
Dislocation of Acromial End of the Clavicle

..±rt,z227.z
Step 1. Expose the joint by a scmilunar incision with its base toward th

neck. Retraction of soft parts. 1e

Step 2. Locate and clean the bone ends. Drill corresponding holes in the clavicle
and acromion process and fix the two bony surfaces in correc t position by
either kangaroo tendon sutures or silver wire which should be made 1
b h . I 1· I · I O em-race t e coraco-acromiai ligament, clavicle and acromial process.

Step 3. Suture the soft parts over the joint and close the external wound. Th
arm is immobilized in a position of abduction and the applied plaster
is kept on for a period of al least five weeks.

Comment: Commenting on Acromioclavicular Dislocation and Its Re­
pair, Frederick Jay Cotton and Gordon M. Morrison state the following:'

"The understanding of this dislocation, appreciation of its seriousness
and of the various problems offered in the handling of the injury, have no;
been helped by the confusion between two lesions different enough to be
classed entirely apart.

"The common lesion, occurring usually from falls on the shoulder,
New England Jour. of Med., Vol. 310, no. 19, May 10, 1934.

Fc. 1034_ .. Fc. 1o35
Frc. 1o34. cromioclavicular dislocation.

Fro, 1o35. Acromioclavicular dislocation. Posterior view,
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position and the ligaments are sutured over it, I 923
any fascia or other tissue in the vicinity to s, "Y be neces4,
some cases a transp lanted piece of fascia ; "then the sun«,,'," use

S Tl f . • a is employed f reline. :
tep 3. he so l !Issues arc sutured and th or reinfon 'r c external , cemcn

splints and bandages are app lied. The arm "Ound closed. s,"
mobilized in a plaster Velpeau-like case whi+ 'he affected a,, ."ble
to six weeks. must be maintain«q," Im.

or thr
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the elbow at an open angle of 13o degrees, that is, approximately half-way be­
tween full extension and a right angle.

Forearm: If mot ion is expec ted to be re-established, immobilize the fore­
arm in full supinalion. If a fixed arm is expected, place the elbow at mid­
position between pronation and supination.

Wrist: The wrist should be dorsiflexed 4o degrees for either a fixed or
mobile joint; the fingers and metacarpophalangeal joints should be left free.

Hip: Abduct the hip 10 degrees and llex it 15 degrees and rotate it exter­
nally s degrees, if a fixed hip-joint is expected. Thirty degrees is the most de­
sirable degree of flexion as this will permit a comfortable sitting position as well
as standing posture. However, 15 degrees usually suffices as the degree of
flexion aimed at is in most cases exceeded. To retain mobility, the hip-joint
should be fixed in complete abduction and extension.

Clavicle Sterno-clavicular ligament Interclavicular ligament Clavicle-1/j-es,y_.,.
· «%,

., s%. Agib±-.ks± a.ii&l
First costal cartilage Sternum First coslal cartilage

Fic. 1033. Steroclavicular articulations from before; clavicles horizontal (after Piersol.).

Knee: Where either a mobile or fixed joint is expected, completely extend
the knee but do not hyperextend it. It s inner aspect should be protected from
strain as long immobilization tends to produce a genu valgum.

Ankle: Fix the ankle at 85 degrees for both a fixed and mobile joint. Sup­
port the sole properly-it should rest on a molded surface resembling the natural
contour of the foot and supporting both arches.

DISLOCATIONS AND FRACTURES OF THE UPPER LIMB
DISLOCATION OF THE CLAVICLE

The maintenance of the sternoclavicular joint depends upon the integrity
of its ligamentous connections and when these arc ruptured, even if there is no
Joss of continuity in the bony tissue, the clavicle becomes dislocated ( Figs.
1033-1034-1035). In old-standing cases reduction by any manipulative procedures
is practically impossible and open surgical operation is the only method of ob­
taining satisfactory results. Care must be exerted, however, as suturing in this
subcutaneous region is especially liable to suppuration.

Dislocation of the Sternal End of the Clavicle

Step 1. The approach lo the joint is by a semilunar incision with its base
downward. The soft tissues are incised and retracted and the ruptured
ligaments arc searched for.

Step 2. When the ligaments are found the clavicle is put in proper anatomic
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common on the football field for instance, involves nothing beyond tearing
of the ligaments directly connecting the clavicle and the acromion.

"Sometimes there is a crumpling fracture of the outer end of the
clavicle, but not often. There is a little upward displacement of the upper
end of the clavicle, usually only a half an inch or so. Unless there is much
muscle spasm this displacement is reducible by shoving the arm upward;
particularly with the patient on his back.

"Treatment with any sling or apparatus to hold the whole arm up be­
yond the ordinary carrying point, brings about prompt healing of ligaments
with displacement nearly enough abolished to leave no measurable dis­
ability, as a rule.

"Rarely it may seem advisable to suture the ligaments or to reeve a
fascia! strip through the bones across the joint. This lesion is really hardly
important.

"The other lesion, from like violence but of severer force, involves not
only a tearing of the ligaments about the joint, but also of the massive
coronoid and trapezoid ligaments holding the clavicle to the coracoid proc­
ess of the scapula. Such a tear may be so complete as to allow a direct dis­
placement of the outer end of the clavicle upward. In two such cases, rather
neglected, I have seen such displacement of at least two to three inches.
Ordinari ly it is less, but very definitely more than in the lesion first
described. The bone-end may be replaced but not easily, and is hard to
hold. Such an injury is serious. Mere confinement after reduction is en­
tirely inadeq\Jate treatment. Even operation at the joint is a waste of time.

"Radical operation is the only cure. Various lashings have been used,
but today one would use only fascia. The only reliable treatment is an
operation of obvious mechanics, but one I think not often done. The in­
cision runs from the pectoral insertion on the humerus up to and a bit
beyond the clavicle, crossing about an inch and a half inside the outer
end. This incision opens directly onto the interval between the deltoid
and the so-called clavicular portion of the pectoralis major. Here lies
the cephalic vein. Blunt dissection separates the muscles. The vein is
carried outward; occasional ties may be needed.

"High up in the space the coracoid process presents an obvious hook.
From it arise the tendons of origin of the pectoralis minor and the short
head of the biceps. Blunt dissection opens up room behind them thereby
permitting a circling of the coracoid hook. Directly above this point the
clavicle, here broadened out, is drilled through but not encircled. It is
drilled from above downward, a spatula being held beneath it, to guard
against any slip. The hole is enlarged to a quarter or even a third of an
inch (Fig. 1036).

"The fascia, a long and very strong strip, is obtained from the fascia
lata in the usual way, cleaned, rolled up to a cord, passed down through
the clavicle under the coracoid from within outward (behind the tendons
so it cannot slip off) brought up and forward, tied in a square knot with
the free end lying in front just below the clavicle. The knot is caught
with stitches of chromic gut or silk as usual. Next comes the repair of

the acromioclavicular ligaments, probably not very important. After this
operation, firm sling support is needed for at least six weeks.

"As in all surgery with fascia! sutures, there is presently some slack,
no matter how tight the fascia is drawn, and how firmly knotted. I have
done this operation on about six cases. In all that I have done or observed,
thus operated on, the results have been mechanically competent and clini­
cally good. And this applies to several cases operated some weeks after
injury."

FRACTURES OF THE CLAVICLE
. . h 1· I d" placements of fragmentsSimple fractures of the clavicle wit! little or no 1usp .»,p l ling andIii ib ·ith a suitalle Srarely ca ll for more than support of the upper im w, f . mobilizing. be d ·sed or 1mthe use of one of the many methods which have en evi . 1 1,•ve treat-

. . . h II d "manipu athe clavicle as far as possible; this represents t e so-ca e I f the {rag•
ment." Even in complete fractures with cons iderable aisplacemen ° ·,ntenance. Il easy: but ma
ments, manipulative reduction of the fracture is general e ' patients in
of the fragments in close apposition, especially m res~Jess young surgery, is
whom this type of fracture is most generally met, without 0P",, Gained
Practica lly impossible (Fig. 1o37). Nevertheless, umon is general deformity.

· . h ch apparenwith only a moderate amount of callus and wit out mu 1 er obtained­d . scarcely ev idAn ideal anatomic union or the fractured bone en 5 is . 1 duction an
For these and other reasons some surgeons advocate open surgica re
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Fic. 1o4o. Fracture of the clavicle. Same patient. Final result.

Fc, 1039. Fracture of the clavicle. Same patient, after open reduction and immobilization.

Ftc, 1038. Fracture of the clavicle. Muscular tr action prevented the reduction of the fragments.
Three unsuccessful attempts.

G icco-'

l
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a«ion of all complete clavicular fractures from the first, or at least when

f» +anipulative reduction, much displacement and overriding f th ''fallowing I o1 he [rag­
ments persist·

Open operative treatment of clavicular fractures is indicated under certain
conditions (Figs. 1038-1039-1040) viz:

1. In serious compound or comminuted fractures due to a crushing or
other violent injury. •

FiG. 1037. Sayre dressing: a. shoulder is held back by a padded ndhcsivc loop about the
arm, a pad is in the axilla, b. adhesive strip containing the loop is carried around the back and
O\'Cr the anterior chest, c. a second adhesive strip is carr ied fr om the back of the arm over the
elbow point, forea rm and shoulder, d._ Valpeau dressing applied over the Sayre dressing. Re-
peat the fve illustrated turns several times. .I
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2. In recent irreducible fractures.
a. When a fracture has healed with considerable deformity due to over­

lapping of the fragments and shortening of the clavicle.
4. When there is non-union or only fibrous union of the fragments con­

tinuing for a considerable time after the fracture.
s. When there is serious functional impotence of the arm or hand owing

to the fracture fragments or callus involving the brachia! plexus or the sub­
clavian or other blood vessels in the immediate vicinity of the clavicle.

6. In bilateral clavicular fractures. An open surgical operation may,
therefore, be indicated either immediately following or al a considerable time
after the actual injury.

The lecbnic most generally adopted is as follows:

Step 1. An incision, at least 1/ inches long, is made parallel to the line of
the acromioclavicular joint. The incision is made either immediately over
the bone or curved with its base upward so that a wide flap of the soft parts
can be turned up before the bone is exposed. The latter has the advantage
that the clavicle can be covered with intact skin which is particularly de­
sirable to avoid a disfiguring scar in the case of women. If the particular
case demands it a second incision can be made along the posterior border
of the clavicle.

Slep 2• The site of fracture is exposed, the bone ends freed and all callus re­
moved. According to the degree of separation of the fragments the surgeon
will have to decide upon the method of osteosynthesis to be employed,
namely, dril ling and suturing the two ends, wiring, plating or bone graft. If
a drill IS used care must be taken not to injure the underlying subclavian
vessels. If a metal plate is used it must, of course, first be molded to the
shape of the hone and then screwed into place. These metal plates are
liable to give rise to irritation and lead to infection. The tibial or rib bone
graft method seems to be best when there is considerable separation of the

S fragments and in the case of old ununited fractures.
tep 3. In the case of a bone graft the periosteum is stripped from the frac­

tured bone ends for a few centimeters: the bone ends are freely freshened
and a lateral or an intramedullary graft is secured by kangaroo tendon
Sutures passed through holes made in the graft and the bone ends. The
Stripped periosteum and soft parts are then sutured over the graft and the
external wound closed. A retention dressing must be placed just as if no

8
operative reduction had been made.

tep 4, As soon as union of the graft has been verified by x-ray investigation,
the shoulder and, if necessary, the arm and wrist are reencased in a plaster
of Paris dressing for several weeks until solid union takes place between them
and the graft. II the osteosynthesis has been performed by means ol wiring
or plating, these foreign bodies when causing irritation should be removed at
this time. ' '

po ~! should be emphasized that in any method of osteosynthesis the most im­

1 Itnt postoperative procedure is the means of securing coaptation of the
Tagments so thaM It recurrence will not take place.
ope _ucb of what bas been said above will also apply in cases of open surgical

ration on other bones when there is faulty union or non-union of the bone

fragments, and it will not be necessary to repeat the subject matter when dealing
with these conditions.

FRACTURES OF THE SCAPULA

Fractures of the scapula are rare except in severe accidents and they are
then usually associated with other injuries.' Closed fractures, whether of the
body, of the neck or glenoid process or the scapula, are almost always treated
by manipulative methods by· which good results are usually obtained (Fig. 1o41).

Open surgical operation is indicated in the case of non-union or when reposi­
tion of the fragments by manipulative measures is unsuccessful; also in the case
of compound fractures. The incision is made over the site of fracture and the

Fic, 1on, Fracture cf neck of scapula (rare).

fragments are held in anatomic position by wiring or heavy absorbable sutures;
small spicules of bone arc removed. The same precautions during and after
operation are taken as have been described for fractures of the clavicle.

DISLOCATION OF THE SHOULDER JOINT

This may result from falling on the shoulder or hand. In the usual case
(subcoracoid) the head of the humerus follows a downward and forward direction
and comes to rest below and outside the coracoid process.

It should be remembered in diagnosing this condition that the contour of
the shoulder is flat and the acromion process very noticeable. The axis of the
arm is oblique, being directed upward and inward and displacing the elbow from
the side. The fingers of the surgeon inserted under the acromion process will find
that the head of the humerus is absent from its normal location and instead a
bony lump is felt immediately under the coracoid which with gentle rotation of
the arm will prove to be a bead. The arm is helpless, no motion being possible
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at the shoulder joint. This condition is sometimes not diagnosed as after the
first shock the pain is not great and some movement (scapular) may be possible.
I-ray and palpation should confirm the diagnosis (Figs. 1042-1043-1044-1045­

1o46).
The subscapularis muscle obstructs reduction by being stretched over the

head, holding it down on the ventral aspect or the scapula ; thus, relaxation of
this muscle is necessary before reduction can take place. It is recommended
that an anesthetic be given. Reduction is done in four steps.

Step 1. Bring the elbow into contact with the side of the thorax (Fig. 1o47).
Step 2• Relax the subscapularis by rotating the arm with great care, externally.

Force should be applied very gradually. Bend the elbow and exert strong
traction on the arm while rotating it (Fig. 1048).

Fu::. 1o.i2. Right shoulder joint from in front (aiter Piersol).

Step 3. Lever the head of the humerus clown until it is directly opposite the
lower part of the joint by bringing the elbow forward, inward and upward,
at the same time continuing the external rotation at the shoulder and trac­
tion in the long axis of the humerus (Fig. 1049).

Step 4. Rotate the arm in, bringing it across the chest to the opposite axill
until the head of the humerus slips into the joint (Fig. Io50). This method
is recommended by Kocher and requires no force at any time. Ho\\'e\·er,
it may not succeed if the shoulder has been dislocated for several days.
In that event reduction may be brought about by exerting traction on the
arm at right angles to the trunk Fig. 1o51).
Han an assistant exert countertraction by pulling on a folded sheet which
has been placed around the upper part of the chest under the axil la; a second
assistant exerts strong traction on the abducted arm while the surgeon moves
the limb from side to side trying to get the head back in position.

Fc. 1o44. Subcoracoid dislocation of humerus. Kole flattening of shoulder.

Subcoracoil dislocation of the humerus.
11:1-!

FIIACTUIIES A:-.D DISLOCATIOXS

Some maintain that the method of directly pull in, 93
geon's foot is in the pattent's axilla is contraindicatej on the arrn While th
of injuring important nerves and blood vessels and on a:count or the de sur.
This statement should, however, be qualified because poss_ibly fracturin an.ger
tor decades resorted to tis, the Doyen method r 4,"$"3""""cd so "
with excellent results. Judgment and sy:Hematic ro n° shoulder disloca ~ave
good results here. I have made use of thi. 111 th 1 pr cedure are foll 'hons

5 e O on numcrou3 occ _owed by
astons L

Fic. 1043

gratifying results. In speaking- of the Doyen method Paul B. Magnusen stat __
\ considerable amount of force can be used without damage, the her ;

used not only for count ert raction but to press the head back I I mi,
toward the glenoid. In my experi ence this has been the +,," "d upward
f I h I

., .. · e um ormiy success.
u method. Figures 1o52-1053, and 1054 depict the procedure Th I
on the illustration describe the steps. e legends

A sling should support the arm for about 3 weeks, electrical treatments
given the muscles and shoulder and movements begun. Full abduction of
the shoulder should not be attempted before the expiration of thr f
weeks. · ree or our

Old shoulder joint dislocation may calI for an open surgical operation on
account of symptoms resulting from pressure on nerves or blood vessels and for
functional as well as cosmetic improvement. The general intention of such opera-
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tions is to restore the head of the humerus to a normal and permanent location.
A number of different tcchnics have been described.

Step 1. Make an anterior incision over the head of the humerus.
Step :z. The conditions constricting or restricting the movements of the head of

the humerus in the glenoid cavity should be investigated, and from what he

II v in order to restore
finds the surgeon must decide upon what method to follo
conditions to normal.

. H . . 0· . f the Shoulder
abitual and Recurring 1slocat1on ° . terest the surgeon.

Hie not common, this occurs frequently enovh !%,""},ate operatio
The types of surgical interference for correcting this %"""",",a, arhrodes "
upon the capsule, operat ions upon muscles and check "!"",,, 4ably the "
the shoulder joint and bone transplants, the last method bein P
satisfactory. The steps are as follows: below its
Step 1. The deltoid muscle is partly cut through at about

1
cm,

clavicular insertion.
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:o ~s lo oppose the tendency of the head of the humerus to forward pro­
Jection. Eden olace<l the transplant underneath the raised periosteum of

Dislocation of the humerus, reduction under anesthesia ; surgeon attempting to return
head oi humerus into its sockt.
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Fc. 1051.
FIG. 1047.

Ft, 1048.
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Step 2 The tip of the coracoid process is sawn off so as to lower the corace.
brachialis and pectoralis minor muscles.

FIG. 1049 t·!G. 1050
FIG. 10..19. Dislocation of the shoulder; Kocher's method of reduction, Step 3: elevation of the

. elbow.
Fc. 10 a. Dislocation of the humerus; Kocher's method of reduction. Step 4: inward rotation.

Step 3. Oudard placed a bone transplant, 3 to 4 cm. in length, on the anterior
part of the joint, between the base and sawed off the tip of the coracoid process

Frc. 1o52 . Doyen's method of reducing recent r'fo,!ncation of the shoulder joint; general
ancsthe5ta. First :-kp: Make sure there is 110 fral'lun: C,.:-ra\·); surgeon J.,:rnsps the dislocated
forearm, pulling it toward hi1mclf; a cmmtcn·xtcnsio11 bandag·c is put in the ailla and steadied
by an assistant.

the neck of the scapula so that from / to x cm. protruded in front of the
joint.
Step 4. Closure of the wound.
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In dislocations of the humerus complicated by fractures of the greater tu­
berosity or a portion thereof where it is impossible to manipuluate the head of
the humerus to bring it into apposition with a fragment in the hope that it will

Fie. Jo53. Doyen's method of reducing recent disloc:ation oi the shoulder joint. Second
step: Extend the :am1 in a direction pcrpcmlicular to the axis of the patient's body, put an un­booted foot in the axilla; the foot is placed apain st the protc-cting band held by the assistant;
disengage the head of the humerus by pressure from the foot while the assistant draws it toward
!he J?lcnoid cavity hy forceful traction ill a direction parallel to the axis of the patient's body.

Fic. 1055. Dr. Gohkr Mc\Vhortcr's operation for dislocation of the shoulder,

minor and infraspinatus muscles and their attachment to the fractured greater
tuberosity of the humerus (F ig. 1055 C). If conditions are favorable, the
detached greater tuberosity may be resutured to its normal site or it may be
removed and the tendon sutured to the humerus.

Step 3. Abduct and externally rotate the arm bringing the tendons of the supra
and infraspinatus muscles well over their original site on the humerus. Drill
a hole through the cortex of the humerus just below the point of fracture.
Through the drill hole thus made chromic catgut is passed and sutured to
the tendons; the structures are firmly fixed in their original position ( Fig.
1055 D). Drill holes may be dispensed with and matt ress sutures substituted.

