ugh position
m the chest occupied by the thinned-out diaphragm, the duaphragm can be
altered to an appreciable degree even though 1t cannot be made to function
10 2 normal manner This 15 accomplished by means of a senes of plicatmg
sutures of heavy silk placed 1n such a fashion as to shir up the flabby structure
reducing 1ts expanse and thereby dimimshing the size of the dome-shaped
curve. The same result may be obtained by overlappmg the diaphragm, thus
producing two folds each of which must be sutured with medium heavy
silk. In exther case the repair may be strengthened and made more permaneat
by weaving over the silk suture linc several strips of fascia lata obtained from
the uppermost thigh of the patient. A fascia stripper of the Wilson type -
troduced by an assstant through a short inasion just above the lateral
aspect of the panent s left knee provides a ready method of obtammg the
stnips whle the operation 15 1 progress

Localized small areas of eventration of the diaphragm are sometimes
encountered but are rarely the cause of symptoms They are usually seen at
operation etther as an incidental finding or as a result of mistaking them for
tumors or herniations. Ehmunation of the bulging area may be readily ac-
complished as previously described by the method of plication or by over-
lapping and suture.

Defects Resulting from Failures of Fusion

In all of the conditions grouped under the heading of defects of fusion
there 15 a localized aperture at some point 1n the diphragm through which
the abdomimnal contents may protrude into either the pleural cavity or the
medustinal space With one exception and possibly 2 sccond, these con-
difons may be classified as truc hernas because of the presenee of a peritoneal
s2¢ which prevents the abdomunal viscera from lying free m the pleural
cavity after they protrude through the opeming This distinction 1s necessary
1n ordet to understand the prmaples of the operations to be described. The
embryologic aspects though interesting are not a subject of concern 1n
this work.

Pleuroperitoneal Sinus (Sinmus of Bochdalek) Although this condition may
exist in etther ude of the diaphragm 1t 15 usually the subject of surgrcal
wntervention only on the left because of the fact that on the right the hver
prevents the passing through of any of the hollow abdomunal viscera. The
defect 15 usually m the muscular portion of the diaphragm not far from the
peniphery Tt not strictly speaking a hermia because of the lack of a sac of
perttoneal coverng In this condinion, therefore as well as m traumane
rupture of the duphragm the herntated abdominal viscera he uncovered

thin
rﬂn ti:u: pleural cavity These are the only conditions 1n whach this finding
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SURGERY OF THE DIAPHRAGM

INTRODUCTION

The development of thoracic surgery has provided a new mmpetus for the
treatment of conditions of the diaphragm which were formerly either not
operated upon or only imperfectly treated through an abdomumal approach

At the present time, with the single exception of hernia m the smus of Mor-
gagni, every surgical mtervention having to do directly with the diaphragm
can be more easily and more effectively accomplished through a thoracic
mncision Intratracheal mhalation anesthesia 1s required to provide control of
the expanston of the lung while the chest 1s open A standard thoracotomy
mnciston 1s used The choice between the mtercostal and r1b resection technics
rests with the exigencies of the case and the preference of the surgeon For
a discussion of these details reference should be made to Chapter 3 In the
majority of mstances the best exposure of the diaphragm 15 obtamed through
the bed of the eighth rib or through the eighth mntercostal space Closure of
the masion 1s made m the customary manner Except under unusual
circumstances 1t 1s not necessary to dramn the pleural cavity If, on the other
hand, there 1s reason to believe that the lung may have been torn or other-
wise mjured as a result of the necessity for frecing adhesions to the thoracic
wall, or 1f as a result of recent mflamumation the adhestons arc unusually

vascular, 1t 15 wise to provide dramage through a catheter by the method

alrcady described m Chapter 2.

CONGENITAL DEFECTS

Although the ctiology of certam of the conditions, the treatment of which
15 to be described, 1s not thoroughly established, 1t 15 convenient to grotp
them together under the heading of congenital defects

Eventration

There 15 rarcly any occaston to operate for the correction of the condition
known as cventration of the diaphragm Patients who have involvement 0

] . B 5
one entire side of the diaphragm do not as a rulc cxperience any symptom
316
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from 1t and surgical treatment 15 only occasionally attempted If 1t seems
wase to correct the situation which results from the unusually lugh posiion
m the chest occupied by the thinned-out diaphragm  the diaphragm can be
altered to an apprecuable degree even though it cannot be made to function
1n 2 normal manner This 15 accomplished by means of a senes of plicating
sutures of heavy silk placed 1n such a fashion as to shur up the flabby structure,
reducng 1ts expanse and thercby dimimishmg the size of the dome-shaped
curve The same resule may be obtamed by overlapping the duphragm, thus
producmg two folds each of which must be sutured with medium heavy
silk. In etther casc the repair may be strengthened and made more permanent
by weaving over the silk suture lin several strips of fascia lata obtained from
the uppermost thigh of the patent. A fascna stripper of the Wilson type m-
troduced by an asmstant through a short masion just above the lateral
aspect of the patient s left knee provides a ready method of obtanmg the
stmps while the operation 1s 1n progress

Localized small areas of cventration of the diaphragm are sometimes
encountered but are rarely the cause of symptoms. They are usually seen at
operation arther as an incidental findmg or as a result of mustaking them for
tumors or hernations Ehmunation of the bulging area may be readily ac-
complished as previously described by the method of plication or by over-
lapping and suture,

Defects Resulting from Failures of Fusion

In all of the condinions grouped under the heading of defects of fusion
there 15 a localized aperture at some pomnt m the diaphragm through which
the abdominal contents may protrude 1nto cither the pleural caviry or the
meduastinal space. With one exception and possibly a sccond, these con-
dinons may be classified as true hermas because of the presence of a perttoneal
sac which prevents the abdomumal viscera from lying frec 1 the pleural
vty after they protrude through the opeming This disnnction 13 necessary
1 order to understand the princaples of the operations to be descnbed. The
embryologic aspects though micresting are not a subject of concern 1
this work.

Pleuropentoneal Smus (Sums of Bochdalel) Although this condiion may
exist m ether side of the diaphragm 1t 13 usually the subject of surgical
tntervenuon only on the left because of the fact that on the rght the Lver
prevents the passmg through of any of the hollow abdommal wiscera. ‘The
defect 18 usually m the muscular portion of the diaphragm not far from the
penphery It 1s not stnctly speakmg a hernia because of the lack of a sac of
perttoneal covermg In this condmon therefore as well as m traumatc
rupture of the duphragm, the hernated abdommal viscera lie uncovered

withm the pleura]
it P cavity These are the only conditions 1n which this finding
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The reparr of a pleuroperttoneal sinus 1s a relatively stmple matter A stan-
dard thoracotomy mncision 1s made. The abdominal viscera are usually not
adherent and can be pushed mto the abdomen casily Once ths 15 accom-
plished, the defect can be closed m one of two ways. In the first, the cdges of
the opening are merely approximated by means of a series of sutures of heavy
sk This closure may be remforced with a sccond layer of silk sutures of
the Lembert type to mvert the sutured edges or by means of a strip of fascia
lata The second method of closure 1s to overlap the edges, with fixation m
their new position by means of two rows of suturcs, one along the edge