~ ~~)"lnci,lon

2 %%
C [/ rlncl,lon

thru atta
ment ol
deltoid

Prominenc
head of hum

extends rather sharply downward permitting: adequate reduction of the del­
toid muscle.

Step 2. Divide and retract the skin and subcutaneous tissue. Expose the del­
toid muscle and divide it along the spine of the scapula leaving about I cm.
of muscle attached to the bone (Fig. 1o55 B). Retract the deltoid down­
ward, thus exposing the posterior and lateral surfaces of the shoulder joint as
well as the upper end of the humerus and bringing into full view the tcres

t

,"""G to54. As soon as the head is placed back into the tenoid cavity, the sureon slips his
n """"rd the_scapula and brings the patient's arm toward the side of his _hody. Doyen_re­
.1 . 1 that while a certain amount of physical vigor is necessary to accomplish this reduction,
1 is the safest and surest method of all.

~nite, operation is indicated for its removal or fixation. The operation described
y Golder L. McWhorter' is an excellent procedure.

McWHORTER'S OPERATION
Step 1. Make an incision along the lower border of the spine of the scapula

and the acromion process (F ig. 1055 A). The mesial end of the incision
1
Surgj.c.al C linics of N. A., Vol. u, ad., 1931•

L_
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Step z. In a similar manner a posterior incisic 939d. 1on is made and th
pose«. e capsule •

Fc. 1o56. Clairmont's operation for recurrent dislocation of the shoulder.

Step 3. Bring the forearm to a right angle with the shaft of the humerus which
is abducted at 65 degrees and firmly held. Palpate the head of the humerus
and pierce its upper pole from behind forward with a dri ll hole (Fig. 1o57).

Step 4. With a curved forceps form a subcutaneous tunnel from the upper limit

Following the operation immobilize the arm in abduction and keep il splinted
for about 5 weeks.
Kellogg Speed describes his method' of dealing with habitual dislocation of

the shoulder as follows: "An incision is made from just below the coracoid proc­
ess straight clown for about 4 inches and passing through skin, superficial tissue
and fascia. The edge of the pectoralis major muscle is then identified al the
lower angle of the incision. By blunt dissection the left index finger is pushed up
under the muscle until its superior border is reached and at the point of junction
with the deltoid the finger is hooked through and the muscle is cut transversely
across its fibers for about 1 inches from the tendinous insertion into the.
humerus. The axillary contents are exposed and the nerves and vessels placed
out of the way; the edge of the glenoid fossa is palpated deep and brought into
view.

"A chisel is inserted into the scapula, just anterior to the glenoid edge, and
a slot, 1/ inches deep, is formed in the scapula into which a bone transplant
from the tibia may be driven leaving about 3 inch projecting anteriorly and
obliquely across the lower anterior margin of the shoulder joint. The joint cap­
sule is not necessarily opened. This procedure in no way interferes with the
normal range of shoulder joint motion but it does prevent the head of the hu­
merus from slipping forward in habitual dislocation."

CLAIRMONT'S OPERATION
Step x. From the coracoid process, carry an incision outward and downward for

six inches along the anterior border of the deltoid muscle. Carefully separate
the deltoid fibers until the quadrilateral space is identified. Enlarge it by
cutting the upper portion of the teres major.

Step 2. Palpate the posterior border of the deltoid and define its edge by a
four-inch incision parallel to that in Step 1. Select a muscle bundle about
one and one-half inches broad. Separate it from the main mass of the deltoid
with great care. Detach it from its humeral insertion with a portion of ad­
herent periosteum. Throughout these maneuvers have identified and pro­
tected the axillary nerves.

Step 3. Pass a hemostat from before backward through the quadrilateral
space; grasp and draw the deltoid muscle slip forward. Bring the muscle
slip snugly· beneath the head of the humerus and suture the tip containing
the periosteum to the coracoid process. If the muscle is too short unite it
with adjacent muscle structures (Fig. 1056).

Step 4. Close the wound. Dress and maintain the arm in 65 degrees of abduc­
tion in plaster of Paris airplane splint for about six· weeks.

FASCIAL FIXATION OPERATION
This procedure is expedited by having two operating teams, one to supp1y

a fascia strip to be used for fixation, and the other to tie it in place. .
A strip of fascia lata measuring ten by one-half to three-quarters inches is

removed and immediately utilized as follows:'

Step 1. A four-inch incision is made in line with the fibers of the deltoid muscle
and one and one-half inches above its anterior border. The fibers are then
carefully separated until the capsule of the humerus is exposed.
"Fractures and Disloca tions," 3rd Edit., 1935.
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Fi. 1057.
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of the posterior incision forward and over the acromion to the upper limits
of the anterior incision. Roll the strip of fascia lata into a tubular form and
pass it through the head of the humerus and thence over the acromion. Pull
the sling thus created taut and very carefully suture the two ends,

Step S. Close the wounds. Dress and place the arm in 65 degrees of abduction.

Commenting on the treatment of recurrent dislocation of the shoulder, G. E.
Bennett' says that if the head of the humerus is to be prevented from slipping
forward it must be stopped by a check ligament, transferred muscle or bony ob­
struction placed on the scapula anterior to the head of the humerus. Most cases
need only a check which is equal to the tensile strength of the anterior part of the
capsule of the joint which is usually the only damaged and weakened structure.

Bennett also stresses that while many operations have been described to rem­
edy this condition it is best for convenience' sake to group these as

r. those designed for the repair and reinforcement of the capsule (Thomas
and Keller) ;

2. those in which a bone graft is used to act as an abuttment to prevent the
head of the humerus from passing forward (Eden and Speed) ;

3. those in which an attempt is made to establish a check ligament attached
lo the scapula and humerus "in such a position that it is drawn taut when the
arm is abducted and hyperextended. This form of surgical therapy embraces
muscle-pl astics, tenoplasties and free transplant of tendon and fascia (Joseph,
Rich, Gibson, LOffier, Plummer and Pott, Wolfing, Hoke, Carrel and Bennett)
Since the introduction of fascia in the repair of relaxed structures, there has been
a constantly increasing use of this material in the repair of the capsule and the
construction of a check ligament that prevents the head of the humerus from
slipping forward into a dislocation.

These operations have one pivotal point, viz., to attach the fascia to th
e

acromion process of the scapula. The attachment to the humerus varies. Ben·
nett used this procedure in r4 cases with apparent success.

BENNETT'S OPERATION , t
Step I. Approach the shoulder joint through an anterior incision beginning i3

the acromion process and extending downward, dividing the fibers of ~r
deltoid and exposing the anterior and inferior part of the capsule. Idenll y
the long head of the biceps as a guide to the line of fascial sutu" ~ the

Step a. Take a strip of fascia from the tensor fasciae femoris and fi "
Gallic type of needle. Rotate the arm externally to allow suturJD? ;
forward as possible; lace the fascia into the capsule as shown in Fig. """>the cap·

Step 3. Draw the capsule taut (Fig. 1oso) and fx the lacing firmly ',, +he
sule by chromic catgut sutures. Isert he fascia through "_""", ~a
acromion process with a needle or by drilling a hole through " !",,, ught
secure it here and to· the anterior part of the capsuJe. It 1s usua Y
lower than shown in the illustration.

. . capsule and
This transplant and suture take up the slack from the antenor . the

establish a ligament reaching from the acromion to the anterior capsu e'

'Intemattonal Surgica l Digest, Vol. 5:67-70, February, 1918.
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g Bennett's operation ior the treatment of recurrent dislocation of the shoulder. Fascial
Fie. J05 · sutures introduced. (Courtesy Dr. G. E. Bennett and \V. F. Prior Co,)
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FRACTURES OF THE HUMERUS
Fractures of the humerus may be treated by the manipulative or open sur­

gical method depending upon whether the fracture is simple or compound and
upon several other factors. Generally, the manipulative method is preferred for
uncomplicated fractures. In the Report of the Committee on Fractures of the
American Surgical Association, published in 1922 (p. 91), it is stated that 38 per
cent of the cases of simple fractures of the humerus reported upon were treated
by the open operative method, indicating that anatomic reduction of these
fractures without the assistance of vision directly upon the fragments is very
difficult in a large number of cases. The Committee found that both in non­
operative and open operation methods when a good anatomic result was ob­
tained a good functional result is likely to follow. This remark applies equally
well to all other fractures besides that of the humerus.

Fracture of the Surgical Neck of the Humerus
Fracture of the surgical neck is a type of injury which may fail to be re­

lieved by manipulative measures and open surgery is therefore indicated. There
1 The Journal of Bone and Joint Surer, July, HJJfi.
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subscapular tendon ma b · I d d . .
nerd«ooo "..11$"~7,z,pep= or« sa re­
banda f f • mmo 1 1ze t e arm in a Velpeau type of
' c ~ge or our weeks; begin to use it gradually.

f omment: In a later communication' Bennett summarizes his find'as allows: mgs
"In cases of old dislocation of the shoulder, operation is indicated for

restoration of function and relief of discomfort.
h "Operation is advised in all early cases. In the older cases in whi :h
tie shoulder has been dislocated for several months and ther• ·,•s ..
adaptti h • pain essEx a_ ton w,t 50 degrees of free movement, operation is not advisable.

'Prence has shown that the end result in these cases is seldom perfect
unction of the shoulder with a free range of motion. In most instance
the free movement obtained is in proportion to the duration of the disloca~
tion. The early cases are much more successful.

"Weakness of the deltoid is present in a large percentage of cases fol­
lowing operation. This may be due either to the original Injury or to the
Operation, as the nerve supply to the deltoid may be easily damaged by the
division of the subscapularis muscle.

"The first step in the operation, in the author's opinion, is the clearance
of the glenoid fossa and the division of the subscapularis muscle, but the
most difficult step 1s the reconstruction of the anterior portion of the cap­
sule. This may be accomplished by utilizing the long head of the biceps,
as described by Nicolai in his treatment for recurrent dislocation of the
shoulder, or by reenforcing the anterior part of the capsule with fascia!
sutures. In one or two instances the writer has transferred the tendon of
the coracobrachialis and the Jong head of the biceps and attached them to
the short superior portion of the capsule, thus rcenforcing the anterior part
of the joint. While operation for an old dislocation of the shoulder may
not result in 100 per cent function, it is much more satisfactory than a
resection of the head of the humerus for the same condition."

'
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FJC. 1059. Bennett's treatment of recurrent dislocation of the shoulder. Relaxed capsule
drawn taut and fixed; fascia inserted into acromion and reattached capsule. (Courtesy Dr. G. E.
Bennett and W. F. Prior Co.)

may be employed. The tendon of the pectoralis major is cut and the del­
toid muscle is split. The circumflex nerve is located.

SURGERY OF THE NERVES, VESSELS AND BONES

may be nonunion for a long time after manipulative reduction and if the head of
the humerus is dislocated it may compress the axillary vessels or nerves ( Figs.
1060-1061-1062-1063-1064). The general surgical procedure is as follows:
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FJc. Jo6o, Pissection o{ fracture o! surgical neck of humerus. (After Piersol.)
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Step 2. When the head of the humerus is located, the capsule is split so as to
expose the bone. If there is any callus it must be removed.

Step 3. According to conditions found, the surgeon must decide whether he Will
attempt reduction and anatomic
reconstitution of the parts or ex­
cise the head of the humerus. If
badly comminuted or necrotic,
the head should be removed. Re­
moval of the head fragment need
not interfere with the integrity of
insertion of the muscles in the
surgical neck. If the head is re­
moved the upper part of the di­
aphysis should be freshened and
rounded off. If the fracture is
very low, the muscles may have
to be reinserted in the surgical
neck. The use of internal metal
or bone splints is inadvisable in
this· type of injury. If the head
is not removed,attach it to the
diaphyses by strong sutures.

Step 4. Closure of the external Fie. 1003. Fracture of the surgical neck
wound. Place the arm in a plas- of the humerus, rc:construcled fwm x-ray: 1•
ter cast and fix it in position head, 2, shaft.
of adduction close to the thorax with an axillary pad for 3 weeks.

The same type of operation applies to olu dislocations of the head of the
humerus.

The nonsurgical treatment of fracture of the surgical neck of the humerus
is depicted in Fig. 1064.

Fi. 1062. Same as preceding after closed reduction.

I

I
\_,Pccloralis

major (cul)

Shont head
of biceps
and coraco­
brachialis

• Latissimus dorsi
and teres major

Deltoid
Upper fragment

Long head,of bleeps---Ele­
Lower fragment

Ftc. 1o6±. Fracture of surgical neck of humerus with marked overrimng displacement.

Step 1. A long anterior incision is made starting at the acromion, level to ex­
~ .the head of the humerus over the interval between the pectoral and
eltoid muscles; or Kocher's incision in front of the acromioclavicular joint



Fi 1072. Dislocation of the elbow.

Step a. Reduce and nail, screw or suture the fractured condyle to its original
location.

Step 4. After closing the wound, maintain the arm in the position previously
described.

DISLOCATIONS, AT THE ELBOW JOINT
Posterior dislocation is readily discerned on account or the backward projec­

tion of the olecranon process with the triceps inserted into it and or the articular
surface of the humerus in front (Fig. 1o72). Either or both bones may be dis­
located either backward, forward or laterally; the condition encountered
most frequently, however, is that in which both bones are displ aced back­
ward.
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If the ulna alone is dislocated, it is always displaced backward; the radius,
more frequently forward. In case or dislocation or the ulna alone, or both
bones, reduction is brought about by flexing the arm around the knee of the
operator. After the patient has been seated in a chair, the surgeon places his
foot on the seat and bends the elbow around his knee. In this way, the
coronoid process of the ulna is levered over the end of the articular surface or
the humerus.

In case of dislocation of the radius alone, hold the arm above and below the
elbow, straighten and bend it at a right angle. At the same time press the head
of the bone into position.

here muscular spasm is marked, administer a general anesthetic. Figures
1o73-1o74 depict the method of reduction of a backward dislocation or the elbow
and that of the head of the radius.

After reduction has been accomplished, bandage the arm at right angles,
keeping the hand midway between pronation and supination. In case the radius
has been displaced, place a pad over its head to hold it in position. Begin pas­
sive movements in about 7 days.
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Supracondylar Fracture of the Humerus

Like the foregoing, this fracture is difficult to reduce and maintain by ma.
t ulative methods (Fig. 1o70). The line of fracture is usually '!

mu d d f d Th h d" Y rom behind,xtending downwar an orwar . e s ort listal fragment is disp laced back
d and slightly upward and the long proximal fra"ment . . k-ware .:. , :.:..±. 6 projects into the

cubi tal space, occas1onal y injuring the ulnar or median nerve or neighbOrin ....
blood vessels. When not surgically reduced, healing usually takes place with !

mass of cal lus which seriously inter.
feres with flexion of the arm and
considerable deformity. Palsies may
appear late. Open surgical correc.
tion is the better way of dealing with
such fractures. Or, use skeletal trac.
tion through the proximal end of the
ulna with the forearm in fiexion sup-.
ported by a Balkan frame.

Step 1. The fractured region is ex­
posed by a medial incision along
the inner side of the arm, about
3 inches above the elbow, pass­
mg over the internal condyle
and down the forearm for about
23/ inches; a flap is turned up
which exposes the ulnar nerve
which is dissected and retracted
and the fracture tract exposed
and treated as indicated.

Step 2. The bone fragments arc
c. 1on1. Fa"E,,$,%{ "rat con@yle of replaced in correct anatomi c po­

·.. sition and are wired or pegged;
the elbow is put up in a position of extreme flexion (90-1oo%),

Step 3. The forearm and elbow region are placed in a plaster cast for about
12 days before motion is started.

Fracture of the Internal Condyle of the Humerus

This fracture is rather rare and results from an upward displacing force
being transmitted through the ulna to the internal condyle (Fig. 1o71). Reduc­
tion is usually easily effected and a plaster cast maintains the forearm flexed 90
degrees at the elbow and rotated into full pronation. There is, however, a tendency
for displacement to recur when the reducing force is removed. For this reason
and because the ulnar nerve is frequently involved, open operation is often
necessary.

Step , . Expose the fracture through an jncision along the inner side of the arm
being careful not to injure the ulnar nerve.

Step 2. Examine the canal of the ulnar nerve-the nerve, if damaged is dissected
free and transplanted lo the front of the elbow.
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FRACTURES OF THE OLECRANON

The most usual site of fracture of the olecranon is at its junction with the
shaft of the ulna Fig. 1o7s). The method of repair generally is by suturing or
wiring, but special methods such as bone inlay may be employed.

Fn, 1o;3. Reduction of backward dislocation of the elbow.

Ftc, 1o74. Dislocation of the head of the radius which is reduced by traction of forearm and
direct pressure on the head of the radius.

Step 1. Either an oval incision is made with its convexity upward passing
around the olecranon or a median longitudinal incision beginning and end­
ing cons iderably above and below the line of fracture but nol mvolvmg the
muscles above or below. The incision is carried down to the bone.

Step 2. The procedures here-exposing the fractured ends of bone, drilling the
two fragments, passing and tightening of the wire, suturing the torn peri­
osteum and fascia and closure of the wound-are identical with the method
of dealing with a fractured patella by suturing or wiring.

Step 3. The limb is put up in full extension supplemented by anterior plaster
or Paris cast.

If the fracture is compound, if there is considerable effusion of blood and if
the proximal fragment is retracted very much and is very mobile, the following
surgical treatment is indicated.

Step r. The fracture fragments are exposed by cutting and turning up a
U-shaped flap or-by a transverse incision or by enlarging the wound in case
of a compound fracture. If a transverse incision is employed, it is placed
a little above or below the line of frac­
ture.

Step 2. Cleanse the whole fracture· area and
excise any ragged ends of synovial bursa.

Step 3. The continuity of the bony parts is
reconstituted by drilling, wiring, or other
selected osteosynthetic procedure, the
periosteum being first dissected back for
a few centimeters from thie fractured
bone ends.

Step 4. The fibroperiosteal tissues are
again united over the fractured area and­
the external wound closed.

Step s. The elbow is kept elevated and in
full extension. Put up in anterior splint.
Movements of flexion and extension
should be begun as soon as possible.

FRACTURE OF CORONOID
PROCESS OF THE ULNA

Fi . 1075. Fracture of the olecranon
This fracture is usually associated with process of the ulna.

posterior dislocation of the elbow. Old cases
causing interference with Hexion should be surgically treated.

Step 1 A lateral incision is made in front of the condyles of the humerus . The
muscles are separated from the anterior surface of the condyles until the
brachialis anticus and coronoid process are exposed.

Step 2. The disability is usually due to excessive callus formation or formation
of bone in the tendon of the brachialis anticus. They should be removed and
the tissues restored as far as possible to normal conditions.

Step 3. Close the wound. Dress and apply a sling. Passive and active move­
ments should be begun early.

FRACTURES OF THE BONES OF THE FOREARM
Generally speaking, open surgical treatment of fractures of the bones of the

forearm is only rarely indicated and manipulative methods on the whole give



Fi 1072. Dislocation of the elbow.

Step a. Reduce and nail, screw or suture the fractured condyle to its original
location.

Step 4. After closing the wound, maintain the arm in the position previously
described.

DISLOCATIONS, AT THE ELBOW JOINT
Posterior dislocation is readily discerned on account or the backward projec­

tion of the olecranon process with the triceps inserted into it and or the articular
surface of the humerus in front (Fig. 1o72). Either or both bones may be dis­
located either backward, forward or laterally; the condition encountered
most frequently, however, is that in which both bones are displ aced back­
ward.
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If the ulna alone is dislocated, it is always displaced backward; the radius,
more frequently forward. In case or dislocation or the ulna alone, or both
bones, reduction is brought about by flexing the arm around the knee of the
operator. After the patient has been seated in a chair, the surgeon places his
foot on the seat and bends the elbow around his knee. In this way, the
coronoid process of the ulna is levered over the end of the articular surface or
the humerus.