Fig 146 Sinus of Morgagn herma Diagram llustrating the characteristic }oc]':mon tn{
» costh
the hernia onfice which results from fatlure of attachment of the diphragm to the €os
cartilage of the scventh nb

which lies agamnst the mferior surface and the other along the cdge which
lics on the superior surface of the diaphragm  This method of closure l:
strong and rarcly requircs remforcement In either case, however, c]i( greatc
security scems to be necessary, a strip of fascia lata may be mscrte Sonre of
Parasternal Herma (Herma of the Sws of Morgagn; Herma of the | {’"au;s
Larrey) A herma through the parasternal space, commonly called “(:1?;] o
of Morgagni, provides the only occasion where an abdommal ﬂI’P;) o
usually superior to the transpleural exposure The condmon)cnn] L;l "
rected, however, from wichm the thoracic cavity. On the other hand,
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some mstances 1t 1 necessary to enlarge the abdomunal incimon across the
costal arch into the chest to make the operation successful (Fig 147) Thus
type of hernia may be encountered on exther the nght or the left nde of the
sernum  but 1t scems to be more frequent on the nght (Fig 146)

Dwston of costal
cartilages 687

Serratus anterior m \
Diaphragm Colon {trans )

ntercostal muscle

Fig 147 Smoms of Morgagm hernu. Exposure obtamed by the extension of the abdomumal
manon acrom the costochondral arch mto an mtercostal space to make an abdommothoracc
approach. In ths patsent the colon and omentum were mearceratsd withm the hern sc
:;_dcmﬂdnotbcpuﬂcdduwnmmd\cabdommunnld:mmonwumlngcd.hlax

the constricaon at the onfice of the sac war only partully succeuful becamse the contens
were adherent m the sac. Birnanumal mampolanon connstng of pushmg from above and
w&umbduwwumrvmmdummhcmumm&xabdomnmﬂx

ent viscera were then dissected free and the sac was excsed.

A subcostal masion may be used, but because of the possibility that 1t
may be necessary to enlarge 1t mnto the chest, 1t 15 preferable to make the in-
;‘;1:: I%ngnﬁlnﬂ over the upper portion of the rectus muscle parting the
h of the muscle to gain access to the peritoncum 1n the location of the

e, The abdominal awity 15 entered and the hernia opeming nto the
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chest 1s visualized In the average case the hermated abdomunal viscera, usually
the colon and omentum and occasionally a portion of the stomach, may be
pulled back easily mto the abdomen, leaving the edges of the defect free It
1s sometimes possible, by exerting traction, to pull the peritoneal sac down
so that 1t can be excaised, thus denuding the unattached portion of the edge
of the muscular portion of the diaphragm It 1s not necessary, however, to
msist upon this step because an adequate closure of the opening can usually
be made, leaving the hernia sac within the chest This does not appear to
cause complications or postoperative symptoms A series of sutures of heavy
silk 15 used to fasten the free edge of the diaphragm to the edge of the lower-

Sutures in divided costal
’ cartilages

First 277 IE
suture across
orifice Z

Fig 148 Sinus of Morgagni herma Same patient as m Figurc 147 The openng 15 shown
after retraction of the wound edges and excrston of the pertoncal sac of the hernn The dcﬂc;
i the daphragm was closed partly by sutures pulling the muscle cdges together, onic 0
which 15s shown, and partly by fixing the free edge of the diaphragm to the lower nb C‘]tr-
tilge after the divided cartilages had been reapproxtmated by the suturcs shown m the

drawmng

most costal cartilage, and nothing more 1s required except to close the ab-
dominal mcision m the usual manner.

Somectimes the contents of the herna arc so firmly adhcrcilt that it 1s 1
possible to reduce them mto the abdomunal cavity or to cflect a r‘cducnt?slz
cn masse by turnng the sac mside out In that casc, m order to nmklc a sn(m_
factory repair 1t 1s necessary to cnlarge the mcision mto the thorax, ; 1;“ Cl o
verting 1t mto an abdomiothoracic approach Thus step 15 accompls 1{c ‘ b=
extending the maision over the costal arch and obliquely upward :m(l nve,-
ward to the anterior axillary hine The cartilage 1s cut with a knifc or 103 to
scissors and the appropriate mtercostal space 1s metsed as far as neccsr

n-
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obtam access to the herma sac. Divasion of the cartilage 15 the most necessary
part of this mancuver (Fig 147) Occasionally however 1t 15 possible to
avoid cuttmg the arch by merely mahmg an masion through the wter-
costal space. In this manner with the aid of a nib spreader the hermia sac
can be opened and 1ts contents freed or mobilized by dissection and -
vaginated 1nto the abdomen. Once the sac and 1ts contents have been dealt
with, the repair can be made essentially as described above In closung the
maston, the mibs are held in position by means of pencostal sutures of
chromicized catgut. Heavy silk sutures or ware may be used to hold the ends
of the severed cartilage together (Fig 148) The peritoncum 1s closed and
finally the muscle fascial and shan layers arc approamated i the usual
manner

Failure of Crural Attachment Another conditon wiich results from the
fatlure of embryologic elements of the diaphragm to become properly fused
to their approprate attachments 15 the defect which results from the absence
of onc of the crura Thus rarely encountered condition gives rise to an un-
usually large form of herniation through the incompletcly formed esopha-
geal huatus. The principles of repair are essentully the same as for any pro-
noanced hernia 1 ths arca, but before this can be accomplished, the un-
attached portion of the diaphragm must be fixed m some manner to the
vertebral column This maneuver may tax the ingenmty and resourcefulness
of the surgeon, but by using long instruments 1t 15 possible to sew the muscle
edge to the fascual nvestment of the vertebral column wath heavy silk sutures
From thus point on the steps of the operation are exactly the same as m the
reparr of the usual hiatus hernua. It 15 difficult to concerve how this condition
could be adequatcly corrected through an abdomunal masion

Hiatus Herma

Hernution through the csophageal hiatus 15 the condition which 1s the
most frequent mdication for surgery of the duphragm. Two anatomic
varations are encountered. By far the more frequent 1s the so-called short
esophagus type Much less frequent 15 the type spoken of as para-esophageal
In order to explam the prinaples upon which the success of the operation
depends, a description of the anatonc charactensues 13 given 1 cach 1n-
stance before the treatment 15 described (Fig 149 A)

Short Esophagus Type (Shding) (Fig 149 A) In the majonity of mstances
of hutus herma the cardiac end of the stomach 1 pushed up through the
relaxed esophageal huatus carrying with 1t a portion of the fundus as the
condiion becomes more pronounced. As the hernmated porton of the
stomach nses hugher and higher 1t pushes upward allowing the esophagus
fo retract to an extent cquvalent to the amount of upward displacement
of the cardu. Thus the esophagus appears to be short when observed by
roentgenographuc studies and at operation. However m the majority of
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Fig 149 Digram illustrating the anatomic rclations of each of the t .

which may occur mn the reglon of the esophageal hiatus of the diphrgm ‘ll, Us;n‘lntr)mm
often spoken of 1s the “‘shore esophagus ty pe " Notc (1) that the cardia and 1d) ‘}c‘:",t,}!' i
of the stomach are pushed upward through the hiatus meo the chest, the CS”P(’ T \hﬂﬂ:
with the stomach but (with the exeepron of  truc congemtal sl)ormcss)lno'r;lc l‘:unnprlh‘
(2) that such 1 hermit s a shding hernn of the upper part nftl:‘c stomac \1\ '1 cl s
one side of the herma sic B, Infrequent ty pe, commonly called " pari-Lsop ‘;L‘ 1&“ pundles
term 15 parihinl beeause there s a sirind of tssue sometimes consisang ;.‘ ﬂ:( dnpheaem
of dinphragmitic muscle which holds the cardin down bclow the hiatus o ot
The hernia onfice comprises a defeet m the diphragm beside dhe ];1 1w, s:;) -
a part of it Through this a pertonual sac passes with the stomach or otiic
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mstances, the esophagus although apparently short, will stretch to 1ts normal
length as the herma 15 reduced On the other hand, 1 a very small per-
centage of patients the esophagus 15 congentally shore. Panents with this
condition have had since birth an abnormal arrangement of the viscera of
the upper portion of the almentary canal characterized by an esophagus
which may be no longer than onc half to two thirds of the length of
the mediastinal space and a transposiion of the cardia and cardnc end
of the stomach mto the lower mediasunum This condition 18 from the
first congenital whereas the ordinary case of liatus hermuia s acrually
acquired, although 1t may develop becausc of a congenutal weakness of
the huatus.