In case of dislocation of the radius alone, hold the arm above and below the
elbow, straighten and bend it at a right angle. At the same time press the head
of the bone into position.

here muscular spasm is marked, administer a general anesthetic. Figures
1o73-1o74 depict the method of reduction of a backward dislocation or the elbow
and that of the head of the radius.

After reduction has been accomplished, bandage the arm at right angles,
keeping the hand midway between pronation and supination. In case the radius
has been displaced, place a pad over its head to hold it in position. Begin pas­
sive movements in about 7 days.
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Supracondylar Fracture of the Humerus

Like the foregoing, this fracture is difficult to reduce and maintain by ma.
t ulative methods (Fig. 1o70). The line of fracture is usually '!
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cubi tal space, occas1onal y injuring the ulnar or median nerve or neighbOrin ....
blood vessels. When not surgically reduced, healing usually takes place with !

mass of cal lus which seriously inter.
feres with flexion of the arm and
considerable deformity. Palsies may
appear late. Open surgical correc.
tion is the better way of dealing with
such fractures. Or, use skeletal trac.
tion through the proximal end of the
ulna with the forearm in fiexion sup-.
ported by a Balkan frame.

Step 1. The fractured region is ex­
posed by a medial incision along
the inner side of the arm, about
3 inches above the elbow, pass­
mg over the internal condyle
and down the forearm for about
23/ inches; a flap is turned up
which exposes the ulnar nerve
which is dissected and retracted
and the fracture tract exposed
and treated as indicated.

Step 2. The bone fragments arc
c. 1on1. Fa"E,,$,%{ "rat con@yle of replaced in correct anatomi c po­

·.. sition and are wired or pegged;
the elbow is put up in a position of extreme flexion (90-1oo%),

Step 3. The forearm and elbow region are placed in a plaster cast for about
12 days before motion is started.

Fracture of the Internal Condyle of the Humerus

This fracture is rather rare and results from an upward displacing force
being transmitted through the ulna to the internal condyle (Fig. 1o71). Reduc­
tion is usually easily effected and a plaster cast maintains the forearm flexed 90
degrees at the elbow and rotated into full pronation. There is, however, a tendency
for displacement to recur when the reducing force is removed. For this reason
and because the ulnar nerve is frequently involved, open operation is often
necessary.

Step , . Expose the fracture through an jncision along the inner side of the arm
being careful not to injure the ulnar nerve.

Step 2. Examine the canal of the ulnar nerve-the nerve, if damaged is dissected
free and transplanted lo the front of the elbow.
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FRACTURES OF THE OLECRANON

The most usual site of fracture of the olecranon is at its junction with the
shaft of the ulna Fig. 1o7s). The method of repair generally is by suturing or
wiring, but special methods such as bone inlay may be employed.

Fn, 1o;3. Reduction of backward dislocation of the elbow.

Ftc, 1o74. Dislocation of the head of the radius which is reduced by traction of forearm and
direct pressure on the head of the radius.

Step 1. Either an oval incision is made with its convexity upward passing
around the olecranon or a median longitudinal incision beginning and end­
ing cons iderably above and below the line of fracture but nol mvolvmg the
muscles above or below. The incision is carried down to the bone.

Step 2. The procedures here-exposing the fractured ends of bone, drilling the
two fragments, passing and tightening of the wire, suturing the torn peri­
osteum and fascia and closure of the wound-are identical with the method
of dealing with a fractured patella by suturing or wiring.

Step 3. The limb is put up in full extension supplemented by anterior plaster
or Paris cast.

If the fracture is compound, if there is considerable effusion of blood and if
the proximal fragment is retracted very much and is very mobile, the following
surgical treatment is indicated.

Step r. The fracture fragments are exposed by cutting and turning up a
U-shaped flap or-by a transverse incision or by enlarging the wound in case
of a compound fracture. If a transverse incision is employed, it is placed
a little above or below the line of frac­
ture.

Step 2. Cleanse the whole fracture· area and
excise any ragged ends of synovial bursa.

Step 3. The continuity of the bony parts is
reconstituted by drilling, wiring, or other
selected osteosynthetic procedure, the
periosteum being first dissected back for
a few centimeters from thie fractured
bone ends.

Step 4. The fibroperiosteal tissues are
again united over the fractured area and­
the external wound closed.

Step s. The elbow is kept elevated and in
full extension. Put up in anterior splint.
Movements of flexion and extension
should be begun as soon as possible.

FRACTURE OF CORONOID
PROCESS OF THE ULNA

Fi . 1075. Fracture of the olecranon
This fracture is usually associated with process of the ulna.

posterior dislocation of the elbow. Old cases
causing interference with Hexion should be surgically treated.

Step 1 A lateral incision is made in front of the condyles of the humerus . The
muscles are separated from the anterior surface of the condyles until the
brachialis anticus and coronoid process are exposed.

Step 2. The disability is usually due to excessive callus formation or formation
of bone in the tendon of the brachialis anticus. They should be removed and
the tissues restored as far as possible to normal conditions.

Step 3. Close the wound. Dress and apply a sling. Passive and active move­
ments should be begun early.

FRACTURES OF THE BONES OF THE FOREARM
Generally speaking, open surgical treatment of fractures of the bones of the

forearm is only rarely indicated and manipulative methods on the whole give



Fu,. !0;8. 1Ictho<l o f rc<lucing fracture of the forearm.

I

A broader posterior splint may be substituted for the usual one which is fre.
quently too narrow; (b) A pad placed over the fractured area and one under
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FIc. Io77.
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Step 3. Secure ~he hand in position by means of a Carr splint 'F;

The Carr splint may be modified as follows to increase i ,""''- 1o8.),emciency: (a)

it will assist in keeping it in place; (c) There is likely to result an unpleas­
ant swelling of the fingers if the splints are applied too tightly.

ROBERT JONES' METHOD

In the more complicated types of Calles' fracture, Sir Robert Jones' method
should be used:
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better results (Figs. 1o76-1o77). The Committee on Fractures of the American
Surgical Association in its Report issued in 1922, states that these fractures
treated nonoperatively gave good functional results in 78 per cent of the cases as

compared with 68 per cent of those treated by open operation; furthermore, the
nonoperated cases showed only z per cent of bad functional results as compared
with 13 per cent in the operated cases. However, it should be taken into account
that the surgically operated cases in the main were those in which injury was most
extensive and delay in adequate treatment most pronounced. Figure 1o78 shows
the method of reducing fracture of the forearm (reduction by traction and ma­

nipulation followed by immobilization).
In open fractures of one or both bones of the

forearm, the general surgical treatment is that of all
at.her open fractures, namely, exposure of the frag­
ments, uniting them by one of the ordinary osteo­
synthetic methods, removing bone fragments, cleansing
the area and closure of the wound.

There are, however, several cardinal points which
should be borne in mind. Do not hesitate to make
two incisions for the exposure of the two bones but do
as little sharp dissecting as possible. Defore employ­
ing pegs or plates for reduction endeavor to draw the
fragments into position by tying around them with
chromic gut or kangaroo tendon, or by pulling them
together with gut passed through drill holes in the
bone. Do not close the wounds until both bones arc
in place.

Preserve this relationship by continuous traction
during closure and dressing (Figs. 1079-1080).

Fu;. 10;6. Fracture of radius Colles' Fracture
am! ulna.

This fracture is caused by falling on the out-
stretched hand. The line of fracture occurs in the distal part of the radius; how­
ever, usually there is no involvement of the' wrist joint; the distal portion is forced
backward and upward; at the same time it leans toward the radial side causing
the articular surface to face downward, backward and outward. Displacement
of the lower fragment includes the hand and carpus. The fragments are very
often impacted. Frequently the internal lateral ligament of the wrist is torn or
the styloid process of the ulna is torn off ( Fig. 1081).

Treatment
An anesthetic is commonly used during the correction of this deformity.

Step 1. Grasp the patient's hand (as for the salutation of "shaking" it) i if the
fracture is on the right side, use your right hand; if on the left side, the left.
Disimpact and make longitudinal traction, keeping in mind the direction of
the displacement. An assistant grasps the elbow and makes countertraction.

Step z. Fix the fracture area with the free hand and press the displaced lower
portion into position with the thumb, finally replacing the radius by wrench­
ing the hand into a position of ulnar adduction.
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Fic ro82 Carr's radius s!int for Colles' fracture.

Fc. 1081. Colles' fracture.

7

Fie:. I08.1. Reducing Colics' fracture by Sir Robert Jones' method.

\
Fic, 1084. Sir Robert Jones' method of splinting Colles' fracture.
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If a Calles'. fracture is properly treated, it should never cause trouble. Care

should_ be exercised so .as not to strain the newly formed callus which is likely to
result in a stiff and painful wrist. The splints are kept on for three weeks during
which time light exercise of the fingers is advised. Massage is more beneficial
after the fracture has united.

Comment: Colles' fractures are best treated by: a, disimpaction by ex­
tension; b, application of traction; c, fiexion at wrist; and d, pronation of
distal fragment, followed by; e, immobilization in plaster of Paris dressing.

DISLOCATIONS AND FRACTURES OF THE WRIST BONES
Although these are almost always treated by manipulative methods, yet per­

sistent dislocation, persistent stiffness, pain and loss of function occasionally
demand open surgical correction (Figs. 1085-1086-1087).

Step 1. Take the patient's forearm in the left hand while your right hand is
placed on the back of the patient's wrist (Fig. 1083). While firmly gripping
the wrist, slightly pull and twist it, reducing the fracture.

Step 2. Place a wool pad over the lower end of the upper fragment in front, and
over the small lower portion in
back. Secure these with metal
spl ints, giving them a slight spiral
twist. The metal splints are
strapped and the forearm is placed
in a sling: (Fig. 1084).



FIG. 1086.. Postt:rior view of tht· lower end of 1hc radius and ulna and the carpal bones.
(F rom Davis' Applied Anatomy.)

Step 3. The wound is closed in layers. No splinting is necessary. Active move­
ments may be begun after a week.

Comment: Open surgical treatment is indicated when the fracture is
accompanied by much dislocation, when there is pseudarthrosis after ma­
nipulative treatment, with absorption of bone, persistent pain, stiffened
wrist and restricted function.

Open surgical treatment can be classed under four heads: (a) drilling;
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(b) drilling followed by bone grafting; (c) obtaining fusion with neighbor­
ing bones; (d) excision of the affected bone.

If fusion is the method employed it must not be to the radius as that
would ankylose the radiocarpal joint; the fusion should be with the lunar
or capitate bones preferably.

Cave ::.ays: Our end-results from the bone graft operation have been
very gratifying as far as the clinical aspects are concerned, but bony union
occurred in only 4 of' 7 cases (57 per cent). . . . All 7 cases were rendered
symptom-free by the operation and economically and functionally are al­
most perfect.

Os magnum
Uncifarm

\

r

SURGERY OF THE NERVES, VESSELS AND BONES

1 Dislocation of the scmilunar (Figs. 1088-1089).

2: Backward dislocation of the distal row of carpal bones on the proximal

Surgical Treatment

Step 1, An incision about 1/ inches long is made on the dorsum of the wrist
or a 1/ inch incision on the volar side of the wrist, according to the nature
of the displacement of the wrist bone to be removed. The incision passes
over the bone to be removed and slightly above the lower end of the radius.

Step 2• Tendons and nerves are retracted, the annular ligament incised and the
affected bone, lunar, capitate or navicular usually, either one or more, re­
moved in fragments. The greatest difficulty Hes in removing the distal frag­
ments and separating them from their ligaments. Care must be taken not to
injure neighboring intact bones or their carti lage. When the fragments are
removed the area is thoroughly cleansed and put in the best anatomic
position.

Manipulative Treatment

Dislocation of the semilunar: Here the bone i~ usuaHy dislocated forward
and is fel t as a hard lump underneath the flexor tendons. Flcxion is limited and
4ere is frequent involvement of the median nerve (paresthesia in the palm and
lingers ;.1long the chstnhutmn of the nerve). -ray diagnosis is not a simple mat­

ter and is often misinterpreted. If at­
tempts at reduction by manipulative
methods fail, the semilunar should be
removed (Figs. 1088-io89).

Reduction is accomplished by: a)
dorsal flex ion of the hand, b) direct
pressure by the surgeons thumbs on
the anterior surface of the wrist over
the dislocated semilunar bone and c)
flexion of the wrist. This will usually
result in the replacement of the dis­
located semilunar bone. Keep mo­
bilized in plaster of Paris dressing in
full flexion for 4 days, followed by
partial flexion for 6 days, after which
begin physical therapeutic measures.

Backward dislocation of the
carpus: The diagnosis is difficult.
The distal row of carpal bones pro­
jects backward. Swelling takes place
and motion is impaired. Reduction
soon after the injury is not difficult.

Fie. 1o85. Normal wrist joint. It is effected by direct pressure for-
ward on the distal row of carpal bones

while an assistant makes long axis traction. If reduction fails, open operation
comes into consideration.

row.
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Fic . 1c88 Fic. 1o&
FIG. 1088. Flexion. The surgeon's thumb manipulates the semilunar into place.
Fie. w8g. Hypcrcxtension, The surr;:c'.m's thumb is on the semilunar bone

Complete Dislocation

Flexion should not be used.

Step 1. Place the patient's hand in a vert ical position.
Step 2• Grasp the thumb in the whole hand, push ti further backward. Force

, the end touching the metacarpal obliquely forward and downward, the
dislocated end should always precede and be kept close to the metacarpal
bone. .

Step 3. Reduction takes place when the glenoid ligament passes the border of
the articular surface.

Fic. 109o Fc.1o9rt .
Fa, 1o9o. Reduction of dislocation of the os magnum of the wrist joint; general anesthesia.

Step 1. Persistent traction and hy perextension..
Fc, Io1. Reduction of dislocation of the os magnum of the wrist joint. Step 2. Flexion.

obere the thumbs of the surgeon are now resting on the anterior surface of the wrist opposite
the os lunatum.

i
!

Fc. 1o87, Anterior view of the lower endsof+he radius and ulna and the carpal bones. (From
Davis' Applied Anatomy.)

Step • The prominence formed by the displ aced semilunar bone is exposed
and the semilunar bone ligaments are separated; the periosteal covering of
the bone is dissected.

Step 3• The semilunar bone is removed as well as any fragments of it or other
bones in its vicinity. The soft parts are replaced, the wound closed and
movements of the hand begun at an early date.

DISLOCATION OF THE THUMB
The three types or thumb dislocation are referred to as complete, incomplete

•
nd

complex. The dislocation is complete if the glenoid ligament rests vertically
on the dorsum of the metacarpal; it is incomplete if the glenoid ligament and
~motds still rest on the head of the metacarpal bone; it is complex if thet lanx is placed straight and the glenoid ligament is inserted between the

rsum of the metacarpal and the dislocated bone (Fig. 1o9,).

Rad;,.-;- \LI
\ --~Ulna

~ ;:</-~ . •:~Styl~;d p,ocen
(' ·Semilunar

Styloid process -Cune)fo,m

Scaphoid h-- iform
Tuberosity of scaphoid- -~ magnum

Trapeiium --r= cifo rm process
Ridge on lrapexium (

Trapexo1d-;/

l,
/s '

'

Of carpal bone dislocations, that of the os magnum with complete separa­
tion of the semilunar bone, following a fall on the extended hand, is the most
common type demanding surgical intervention. Figs. 1oo-1091 depict manipu­
lative treatment of dislocation of the os magnum.

Step I. The anterior carpal surface is exposed by a longitudinal incision over
the front of the wrist, a little to the inner border of the palmaris longus; the
flexor tendons are retracted.



Ftc. 1092. Doral luxation of the proximal phalanx of the thumb:division of the tendons of the
abductor and flexor brevis po llicis muscles, (From Davis' Applied Anatomy.)

Step 2. Push its upper end forward and downward. Reduction follows in the
path of dislocation.

Ft¢, Io95. Farabeuf's method of reduction of a complex dislocauon of the thumb. Step 3.
Push the disengaged thumb from behind forwards along the dorsal surface of the metacarpal
bone pressig the base of the phalanx against it . While exerting pressure in this manner as
far forward as possible the thumb is depressed by the surgeon's thumb resting over the base
of the first phalanx which is being depressed forward until reduction is completed.

Step 3. While maintaining the thumb in a perpendicular position, force it dis­
tally along the back surface of the metacarpal against which the base of the
phalanx is pressed (Fig. 1095).
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Step z. Elevate the thumb, at the same time forcing it backward u · .
vertical to the metacarpal (Fig. 1094). ntal ll i::
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Incomplete Dislocation of the Thumb

Avoid flexion here also.
Step ,. Grasp the dislocated thumb firmly. Elevate it and supply traction

and extension. Bend the thumb further backward.

Fie. JOCJJ - Farabcurs method of reduction of a complex dislocation of the thumb. Stc1> I. General
anesthesia. Traction in the long axis of the thumb until its natural length is restored.

Complex Dislocation

Anesthetize the patient if it is deemed advisable.

Step 1. Stretch the thumb lengthwise until its normal length is restored (Fig.
1093).

\
\
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Fic. 1097
F, 1o9; Fractures of the metacarpal bones.
Fie. JOCJ8. Fracturt• dislocation of the thumb.

DISLOCATIONS AND FRACTURES OF THE METACARPALS

Forward Dislocations of Metacarpals

Step I. Have an assistant draw back the finger.
Step a. Exert pressure on the dislocated phalanx with the thumbat he "}

time pulling the head of the metacarpal hone in the opposite direction
the fingers.
It is advisable to carry out this procedure under general anesthesia.

Fractures of the Metacarpal Bones
These fractures usually follow direct trauma, are oblique in type 3nd. i~·

volve most frequently the third and fourth metacarpal bones. The diagnosis is
usually easy. The deformity and treatment is illustrated in Figs, 1097-1098-109%°

stances, it may be necessary to make two small transverse incisions in addi­
tion to the above.

Step 4. Pull and bend the thumb. Reduction should follow easily.

If, however, reduction does not take place, remove a wedge-shaped piece of
the central portion of the glenoid ligament between the two sesamoid bones; then
while stretching the thumb longitudinally, carefully insert an elevator from above
down between the two bones; lever the metacarpal into place with the elevator
while bending the thumb.

In cases where complete reduction is impossible, it may be necessary to re­
move the head of the metacarpal.
This has given satisfaction in
several instances where it has "1111111111111

been followed by the proper
after-treatment.
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Step 4. Force it distally as far as possible, then palmward, avoiding sudden
flexion. Push the first phalanx forward and downward with the thumb.

Farabeuf's forceps are very useful where the thumb is short and swollen.
Figure 1o96 illustrates how it is used. Observe how the phalanx is placed al right
angles to the metacarpal: it is during this maneuver that the sesamoid bones and
glenoid ligament are freed. If the forcing forward is begun too soon or if it is
incomplete, there will be no reduction. Great care should be exercised in carrying
out the procedure and 'if failure results the first time, try it over two or three
times. However, do 'not be too persistent and Under no circumstances insert a.

Fc. 1096. The use of Farabeuf's forceps in reducing any variety of dislocation of the thumb.

tenotomy knife and blindly incise everything which appears to obstruct reduction.
Farabeuf and Verneuil both recommend at this point dorsal arthrotomy and
open section of the glenoid ligament. This is carried out as follows:

Step 1. Disinfect the skin. Make an incision about an inch long on one side
of the: extensor tl'nclon immediately over the dislocation. Divide the sub­
cutaneous tissue.

Step 2. Draw back the extensor tendon and margins of the wound thus exposing
the locus of the luxation, the dorsal end of the phalanx and the back of the
metacarpal bone which is covered hy the glenoid ligament.