It 15 of great importance in the understanding of the condition and the
requurements of 1ts surgical repair to realize that hiatus hernia of the so~called
short esophagus  type (excluding the rare cases of congemtally short esoph-
agus) 13 actually a shiding hermia similar 1n mechansm to a shiding hermia of
the cccum m the mgumal canal. As 1 the latter condition the hermated
viscus m this mstance the stomach makes up one ude of the hernia sac
which 1n hiatus hernia hies mn front of the stomach with extensions around
cach side. If a cross section were made through the hernna sac 1t would have
the shape of the letter U wath the stomach lying inside of the curve

TecHNIC oF RepamR. Before the patient 1s anesthetized a Levin tube should
be introduced 1nto the stomach After the usual left thoracotomy incision
bag been made and the lung 1s retracted an mncsion 15 made through the
mediastinal pleura Usually the hernnated stomach and the sac can be seen
through this pleural reflection The diaphragmatc attachment of the pul-
monary higament 1s severed 5o as to give free aceess to the margin of the
hiatus The phrenic nerve 1s crushed to abolish diaphragmatic contractions.
A strand of heavy silk 15 then passed through the edge of the daphragm at
the apex of the huatus, This 15 held by an assistant to improve the cxposure
The lower csophagus wath the adjacent vagus nerves and the hemnia sac and
berniated portion of the stomach are freed by blunt dissection A few small
medistinal blood vessels and occasionally one or more lower esophageal
vews must be drvaded. The crura of the dinphragm which are now easily
visualized are freed of arcolar tissuc by onc or two sweeps of the finger
somctimes assisted by the sassors These prelimunary steps prepare the field
for the repar which consists of two important mancuvers

The first measure exsentual to the repair of a hnatus hermia 15 the eiminatton
of the peritoneal sac. In an uncomplicated case wath a sac of moderate size
this 15 accomplished by infolding and plication using as a rule a single row
of sutures placed arcumferentially (Fig 150 A) These sutures should not
mclude the wall of the stomach I enough sutures have been mserted and 1f
they have been correctly applied this row wall suffice to hold the hernia in 2
state of complete reduction with the cardia below the nm of the hiarus.
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mstances the esophagus, although apparently short will stretch to 1ts normal
length as the hernia 15 reduced On the other hand 1n a very small per-
centage of patients the esophagus 15 congenitally short. Patients wath thus
conditton have had since birth an abnormal arrangement of the viscera of
the upper pornon of the ahmentary canal characterized by an csophagus
which may be no longer than one half to two thirds of the length of
the mediasunal space and a transposition of the cardia and cardiac end
of the stomach mto the lower medumstunum This condition 15 from the
firt congenital whereas the ordmary case of hiatus herma 15 actually
acquired, although 1t may develop because of a congemital weakness of
the hiatus.

It 15 of great importance 1n the understanding of the condition and the
requirements of 1ts surgical repair to realize that hiatus herma of the so-called

short esophagus  type (excluding the rare cases of congenitally short esoph-
agms) 15 actually a shding hernia simular 1n mechamsm to 2 sliding herma of
the cecum 1 the ingumal canal As in the latter condinon the herniated
wiscus, 1n this instance the stomach makes up one side of the hernna sac
which 1 hiatus hernia lies in front of the stomach wath extensions around
cach side. If a cross section were made through the hernia sac 1t would have
the shape of the letter U wath the stomach lying mnside of the curve

TecunNIC oF REPAIR Before the patient 1s anesthetized a Levin tube should
be introduced nto the stomach After the usual left thoracotomy incision
has been made and the lung 1s retracted, an mncision 15 made through the
mediastinal pleura Usually the hermated stomach and the sac can be scen
through thus pleural reflecion The disphragmatic attachment of the pul-
monary ligament 1s severed so as to give free access to the margin of the
huatus. The phrenic nerve 15 crushed to abolish draphragmanc contractions
A strand of heavy slk 15 then passed through the edge of the diaphragm at
the apex of the hiatus This 15 held by an assistant to 1mprove the exposure,
The lower esophagus with the adjacent vagus nerves and the hernia sac and
herniated portion of the stomach are freed by blunt dissection A few small
medustinal blood vessels and occasionally one or more lower esophageal
vews must be divided. The crura of the duphragm which are now easily
vismlized are freed of arcolar tissue by one or two sweeps of the finger
sometimes assisted by the scissors These prelumunary steps prepare the field
for the repair which consists of two important maneuvers.

The first measure cssential to the repair of a hiatus bermua 15 the ehminanon
of the peritoncal sac In an uncomphaated case with a sac of moderate size
this 15 accomplished by mfolding and plicanion, using as a rule 2 single row
of sutures placed arcumferentally (Fig 150 A4) These sutures should not
wnclude the wall of the stomach. If enough sutures have been mserted and of
they have been correctly apphied, this row will suffice to hold the hermia 1n a
sate of complete reduction with the cardia below the nim of the hiarus.
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Occastonally with a rather large sac, a sccond row should be mserted Tlus
1s llustrated m Fig. 150, B

A Plication of the Sac

Suture in the
sac

Traction suture

Cardia

C Suture of Hiatus

! B second Plication
Layer

)
1
; e
: <
; Z Lk

b2

ng with a small sic by phcanon .1, Mammee i

hould be noted that they medude only the peri=
To mab ¢ this el referente
Cation sutres 18 18

r
" l}l.. hu!m oy U7

Lig 150 Hiatus herma Method of deals
which the plicavon sutures are mscrted Its
toncl reflccton and not the wall of the stomach beneath (
should be made to Mg 149, A ) B, In some cases a sccond fwver of pht
quired s shown €, Phecment of sutures m the dnphrigm to narro

proper size (sce tent, page 329)

major portons of the stomch

+ s1c 15 unusually large, as when the *
If the sac 15 unust g e b onced

and sometimes loops of mtestme and portons of onent
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through the huatus i advanced cases, 1t 15 usually necessary to remove 1t
{Fig 151) To accomplish thus esther of two methods may be employed. In
the fint method the ennre procedure 15 performed above the daphragm
The sac 1s dissected free and excsed leaving the edges of the peritoncum at
13 base to be approxamated with a row of sk sutures placed close together

Large Hernia Sac

Hernia

Pulmonary
ligament

Aorta Esophagus

hg 151 Hiatus berma. Large sac reqmong excison. The drawing represents the a
z;Ofd'rnclﬁzrluocumﬂ.commmgofapomon of the lwmcf};:mpg;
the omentm, had besn reduced mto the abdomen. The relanon of dus sac to the
‘ﬂmtmﬁmofthearducmdofthcmmadm&mnmcumdmmnhcwnmﬁgm:
130, 4 The duffecence lies oaly 1n the size.

[(’If:lngISZ) O;:nomﬂy 1t may be posmble to transfix and tic a large pornon
2c with a aingle hgature, Th der 13 then obly -
o gcrga ¢ remainder 18 then oblterated by plica
Under unusual arcumstances when the reducnion of a large hernia 1s
Wh:{:k or when 1t 13 impossible to hold the viscera below the diaphragm
the repair 15 being carned out, the second method of surmounting the



326 . THORACIC SURGERY

Large Sac  Method |

[}
k
g
-
L 18
1
A 3

y  Pericardium

R B\ . Pulmonary
\ % . ; ’ ligament

Fig 152 Hiatus herma Large sac, repair method onc Removal of the sac withmn the chfo.:srt
and without countermesion m the diaphragm A, The emptied sac held m rcadmclrss 01
opening and excision Note 1ts relation to the stomach B, The opened sac showing the 1?3]10
orfice at the neck of the sac and the start of the excision by cuttng along the marg;‘n ]o e
orifice with closure of the aperture using ordmary silk sutures C, The exciston of t ;;:‘ e
and closure of the opening are almost complete It 1s to be noted that after the cxcess i
sac has been removed 1n a case such as this, one or more layers of plication sutures may
be required to maintain an effective reduction of the hernna (see text)

101
difficulty 1s used A short countermciston 1s made 1n the muscul?r Ilaortthc
of the diaphragm several inches away from the hiatus Throug C11 tnlcls e
hermated viscera are pulled back mto the abdomen As this 1s done,
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perrtoneal sac 15 likewnse drawn down and mvagnated so that 1t 1s almost
completely chmmnated so long as the stomach 15 held firmly within the

Large Sac  Method 2

A
Invaginated “
sac_/
Stomach :
Finger in
\\ hiatus
\\ Escphagus
\ /
Duaphwagm’
B )
- \ / Sac (partially
excised)

i
Perrtoneal closure

—h

Fg. 153 Hute herna. Large sac, x method
epatr two A A countermesion has been
ﬁ through the duaphragm away from the huatus and the sac nvaginated and drawn down
Emn‘hc abdomen where 1t hies 1 fromt of the upper antentor surface of the stomach. B
on of the sac and closure of the pentoneum from withm the abdommal cavity Note
ﬁunc‘é\:mu:;ﬂ:mchcdanddwranzmdcrofdxcrcpaucfd:ch:muummpktcd

iﬂomm Permanent ablation of the sic under these conditions can be ac-
mplished from the abdomunal side esther by phcation or by excision and
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closure of the defect (Fig. 153). Further remforcement should be obtamed
from the thoracic side by a row of sutures placed m the retroperitoneal
fascial layer

The second important measure to be accomplished m the repair of 2 hiatus
herma 15 the narrowing of the hatus to a proper size (Fig. 150, C) This
should be made small enough to prevent a recurrence of the hernation and
still not so small that 1t might constrict the esophagus Heavy silk 1s used and
the sutures are placed across the huatus on each side of the esophagus Because
the long axas of the hiatus 1s usually oblique, ponting toward the dome of
the diaphragm, the sutures are actually right anterior and left posterior
relation to the esophagus, rather than strictly anterior and posterior The
correct size of the opening which should remam after the narrowmg has
been completed may be estimated by mserting the mdex finger beside the
esophagus 1 the postertor portion of the hiatus where there 1s no obstruction
resulting from the ablation of the peritoneal sac If, with the Levin tube mside
the esophagus, the finger can be accommodated easily without much en-
croachment on the esophagus, there will be no danger of constriction and yet
a degree of narrowing sufficient to produce the desired result will have been
attamed The repair may be further reinforced by an additional suture of
fascia lata obtamed from the left thugh, but this step 1s rarely necessary

When 1 the repair of a hernia of unusually large size 1t has been necessary
to make a countermciston to mamtain reduction while the repair 1s accom-
plished, the closure of this additional mcision 1s made by means of mterrupted
silk after the viscera have been replaced within the abdomen Under certain
circumstances 1t will be found that there 1s a tendency for the muscle to
tear as the silk sutures are tied. This occurs erther because of the obesity of
the patient or because the abdominal cavity m the case of an unusually large
hernia 1s too small to hold all 1ts contents, some of which have been lying
for many years i the thorax When this situation arises, the attempt to close
with silk should be abandoned and one or more strips of fascia lata should
be employed mstead. This material 1s strong and, because of the large
breadth of the strips, does not cut through the muscle fibers

Once the hernra has been repaired, the edges of the mediastmal plcurfafﬂrc
drawn together and reattached to the draphragm with a few suturces 0 llmc
silk, the strand of silk used for traction 1s withdrawn, and the chest wa 1?
closed 1 the accustomed manner (Fig. 154) Dramage of the left plcur:zl
cavity 1s employed only if there 1s a possibility that the lung has been m{) l::i ’
while separating adhesions or if there 1s reason to expect a Jarger scros:

umeous effusion than normal
¢ Special mention should be made at this pomnt of the mfrcqlgc;)t Sf;::;iﬂ
where the esophagus 1s congenutally short and the cardiac end of the gc oy
lies transposed within the mediastinum This type of herna camcllotl e
m the anatomic sense The esophagus cannot be clongated and the ¢
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cnnot be reduced below the diaphragm. Nevertheless the symptoms can
be relieved n many pasents who have this condition 1f the herma sac 15
dissected free from the stomach and enther infolded by phcation or exaised
m order to chmmate the pinching of the peritoncum by the edges of the
huatus The operation 1s completed by narrowing the huatus to the appropr-
ate size, but no attempt to alter the location of the cardia and stomach or to
duplace the daphragm upward need be made.

Fig. 154 Hutws herma. Appearance of the regron after the repar has been completed
showng (1) the satured countermamnon m the duphragm (only m certam cases with a large
1<) (2) the resppheanion of the duphragmanc pleura to the margm of the hatus and (3)
dmﬁcf&:lmgthmxmmmdxplmn.

Pdfﬂ-ﬂophagcal (Parahuatal) Type (Fig 149 B) In the relatvely rare type
of huatus hernia usually referred to as para—csophageal, the cardra docs not
1ise above the level of the diaphragm and as a result the esophagus retams
165 normal length and position. The only part of the stomach which partica-
Pates m the herna, at least untl the condition becomes far advanced, 13 the
fundus. As the hernia enlarges more and more of the stomach, including the
T and sometmes even the antral portion 15 pushed up mnto the chest.

cardua, however remams fixed below the duphragm and often 1 ad-
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vanced cases actually lies-beside the pylorus which 1s drawn to the lefi by
the ascent of the fundus and body of the stomach It 1s characterstic of this
condition, also, that as the hernsa enlarges, the stomach rotates and ultimately
Lies wath 1ts greater curvature uppermost at the top of the hernia sac, giving
nise to the popular term “upside-down stomach ™

Another important difference between the para-esophageal and the so-
called short esophagus types of hernia 1s that the former 1s not a shding
hernta The sac m this vartety consists entirely of a protrusion of the pen-
toneum through the aperture, and the stomach lies free within 1t

The reason for the difference between the two varteties lies m the fact
that m the para-esophageal type a narrow portion of the muscle, often con-
sisting of only a few bundles of fibers, remamns between the herma and the
esophagus, whereas in the majority of mstances all the bundles are pushed
aside to make way for the protrusion of the hernia through the hiatus Thus
although the hernia orifice may be wide and the sac exceedingly large, there
remams 1 effect an esophageal hiatus of relatively normal size The para-
esophageal hernias are therefore technically not hiatus hermas It 15 more
nearly correct from the anatomic pomt of view to call such a hernia para-
hiatal than to speak of 1t as para-esophageal