Step 3. Incise the ligament )ongiludinally in the midline, cutting down to the
metacarpal bone and lo the articular surface of the phalanx. In some in­



Dislocations of the Fingers

These arc treated much the same as a dislocated thumb. Never be d th
finger: stretch it longitudinally first, then stretch it backward, pressing l~e dis~

Dislocated phalanges ( Fig. 1100) are usually successfully reduced by com­
bining traction and direct pressure. Fig. 1101 illustrates this procedure. An
assistant pulls the finger while the surgeon holds the phalanx with index fingers
crossed below and thumbs above and exerts pressure on the dislocated region.
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Fie, I 101. Reduction of a dorsal dislocation of the terminal phalanx of the index finger.

Step 1. An incision is made in the intercostal space over the fracture site. The

Fractures of the Phalanges
These are very common fractures, and although not considered serious are

often difficult to treat (Fig. 1102). This 's especially true of fractures through
the base of the phalanges. The reduc­
tion of such injuries is illustrated in
Fig. 1ro3. There are many traction and
splinting methods designed especially
for these injuries.

..J
'(

Simple rib fractures may be treated
by manipulation and immobilization
(Figs. I104-11o5). Complete open frac­
ture of the ribs is uncommon. If the skin
is opened it is generally caused by the ob­
ject that causes the injury not by the
fractured bone ends. The fractured
bone ends may, however, penetrate the
pleura or lung or a depressed rib frag­
ment may cause the pleura or lung to
split. The nerves or the intercostal
artery may e involved (see surgery or " 1 2I".7"{";,,g resist
the Chest). When there is a lung punc­
ture emphysema and pneumothorax may result. A compound fracture, or a sim­
ple fracture with hemorrhage from the intercostal vessels or lung, call for open
surgical operation.

FRACTURES OF THE THORAX
RIBS

FIG. Io99 , Fracture of the metacarpal bone showing the resulting detornty produced
by the interosscus muscle and the treatment of the fracture using a splint and pads. (After
Magnuson.)

located end against the back of the metacarpal so that it returns the way it
became dislocated, forcing the glenoid
ligament before it.

In cases which do not respond to the
usual treatment open section is resorted
to or subcutaneous division is carried out
as follows:

Step 1. Make a puncture in the skin
half an inch behind the phalanx base,
near the outside of the extensor ten­
don, with a tenotome.

Step 2. Hold the handle of the instru­
ment parallel to the tendon and
insert the point under the skin to­
ward the articular surface of the
phalanx.

Step 3. When the point reaches the
articular surface, raise the handle,
thus depressing the point and direct­
ing it against the palmar ligament

Fir.. 1100. Dislocation of proximal pha1a11.'\. appearing on the dorsum of the meta­
carpal.

Step 4. Divide the ligament by pressing the point of the tenotome against the
posterior surface of the metacarpal and drawing it backward for about one­
third of an inch.
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superficial tissues are dissected and search is made for any bleeding vessel
which is ligated.

Step 2. It may be necessary to resect part of the fractured rib or ribs. If the
lung is lacerated and bleeding, the ribs and parietal pleura in the vicinity are
divided until there is space enough to 2rasp thr. lung with forr:ens and pull it

skin and fascia to allow the escape of air. If this is not sufficient a thoracotomy
may be necessary.

STERNUM

In fractures of the sternum when ordinary manipulative reduction and re­
tention methods fail and there is marked deformity, an open surgical operation is
indicated.

Step 1. A convex incision along the outer border of the sternum permits the
reflection of a flap down to the bone.

4 + I
... -d7ll)

± ,/

FIG, 1104- Palpating the chest wall for fractured ribs.

DISLOCATIONS AND FRACTURES OF THE SPINE
DISLOCATION OF THE VERTEBRAE

Dislocation of the vertebrae is rare and was thought, at one time, to be im­
possible except as a complication of fracture. It is essential but sometimes dif­
ficult to distinguish between cases in which displacement is the result of fracture
and those in which the fracture is an insignificant complication of dislocation
(Figs. I06-1Io7-1108-1I09-III0).

Step 2. The costochondral junctions from the first to the ninth may be resected
in order to permit the sternum being raised up and levered into a correct
anatomic position. A grooved director or periostotome may be employed as
a lever to lift the bone. Any deformities on the bone are then chiseled off.

Step 3. The flap is returned to place and sutured and maintenance is effected by
suitable bandaging or retraction of the shoulders.

£°'r,,

~
r"";; Jo3 • Fracture of _the pro ximal phalanx with tue deformity produced by _the pull
and j"bricalis mul e. b. Fracture of th& middle phalanx proximal_G he fexor, in!";"
phal, resulting defo rmity _corrected by a straight dorsal splint. c. Fracture of the mt
.5plin~ distal lo the flexor insertion and the resulting deformity corrected by a curved palmar

into the wound opening. The lacerations are (hen sutured with catgut! ana­
tomic conditions are restored as far as possible and the chest closed without
drainage.

In an old thoracic cage fracture if the symptoms suggest that the intercostal
nerve is pinched or involved in calius or if necrosis or the injured bone is sus­
pected , the callus must be removed and dead bone cut away.In severe crushing injuries, such as those following automobile accidents,
with increasing, spreading emphysema multiple incisions are made through the



With the best of mechanica l treatment, these disloca tions are likely to heal
with some slight imperfection of a fractured process or malposition in the case of
union· of a torn ligament, which results in limitation of movements.

The degree of primary injury and extent of displacement govern the amount
of damage suffered by the cord. The usual causes of dislocation are forcible
flexion of the spine and direct violence due to moving vehicles and other heavy
objects. Loss of power and deformity may result from injury or complications
of the spinal cord which will be revealed by careful examination. If fracture is
present, prominent bony points and movable fragments may be detected. In the
presence of thin abdominal walls, inequality of the "Outline of the bodies of the
lower vertebrae maybe noted. Dislocation and fracture symptoms are so similar
that definite diagnosis without the assistance of operation or autopsy is uncer­
tain, hence the term "fracture-dislocation." Nonsurgical treatment begins and
ends with the advantages gained from extension and counterextension, accom­
panied by manipulation directed anteriorly to adjus tment of the vertebral bodies
when advisable.

FRACTURES AND DISLOCATIONS

tion toward the sound side disengages the articular process f 971
whi le abduction to the sound side with rotat ion towara ," " the opposite Ra,
d. I d ; I · · e unsound caisplaced articular process into correct position. In cases f 1], IIes A
disloca tions , reduce first one side and then the other in a, "a'eral comp,
suggesti ons. Keep in mind that rotation of the spine at, """ ith the ai
should be made by graspi ng the upper segment and n<,," Point of inj ur
Ater reduction is accomplish ed, the head is supported aaq{"T" the iaa
the aid of an apparatus maintaining occipito-mental trae," ""Pi tion 4
Parisyoke and collar may be worn from three weeks to w," "h plaster.at.onths.
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Non-Surgical Reduction of Cervical Vertebra
Attention should be given lo proper reduction of the dislocation and to fxa­

lion. An anestheti c should be administered cautious ly so that the relaxation
resulting will not result in a sudden movement of the head which is held in traction
by the surgeon while the anesthetic is being given.

Spontaneous reduction quickly follows relaxation in many cases of diastases
and partial dislocation. The special treatment consists of reduction, fixation
and methods employed to correc t the injuries sustained. If reduction is advisable

it should be attempted promptly al­
though success has followed reduc­
tions which were made from one
week to two months following the
accident. It should be borne in mind
that attempts at reduction are accom­
panied by danger from pressure on
the cord and may result in death,
therefore, diagnosis should be care­
fully made. If reduction is impos­
sible and surgery is contraindicated,
immobilization is indicated so that
necessary repair may be assured.

When the occiput is disloca ted,
steady, firm traction on the head
accompanied by direction pressure
and forward or backward movements
of the head, are indicated; in com­
plete dislocation, extension and ro­
tation of the head toward the
disloca ted side in unilateral displace­
ment, affords a satisfactory method
of restoration.

Fic. 1Io5. Transverse fracture of sixth, seventh In dislocation of the atlas,
and eighth ribs. Reconstructed from x -ra y. great caution should accompany any

manipulations.
In bilateral dislocation steady, firm traction in the line of the axis of the

upper segment should be made while the neck is held rigid with the hands . Ma­
nipulations, if employed, should be made cautiously and with a clear knowledge
of their dangers .

In cases of unilateral disloca tion, the head is rotated to the sound side
while extension is made; it is returned to its normal position afterward.

Where the lower six cervical vertebrae are dislocated, the type of manipu­
lati onsdepends on the type of displacement. In case of subluxation, follow lateral
flexion by slight rota tion toward the disloca ted side with lessening abduction.
Failure of the attempt should be followed by a repetition, cautious ly increasing
the force .

In cases of complete unilateral disloca tion, Kocher recommends stretching
the ligaments of the affec ted side by increasing the lateral deflection and simul­
taneous ly employing slow tra ction and rota tion toward the involved joint. Rota­
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The patient should be placed in a recumbent position with immobilization
by plaster of Paris or similar material. Stric t att ention should be paid to personal
hygiene.

Fic. 1108. Fracture dislocation of vertebra.

Fc. I1o9. Fractured spine. Arrow points to fractured vertebra.

Dislocation of a lumbar vertebra is uncommon. In the few cases recorded
grea t force caused grave Injuries to the vertebrae accompanied by displacement

of the bodies of the bones. The symptoms are not clear cut and are not the same
as those which accompany injury of the cord. Local deformity and tenderness'
associated with bony irregularities of the vertebral bodies may be ascertained by
careful examination.

Reduction of backward dislocation may be accomplished by direct pressure
on the spinous process, with extension
and counterextension of the spine. In
forward dislocation extension and
counterextension accompanied by pres­
sure in front may be effective.

Upper Cervical Vertebrae·
SURGICAL REDUCTION

Open· operation is indicated when
reduction is difficult or when. there is
much pain.

Step · r. A six-inch incision is made
over the suboccipital spines, the
hooked spine of the axis identified
and the forwardly dislocated arch
of the atlas exposed.

Step 2. Strong silk sutures are passed
through the arch of the atlas taking
care to avoid injury to the spinal Fic. mo. Fracture of the .odontoid proc­
cord. Finger pressure is made on ess with dislocation of the axis and the atlas.
the anterior arch until reduction is Reconstructed from x-ray. 1. fractured odon•
effected. toid.

Step 3. The reduction is maintained by passing a silk ligature around the spine
of the axis. A plaster cast is applied for at least 4 months.

If reduction is impossible by this method a laminectomy may be called for.

FRACTURE-DISLOCATIONS OF THE DORSAL SPINE
These are usuaJly reduced by manipulative methods accompanied by hyper­

extension.

FRACTURES OF THE LUMBAR VERTEBRAE
The time and method of surgical operation will depend upon the nature of

the injury and whether or not there are symptoms pointing to involvement of the
spinal cord.

The main point to be considered by the operating surgeon is whether or not
the spinal cord is injured. In crushing injuries, it may be as well to delay opera­
live measures for a while to watch the course of events and to decide upon a
laminectomy only when the symptoms demand it. A late laminectomy will avoid
adding operative shock to the traumatic shock because vertebral fractures of them­
selves do not usually call for immediate intervention. If the patient is not im­
proved by manipulative reduction in hyperextension,and if there is a rising ten
perature and increasing pressure symptoms which threaten life, then operation
by the open method is mandatory. (See laminectomy.)
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The Technic of Ambulatory Treatment of Fractures of the Spinet

Step 1. Reduction is done as soon as the condition of the patient permits
one-fourth gr. morphine and 1/roo gr. scopolamine is given one hour before
reduction is to lake place.

Step a. The patient is pl aced upon the table face downward and anesthesia is
induced by either nitrous oxide or ethylene. When the patient is anesthe.
zed, reduction of the fracture is done. Disappearance of the pre-existent
kyphos is or the cracking sound produced by the disimpaction of the fracture
signifies the accomplishment ol the reduction.

Step 3. s soon as reduction has been achieved, the anesthetic is stopped and
a body cast applied.

Step 4. The patient is now turned on his back wi th two pillows under the curv.
ture of the spi ne and permi tted to remain in this position for at least fve
hours. A small window is cut in the epigastric portion of the cast.

Step s. Twenty-four hours later the cast is cut where desired and the patient
permitted to be ambulant. . ..

Step 6. As soon as the cast is satisfactorily trimmed, the patient is permitted
to walk about.

Step 7. Graduated exercises are next given, the patient remaining ambulant,
while stil l wear ing the cast, for about four to four and one-half months, de­
pending on existing circumstances.

Step 8. Finally, physiotherapy is resorted to and the patient is permi tted to
resume his work at the end of eight or nine months.

DISLOCATIONS AND FRACTURES OF THE COCCYX

These result from the patient falling wi th great force in a sitting position
or in any manner that brings the coccyx suddenly and forcefully in contact with
a hard subs tance. Dislocation results more frequently than fracture; the latter
frequently occurs at the junction of the sacrum and coccyx. The injury although
very painful, frequently fails to visualize on a roentgenogram. '

Reduction

The fragments should be replaced as soon as possible alter diagnosis has
been made. This is done by placing the index finger in the rectum and with the
ass istance ol the thumb placing the fragments in their usual pos ition. Anesthesia
may be required. The buttocks should be tightly cross strapped and the patient
should rest in bed for two or three weeks. Opium suppositories should be ad­
ministered and heat applied locally.

Pain is sometimes felt !or two or three months due probably to the contusion
of the coccygeal plexus and sacrococcygeal sprain. II this persists coccygectomy
is indicated.

Coccygectomy

Step 1. Make a small vertical incision over the articulation point of the sacrum
and coccyx.

Step 2. Separate the articulating surface ol the coccyx and holding it firmly,
free it to its tip by sharp dissection.
'As practiced by Drs. Wm. R. Cubbins and Carlos S. Scuderi at the Cook County Hospital.
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Step 3. Round and smooth the end ol the exposed sacrum and close the wound.
Carefully avoid injuring the rectum.

FRACTURES OF THE HEAD
FRACTURES OF THE SKULL
(See also chapter on Skull Fractures)

These comprise about 15 per cent of all fractures and derive their importance
from the possibility of injury to the brain. The mortality in cases of int racranial
Jury may vary from zo to 5o per cent. Even with a comparatively mild bone
IDJury, brain injury may be fatal.

Open surgical treatment of skull fractures depends upon the nature of the
brain tissue pathology. In cases with little or no shock, open treatment may be
primarily indicated. In a comminuted fracture when there is evidence of marked
cerebral or dural hemorrhage, if other conditions permit, and if shock has sub­
sided, the indication is for open surgical treatment; but this should usually not
be attempted in the presence of great shock, rapid pulse and profound uncon­
sciousness.

. In the case of a linear fracture, with a hematoma beneath the scalp in the
region of evident contusion, the surgeon must use his judgment in regard to
opening up the area. The actual bone fracture is of little consequence in itself.

Unlike fractures elsewhere, the cranial bones are not subject to displace­
ment ; there is no muscle pull and the fracture, if there is no brain injury, usually
unites.

Puncture fracture of the cranial vault with depress ion of bone, hemorrhage
from within the skull or with the presence of brain tissue in the wound calls for
immediate surgical treatment, if the patient's condition permits • '

In nonpuncturing injuries or comminuted fractures accompanied or not by
scalp woundsthe indications for craniotomy must be clear with a leaning toward
conservatism. An indication for open surgical treatment is given by evidence of
increasing intracranial pressure due to extravasation of blood from injured cor­
tical vessels, or from extradural meningeal irritation or edema of the brain.
Meningeal infection, manifested by a spinal fluid containing pus and under in­
creased pressure, is an indication for surgical operation. Generally speaking,
craniotomy for exploration is indicated in all extensive, open fractures of the
skull or when the signs of increasing intracranial pressure threaten life.

For technic of decompression see pp. 148-15o in chapter 8 on Skull Fractures.

DISLOCATIONS AND FRACTURES OF THE FACIAL BONES
In the case of an accident with much nasal bone injury, the general surgeon

generally limits his efforts to elevating depressed bones with replacement of
fragments maintaining them in place by packing the narcs with gauze. External
splints to correct lateral angulation have little value.

Fracture of the Nose

Fracture of the nose is characterized by trauma, epi staxis, swelling, redness ,
deformity, and painfulness. Crepitation is also a symptom which is· best deter­
mined by the surgeon holding the patient's head against his chest and determin­
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ing by lateral manipulation whether there is any abnormal mobility or crepita­
tion (Fig. trrt).

TREATMENT FOR SIMPLE FRACTURE
The air passages should be kept very clean and a nasal splint introduced

into each nostril to act as a support and also for hemostatic purposes. Internal
fixation is best accomplished by inserting a curved, perforated rubber splint
for this purpose and leaving it in place for about two weeks.

Externally, the nose may not appear the same as before the accident but
if the air passages are kept clean and clear, the reduction is considered a
success.

TREATMENT FOR COMPOUND FRACTURES OF THE NOSE
Compound fractures are comparatively rare and are usually the result of

direct violence. The treatment consists in clipping off the tags of injured tissue
and applying an antiseptic solution such as mercurochrome or iodine. Follow
this procedure with the same treatment as is given in the case of simple fracture.

Suture the skin edges with fine horse­
hair and redl'ove the sutures in 3 days to
avoid scar formation. If it is impos­
sible to obtain intranasal splints a
packing of mercurochrone may be in­
serted into each nostril and tongue de­
pressors are properly fitted to either side
ol the nose and fastened with collodion
or adhesive.

The patient should be kept under
the surgeon's care for two or three
weeks. Occasionally, resection of the
septum is necessary if the nostrils have
not been correctly molded and pro­
tected.

Fractures of the Malar Bone
and Zygoma

A simple open fracture without de­
pression of bone calls only for the usual

Fc, 1, Fracture_of nasal bones. Recor surgical treatment of open fracture­
structed from x-ray.

cleansing, reduction, removal of any
small fragments and closure of the wound. A fracture with depression deformity,
whether impacted or not which interferes with functioning of the jaw calls for
open surgical operation especially if there is nerve pressure with sensory dis­
turbance.

Step 1. The incision should be small not more than ball an inch in length,
to avoid facial scar . This will permit the introduction of a chisel or hook
to elevate the bone into its correct place. When replaced in anatomic
position, the bone tends to remain so .

8tep :z. Close the wound and avoid pressure on the area for some weeks.

FRACTURE OF THE SUPERIO R MAXILLARY BONE

In closed fracture the patient has the alternatives ol possible deformity
or of open operative reduction and correction. Although the fractured bane
may be reduced by manipulative methods, it is hard to keep the reduction main­
tained. Opening up by surgical incision affords an opportunity for correct re­
placement of the fractured fragments.

Open fractures of the superior maxilla are treated surgically in the same
general way as an open fracture anywhere else, namely, aseptic debridement, re­
duction and closure. If the fragments cannot be maintained in replacement the
teeth may be wired and the fragments held by intradent al spl ints. The services
of a dentist are called for in such a procedure.

FRACTURES AND DISLOCATIONS OF THE LOWER JAW
(See Chapter on Surgery of the Head, pp. 28g-297, Figs. 319-337)

Like fractures of the superior maxilla, reduction and maintenance of frag­
ments is difficult in fractures and dislocations of the mandible. The age of
the patient, the occupation, the time elapsed since the injury and the probable
cosmetic result have all to be considered in operating for a fracture or disloca­
tion of the mandible.

Step 1. The skin incision is made below the zygoma and the dissection carried
down to the mandible by splitting the muscles and retracting them. Care
must be taken to avoid any important blood vessels or branch of the facial
nerve. If the fracture is condylar, Murphy's approach by a 2-inch incision
starting on the level ol the zygoma and hall an inch in front ol and on a
line with the external auditory meatus can be used. If necessary, this af­
fords an opportunity !or the use ol a flap ol temporal fascia should an
arthroplasty be called for to avoid jaw ankylosis.

Step 2. The fractured mandible is reduced. II the condyle cannot be managed
satisfactorily it should be removed and an arthroplasty done as described.
The use of a prosthetic apparatus may be necessary to maintain the reduced
fragments in position.