In some mstances a combination of both types may be obscrved mn the
same patient with a large parahiatal sac and a small shding hernia through
the hiatus

Tecunic oF Repar  Although hernias of the paraluatal type comprise
some of the largest herniations through the diaphragm which may be ob-
served, they are usually more easily repaired than those of the shding hiatus
type The sac can usually be freed readily and unless the contents arc m-
carcerated, the stomach or other viscera which lic within are casily reduced
mnto the abdomen The sac can then be excised It 15 a frequent occurrence to
find that after 1t has been freed completely, the sac can be transfixed and
hgated 1 as satisfactory a manner as i many cases of mgumal hernia The
defect m the diaphragm 1s then closed with heavy silk The operative techme
1 cvery other respect resembles that employed n the usual type of herma

DEFECTS RESULTING FROM INJURY

Traumatic Rupture. This condition 15 encountered more frequently on the
left side than on the nght The rupture may be localized and n the pCI‘lphCl:y
of the diaphragm, or 1t may be large, irregular an shape, and may often lc\—
tend completely across the diaphragm mto the csophageal hratus Un Ci;
the operation for 1ts repair 1s performed soon after the mjury, the abdon;(m]- '
viscera which were forced through the opening mto the thorax arc h c}(
to become adherent to the raw edges of the torn muscle In the pleura
cavity, however, they lic free and arc almost never adherent to the hll)ng FSZ
pericardium It 1s a striking sight on opening the thoracic cavity to obse
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the stomach, loops of mntestine, and all or a portion of the omentum lymng
uncovered beside the lung wathun the chest.

In pauents who are operated upon soon after the acadent, a search should
be made for rupture of the spleen and evidences of imjury to other abdomunal
viscera. In many carly cases the signs and symptoms of an mjury to an ab-
dommal organ particularly the spleen, provide the mdication for immedsate
operation. In others when the abdomen does not participate 1 the myury
the most frequent deciston 15 to postpone surgery  The operation 1s thercfore
performed at a time of clection These considerations are important n plan-
nmg the correct surgical approach Obviously 1f there 1s the possibility that
a hollow viscus may have been mjured a laparotomy provides the best
access to all the organs which should be explored. The decision whether to
sutarc the lacerated diaphragm at the same operatton 1 cases of severe
mjuries to the mtestines must be based on the arrcumstances 1n cach mstance.
If only the spleen has been mjured  the ruptured draphragm can be sutured
at the ume of the splencctomy 1f the condition of the patent permuts. If
there 15 doubt, however this part of the procedure should be postponed.
If one can be certam 1n a case of ruptured diaphragm that there 15 nio real
prospect of an mjury to the mntestines the operation can be carmed out most
casily and expedrtiously through a thoracic maston which can be enlarged 1f
necessary by extending 1t across the costochondral arch into the muscles of
the abdominal wall

When the mnjury 15 not recent and there 15 no reason to investigate the
lower abdommal viscera the best approach 1s without question through the
lower thorax In the majority of wnstances this sitvation prevatls so that the
occastons for employing the abdommal approach are unusual

Tecewc. A standard thoracotomy masion 1s made through the caghth
intercostal space or the bed ot the eighth nb depending on the age of the
patient and the arcumstances of the case The abdommnal viscera are freed
of any attachments which may have resulted from adhestons to the edges of
the rent m the draphragm and pushed down into the abdomen When the
acadent 15 a recent onc a search 15 made for other myunes such as rupture
of the spleen and lacerations of the lung liver or stomach Thesc are dealt
with 1n the appropriate manner

opemung m the diaphragm 1s closed with mterrupted sutures of heavy
silk and, i necessary the closure can be strengthencd further by mter-
Weavmg a stnip of fascia lata as may occasionally be done 1 the repair of a
haarng bernia,

Temporary duaphragmatic paralyus induced by crushing the phremc
nerve cloe o 1ts termmation 1 the daphragm 1s usually advisable to favor
tmobstrucred healmg The Iing 15 then expanded and the chest wall 1s closed
Closed catheter dramage 15 advisable at least 1n cases of recent inyury where
alarge amount of serosanguincous effusion 1s to be antiaipated
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Penetrating Wounds Lacerations of the diaphragm are frequently observed
as a part of the complicated mjury produced by penetrating wounds of the
lower chest There are almost mvariably other serious mjuries to the lung,
liver, spleen, kidney, stomach or colon, or even the small bowel Thesc
must be dealt with according to the exagencies of the case. The repair of the
diaphragmatic mjury under these circumstances assumes a munor im-
portance and 15 carried out 1n the same manner as repair of a traumanc

rupture The principles outlined above should be followed.

THERAPEUTIC PARALYSIS OF THE DIAPHRAGM

Therapeutic paralysis of one side of the diaphragm can be accomplished
by crushing or cutting the homolateral phrenic nerve at any appropriate
level m 1ts course through the neck or mediastinum When postoperative
mactivity of the diaphragm 15 desired as an adjuvant part of the surgical
procedure, as for example to assist i the obliteration of the pleural space
after pneumonectomy or to avoid tugging upon the stomach after esoph-
agectomy, the phrenic nerve 1s crushed with a hemostat at some pomt
within the chest A conventent site for crushing 1s the termmal portion of
the nerve where 1t leaves the surface of the pericardium to enter the dia-
phragm If regeneration of the nerve 1s to be prevented, as after pncumonec-
tomy, 1t 15 desirable to crush the nerve at each of several levels withm the
chest, such as 1 the upper mediastinum, 1n the nuddle of its course withm
the thorax, and close to the diaphragm

When paralysis of one side of the diaphragm 1s required as an independent
procedure, the phrenic nerve 1s mterrupted at a conventent pomt withmn the
neck This operation 15 a simple one requirng for 1ts performance merely
an accurate knowledge of the topographic anatomy of the cervical region

Technic Local anesthesia induced by mnfiltration of procame hydrochloride
solution (1 per cent) mto the skin and subcutancous tissues 15 used An
mcision approximately 3 mches long 1s made about 1 mch above the clavicle
and roughly parallel with that bone The midpomt of the mcision should
lie over the posterior margm of the sternocleidomastord muscle (Fig 155)
The subcutaneous fat and the platysma muscle are divided, exposing the
sternoclerdomastord muscle bencath the anterior half and a pad of fat and
deep fascia beneath the posterior half of the meision The postertor margin
of the sternocleidomastord muscle 1s freed by dissection and a small re-
tractor 1s wmserted The cdge of the muscle 1s displaced medually a short
distance, exposing the deep cervical fascra which covers the anterior scalenc
muscle. At first the muscle 1s not visible but 1t can be 1dentified by palpation
with the finger A pair of curved scissors 1s used to open and spread apart the

decp fascia and overlying fat, whercupon the thin ghstening fascial 1nvcst(;
ment of the scalenc muscle 1s scen Immediately beneath this membranc an
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direetly on the anterior surface of the muscle lies the phrenic nerve It cannot
be mistaken for any other nerve m this arca because of the fact that 1t crosses
the antenor scalene muscle m an oblique direction to assume a more and
more medial posion the lower 1t descends mn the nech.