FRACTURES OF THE PELVIS
As a general rule, closed fractures of the pelvic bones-ilium, ischium.

pubis, acetabulum, sacrum and coccyx-do not call for open surgical operation
(Figs. III2•IIIJ), These injuries are treated by manipulative methods , which
include placing the patient on a fracture table and applying continuous or
skeletal traction through the ischium and by immobilization in a cast after the
fragments have been reduced. Operation may be necessary when some internal
viscus is injured concomitantly with the fracture.

SACRO-ILIAC JOINT

Sprains and dislocations of the sacro-iliac joint (Fig. III4) are usually
followed by incessant and excruciating pain and complete disability. In such
cases as welt as for irreducible separation of the surfaces of this joint accom­
panied by a pelvic fracture, open surgical treatment is indicated. The operation



Step 2. The joint is opened and curetled. An autogenous bone transplant
about 3 inches in length is taken from the tibia and driven diagonally across
the sacro-iliac joint from above. downward into the sacrum in which a gutter
must first be prepared for it.

Step 3. Close the wound in layers. No plaster cast is necessary but the patient
should be kept in bed for about 6 weeks after which he is allowed to walk.

Smith-Peterson Operation

Step 1. Begin a curvilinear incision at the iliac crest midway between the an­
terior and the posterior superior iliac spines. Carry the incision posteriorly
around the posterior iliac spine and thence down and outward for about

Fic, 4. Diagnostic maneuver: Helpful in differentiating between_ sacro-iliac +d
bosacral lcs1ons. The sketch shows forcible hyperextension of left hip with pelvis and."1 1t1•
spine fix ed by means o f ex treme fleion o f the rig h t h ip . Pain is generally p resen t in um r
iliac, absent in lumbosacral lesions. (Courtesy ui Dr. F, J. Gaeusleu.) s:icro-
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consists in excising the joint surfaces followed by bony fixati 070
bone graft. on by rncans or a

Step I; An incision is made downward and outward from the ,
spine to the crest of the ilium or below it. The sk. f e third Iurnb
dissected up and retracted away from the joint o" and fascia / rIs exposed. te

_ _ -!.l,_ ----

FtG. IIJJ. Multiple fractures or bot11 pubic bones, with displacement of fragments.

Frc, n2. Fracture of the pelvis.
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FIG. 11_1_5. Operative trcat.ff!Cnt of sacro-iliac sprain. A. Line of incision, B. a. Denuded
surface of ilium: b. post. sup. iliac spine; c. denuded sacral surface; d. bone segment removed
showing sacro-iliac joint; e and f, retracted muscles. C. Bone wedge after being reshaped is
countersunk and the bone edges are broken with a chisel.
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Fm. 116. Line of skin incision with rdcrc-ncc to skeletal landmarks. (Courtesy of Dr. F. J.

Genslen.)

deep fascia. Liberate the wound margins and retract them thus exposing
the crest to the posterior superior spine (Fig. 1116).

Fie. I I 17 . Curved skin incision along crest; skin edges retracted; incision down to bone along
posterior third of crest. (Courtesy of lJr. F. J. Gaenslen.)

Step 2. lllake an incision over the posterior third of the crest and over ~e
posterior superior spine, leaving a small margin of fascia and muscle on e
outer lip of the crest to facilitate the closing (F ig. 1117). . 1 to

Step 3. Split the posterior portion of the ilium flatwise with a broad chis_e er
a depth of 2¼ inches forward from the posterior superior spine into an inn

BA

four inches. Reflec t the flap and underlying muscles laterally exposing the
surface of the ilium (F igs. u15 A-B).

Step a. Define the sacroiliac joint. Remove a generous rectangular bone wedge
which includes the whole thickness of the ilium and passes through the
sacroiliac joint. Wi th the joint thus exposed cartilage and underlying cortex
are removed down to cancellous bone.

Step 3. Remove all cartilage from the bone wedge and then replace the block
in its original site. Cancellous bone surfaces are thus brought into ap­
proximation.

Step 4. The surface of the bone wedge now lies below the surface of the ilium.
To promote stability the edges of the latter are broken in over the wedge
with a bone chisel (F ig. 115 C).

Step s. Carefully replace and firmly suture the reflected structures. Dress
and confine the patient in continuous recumbency for about three months.

Gaenslen's Technic of Sacro-Iliac Arthrodesis

Place the patient in a semiprone position. In the case of stout or short­
waisted persons raise the table in the center with the peak in the flank thus
bringing out the crest prominently. Mark the location of the pos terior superior
and posterior inferior spines before preparing the skin for identification and
proper placement of the skin incision.

Step 1. Make an incision along the posterior two-thirds of the iliac crest, curv­
ing around behind the posterior superior spine and ending over the posterior
inferior spine of the ilium. Penetrate the skin and subcutaneous fat to the
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Fa, ttzo. Lateral aspect of let
iliac hone: The area of articulatiun
with the sacrum is shown by shading;
the triangle outlines the area through
which the joint is approached. (Cour­
tesy of Dr. F. J. Gaenslen.)
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Comment: Gaenslen recommends that a plaster spica be worn for ten or
twelve weeks followed by a pelvic belt in the case of tuberculous patients.
This procedure docs not weaken the posterior sacroiliac ligaments in any

same side (Fig. 1118). In splitting the ilium, center the chisel over the
posterior superior spine in the direction above recommended: widen the
split upward and downward enough to separate the entire posterior third
close down to the posterior inferior spine.

Step 4. Split the ilium_ to a depth of about 1/ inches (it cannot be split tc
the rcqmred depth in an unbroken leaf on account of its curve). Reflect
laterally the outer leaf of bone with the attached gluteal muscles and over­
lying tissues Fig. 1119). Further split the remaining portion of the posterior
thud With the chisel and reflect it out thus obtaining: satisfactory exposure
of the sacro-iliac joint. Danger.of going: too deeply is averted if the an­
terior superior spine is used as a landmark.

Step s. Next attack the part of the inner
leaf overlying the joint. Dissect a tri-
angular area of bone corresponding in
size and location to the sacro-iliac joint
on the inner or standing leaf of the ilium.
The portion of bone to be removed is
identified as follows: ( Fig. II20). The
base line BC, two inches long, extends
forward from the posterior inferior spine
directly toward the anterior superior
spine. The line BA, one and one-half
inches long is erected almost perpen­
dicularly from the anterior end of the first
incision toward a point on the crest join­
ing the middle and posterior third; the
resulting angle is a little less than a right
angle. Join the points CA. It is not
necessary to remove this triangular area
of bone in one piece; it is better to re­
move it in pieces and save the healthy
parts for filling in the defect later.

Step 6. The entire joint is readily exposed
after the cartilaginous surface is identi­
fied in the center of the triangle, especially in a tuberculous joint where the
opaque white cartilage partially loosened by granulation tissue is readily
followed. The iliac part of the cartilage is removed in fragments as the
joint is uncovered with chisel and curet (Fig. II:!I).

Step 7. Pack the cavity thus made with pieces of healthy bone chips removed
during: the procedure (Fig. u21-insert). Bring the deflected outer leaf
of the ilium into apposition and hold it in place with a few interrupted
sutures into the dorsolumbar fascia and muscle. Complete closure with a
subcutaneous catgut and silk skin suture.

Fc. I1a. The outer leaf of _the split ilium is deflected laterally. A trianie is now_marked
out on the st and ing leaf of the ilium by three chisel cuts, This triangle, as shown 11l Fig. 102o,
lies roughly wi1hi~ the articulating area of the joint. The firstcut lies on a line conncct,ing
the posterior inferior spine of the ilium with the anterior superior spine. The second arises
from the front end of the first at slightly less than a right angle to tlus. The third line com­
pletes the triangle. (Courtesy of Dr. F. J. Gaenslen.) .

set against the posterior superior spine should be held in a plane parallel
with that of the posterior third or the ilium, and should be directed forward
and slightly outward in the direction of the anterior superior spine of the

Division of posterior third of ilium into an inner leaf, wmeh_remains standing, and
Fir.. u r8. an outer tea£. wlnch 1s <lcOcctc,l. (Courh.•sy of Dr. I·. J. Gaenslen.)

9s2
and outer leaf, the latter being the thickest. Keep the plane or the joint
and its relation to the normal bony landmarks well in mind. The chisel

/I
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Ftc. 1122. Tcchnic of sacralization (apophysectomy) of the fifth lumbar vertebra (V. Putti
O. Scaglietti). A. Cutaneous incision. B. Incision_of the sacro-lumbar aponeurosis. C. Re­
moval of a segment of the iliac crest after the _superimposed muscles have been dissected away.
D. The sacralized apophysis appears to view after a portion of the ilium has been ablated. The
dotted line indicates lhc segmrnt of lumbar vertebra to be rcmovi:d. E. Remm:~t of portion
of lumbar vertebra as illustrated in n. ex11oses the 1110-psoas muscle and medially to same
the nerves coursing in this area.

DISLOCATIONS AND FRACTURES OF BONES
OF THE LOWER LIMB

DISLOCATIONS OF THE HIP
Simple dislocation of the hip is usually readily replaced by such a maneuver
C!ur. d. Org. di mov. Vol. XVII, 1932.
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~--~-----";2""?,, "xo sure ot saero-iliac joint and removal of articular surface with_egret. The inset
It: Jomt packed firmly with healthy bone hips. (Courtesy oi Dr. f". J. Gaenslen.)

Step 4. Make an incision for the removal of the sacralized transverse process
of the fifth lumbar vertebra as shown in Fig. 1122 D. '
Comment: Fig. 112z E shows conditions after removal of the sacralized

process of the fifth lumbar vertebra with the exposure of the iliopsoas
~u5cle and branches of the Jumbo-sacral plexus. The postoperative care in
t ese cases is bed rest without any cast for a period of four to six weeks.
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way; exposure is ample; danger from hemorrhage is negligible and closure
is simple and secure.

Putti's Technic for the Removal (Apophysectomy) of the Transverse
Process of the Fifth Lumbar Vertebra (Sacralization)

V. Putti and O. Scaglietti' give as an indication for this operation persistent
low backache caused by an osteoarthritis in a false joint formed by the approxi­
mation of the transverse process of the firth lumbar vertebra with the wing of
the ilium.

Step t. (Fig. 1122 A) Make a midline cutaneous incision extending from the
second lumbar vertebra to the spine of the fifth 1 um bar and having a hockey
stick curve over the corresponding sacro-iliac joint.

Step 2. (Fig. 1122 B) Expose the lumbo-sacral aponeurosis.
Step 3. (Fig. JJ22 C) Retract the lumbosacral muscles and remove the pos­

terior port ion of the crest of the ilium thereby exposing the sacralized trans­
verse process of the fifth lumbar vertebra.
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Frc, rt2q. The shoulder method of reducing iliac dislocation of the hip. Step 1, Observe
the position of the patient, of his affected limb over the shoulder and the relative position of
the surgeon and assistants.

will be vertical and flexed at a right angle to the pelvis. A sharp movement
of the shoulder increases the upward traction and disengages the head of th
femur from its abnormal position. 1e

FIc. I2 3. Maneuvers in Bigelow's method of reducing hip dislocated posteriorly.

as shown in Figs, 1123-1124-1125. For severe crushing injuries and old-standing
hip dislocations, due to any cause, with functional disabi lity, open surgical treat ­
ment is generally demanded. Following: an accident, if the patient is m a Slate
of shack, operation should be deferred until shock has subsided ; the blood vessels
arc rarely injured. A dislocation may be posterior, medial or anterior and the
approach will be different in each case.

Reducing a Dislocated Hip by the Shoulder Method

The patient is placed on the manipulating table, the pelvis projecting a little
over the edge of the table. The sound limb is supported by one surgeon while
the other steadies the spines of the ilium. The individual entrusted with reducing
the dislocation stands between the patient's legs.

Step 1. The knee of the patient is plai:ed over the shoulder of the surgeon.
The left band supports the lower part and the right hand the upper part
of the leg.

Step 2. The person so supporting the limb rises slowly, keeping the limb some­
what abducted. \Vhrn the upright position is attained, the affected limb

Posterior Dislocations

Step 1. The surgical incision usually runs from the postero-inferior iliac spine
to the base of the large trochanter. In old standing cases the head of the
femur is usually found under the gluteus maximus muscle; the obturator
internus, the gemelli and the pyriformis muscles arc generally found stretched
over the acetabulum.

Step 2. The femoral head must be detached from all pelvic connections, the
muscles stretched over the acetabulum pulled away, the acetabulum cleaned
out and the femoral head levered into place Uy circum<luction.

Step 3. Close the wound. Immobilize in plaster of Paris cast.
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Anterior Dislocation
Step I. The access to the acetabulum is covered by the trochanter and by the

muscles already mentioned which must be retracted downward or incised
and the acetabulum cleaned out.

Step 2. Flex and inwardly rotate the thi;;h which removes the trochanter from
its blocking: position.

capillary drain under the skin. The great desideratum in such cases is the
avoidance of infection and subsequent ankylosis.

CONGENITAL DISLOCATION OF THE HIP
Congenital dislocation of the hip, consisting or a partial or complete displace­

ment of the head of the femur from the acetabulum, is one of the most common
and important of congenital orthopedic disabilities. It has been recognized since
the time of Hippocrates and efforts at closed reduction methods were made by
Humbert as early as 183o, Paci demonstrated that manual reduction was possibl e
but it remained to Lorenz to effectively immobilize and thus retain the correction.
Surgical reduction by altering the femur head was carried out by Poggi in 1888

Fie. 1126. a. Illustrates the normal hip jniiu and capsule; b. Shows a congenital dislocation with
the formation of a false acetabulum and an "hour glass" capsule.

Step 3. Dissect the femoral head free and lever it into its anatomic position.
Both in anterior and posterior dislocations it may be better, in some inveterate

cases, to resect the head of the femur. An arthroplasty is then done, a flap of
fascia being inserted between the reformed head of the femur and the acetabulum
to avoid ankylosis: howenr, :m ankylosis to the ilium in a position of abduction
may often Uc the preferential mode of dealing with a. given case,

Open Hip Fracture or Dislocation
Here the general surgical 'indications are in order:

Step 1. Aseptic preparation of the site of injury. Then careful dfbridement
of the wound and search for the injured area.

Step 2. If the head of the femur is found broken, or if the acetabulum is so
damaged that a reduction cannot be effected or maintained, resection or the
head of the femur may be npcessury. The upper end of the femur is re­
formed and reduced into the acetabulum,

Step 3. If there is no fracture, after thoroughly cleansing the area, reduce the
head of the femur to its anatomic position and close the wound with a

and a well executed open operation was performed by Hoffa in 1894. At the
present time there is a justified tendency in children, to resort most frequently
lo manipulative methods reserving surgery for established cases which reoccur
or which cannot be reduced. In adults surgical intervention is always necessary.

Hey-Grove has aptly stated that, "Congenital dislocation of the hip joint
is a deformity which is mysterious in its origin, insidious in NS course, and
relentless in its final crippling results." Present at birth the real cause has not
been satisfactorily explained. There are those who believe that a malposition
in utero is responsible and others that the deformity arist·s from an imbalance in
the growth of cartilage and osseous tissue in the formation of the acetabulum.
Of the sufferers, 85 to 90 per cent are females. In both sexes about 30 per
cent or the cases have a familial history extending over two or more generations.
As a rule the patient is of average physique and coexisting deformities are nol
common. The dislocation is twice as frequent' single as double.

The pathologic changes seen in the acetabulum consist of an under­
developed rim resulting in a shallow cavity into which a fibro-cartilage over­
growth takes place. The head of the femur leaves the acetabulum being displaced
backward and upward. Secondary changes result and it becomes small, mis-
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±apen and general ly fattened. The joint capsule is carried upward by ++
femur head anti the resulting strain is responded to by hypertrophy or the ca ­
..ulc until it assumes the role of a suspensory ligament for the pelvis (F ig. 1126~
Tie femur neck is shortened, depressed and appears to project straight forward
fromthe £haft (Fig. 1127). 1 hcsc combmrcl changes, when bilateral, cause the
elvis to tilt forward and the normal lumbo-sacral lordosis to increase. A

P .1 1 al clt•formity provokes a downward list of the affected ilium . l . I'
umi" "!} pa pelvic outlet . and a dis­

"-, ,q with congeni tal dislocation of the hip tend to begin watts. jt • • ,-., ,1 1ng ate
p,amination at this time will reveal a broadened perineum and prominence 6f
he greater trochant er in the gluteal region. Early there is no pain or tenderness
hut a limitation of abduction and external rotation of the affected limb may be
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Ft¢, 1128 F ic, 1129
FrG. 1128. Trcndclcnburg's sign. Due to a change in the fulcrum produced by the dislocation

of the femur the patient-upon lifting the sound leg, the buttock on that side drops.
Fic. J 129. Trc11ddcnlmrg's sign. When the patient lifts tin: leg of the dislocated hip the buttock

raises slightly with the leg

Fie. 2;. Unilateral congenital dislocation of the hip.

noted. When walking is attempted the unilateral cases lurch toward the af­
fected side, bilateral cases develop a so-called "duck waddle" or "sai lor's gait."
There is an increase in the normal lumbo-sacral lordosis and upon measurement
the involved limb is found to be shortened. Trendelenburg's sign ( Figs. 1128­
1129) is present and upon stereoscopic x-ray views the dislocation of the head of
the femur onto the dorsum ilii will be seen above Nlaton's line Fig. 1130).

The object of treatment is to reduce the existing dislocation by placing the
head of the femur into the acetabulum and there maintaining it. This is fol­
lowed by therapy designed to restore function to the joint. Several real obstacles
exist which tend to prevent the surgeon's success, mainly the very shallow ace­
tabulum, the anteversion of the femur neck, and the shortened muscles of the
hip joint and thigh. Reduction may be effected by manipulative methods or
surgical means. Successful manipulation is general ly not difficult in the child
that has not reached the age of six; however, if the age of the patient ap­
proaches ten years the surgeon must choose his cases very carefully. After
the age of ten and in those cases which are irreducible or which redislocate
after successful manipulative procedures, open operation must be resorted to.

FtG. 11,10. Illustration on left shows normal relations oi hip to Nlaton's line. The figure on
the right shows the changes in the dislocated hip.

other instances the shallowness of the acetabulum or a gross deformity of the
femur head makes reduction impossible or unsatisfactory. Soft tissue changes
may be so advanced and bony changes at the site of the dislocation of the femur
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Before resorting to manipulative procedures have the child in traction for about
three weeks.

Manipulative Reduction ·

Step I, Place the child on her back upon a low table. Bring the hip to be
manipulated to the table's edge and have an assistant fix the opposite thigh
and pelvis.

Step 2. The operator then gently puts the affected limb through its lull range
of motion by forcibly flexing, extending, abducting and rotating it.

Step 3. The k.1ee is then flexed to 9o degrees where it is maintained as the
thigh is flexed to about 1 :zo degrees.

Step 4. The thi~h is rotated inward as it is slowly abducted, at the same time
counter pressure is applied !Jt•hincl or undzr he trochanter in orch•r to push
the femur head forward. Success is recognize] when a snap is heard and
the heacl is felt to slip into place O\'C'r the rim of the acetabulum.