If the above procedure 1s followed the only difficulty which may be en~
countered results from the occurrence of 2n anomalous course of the nerve
which may he along the medial border of the muscle or may sometumes be

Incision

Antenor scalene muscle

Phrenic nerve

Sternocleidomastod
muscle (retracted)

' Deep fosaa Transverse cervical artery

dﬁg- 155 Intracervical phrenscotomy for paralyss of the duaphragm, showmg the line
‘mmdhiﬁccxpmm\:oﬁh:nmc:cdxpomrwhcrcxtutobcmmmpmdbythc

actually cmbedded among the muscle fibers. Likewnse the possible presence
of sccessory branches should be kept in mind. By carcful disscction these
an usually be resolved by finding the aberrant trunk or dis-

©venng the presence of anomalous branches
[fthe Surgeon 15 uncertain about the identity of the nerve trunk which he
to be the phremc, he has merely to grasp 1t gently with a forceps
cupon the twitchmg of the duphragm and the pan over the top of the

1
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shoulder which the patient experiences will reveal the fact that the correct
nerve has been 1solated The nerve 1s then 1njected with procame hydro-
chloride solution to render the conclusion of the operation panless

If a temporary paralysis of the diaphragm 1s sought, the nerve 1s merely
crushed thoroughly with a hemostatic forceps for a distance of about 14
inch along 1ts length Whenever a permanent mterruption of the nerve 1s
desired, the nerve 1s cut and the distal end 1s grasped securely wath a straight
hemostatic forceps which 1s then rotated several turns, winding up a consid-
erable length of the distal segment of the nerve upon its jaws When a
sufhicient Jength of the nerve has been drawn up 1 this manner, the trunk 1s
cut and the lower end allowed to drop back mto the mediastinum By ths
means a long segment of the nerve can be avulsed, thereby precluding with
certainty any subsequent regeneration This operation of phrenic nerve
exerests, though widely used at one time, 1s rarely performed 1n the present
day.

zﬁer the nerve has been crushed or a section of 1t removed, as the case
may be, the masion 15 closed with a layer of fine suture materal m the
platysma muscle and a second layer 1 the skin For the latter purposc,
especially m young women, a subcuticular suture may be chosen to avoid
the unsightly appearance of stitch holes 1n the skin

There 15 no special problem m the after—care of the patient.
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bemgn tumors of, intramural, excsion
of, 254
local excision of, 254
blood supply of, 8
chemical burns of, as mdication for esoph-
agectomy, 287, 288
closure of acquired fistulas of, 236
of mcision 1n, general considerations re-
gardmg, 231
congemtal atresia of, operations for, 239
congenitally short, 323, 328
relief of symptoms by operation, 329
dissection of, with mobilization of stomach,
m subtotal esophagectomy, 283
excision of distal segment of, with mobili-
zation of stomach, in operation for
congemtal atres;a of esophagus with
tracheo-esophageal fistula, 243
of diverticulum of pharyngo-esophageal
junction, 246
after-care, 249
one-stage procedure, 246
two-stage procedure, 250
myury to, as factor m operations withu
mediastinum, 186
lower, and cardia, operation for carcnoma
of, 265
techmcs, 266-280
nmudthoracic, operation for carcinoma of,
280
operations on, 228-294
anesthesia for, 230
classification, 234
followng trauma, 234
for carainoma, 256
for congerutal atresra with tracheo-
csophageal fistula, 239
after—care, 246
one-stage procedure, 240
two-stage procedurce, 242
for localized strictures, 235
for webs, 235
general operative considerations, 231
local, for benign lesions, 235
outline of procedurcs, 234
usce of Levin tube 1n, 232
physical charactenstics of, 228
stricture of, local rescction and end-to-end
approumation, 236
plastic enlargement of, 236

INDEX

Esophagus, supenior mediastinal segient of,
operation for carcinoma of], 283
surgical approach to, 230
suture of perforations of, 234
Eventration of diaphragm, 21, 316
Exasion of benign tumor of bronchus, 180
of esophagus, 254
of proximal half of stomach, 297
of bronchopulmonary segment, 252
ofdiverticulum, pharyngo-esophageal junc-
tion, 246
after-care, 249
one-stage procedure, 246
two-stage procedure, 250
of esophageal web, 236
of mtramural benign tumors of csophagus,
254
of portion of lung, 151
of sternum for tumor, 82
of supradiaphragmatic diverticulum, 250
Extracardiac shunt for congenital pulmonic
stenosis, 209
for relicf of pulmonary hypertension n
mtral stenosis, 205

FiBrOMAS, neurogenic, of mediastinum, c\-
asion of, 191
Fissures of lungs, dissection of, m extirpation
of all or parts of, 143
Fistula(s), bronchial, closure of, 180
bronchocutancous, m dramage of lung
abscess, 182
bronchopleural, m empyema, 180
1 lobectomy or pncumoncctomy, 181
esophageal, closure of, 236
esophagobronchial, closure of, 237
esophagopleural, closure of, 236
esophagotracheal, closure of, 237
techmc, 238
trachco-csophageal, closure, establishment
of cervical esophagostomy and gas-
trostomy followed by sccondary
restoration of continuity, 242
with primary anastomosis, 240
Flud accumulrtions i pleural space, mnage-
ment of, after csophigectomy,
291
after pencardiolysts, 199
after pulmonary surgery, 178
in pleural cavity, management of, 119-124
Forceps, bone-cutting, 54

hemostatic, 56
Fractures of ribs Sce Rubs, fractures of
“Funnel chest,”” operative correction of, §7-93
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Gasmecromy dstal parmal, 310

partul, and csophagectomy with low 1o~
trathoraac esophagogastnic anastomons,

265
proximal parthl, 298
toal, 298
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Hernha, huatus, of duphragm, 321 See alio
Hiatus hernia.
of sinus of Motgagni, 318
of space of Larrey 318
parasternal, of duphragm, 318

Hemlanon through diaphragm, ates of 21
inchudng splenectomy and parpal pan-  Hiatus herniz, 321
createctomy  techmic, 301 paracsophageal type, 329
technic, 300 technic of repair 330
Gastic op in which mansthorzac ap- hatal type, 329

proach u preferable 297 technic of repair 330
toansthoradic, 296 thort esophageal type, 321
afeer-care, 311 techue of reparr 323
nciton, 296 liding, 321

ordinarily performed through ab- technic of reparr 323

dommal memons, 309 Hilis(i) of lumgs, 15

thoradc vagectomy techmic, 226
through transthoraac inclsion, Sec Gastro-

Gastropejunostomy 310
Gastrostomy  throogh transthoraaic incnon,
310

excloon of, 86
Grafty, fap to cpicardiam, 204
Groove, Harmsoa s, 1

Hamason’s groave 1

Heart, 8
scqured disorders of, operations for 203
establnhed
unestablished 203

dosure of septal defects of, 203

cougenital dnorders of, operatoas for 203
establnhed procedures, 203
uncstablished procedures, 203

dmsection of structures of, m exurpadon
of all or partx of lung, 144
left, amtomy of, 18
night, anatomy of, 15
Hypertension 1n pulmonary cirant, opera-

toas to overcome, 204

INcTsTONS anterior for exposure of heart and
peticardrum, 78

affer—are, 80
medustinotomy 75
afrer—care, 78
mdicarons for 75
techme of 75
anterolateral intercostal, 73
indications for 73
technuc of, 74
m extirpation of all or parts of lung, 139
mtercostal and rib resection m major thora-
cotomy relative menss of, 63
pericardsectomy 79
penicardiostomy 78
pcda:d.\ommy 78

extraction of foreign bodies from, 209 1, m major th y 64
wmprovement of vasulinty of myo- st:mum—rpli:dng s

crdnmm by operation, 203 after—care, 78

musde, stimulinon of, i treatrnent ot technic of, 75

cardue sevest, 202 thosacie, 5980 Sec also Thoracle bicirions
operations on, 202-209 abdominal operations pertormed through,
penctmating woands of, cardrorrhaphy for 295

208 thoracotomy major 62

rerncitation of. See Cardlac @rest. dosure of, 70

samuliton of, as factor m operatd larg of, 70

within mediastinum, 184 munor 59
Hemostatic forceps, 56 muscles transecred m, 6
Hemeothorax, a1 indianon for 64

recurmmg,
operative treatment, 116
traumane, operations for rebef of, 127
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Instruments used m thoracic surgery, 53-58
bone mstruments, 54 ‘
mstruments for vascular surgery, 58
retractors, 55
special nstruments for general use,

56
Intercostal arteries, 4
ncision, 67
muscle, 4
nerves, 4
ijury to, i major thoracotomy, 72
spaces, 3
vewns, 4
Interruption of patent ductus artenosus, 216

LARREY, space of, 21
herma of, 318
Laryngeal nerves, recurrent, 11
cxposure m cervical esophagectomy,
259
myury to, as factor in operations
within mediastinum, 185
Lateral position, 45
mndications, 45
Leakage from mmjured thoracic duct, opera-
tions for, 224
1n esophagectomy, prevention of, 281
Levin tube, use m esophageal surgery, 232
Ligamentum arteriosum, 19
division of, 1 operation for double aortic
arch, 216
Ligation of coronary veins, 204
of thoracic duct, 224, 281
Lingulectomy, 152
outhine of procedures 1, 165
Lobectomy See also Lung, extwrpation of all
or parts of
and pncumonectomy, comparison of pro-
cedures 1, 159
bronchopleural fistula as complication of,
181
lower, outhne of procedures m, 166
middle, outhne of procedures i, 165
modern technic, 156
outline of procedures in, 164
tourmquet method of, 167
upper, outline of procedures 1, 164
Ludwig, angle of, 2
Lung(s), 12-20
abscess, bronchocutancous fistulr 1s com-
plication of, 182
dramage of, 136
after-care, 139
technie, 136

INDEX

Lung(s), abscess, mcision of cavity, 137

localization of, 136
problems m extirpation of lung 1n, 170
adhesions, division of, 140
transllumunation 1n, 140
arteries of, 20
basal segments of, 14
biopsy of, 179
decortication of, m chromc empyema,
125
techmc, 125
extirpation of all or parts of, 139
anesthesia n, 139
closure of bronchial stump 1, 147,
148
of spacc wathin pleural cavity, 150
dissection of fissures m, 143
of structures of hius of lung m,
144
division of adhesions 1, 140
of bronchus 1, 146
dramage of pleural cavity, 150
general principles, 139
incision 1n, 139
hgation and division of pulmonary
vessels m1, 145
position of patient m, 139
special  considerations  rclative  to
type of operative procedure, 151
technical problems m speafic dis-
cascs, 168
fissures of, dissection 1 eatirpation of all
or parts of lung, 143
hil of, 15
disscction of structures of, in extirpation
of all or parts of lung, 144
left, anatomy of, 18
night, anatomy of, 15
mjury to, as ractor in operations within
mediastmum, 186
left, anatomy of, 14
lobectomy, modern technuc, 156
lobes of, 12
absence of, 13
local exaision of portion of, 151
operations on, 136-183 )
pncumoncctomy, modem  techme, 158
removal of foreign bodics from, 182
night, anatomy of, 13
segmental cxasion of, 152
rescction of, 152
scgments of, 13
suture of, 1n tension pncumothorm, 129
vems of, 20
wedge exasion of, 151



INDEX
Lymph nodes, removal with lung, 145
wrthin medustinum, 11

MANUBMOGLADIOLAR Juncton, 2

Manoboom, 2

exanon of, for mahgnant tumor 85
after-care, 86

Masage, carhac, tedmic of, 201

cysts of. See Cysts of medastinunt
neurogenic fibromas of, exaston of 191
operanons withmn, 184-227
effect of dininished pulmonary volume
184
of mjury to hlood vessels, 186
to bronchy, 186

of heart and aorta, 184
of vagus nerves, 185
geoeral principles of, 184
prmary numors of, exason of 187
structures wathin, 7

tumon of, solid, exanon of, 190
Morgagn, mow of, 21
herm of, 318
Muscle(s) divinon of in speafic Incinans, 6
beart,

stmulation of, I meatment of
crdnce arrest, 202

mtercostal, 4

of thorax, 46

transected in thoracotomy maslows, 6
Myoardmm, op P s

calanty of, 203
N;E?‘;TDMY thoraco-abdomiml approach

41

Nerve(s) arduc regolatory stimolation of
as factor in operatons within medas-
tinum 185

intercosaal, 4
myary to in major thoracotomy 72
of mediastinom, 9

recurrent laryngeal, 11
mjury to as factor i operations
within medustinum, 185
splanchnlc, 11
sympathetic tnumk, 11
vagus, 10
stumulation of as factoe 1 operattons
within medusstinum, 185
Neurectomy cardiac, 204
Neurogenic fibromas of mediagmum, ex-
anon of, 191

Ormma1ion(s) sbdormmal pnfouncdd:mugh
thoracic fnasions 295
Blalock, 213
for ancarysm of thorow sora, 224
for carcinoma of cervical segment of
esophagus 256
of lower esophagus and cardua, 265
technics, 266-279
of midthorac segment of eophagws,
80

of superior medustimal segment of
=% 283
for cardnac injury 208
for coarctation of aorta, 220
for keakage from myored thoracie duct, 224
for transpoution of great vewsels, 224
for trauma to chest wall, 115
after-care, 116
gastne, 1n which transthorzac approach &
preferable, 297
ordmarily  perfarmed
through abdommal nenions, 309
on duphragm 316-334
oa csophagus, 228-294 Sce abo Esophagus
operations on
on great vench, 209-224
establshed procedures, 209
upestablished procedures, 224
on beart, 202-209

on pencardhum, 195-199
on pleural cavity 119135
on thoraaie wall, 81-118
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Operation(s), postponement of, after cardiac
arrest, critena for, 202
Potts-Smuth, 210
technic, 210
within mediastinum, 184-227

Operative prnciples, general, in thoracc

surgery, 44-58
technic, general, details of, 48-53
Oxygen, admunistration by face mask, 176
by nasal catheter, 177
by oxygen tent, 177
use after pulmonary surgery, 176
Oxygenation, maintenance of, m anesthesia
for thoracic surgery, 44
1 treatment of cardiac arrest, 201

PancoasT tumor, 173
Paracentess, pericardial, 195
Paraffin plombage, 113
after-care, 114
technic, 113
Paralysis, therapeutic, of diaphragm, 332
Patent ductus arteriosus, interruption of, 216
Pectus excavatum, 1
correction of, 87-93
after-care, 93
technic of major operation, 89
of munor operation, 88
Perforations of esophagus, suture of, 234
Pericardial cavity, operations on, 195
pericardiostomy for dramage of, 195
Penicardiectomy, after-care of, 198
for constrictive pericarditis, 195
masions for, 79, 196
technic of, 196
Pericardiostomy for dramnage of pericardial
cavity, 78, 195
Pericardiotomy for operations on heart, 78
Pericarditis, constrictive, pericardiectomy for,
195
Pericardium, 8
antenior mcstons for exposure of, 78
casion of cysts of, 199
of diverticula of, 199
operattons on, 195
Periosteal clevators, 54
Phrenic nerves, 9
terruption of, techme, 332
Phrenicotomy, technic of, 332
“Pigeon breast,” 1
Pleur, 12
Pleural cavaty (1cs), 2
accumulation of flurd m, management of,
119-128, 178