FRACTURES AND DISLOCATIONS 993

F1G. 1132. Reconstruction operation for congenital dislocation o{ the hip.

t bone r ait
[ea n
by how esd.c.

head so complete as to make it necessary to form an acetabulum at a new loca­
tion. The operative treatment of these cases is as follows:

Operative Treatment of Congenital Dislocation of the Hips

Step 1. Carry a curved incision forward in the line of and just below the iliac
crest from well back on the ilium to the anterior superior iliac spine and
thence down the thigh for four inches (Fig. 1132-a). Ident ity the sartorius
muscle at its insertion on the anterior superior iliac spine. \Vith a sharp
curved gouge detach the tensor fascia latae muscle with a thin line of attached
cartilage from its insertion on the iliac crest. Incise the gluteal muscles
clown to the bone and strip them away from the ilium by subperiosteal
dissection (Fig. 11_p.b). (Smith-Peterson.) The exposure of the capsule

duc/'ic. il.ll. Putti's ap11aratus for the treatment of congenital dislocation oi the hip in ah­i'.,,'} desree of iii@eiin is related by meas of a screw o the posterior aspect of

Steps R.S · epeat Steps,) and 4 several times, if necessary.
tep 6. With the deformity reduced abduct the thigh at right angles with the

body so that the medial surface of the knee comes to lie in a plane includ­
~nl-{ the anterior superior iliac spine. The femur head is carefully steadied

, "the acetahulurn by an assistant.
tep 7. Apply a plaster-of-Paris spi ca from the nipple line downward to in-

clude both legs to the ankle (even in unilateral cases).
The careful application of the spica is exceedingly important. Following

ts setting an x~ray visualization is made., In event the position attained is un­
satisfactory allow the cast to remain in place for one week before attempting
a second reduction, A satisfactory reduction is kept in place for three months
and then replaced with new casts, which bring the limbs, alter three or four
correct replacements, into their normal position. Physiotherapy is then utilized"he' rehabi litate the hip joint . Fi. 131.)

ertain cases arc subject to redislocation after primary reduction, while in



Comment: In those cases in which a manipulative reduction cannot be
effected although roentgenograms reveal no gross deformity an open opera­
tion is indicated. The exposure is that of Step I in the preceding technic.
The capsule is opened and any constricting areas incised, the femur head is
then levered into the acetabulum. The capsule is then closed and the tensor
fascia latae and the glutei muscles are sutured to the lateral abdominal
muscles which overlap the iliac crest. No reconstructive procedures are
carried out upon the head of the femur or the acetabulum.

Adults with unreduced dislocations of long standing may complain
of pain resulting from a traumatic arthritis in the false hip joint and ab­
normal muscle pull in back. When other methods fail the bifurcation
operation of Lorenz is an excellent palliative procedure. An incision is

FRACTURES OF THE FEMUR

According to the Report of the
Committee on Fractures of the Amer­
ican Surgical Association, published
in 1922, surgeons in the United States
by average, nonoperative treatment
obtained good functional results in
62 per cent of femur fracture cases.
Twenty-three per cent of fractures of
the femur of all regions were treated
by open surgical operation, the ma­
jority being shaft fractures, espe­
cially of the middle third. The Re­
port slates that "although anatomical
results arc rated good in 68 per cent
of the open, operated cases as against
4o per cent in the non-operated, good
functional result is only 77 per cent
as compared with 87 per cent in the
non-operated cases." The operated
cases were mostly in adults.

The open surgical treatment of
fractures of the femur when indicated
will vary according to the position F

PIG. 1n34. Suriace anatomy of the region
and type of fracture. Operation is of the hip. t.Crest oi iliui. 2· Ni#,
indicated in case of a simple fracture line. 3. Anterior-superior spine. 4. Ti f

trochanter. 5. 'Tuberosity of ischium. 6. Glute4
when there is evidence of internal femoral fold.

bleeding, the object being lo seek the injured vessel and ligate it (Figs. 1134-1135).

Compound Fractures

No matter what may be the site of fracture, the general surgical indications
are always the same for open treatment, namely, to enlarge the wound, to open
up and irrigate the whole area of injury with physiologic salt solution, to wash
away clots, to remove debris and bone splinters; to reduce fragments with exact
coaptation, and to immobilize the limb.

The general procedure will vary somewhat according to the site of fracture
and its nature.

COMPOUND COMMINUTED FRACTURE OF THE FEMUR

Operation for fractures with large fragments but without serious vascular
lesions:

FRACTURES AND DISLOCATIONS

made vertically down the lateral thigh region over the . OD:;
+. .·. Th fe ;, ±d anterior +.:iliac spine, e iemur is expose and an acutely oblique Inferio,
formed. The limb is then abducted, the upper ena },"""tomy p4.
fragment is introduced into the acetabulum and there maint .e lower bone

1 · (F' ) U :. tauned byof a p aster sptca • 1g. 1133 . nton occurs and the resultin "b' means
femur end rests upon bone instead of soft tissue. ifurcateq

Lorenz hilurcauon O{ll'ri\l1011.

I

I
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. • 1 • ili: ine is brought into view andis complete when the anterior ineror 1 1ac spi
the attached rectus femoris muscle detached. , . d

sen ±. Retract he soft tissues hos coposis the Joint cosols hi"";_"""";"
Parallel to its fibers. The state of the acetabular cavity is dete~m '

1' b · t' makmg up theits upper limits accurately outlined. The Ii rotic 1:sue d f
false socket is stripped downward from the ilium until the upper e ge 0

the acetabulum is reached where the tissue is then trimmed so as to
contribute to the upper surface and brim of the natural joint. f 11Step 3. Using a gouge the superior half of the acetabular cavity is _a"""!!

• 1 I ti thickness of the 1 ,um wideepened and cupped to as great a c cpl 1 as ne
permit.

Step 4• With a bone chisel a cres­
ceutic incision is carried around
the acetabular margin one centi­
meter from its border. The
bony tissue which is thus loos­
ened represents a "half cup"
form and is pried down over the
head of the femur until the
normal cavity of the joint is
restored (Fig. 1132-c).

Step 5. Remove a crescentic piece
of bone from the ilium designed
to lit the defect created between
the ilium and the restored su­
perior acetabular margin. When
properly arranged nail or screw
the graft securely in place (Fig.
1132-d).

Step 6. Test the joint thus restored. Carefully close the capsule (a recon­
struction may be necessary) and then close the wound in layers seeking to
bring about a strong anatomic union. . . .

Step 7.. Place the hip in a plaster spica like that used following manipulative
procedures. Remove the cast in two to four months and instigate physio­
therapy for the joint.

Open Treatment

Step 1. Prepare the region, irrigate and remove tags and debris. If there are
any completely detached bone splinters remove them also.

Step 2. Open up the wound by an extensive longitudinal incision and, if neces­
sary, enlarge it transversely. Cleanse thoroughly and examine all tissues mi­
nutely. If any protruding piece of bone is found widely stripped of perios­
teum, excise it or chisel away its extremity, fashioning it into a wedge.

Fi. 1136, Fracture of the neck of the femur.

Treat the other fracture fragment the opposite way, so that th! two frag­
mental ends can be brought into close contact. .

Step 3. Coapt the two fragment ends as well as possible; leave everyibinll
open placing drainage tubes in suitable positions and pack the wound l_ightt
with gauze only when primary closing of the wound seems inadvtsab e.
Immobilize the limb in plaster of Paris cast.

Closed Treatment 'for Fracture of the Neck of the Femur
Step I. The patient is placed in position on the fracture table, traction being

applied, the leg being in inversion and abduction (Fig. 1136). .
Step 2, Following reduction, a plaster cast is applied, all bony point~ hem:

well protected by padding to avoid pressure necrosis. Buck's extension an
a Thomas splint may be used but usually gives poor results.
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Fro, 1135. A. Comminuted, impacted fracture u er end of fee F

gin!vyeat fie, femoral head iih wy arid dislee'i ii.""""" B, Fracture through
through acetabulum and transverse fracture through shait bl4," ·?'al dislocation of femur
fracture of greater trochanter. E. Old intracapsulr fran, '} "«banter. D. Comminuted
ment of shaft. e ol lemur with upward displace­
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These fractures are usually treated by manip­
ulative reduction and immobilization (Figs. 1137- ,
1138).

Fracture of the Shaft of the Femur

Continuous suspension traction has become
generally adopted in the treatment of closed frac­
tures of the shaft of the femur as otherwise it is
very difficult to maintain accurate reduction of
the fragments (Figs. 1139-1140). Skeletal trac­
tion obtained by means of a Steinmann's nail or
wire passed through the calcaneum, is employed
with excellent results. The point for insertion
of the nail or wire is usually the outer side of
the heel about the middle of the bone; the nail
is driven parallel to the sole of the foot right
through the inner side of the foot so that part
of it projects at each side which may be used as a !
means of t»sine the harness traction. or course, .#: 'EM..EK$! %"
the strictest aseptic precautions must be observed. Jure of the right femur of nine

Steinmann nail or wire traction is also em- weeks' duration. Patient is shown

loved i osn sorieal treatment ot stat tac- }'}""i."".".'
lures (Fig. 1141). Operative treatment is usually ice. Cook County Hospital.)
reserved for cases of delayed or nonunion, or very faulty union resulting from
manipulative methods.

Step 1. Preparation for continuous or skeletal traction as above. The patient
is placed on a fracture table. ·

Step 2. The surgical approach is by an incision on the lateral aspect of the
thigh in the axis of the femur; opening up of the site of the fracture: ex­
posure of fragments and their reposition after freshening bone ends and
removal of callus, if any. The fragments arc locked together by the use
of internal splints, nails, screws, metal plates or bone· splints as may be
decided upon.

Step 3. Cl.osure of the wound with capillary drainage. Application of plaster

union may and usually is obtained with some shortening and lameness but
otherwise there is a useful limb.

Step 4. I the head of the femur is found in such a condition that its removal
is necessary, an effort must be made lo obtain bony union al the proximal
end of femur to the pelvis which, of course, gives shortening and lameness.

. In children the best surgical operative treatment of old fracture ,of the sur.
gical neck of the femur is a cuneiform osteotomy
or subtrochanteric osteotomy to permit the leg to
be swung into abduction to make· up for the
lessened angle of the neck of the femur.

Fractures of the Greater and Lesser
Trochanters of Femur

998 SURGERY OF THE NERVES, VESSELS AND BONES

Step 3 Immediately after reduction and al the end of .• k
· 1d d s, th .±,e, sx weeks roentgrams are made to etermme the position of the reducti geno­

the condition of the head of the femur. The ea {""" and to ascertain
k d . generally removedafter 16 to 18 weeks, an massage, passive and active mt 'C

ovements begun.

Open Treatment for Fracture of the Neck of the Femur

Several incisions have been devised to approach the hip joint. On
incisions will form the first stage of the operation. 1e of these

Step 1 (a) The anterior angular incision, between the tenso .• ... ·l .:, ±, r vaginae femoriand the sartorius muscle, which avoids cutting of muscles. pj1.3. ". . d" . IVISIOn of the
fascia and deep separation immediately exposes the femoral neck.

(B) The Kocher or posterior incision which necessitates cuttin
glutei and the pyriformis muscles.' the

(c) The lateral U-shaped or straight incision about the tr h
. f fl f k" f t d f, :. rOc anter andreflection of a tap ot skmn, 1at an fascia. The great trochanter and its

attached muscles is cut through with a Gigli saw and reflected upward which
exposes the femoral neck and the joint capsule.

Whatever incision is employed, and when the joint is exposed it ~ ;
not open, it is incised and, by abducting and rotating the limb outward
the fragments are brought mto view. '

Step • The fracture is examined especially as to viability of the femoral he
and the feasibility of approximating the fragments. If the head is viable
the fractured ends are freshened and may be united by an autogenous b
peg driven through the trochanter into the head of the femur, the 1e ,,,
held in abduction and inversion with mechanical traction. ' m,..

Step 3. The joint capsule is closed by catgut sutures and the trochanter again
attached to the femur by a nail or sutures and the soft parts united. "

Fracture-Dislocations of the Neck of the Femur

In old fracture-dislocation cases, when the acetabulum'has become filled
with fibrous tissue, it is gently scraped out without injuring the cartilaginous
surface before the reattached femoral head is replaced in the cavity; the
turned-in part of the capsule must be cut away from the margin of the ace­
tabulum to prevent ankylosis; or some other plastic procedure adopted.

This type of operation is. called for: (a) in cases of old unrecognized frac­
ture with disability and shortening; (b) following nonunion after any kind
of treatment; (c) for unsatisfactory functional results following any type of
treatment.

Step 1. An angular incision is made running from the anterosuperior spine of
the ilium lo the trochanter and then turning down along the shaft of the
femur.

Step 2. The trochanler of the femur is exposed, cut and reflected upward and
the hip joint capsule and fracture field opened up. It may be necessary to
trim away a considerable part of the trochanter and the head of the femur.

Step 3. Ununited fracture may be treated by siinply freshening the bone ends
with subsequent treatment as if it were a recent fracture, or by nailing,
bonepegging, etc.; an autogenou, bone peg being preferentially used. Bony
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cast or external splints. Usually, no matter how carefully the fragments are
aligned, some degree of shortening results. Immobilization is necessary for
7 to 8 weeks and walking calipers must be employed for 3 to 6 months
while the patient is ambulatory (Fig. 1142).

Open Fractures of the Shaft of the Femur
The surgical treatment is the same except for the preliminary cleansing and

debridement of the wound and controlling hemorrhage, if any.

Supracondyloid and. Intercondyloid Fractures of the Femur

The treatment of such fractures is usually manipulative but open surgical
operation is indicated if there are complications such as laceration of the popliteal
vessels or when the fragments are very widely separated.

Step 1, Incision is made on the outer aspect of the thigh and the dissection is
carried down to the bone.

Fc. n38. Interrochant erice fracture of le riht femur treated_w ith Buck's """"",""".'and 2o pounds of weight . Foot at right angles ;nd leg in abduction. Pat ient 6o years Re.
(Surgical Service, Cook County Hospital.)

Step z. Exposure of fracture fragments. Identification and examination of
blood vessels and repair if necessary. 1Step a. Alignment of fractured bone ends and their maintenance by plate,
screw or nail. Plates are of little use. .

Step 4. Application of plaster cast or splints for 8 to 9 weeks. Opening of
the knee joint must be avoided.

Epiphyseal Separation of the Distal End of the Femur
Open surgical treatment is usually indicated as manipulation generally fails.

Step 1. Open up the site of injury.
Step a. An attempt should be made toadjust the fractu,e fragments by levera°

and traction without resection of the diaphysis or any part of the epiphysi. ,

Fic. n39. Fracture of the shaft of the femur.

Operation
Step 1. Obtain exposure via the

route requiring the least destruc­
tion of tissues. In case of frac­
ture of the humerus, avoid in­
juring the musculospiral nerve
and other important structures.
Incise between muscles rather
than through them. A longi­
tudinal incision is usually pre­
ferred. An elastic constrictor
should be used only when abso­
lutely necessary.

Step z. Make a vertical incision
through the skin down to the
fascia. Reflect the skin from
the fascia for a short distance
on either side of the incision
to locate an intermuscular septum. Incise the fascia here and penetrate the
intermuscular septum to the bone by means of sharp and blunt dissection.
Expose the bone by means of retractors. Let the incision be ample. .The
surgeon must have plenty of room to see what he is doing and to accomplish
his task without being hampered by obstructing structures.

Step 3. The bone ends are prepared in accordance with conditions found at
the site of fracture. All fibrous tissue, muscle, etc., are cut away from between
the bone ends. Deliver each fragment from the wound and vitalize it by
sawing off thin slices of bone end until a healthv bleeding bone surface is
obtained. If the bone ends cannot be satisfactorily delivered, the ends may
be effectually sawed off in situ with a Gigli saw or chisel. It is often pos.sible

UNUNITED FRACTURE-PSEUDARTHROSIS

Separation of the fragments, unsatisfactory immobilization and the interposi­
tion of tissues between the fragments
are responsible for nonunion of frac­
tures (Fig. 1143). This condition is
remedied by operative procedures
designed to

(a) Remove interposed tissue,
(b) Freshen the fractured bone

ends and
(c) Fix the fragments in posi­

tion.

if successful, maintain with nail or screw driven through the diaphysis to
hold the lower fragment; but if the lower fragment is split it may be nailed
to the diaphysis by a nail or screw from either the joint or shaft side.

Step 3. When the bone ends are united, examine the fracture site for injuries
to vessels, nerves, etc. Do not open the knee joint unless imperative. Close.

----

L.

...J
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Di11ection of fraclu,e of 'u'°pper third of right femur, Diucction of fractu,;ol lowN third of left femur, snow-

showing forward and inward displacement. ing displacement of poplitealartery by lower fragment.
Fi. 4o, Fracture of upper third of femur, (Piersol: Human Anatomy.)

Fm. n4I. Use o[ Steinmann nail through the os calcis. Note block for subserving the pur­
pose of either inversion or C\·crsion in aligning the foot.

to saw the bones in such a manner that they may be mortised together and
thus obtain fixation.

A. G. Wildey' describes a method of operating on ununited fractures as fol­
lows:

Step 1. Expose the fracture site and pull the bone ends out into the wound.
Vivify the end surfaces by sawing off thin slices as described in Step 3 of
the foregoing procedure.

',+r.ht91¢ 5n
tt. st t
3ung 't

Fr. t142, Weight-relieving caliper.

Step z. With a gouge or drill remove the plugs of callus or fibrous tissue. By
means of drills Nos. r and 3 penetrate the hardened bone in four or five
places parallel to the long axis of the bone. The drills penetrate until they
reach normal bone which is made known by bleeding and lessened resistance
to the instrument-usually a depth of one or two inches.

Step 3. After thus treating both fragments fixation is accomplished by means of
Lane's plates.

Wildey comments that satisfactory and firm union takes place despite the
existence of callus redundancy.

1 Brit. J Sur, II, No. 7, p. 423,
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Fie. 1144. A. Mela) collar for fixation of fractures. B . C. D. Wire sutures for oblique
and transverse fractures.

Step 2, The injured structures-capsule, muscle and Hgamcnts-are repaired
layer by layer. The semi lunar cartilages should be carefully examined. In
recurring dislocations, especially if there is knock knee, a preliminary osteot­
orny may be necessary.

DISLOCATIONS AND FRACTURES OF
THE KNEE

Dislocation of the knee is usually due to injuries to the
cartilages about the joint. Such dislocation, if recurrent
or habitual, may call for open surgical correction.

Dislocation of CartilagesFi, 14 3. Fracture
of both bones of the
leg. Improper reduc­
tion, Malunion. Re­
construclc<l from x­
ray.

Step r. An angular incision about 2/ to 3. inches long is
made over the lateral aspect of the joint on the side
affected, with the knee hanging over the edge of the
table.

Step 2. The muscles are retracted and the cartilages-usually the semilunar­
are exposed, grasped by forceps and dissected out. No attempt should be
made lo suture the cartilage in place as such procedure has generally been
abandoned. The knee joint is not manipulated in any way.

Step 3. The wound is dosed in layers.

Methods of Uniting Bones

In some few cases the fragments of bone show signs of remaining in place
permitting the wound to be closed and splints applied. However, it generally
becomes necessary to inaugurate other measures to bring about direct union.

Transverse or oblique fractures may be united with stout wire or chromicized
catgut as depicted in Fig. 1144 [B, C, D].

Another method used where the fractured surfaces are oblique is to drill a
hole transversely through both bone fragments; leave the drill in place; bore
another hole through both fragments with another drill. Remove the first drill
and put a bone peg in its place. After the pegs are in position, any protruding

part may be cut off even with the bone surface; metal nails
or screws may be substituted for the bone pegs.

In some instances the drills used lo pierce the bone
are left in situ with their nearest ends emerging through
the soft parts of the wound. The drills become loose after
two or three weeks and are then easily removed.

Fixation is also brought about by the use of intra­
rnedul1ary pegs, internal splinting, long screws and external
clamps. Figures rt44 and roz9, p. 919 depict various meth­
ods of fixation.

Note: I there are any loose pieces of cartilage in the posterior recesses an
incision in the pophteal space may be necessary for their removal.

DISLOCATION OF THE PATELLA

This is usually due to rupture of the joint capsule without bone fracture.
The dislocation is likely to become habitual and hence open surgical operation
is indicated to close the joint firmly.

Step 1. Make an arthrotomy incision 6 to 8 inches long on the inner aspect
of the front of the knee joint. The joint capsule and quadriceps muscle,
which is also usually injured, are exposed.

Step 3. Close the wound without drainage and use walking calipers for an ex­
tended period.

A great many methods of surgical treatment of recurrent dislocations of the
patella have been devised.