INDEX

Pleural cavaty (1es), closure of space withm, 1
extirpation of all or parts of lung, 150
drainage of, i extirpation of all or parts
of lung, 150
management of air 1, 128
operations on, 119-135
Pleuropentoneal sinus, 21, 317
technic of closure of] 318
Pneumoncctomy See also Lung, extirpation
of all or parts of
and lobectomy, comparison of procedures
m, 159
bronchopleural fistula as complication of,
181
modern techmc, 158
outhine of procedures 1, 164
Pneumonolyss, closed, m treatment of com-
plications of artificial pneumothorax, 131
open, 1 treatment of complications of ar-
tificial pneumothorax, 134
Pneumothorax, artificial, admmnustration of,
technie, 130
complications, 130
surgical treatment of, 131
diagnostic, 130
operations using, 130
therapeutic, 130
extrapleural, 112
after-care, 113
technic of, 112
spontancous, reexpansion of hung m, 129
tenston, operations for, 128, 174
Portal vein and vena cava, anastomosts be-
tween, 315
Positson of patient on operatng table, 4447
1 extirpation of all or part of lung,
139
lateral, 45
prone, 47
supine, 46
Pott’s discasc, kyphosis i, 1
Potts-Smith opcration, 210
technic, 210
Poudragg, ntrapericardsal, 204
Pressurc changes, mntrathoracic, after pul-
monary surgery, 175
Prone position, 47
indicauon for, 47
Pulmonary arcuit, hypertension i, operas
tions to overcome, 204
collapse, exaston of ribs for (thoracaplsty )
97
rib resection with additional procedures
for nduction of, 112 _
surgery, postoperatnie carc i, 175
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Pulmumryvusch.hgmnnmddlvinmoﬂ

m extirpation of all oe parts of lmg 145

volume d kshed, as factor in
within medfasonum, 184

P

RACHITIC rosary 1
Reflex, vago-vagal, 185
Reml and splomc vems, anagtomous be-
tween, 315
Resection of distal porion of stomach with
gastrojeyumal anastomosts, 310
of prommal porton of stomach with
c anastomons, 298
scgmental of lung 152
Resmataton, cardic, 199 See also Cardiac
arest.
Retractors, 55
Rib(s) 2
and costal cartihges operanions on, 93-118
54

cerviaal, exanon by thoraac approach, 118
excidon of for neoplastic tumors, 93
after-care, 97
technic, 94
for pulmoemry collapse, 97
fracture of, m major thoracotomy 72
treatment of, 115

after-care, 116
mdicatons for 115
hemothorax, 116

Jagged booe ends, 115
stove-n chest,” 116
techme, 116
resection and intercostal incision m major
thoracotomy relatrve ments of, 63
for mdneng pulmonary collapse, 97 112
m mmor thoracotomy speaal contidera~
tiona 1n, 62
technie of, 61
54

Rongeun,
Roux technic of esophapojepunal anasto-
mosls, 308
Rupture traumatic, of duphragm, 330
technle of reparr 331

ScHEDE thoracoplarty 108
Scobions, avoidance of, after thoracoplasty 107
distoroan of thorax m, 1
Segment(s) of lung, 13
axidon of, 152
Scpt:l mtcr.mnmhr creabon of, m

°fhﬂrt.doﬂneot,ﬁl3
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Shunt, extracarduc, creaton of, to relleve
congesnon of miutral
stenom, 205
to relicve effecs of pulmonic valve
stenoms 1n tetralogy of Fallot, 213
Simpk cyms of medustmum, 189
Smis of Bochdalek, 21 317
of Morgagnt, 21
herma 318
plearopertoneal, 21 317
8

transverse
Space of Larrey 21
herna of 318
Splanchnx nerves, 11
Splenectomy  thoracic approach in, 311
Splenic and renal vems, anastomons between
315
Stenosls, acatnaal, as mdication for esoph-
agectomy 286 288
mrtral, creation of extracardiac shunt to re
Licve pulmonary congestion m, 205
of interauncular septal defect m, 204
valvulotomy for 204
pulmonic, congemtal, extrzcardiac shant
for 209
valvalotomy for 203
Sternal bone marrow buopsy 81
Sternum, 2
exasion of gladsolus, 86
of manubnum for mahgnant tumor,
85

of tumor of, 82
after—are,

Stomach, exason of beugn tumors of proxi-
mal half of, 297
mobihrnon of, with exanon of distal seg-
ment of esophagus In operation for con-
genital atresia of esophagus with tracheo-
esophageal fistola, 243
resection of dutal portion of, with gas-
trojeyunal snastomons, 310
of prommal portion of, with esophago-
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Suction apparatus, three-bottle, m closed
drainage, 52
Supne position, 46
mdications, 46
Surgery of diaphragm, 316-334
of esophagus Scc Esophagus, aperations ont
oflung Sce Lung, extirpation of all or parts of
pulmonary, postoperative care mn, 175
thoracic See Thoracic surgery
transthoracic gastric, 296
after-care, 311
mcision, 296
traumatic, thoraco-abdominal approach m,
296
Sympathetic trunk nerves, 11

TeTRALOGY of Fallot, extracardiac shunt for,
209
Potts-Smith operation for, 210
Thoracentesis, 119
for cmpyema thoraas, 120
for tension pneumothorax, 128
i traumatic hemothorax, 128
Thoracic aorta, operations for ancurysm of,
224
duct, 9
mjured, operations for leakage from, 224
mjury to, as factor in operattons within
mediastinum, 186
Iigation of, 224
packing with gelfoam, 225
ncistons, 59-80
abdominal
through, 295
advantages 1n abdommal opcrations, 295
antenor, for exposure of heart and peri-
cardium, 78
after—care, 80
mediastinotomy, 75
anterolateral itercostal, 73
ndications for, 73
technic of, 74
speaal, 73
sternum-splitang, 75
after-care, 78
imdicinons for, 75
technie of, 75
thoricotomy, myjor, 62 Sce also 7 hora-
cotomy, mayor
mmor, 59 Sce Thoracotomy, mutor
surgery, admmstration of blood trans-
fusions during, 47
of mtrnvenous infusions dunng, 47
anesthesit in, 44

opcrations  performed

INDIX

Thoraac surgery, mstruments required m,
53-58
bone mstruments, 54
mstruments for vascular surgery, 58
retractors, 55
special mstruments for general use, 56
operative principles, general, 44-58
technic, general, 48-53
vertebrae, 3
wall, operations on, 81-118
soft parts of, 4
Thoraco-abdommal approach m abdonunal
operations, 295
topography, 5-6
Thoracoplasty, extrapleural, 97
for closure of empyema cavities, 125
mtrapleural, 108
after-care, 111
technic, 109
Schede, 108
after-care, 111
techmie, 109
standard, after-carc, 106
prevention of complications and un-
favorable scquclac, 106
technic of, 98
first stage, 99
second stage, 103
thard stage, 105
Thoracotomy, closed, 1 trcatment of acute
empyema, 121
technic of, 121
exploratory, m traumatic hemothoray, 128
after-carc, 128
meisions, muscles transected m, 6 See also
Incisions
major, complications of, 72
fracture of nbs 1, 72
cisions 1, 62
myury to ntercostal nerves m, 72
mtercostal method, 67
posterolateral inaision n, 64
rclative ments of mntercostal and nb re-
scction technics, 63
nb rescetion mcthod, 67
sequclac of, 72
stand‘lrd mcision 1n, ()4
closure of icision, 70
cnlirgement of, 70
techme of, 64
nimor ncisions m, 59
technic of rb rescction, 61
open, for drunage of cmpyem?,
after-care, 124
techme, 123
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