Recurrent Dislocation of the Patella

The patella may be. dislocated either as a result of trauma or congenital
abnormality or both. The direction of most frequent displacement is lateral­
ward. The congenital type is usually associated with an underdeveloped lateral
condyle combined with a weakness of the ligamentsof the quadriceps extensor



101111 slJJl011,IIY OJ' THE NIVES, VESSELS ANJJ JlONJ'.;;

mul e, 'Ihe traumatic type occurs most frequently in females esr et,

there i tendency to en valum. specially if
'The original di:location in either type is usually traumatic in origin, .

dution is at first most difficult ad painful but after frequent recurred~,
tomes exccedinyly cay. 'The patient finds that by extending the lei ­
tin the thigh the kneecap can be manipulated into poi' ,,' ind then
when often repeated eventually produces an unstabl e j;' his procedure

Effective treatment is urical in nature . 'The operative procedure of chi
depends upon the cause of the dislocation, See Soutter's operation, p, 1
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Fr, 1146 Fa. 14 7
Fracture of the patella with marked separation of the fragmentsFro, 4o. The_fragments united with silver wire.
Same patient. Ten weeks aher fracture. Silver wire removed.

Fic. 1145
Fa. 1145.

Frc, 147.

Fracture of the Patella

In fractured patella manipulatively treated, the average result is fibrous
union with varying functional loss; but even if bony union is obtained anatomic
adjustment is often unsatisfactory and refracture is quite common, owing to the
limitation of movement in a very active joint. Under such circumstances, open
surgical treatment in the first instance is considered to be the treatment or
choice (Figs. 1I45-1146-1147-1148-1149-1150).

Step 1, All the basic precautions applicable to aseptic surgery of the joints
must be very strictly observed in the case of the knee joint as there is here
a strong tendency to infection with all of its calamitous sequences.
There are various incisions: straight, longitudinal or transverse, semilunar

concave or convex downward or convex outward or inward. The semilunar
convex downward incision from the condyles of the femur nearly to the tibial
tubercle seems to be preferred by most surgeons.
Step 2, Dissect the flap back until the ruptured capsule, ligaments and frac­

ture fragments are exposed.
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Fu;, IJ51. Torn fa:.cia iu fractured pa­
tella showing impaled spicules of bone pre­
ventmg appo sition. (After Helferich.)

DC

F1G. 1152. Repair of fractured patella by cerclage. Gloves should
be worn. (After Labey.)

Step 3. Draw each strand through the soft tissues, one to the left and one lo
the right, knotting the lower with the upper one of the outer side repeating
the same thing on the inner side-the fragments having been brought together
and kept in juxtaposition with the aid of a proper bone clamp held by an
assistant.

Step 4. A few catgut sutures complete the apposition of the soft parts-and
an intradermal or silkworm-gut suture closes the skin. No drainage.

Commfent: Before closing the patella or apposing its fragments the
joint is filled up with Ca!ot's Liquid (Creosote, 3 parts; lodoform, 7 parts;
Sulf. Ether, ::z5 parts; add to Olive Oil-sterilized-5o parts)t his serves as
an antiseptic medium, prevents adhesions and facilitates early movements.

chromic catgut or silk will not insure solid apposition and prompt mobilization.
When the latter materials are used for suturing the soft prepatellar tissues one
must immobilize the knee for many weeks and then allow only very gradual
movements. The suture material of choice is metallic-bronze-aluminum or so­
called "metallic silk." This is pliable and unbreakable.

Operation

Step 1. A hole is bored from the upper edge of the upper fragment down
through both fragments.

Step 2. Draw a double strand of the "metallic silk" through the holes.

In old malunited or nonunited patellar fractures, the open surgical
treatment is the same except that following exposure of the fracture fragments,
callus must be removed and the' bone ends freshened. An Albee inlay bone
transplant may be used advantageously to hold the fragments in approximation
when the separation requires such a bridge.

DELBET'S METHOD OP TREATINO FRACTURE OF THE PATELLA
Two main factors must be kept in mind in treating these cases, according

lo Eugene St. Jacques. First, solid union and, second, mobilization of the knee
joints after the operation, in order to prevent ankylosis.

Kangaroo tendons are used to maintain the apposition of the fragments, as

Step 3. Evacuate the knee joint; remove any blood clots. Separate the frag­
ments and cleanse the joint cavity. The bone fragments are carefully lifted
up and any fibrous tissue removed. Spicules of bone are frequently im­
paled in the torn fascia; this prevents apposition of the fragments (Fig. 1151).

Step 4. Wi th the leg extended, the bone fragments are rarely more than r inch
apart. The surgeon must decide upon one of the many methods in vogue
for unit ing the bone fragments. These are principally: x. "Cerclage" of
the patella fragments with fascia} bands, kangaroo or other tendon or
wire (Fig. 1152). This consists of exposing the bone and freeing it suffi­
ciently. The suture selected is then made to encircle the fractured frag­

ments. After this, the fibrous cap­
sule, fascia and periostcum are
sutured over the united patella fol­
lowed by skin closure. 2, Trans­
verse or longitudinal bone suture,
holes being drilled in each frag­
ment and using sutures of tendon,
fascia, wire or silk. The holes
must not penetrate into the joint.
3. Some cases, especially badly
comminuted fractures, demand re­
moval of the patella with the turn­
ing down of a flap of the quadriceps
tendon to fill the defect.

Step 5. Following union of the bony
fragments, examine the lateral liga­
ments and other structures about
the joints, repairing them as may
be necessary.

Step 6. \Vhen the patient has recovered from the anesthesia, place a longitudinal
padded posterior splint. This may be left in place for a week if the patient
is an adult and can be trusted not to flex the leg after removal of the splint.
For further treatment. Buck's extension or other splint or a permanent
plaster cast may be applied for at least 4 weeks. Massage and passive and
active movements may be commenced early. Good bony union is the rule
and ankylosis is rare. Figure 1153 depicts Barker1s operation for fractured
patella.
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Ft, 1153. Barker's operation for fractured patella.
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ALBEE 'S OPERATION

This procedure is frequently resorted lo in the presence of genu v 1
lateral condyle deformities associated with recurrent dislocation. a gum and

Step 1. Carry a lunate incision from above the lateral condyle forwaq
along the lateral border of the patella and thence backward below the t;"?"
tuberosity. ibial

Step 2• Expose the condyle; locate the anterior articular surface and
inch behind and three-quarters inch below it make a longitudinal ~n•:h_alf
with a z-inch osteotome. Drive the instrument inward and upwa"""""on
the bone wedge thus loosened. '»e evate

Step 3. Remove a similar wedge of bone from the crest of the tibia and
insert it into the wedge shaped defect created by the osteotome. snugly

Step 4. Close the soft tissues and skin. Immobilize in a plaster of Par
for 4 or 5 weeks before passive motion is begun. cast

FRACTURES OF THE BONES OF THE LEG

The Report of the Committee on Fractures of the American Surgical Ass
ciation, publ ished in 1922, showed that about zo per cent of fractures of the +;
and fibula are treated by open surgical operation. The Report states· "I
gard to operative treatment these (accompanying) tables appear to si,
it has proved less easy to secure anatomical reposition of the fragments by opera.
two at any age period than when no operation is done. The operated s

were not those in which non-operative methods had been tried and failedcas~
had overriding displacement. In compound fractures only about one-fourthan f
the patients will secure good functional results unless accurate reductio ~
secured. In comparatively few cases can gross displacement of the leg b: ~
be corrected by manipulation alone; such manipulations may do more da nes
to the soft parts than open operation." (Figs. I154-1155-1156.) image

Fractures of the Proximal End of the Tibia Alone or of the Tibia and
Fibula Together

In closed fractures if there is wide separation of the tuberosities or if the
knee joint is involved open surgical operation is indicated.

Step 1. A long incision is made over the fracture fragments. The knee joint is
not opened.

Step 2. The displaced parts are dissected up and correction made both toward
the joint surface and tibial edge. The fragments are maintained in position
by nail or screw.

Step 3. Splint s are applied for four weeks (Figs. 1157-1158).

Pott's or Dupuytren's Fracture

It is an established practice to reduce the fracture and immobilize it as
quickly as possible (Fig. 1159). Reduction should be accomplished with the
aid of x-ray checkups. General anesthesia is generally called for but spinal
anesthesia is by some considered far superior. The method of reduction is as
follows:

ho tot er
.,f U/lLJ/f

Step 2. Carry a vertical linear incision along the medial side or the patella
down 'and over the median condyle of the tibia.

Step 3. Dril l a hole through the patella from its midposteromedial aspect
in a slightly anterior direction. With the leg extended make a drill hole
through the medial femoral condyle on a level with that in the patella.

Step 4. Thread the fascia! strip previously prepared through the holes and
securely fix the free ends.

Step 5. Close the wound and dress, Immobi lize the joint in a few degrees
of flexion for six weeks.

SOUTTER'S OPERATION
This method gives good results when genu valgum is not present.

Step 1. Remove a strong eight-inch strip of fascia lata from the outer aspect
of the thigh. Place the tissue in warm physiological saline and close the
operative wound.
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Apply a posterior splint; replace it after 5 days by a simple bandage around
the knee; begin flexion, gradually loosening the knee joint. On the ioth
day, permit the. patient to walk around with a posterior sphnt; after a
day or so, omit the splint and have him use a cane. St. Jacques used this
method for zo years with gratifying results.
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Step I. Grasp the affected foot in the palm of the right hand. Place the foot
at right angles to the leg. The object of this maneuver is to reduce the
backward dislocation.

Fa, 15 4 Fi. 1155
FIG. I 154. Fracture of both bones of the leg.

FIc. I155. Fracture of the tibia.

~--:...;.,11111
FIc. 1156. Reduction of a tracture of the ieg.

Step 2. Bring the foot now in an exaggerated supinated position. In this manner
one corrects the valgus resulting from the fracture. Hyper-correction in a
supinated position is warmly recommended by Savariaud.

Step 3. Encase the limb in a plaster of Paris bandage.

Fie. 1157. Fracture of both bones of the right forearm, Kirschner's wire through the
radius and ulna; also compound fracture of both bones of the right leg. Steinmann' s nail
through the os cakis.

FIC. 1158. Fractureof both bones of the right fog and both bones of the forearm. Double pin
fix:1hon of the forearm. Steinmann nail through the os calcis.

Fu::. II 59, Dupuytren's splint applied.



Ft¢, 1161 ., Dislocation of ank le joint with fractures of tibia and fibula.
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to excise the head of the fibula, rounding off the diaphyseal end of the
bone.

Malleolar Fractures
Malleolar fractures are generally treated by

manipulative methods but in certain cases, as
given below, open surgical operation is called
for:

I. In irreducible tipping fractures.
2. \Vhen the tibia-fibular ligament is ruptured

with wide separation of the bones. In such
case, it is necessary to nail the leg bones to­
gether to correct the position of the foot or to
use skeletal traction by a nail or wire through
the calcaneum.

3. In bi-malleolar and tipping fractures nailing
of one or both malleoli in place is indicated.

«. Old malaited tractwre cases with deformi ty ""613,P%,,,2"32""ii
and pronated malfunctioning foot may neces­
sitate surgical correction. An arthrodesis of the ankle joint is the usual
method of choice. If p3.in is the greatest complaint and there is but little mal­
position, Cotton's device of excision of the inner side of the fibula with closure
and splinting may suffice. This permits or new bone formation on the inner

Step 3. The bone fragments arc found, united and fixed by one or two sutures
in such a way as not to again injure the nerve. It may be necessary
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Open Fractures of the Leg Bones

me treated in accordance with the general rules governing ti .
ot open fractures anywhere. I reduction cannot be ii.."""ical treatment

I b · 1 . c e temmann's ·1through the bee one, as previous y described should b d f na,
t i o n . " e u s e o r s k e l e t a l trac­

Open surgical treatment of leg fractures is practically reserved t
of malunion with overndmg and shortening or nonunion foll . . o cases
treatment. 'Owing manipulative

Step 1• l\[akc an incision over the site of the fracture, retract th
and expose the fracture ends . 1e muscles

Step 2• Removal of the fibrous union, deperiostization and freshening of the
bone fragment ends are done. Skeletal or continuous traction will rest
the proper length and the fragments are maintained in position wu ,,

plates preferably applied on the lateral aspect
of the tibia where they can be covered with
thick muscle and not immediately under the
skin. Intramedullary autogenous bone grafts
may, of course, be used or any other method
of osteosynthesis. 1o

Step 3. Closure and immobilization.

Fracture Dislocation of Distal End of Fibula

If this dislocation cannot be reduced by
manipulation, open surgical treatment is indicated
(Figs, 116o-1161-1162).

Step I, :\!ake a lateral incision over the lower
end of the fibula and expose the bone by dis­
section.

Step 2. Any fibrous tissue interposed between
.a kl."!%{j"{ ??: he not and uta is trimmed a»ray ad de
ping of ibial epipliysis. fibula pressed close to the tibia. It is main-

tained in position by pegging into the tibia
with a nail through a hole carefully drilled in the smaller bone.

Step 3. Repair any torn ligaments or tissues.
Step 4. Close the skin wound and enclose the leg in a plaster cast.

Fracture Tearing the Head of the F ibula

In such a fracture the external poptiteal nerve is often injured giving rise
to acute pain. Manipulative reduction is very difficult and the indication is for
open operation (Fig. 1163).

Step 1. Make an external lateral incision in the line of the upper part oi
the fibula; retract the lacerated muscle fibers.

Step 2. A search is made for the external popliteal nerve, working from
above downward and from behind forward keeping the tendon of the
biceps in view as a guide. \Vhen found the nerve is disengaged and drawn
aside.
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Fi, n6 5. "Y" shaped fracture of os calcis.

Fic. 1164. Fracture ofos calcis treated by nailing .

In avulsion fracture or the os calcis, open operation is indicated when
there is much separation and displacement with a large detached fragment.

Step 1. :Make an .incision about five inches long parallel to the inner margin
or the tendo Achillis, carried down to the inner side of the heel. The skin·
and superficial parts arc reflected.

Step 2. A tenotomy of the tendo Achillis is done. The avulsed bone fragment
is stretched down lo the sit e of its
former level. The bone surface or
the body of the calcaneum is
freed from Clots or scraped with
a dull instrument and the loos­
ened fragment is held in place by
absorbabl e sutures introduced
through it into the body of the
bone. Plantar Hexion of the foot
is necessary in order to obtain
this approximation.

Step 3. If the loose fragment is large,
it may be affixed in its proper
place by a screw or staple. Close
the wound.

Step 4. The foot, leg and thigh are placed in a plaster cast for six weeks and
weight bearing is not allowed for about 14 weeks.

The same general surgical treatment is followed for any other kind of
irreducible fracture of the os calcis; or, if preferred, a Steinmann nail may be

Step 1. Make a vertical lateral incision with the leg flexed and the foot strongly
extended.

Step 2. The fracture area is opened up and the detached fragment is brought
into contact with the fractured surface of the os calcis and fixed in position
by lateral sutures or other osteosynthetic methods. If necessary, a wedge­
shaped piece of the os calcis may have to Le excised.

Step 3. Close the wound and immobilize.

FRACTURES AND DISLOCATIONS OF THE BONES
OF THE FOOT

FRACTURE OF TUBEROSITY OF OS CALCIS
This particular variety of fracture requires surgical fixation (Fig. 1164).

After reducing the fracture by manipulation, make a small incision in the
middle of the posterior surface of the fragment of bone attached to the tendo
Achill is. Dril l a hole through this fragment, penetrating the os calcis, and
insert a nail or bone peg. Suture the skin wound if necessary. Flex the knee
and immobilize the extremity in a position of plantar flexion. .

Cheyne and Burghard recommend the formation or a flap of skin with
its convexity turned upward, reaching high enough up the back of the ankle
to escape friction from the hard part of the foot. In cases of long standing,
one may have to resort to lengthening of the tendo Achillis before reducllcn
can be accomplished.

Fractures of the Os Calcis
A tearing fracture of the os calcis which involves ,th~ posterosuperior part

of the bone is best treated by the open surgical method (Fig. n165).

FI . 1163. Fracture of the upper end of the fibula.

side of the fibula which assumes a shape to accommodate the talus and pain
ceases. If there is much shortening an ankle arthrodesis may be carried out
with insertion of a bone transplant to lock the talus to the tibia and fibula.
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driven just above the calcaneum and beneath the tendo Achillis. A Kirschner
wire may he used advantageously at times.

Old improperly treated compression fractures of the calcaneum may
call for open surgical treatment owing to the constant pain and disability caused
by walking or standing. The pain is due to the fact that the external malleolus
is pressed down by weight bearing against the partly flattened calcaneum.

Step 1. A curved incision is made under and around the external malleolus.
The skin and subcutaneous fat arc retracted, the tendons pushed out of the
way or cut and the calcaneum exposed.

Step z. There is usually much callus and new irregular bone formation ex­
tending out and under the external malleolus. This is chiseled away and

Fic. 116t6 Fic.I67
FIc, 1166. Transverse fracture through base of fifth metatarsal bone.

FiG. I167. Transverse fracture proximal phalanx little toe.

normal anatomic conditions restored as far as possible. The wound is
then closed, no effort being made in these old cases to restore the col­
lapsed or compressed feature of the fracture, it being expected that mo­
tion in such a foot will always be imperfect.

Magnusen's Method of Treating Fractures of the Os Calcis

Commenting on fractures of the as calc is, Paul B. Magnusen' stat es there
is still considerable disagreement among authors as to the best method of treating
this type of fracture. There is one fundamental rule and that is whatever
treatment is decided upon must be vigorous and thorough because if the heel
is not molded back into position properly, serious and permanent disability
ensues. Magnusen points out that since the tendo Achillis is attached to the
posterior fragment of the os calcis transmitting the power of the gastrocnemius
and soleus directly to this fragment, this pull must be relaxed or dispensed
with by putting the foot in full plantar flexion after the fracture has been
reduced and do a tenotomy on the tendo Achillis.

'·Fractures." J. B. Lippincott Company, 1933.

Step I, Do a tenotomy of the tendo Achillis. P lace the inner and inferior
surface of the os calcis across an orthopedic block. Ry means of a felt
mallet or a small hard sandbag the impaction is broken up by a firm
hard blow delivered to the lateral and superior surfaces of the affected
bone.

Step 2. This having been accomplished the instep is brought over the ortho­
pedic block and the posterior fragment of the os calcis brought down.
ward, inward and forward. They arc then molded into as nearly normal
contour as possible. Effect slight over-correction.

Step 3. P lace a felt pad over the posterior and superior surface of the os
calcis and over the dorsum of the foot and instep. The leg and foot are
placed in a cast.

DISLOCATION AND FRACTURE OF THE TALUS
(ASTRAGALUS)

An open surgical operation may be necessary to reduce a dislocation of
the talus.

Step I. Approach is made by an incision on the lateral aspect of the ankle,
The peroneal tendon usually must be resected in order to expose the talus.

Step 2. The talus may be removed by flexing the foot laterally in order to
permit its re-entrance into the ankle mortise. The general surgical rule is
to remove the dislocated portion of the bone and leave the fragment which
is in place in the ankle mortise. If this cannot be done the talus may have
to be entirely removed and the foot put up at right angles to the leg or an
immediat e arthrodesis of the ankle done in order to obtain fusion.

Step 3. The peroneal tendon is sutured and the wound closed.

If the talus is fractured with an open wound, following the usual aseptic
procedures for an open fracture, removal of the talus as above mentioned is
usually the surgical method of choice. The same applies to other fractured
bones in this vicinity.

DISLOCATIONS AND FRACTURES OF THE METATARSAL
AND PHALANGEAL BONES

As a genera] rule these injuries are treated by special manipulative methods
and no surgical operation is called for except in the case of open fractures. Such
are very vulnerable to infect ion and gangrene and these must he guarded against,
the fracture or disloca tion being of secondary importance. (F igs. 1166-1167.)

Step 1, Observe careful aseptic precautions; opening up and debridement are
done, the foot being kept warm and circulation fostered.

Step 2. H there is pus, institute drainage.
Step 3. Avoid all weight-bearing. A plaster boot fitted with a metal stirrup

is applied. This will relieve the sole of the foot from pressure and permit
ambulation during the healing period.

Comment :1 Summarizing "F ractures of the Ankle and Foot," Frederick
J. Cotton points out the following:

'Address to the New York and New England Association of Railway Surcons, November,
1932
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Class I. Outward Dislocation With Malleolar Fracture (Pott's frac­
ture). This is readily recognizable even without x-ray (displacement;
ease of reduction by inward pressure; impossibility of over-reduction).
Fig. 1168.)

Lat er, x-ray may call for modification of position before the foot
goes into plaster, but often does not, and the advantages of immediate
reduction are great, in the way of avoidance of swelling and formation
of blebs.

For this and the next two classes, Cotton recommends the pillow­
splint technic , as perfected by Gurd of Montreal.

foot can be displaced back without resistance-cannot be carried forward
beyond normal limits. (F ig. I 170.)

"Treatment. Prompt reduction. This is specially indicated in these
cases-not quite as easy as in Classes I and II, but it is usually necessary
to swing the foot down into plantar flexion before carrying it forward.
If then it is carried into dorsal flexion, with the grip on the front part
of the foot, it usually locks and can be put up in a pillow splint tempo­
rarily. In this injury the pillow splint is not usually permanent, nor even
long continued, for the x-ray is apt to show slight displacement back­
ward, recurring if replacement is done.

Class II. Inward Dislocation with Malleolar Fracture, Reversed Pott's
fracture. This fracture is produced by inversion of the foot; it can be
reduced by pushing outward (not inward). This also cannot be over­
reduced, and can be held. F ig. 1169.)

Treatment: Early reduction and immobilization. X-rays may be de­
layed if need be. Cotton points out:

"Oddly enough, the x-ray may lead to harm, not good, for this, like
the Pott's fracture, involves breaking of both malleoli and, as it 1s not
common enough to be familiar,' confusion may arise. I have seen ghastly
results in good hospitals from treating such cases by inversion.

"Class III. Backward Dislocation with Fracture (Cotton fracture). It
involves fracture of both malleoli, with also a wedge off the back articular

. ed, 'e of the tibia, w ith displacement backward of the foot, mal leoli and
tibt l fragment, all together. Here again the same principle holds- the

ill.I ::f
]

FIG. I7 0. Type 3. Fracture with backward dislocation (Cotton's fracture)

"There is much more tendency to redislocation in these cases than in
those of Classes I and II. Occasionally there is a case encountered which
can be treated only by open operation and pinning. (F ig. r71.) This
is in definite contrast to the other varieties which practically never come
to open interference except to correct old imperfect reductions.

Classification (Cotton)

I. Dislocation outward'Pott's.'
II. Dislocation inward'Reversed Pott's.'
III Dislocation backward-Cotton. 1 . )iv.' Dislocation upward (Tibial fracture, with or without fibular es1on­

Diastasis. (F ig. 117a.)"

SPRAINS
:. fth ft parts (liga­

Disability resulting from slight or extensive rupture_',{~a activity
ments and muscular attachments around the joint) resulting from _, «~thout

« :. Or <ho ld never diagnose sprain
or direct trauma is known as sprain. mne s au . \ t effectually mimic
an x-ray check-up. Many fractures without displacemen

11.

Fic. 1169

I.

FrG. 1168
FIG. 1168. Type 1. Fracture with outward dislocation (Pott's).

FIc. 1169. Type 2. Fracture with inward dislocation (Reversed Pott's).
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sprains (greenstick fractures, compression fracture of the os calcis, Iractures of
the malleoli , etc.).

Sprains of the Ankle Joint. Here the external ligament of the joint
is usually ruptured. It is counteracted by promptly applying pressure over the
ruptured ligament. Resort to adhesive plaster strapping, early massage, avoid­
ance of the use of the affected limb for about a fortnight. The patient should mt
be permitted to wear anordinary shoe wi thout having it raised for three-fourths
of an inch on its outer side in order to relax the injured external lateral ligament.

Z

FIG. I71 Fc. 1172
FIG. r7 1. Operation for deformity following type_3 fracture. Above, reconstruction of new

joint with defo rmity corrected. Below, clearance of blockading bone only.
Fic II;2. Type 4. Fracture with commi nution--upward displacement in relation to fibula.

thus promoting union of its ruptured fibers. The raised shoe may be dispensed
with toward the end of a month.

Sprain of the internal lateral ligament is usually accompanied by some form
of Pott 's fracture. Such injury should be treated by strapping the affected foot
in a position of inversion. Here also before the patient is permitted to resume
walking the shoe should be raised three-fourths of an inch of its inner border thus
relaxing the internal ligament and favoring union. The shoe must be worn about
two or two and one-half months .

Sprains of the knee usually affect the internal lateral ligament which is
partially ruptured. If the extent of the trauma is severe there may be a con­
comitant injury to the internal semilunar cartilage. The treatment consists of
proper bandaging, early massage and absolute rest for about a week. Walking
should not be allowed except in a shoe the inner border of which has been raised
one-half inch.
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In injury to the internal semilunar carti lage, the symptoms are more marked;
besides pain, swelling and tenderness there may be a locking of the joint in par­
tial flexion. ·

Check the findings by x-ray. The treatment consists of

I. Reduction of the dislocated cartilage.
2. Immobilization of the affected joint.
3. Early massage.

In reducing the cartilage general anesthesia should be administered. Sir
Robert Jones pointed out that the surgeon should be able to tell whether he feels
the cartilage in its place or not.

To reduce a displaced cartilage, the limb is put in abduction, flexion and
external rotation followed by sudden adduction, internal rotation and extension.

Sprains of the Shoulder. Usually the parts injured here are the superior
external portion of the capsule in the region of insertion of the flat tendon of the
supraspinatus muscle. The subacromial bursa is also affected in which case Cod­
man's bursitis is spoken of. The treatment is usually rest. Carry the affected
arm in a sling without attempting to lift the arm from the side of the body. Mas­
sage-passive motion and active motion after the acute manifestations have
subsided.

Sprains of the Elbow. Here ruptured muscle fibers, torn and displaced
ligaments, formation of an adventitious bursa (Mills, Osgood) may give rise to
the so-called "tennis elbow." If the usual treatment fails, Osgood points out that
there is an adventitious bursa of the painful spot, the ablation of which by par­
tial dissection cures the condition. In recent cases, locate the painful area, rest
the affected limb and apply gentle pressure.

In sprains of the wrist, adhesive strapping over the affected wrist should
be resorted to, for some time.

Sprains of the Sacro-Iliac Joint. Rest, strapping and the wearing of a
sacro-iliac belt is advisable. In chronic cases general anesthesia may be adminis­
and with the patient in the reclining position the lower limb of the affected side
is flexed at the hip to a right angle with the knee extended and pressure is exerted
downward on the pelvis. Then turn the patient to the side and hyper-extend the
affected hip.
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CHAPTER 25

SURGERY OF THE BREAST

ORIENTATION
Anatomic Considerations. The breasts consist of a parenchyma, stroma a d

adipose tissue (Fig. 1173). ' n

Chapt ers z5 to 3r (incl.) deal with surgery of the breast, bronchi, pleura,
lungs, the pulmonary artery, affections of the heart, of the mediastinum, per
cardium, etc. While the surgical treatment of carcinoma of the breast is stil l
buffeted about on the sea of surgical opinions, there is nevertheless a tendency
toward stabilization. 'The more accurate classification of tumors of the breast
(still far from complete), and understanding of the indications and _types of
surgical procedures suitable for specific cases, have cons1der~bly clan~ed a_nd
standardized operative procedures. These are being referred to in connection with
the operations described. Frozen sections al the operating table for the purpose
of ascertaining the presence or absence of malignancy have frequently yielded
erroneous information. The contributions of Handley and Halstead are still the
guiding posts to many, while others abstain from "clearing out the axilla" arguing
that carcinoma is a systemic and not a local disease. Radiation therapy and
electrosurgical procedures as a palliative, alone, or in combination have their
place. Radiation as a pre- and postoperative measure is of value in the hands
of the surgeon who evaluates, eliminates and combines to fit the formula repre­
sented by the morbid condition of the patient.

Lilienthal Sauerbruch Nissen Churchill, Archibald, Rienhoff, Jr., Graham
and others have done much to throw light onto the problems confronting the
surgeon in chest surgery. A thorough perusal of the operative procedures described
in this chapter wi1l point out the remarkable results achieved in the last decade
or two the result of their contributions. Unfortunately, pulmonary embolus is
still th

1

e bCte noir in surgical practice. Some progress has been made in these
tragic situations, the result of the corner stone bui1t by Trendelenburg and
furthered by the contributions of Willy Meyer, Howard Lilienthal, Elliott C.
Cutler, Gunnar NS;strom and others.

The surgical treatment of pulmonary tuberculosis has made rapid strides.
Unfortunately, the lack of serous investment of the thoracic esophagus is

still a vulnerable point and is responsible for a dark chapter in surgery despite
the fine contributions of Torek, Lilienthal, Grey Turner and others. Much
remains to be done here. However, it is stimulating to contemplate that while
a few decades ago surgery of the heart was as a whole terra incognita, real
progress is in the making. To mention only Claude S. Beck's contributions to
the surgery of the heart (suture, resection of the pericardium, attempts at creating
a new blood supply to the myocardium, etc.) and the admirably conducted re­
searches in other quarters is sufficient.

~\ --·· Claviclt!
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;
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Fie. 1173. Gross anatomy of the female breast, longitudinal section.

Arteries. The first, second, third and fourth perforating branches of the inter­
nal mammary artery; the long thoracic, the 'pectoral branch of the acromiothoracic;
the superior branches of the axillary artery; the perforating branches of the internal
mammary artery and branches from the subscapular artery (Fig. I 174) extending from
the inner side from the second to the sixth rib.

Veins. The veins correspond to the arteries. The veins anastomosing around
the nipple are known as the circle of Haller.
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Nerves. Intercostal, thoracocostal, long thoracic, descending cutaneous branches
of the cervical plexus and branches from the brachia! plexus.

Lymphatics. (Fig. 175.) There are two sets of lymph nodes, superficial and
deep. The deep lymphatics lie within the interlobular connective tissue forming a
plexus around the mammary lobules. They follow the course of ducts and converge
upon the surface beneath the areola where they enter the subareolar plexus of Sappey.
In addition this plexus receives cutaneous lymphatics from the nipple and areola. The
deep lymphatics a1so communicate with the pectoral plexus, situated beneath the
pectoral fascia. From the pectoral and subareolar plexus the lymphatics course out-

fossa is invaded. These facts led Deibel to advise his pupil P ierre Morard to
make a deta il ed study of the lymphatics of the breast. Using Gerota 's method,
Mornard injected one hundred mammary glands in 8 to 9 month fetuses and
children one to two years old. A study of these specimens led him to distinguish
six distinct types of lymphatic distribution.

In Type I (cl assical type) the lymphatics empty into the lymph nodes of the
axilla following the lower border of the pectoralis major muscle between the breast

Fic. 74. Arterial supply of the breast.

war<~. for~ing sever~! large_ trunks which terminate in the pectoral group of the axillary
nodes. From the inner side of the breast a few lymphatic trunks course along the
~!1tcnor ~erforatmg arteries and terminate in the anterior mediastinal lymph nodes.
I mm the upper part of the mamma they terminate in the subclavicular grour of
nodes after perforating the costo-coracoid membrane. There is a free intercommu~ica­
tion between the lymph channels in the axilla, and the pectoral plexus also com­
municates through the upper part of the anterior abdominal wall with the sub­
peritoneal plexus of the abdomen.

The Relation of the Lymph Nodes of the Subclavicular Fossa to Can­
cer of the

1
Breast is discussed by Carajannopoulos (Athens, Greece) and Henri

Godard (L O?uvre Sc1ent1fique) and Professor Pierre Deibel. They point out
that in certain cancers of the breast one find_s an involvement of the supra­
clavicular lymph nodes m cases in which the axillary nodes are not involved In
these cases, malignant extension has taken place along a different route than
that commonly observed where the axilla is involved before the supraclavicular

Deep
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__ glands
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\/ Superficial
' lymphglands

•

Is,a
plexuGapp ".
I .,-' ~

oycku_( N"t'
FtG. 1175. Lymphatics of the breast.

and the axilla. There may exist a paramammary node which is inconstant. This
classical type Mornard met in only 25 per cent of the cases.

In Type II Morard injected more external efferent lymphatic vessels which
follo~ed the lower border of the pectoralis major and emptied into a humeral lym­
phatic node, twice in roo cases.

In Type III the mammary gland has two lymphatic pedicles; first, the classical
axillary pedicle; second, a direct supraclavicular pedicle formed by two or three
vessels ansmg from the superior internal portion of the mammary gland and passing
beneath the pectoralis minor muscle near its costal insertions and emptying into the
supraclavicular nodes without passing the axilla.

Perforalinl!
. branches from
int. mammarr

· & intcrcostal
arteries

Ext. mammary branches

A thorac.
lateralis



Type IV is a variant of Type III. It differs from it in that the 1 .
the clavicular pedicle pass between the two pectoral muscles instead

0
fm_ph~tics of

neath the pectoralis minor. P assing be­
In Type V the lymphatics of the clavicular pedicle empty dire ll .

tatie mods found aloe the clavicle. These vessels pass hi.", ""O he lymy­
minor between the subclavius muscle and the subclavian vein and pectoralis
node at the confluence of the jugular and subclavian veins. The supr }m~ty 1 mto the
re iii@a into too em9vs@i ent eral and an internsi, Tie i17$",22,<
by the direct route, the main and constant node of this group bcin ~ tl a ed
formed by the internal jugular and subclavian veins. The external g g a he angle
anon the anterior surface of the brachial plexusbetween the sl ei44,7;"3,"},,2? "mated
omohyoid muscle. It receives the efferents commg from the axilla. Y an the

Type VI. This is the int ernal mammary pedicle. The lymphatics pass through
the thoracic wall from in front backward and empty into the mediastinal node ("
ond, third and fourth _mtercos~al spaces). _Thes; nodes are practically inaccessible
Happily, _this Iympha~1c path 1s of only mmor importance. l\fornard succeeded i
inj ecting it only ten limes out of one hundred. n

From the clinical viewpoint, it is important to seek carefully for supraclavicular
adenopathies. To explore the supraclavicular fossa, stand behind the patient who holds
her head straight and immobile. Explore s1multaneously the two sides by pl . th··
index fingers in the angle formed by the sternomastoid muscle and ie a,,$,""";
node is at the confluence of the Jugular and subclavian veins. Do not mistake the
inferior belly of the digastric muscle for a lymph node. This can be avoided by h, '
the patient ~wallow. You can then feel the muscle contracting and relaxing. Con~i~~~
the exploration laterally as far as the trapezius muscle. At times, one feels the chain of
lymph nodes along the internal jugular vein and at times along the border of the
trapezius muscle. The primary clearing of the supraclavicular fossa is done at the same
time as the amputation of the breast. It was performed seventy-one times; in sixteen
cases the nodes were clinically palpable; m four of these cases the nodes were not
involved; in the other twelve they were cancerous. In a second group of cases the
supraclavicular nodes though not palpable clinically were found cancerous in three cases
out of fifty-five. In studying postoperative neoplastic recurrence, it seemed the recur­
rence took place at the supraclavicular nodes. In all cases in which the cancer is
situated in the superior medial part of the breast, the supraclavicular fossa must be
cleared. The authors recommend the following technic for the clearing of the supra­
clavicular fossa:

F1c. J 176. Proper direction of the incision in opening an abscess of the breast. This line rcp­
resents the normal direction of the alactophorous ducts. Never cul across.

Fa. 77. Wrong direction of incision in suppurative mastitis.
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Fic. 1176

OPERATIONS FOR MAMMARY ABSCESS
Abscesses arising in connection with the breast are of three types, viz.:

1. The Premammary or Subcutaneous Abscess
2. Mammary Abscess Proper and
3. Retromammary Abscess in the areolar tissue separating the breast

from the pectoral fascia.

PREMAMMARY ABSCESS
Make a liberal radial incision, evacuate the pus, and drain with dental

rubber or a cigarette drain.
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CLEARING THE SUPRACLAVICULAR FOSSA

The apex of the incision should correspond to the clavicular extremity of the
sternomastoid muscle. The triangular flap, having its base at the trapezius, includes
the platysma myoides muscle and external jugular vein. The middle cervical fascia
stretched by the omohyoid is exposed. It is there the nodes are found and they must
be removed. Cut the omohyoid at the level of the internal jugular vein and remove
the nodes following along this vessel. If the node at the confluence of the jugular
and subclavian veins is mobile, it should be removed with the finger; if adherent, it is
better not to proceed further. Suture without drainage.

Results. The operation was performed in seventy-two cases. There were three
deaths, one due to cardiac complications, the others to metastases. There is a frequent
complication of lymphorrhagia. It occurred in six cases owing probably to injury of
the right lymphatic duct or of the thoracic duct. It is preferable not to ligate these
vessels even if they be wounded; though a marked edema may develop, it will not be
permanent if the permeability of the vessels is preserved. This lymphorrhagia may
last from two to three weeks. This step is anatomically and clinically justifiable.
It enables us to cure a few cases formerly considered inoperable and abandoned
to fate.

MAMMARY ABSCESS
This is often multiple, fibrous partitions from the stroma of the breast di­

viding individual pus pockets.

Step 1. Make an incision radiating from the nipple, never transversely across
(Figs. 1176-1177). The incision must not encroach upon the areolar tissues
(injury to an areolar venous sinus or a duct ampulla).

Step 2. Introduce a finger into the pus pocket and break down septa which
might interfere with efficient drainage.

Step 3. Introduce cigarette drains or strips of dental rubber into the evacuated
pus pockets.

Step 4. Counter drain at the periphery of the infected area if deemed necessary.
Fig. 1178.)

RETROMAMMARY ABSCESS
Step I. Make an incision in line with the thoraco-mammary fold (Fig. n79.)

Deepen the incision until the deep fascia is reached; define the lower edge
of the breast and enter the space occupied by the retromammary abscess.
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Step z. Drain. If there is a sinus connecting the abscess and source of infec­
tion, trace it and remove it. The wall of the abscess cavity may be gently
curctted. Dress,

Step 2. Clear the tumor of overlying breast tissue by careful dissection and
enucleate it.

Step 3. Obl iterate the dead space resulting from the removal of the tumor
with interrupted catgut sutures which approximate the remaining healthy
tissues.

Step 4. Close tl1e skin (Michel clips; subcuticular silk suture).

#-;t

%
I

FIG, u8o. Position of patient on the operating table showing the degree of extension an d eleva­
tion of the arm in operations involving the breast and axilla.

OPERATIONS FOR TUMORS AND CYSTS OF THE BREAST

TUMOR OR CYST LOCATED IN THE SUPERFICIAL PORTIONS
OF THE BREAST

Local anesthesia may be used. (Figs. n80-n81-n82.)

Step ,. Expose the tumor through a radiating incision placed directly over the
neoplasm.

FiG. 118r Fc. 1182
Ft. 8r. Conservative removal of a breast tumor. A diamond-shaped area embracing the

portion of the breast involved is outlined and the injection made as indicated by the po ints
of entrance (black dots) and projected in the direction of the arrows, or,

Fie. 118 .z. A wheal of intradermal infiltration is made surrounding the tumor as outlined
in the illustration. Through the same needle punctures deeper infiltration is accomplished.

TUMORS OCCUPYING DEEPER PORTIONS OF THE BREAST
Step 1. A Gaillard-Thomas premammary incision is used (Fig. n83). This

is a curved incision in the thoraco-mammary fold beginning at the nipple
line and extending to the anterior axillary border.



Gaillard-Thomas' crescentric incision in the thoraco-mammary fold.

Step 2. Separate the posterior surface of the breast from the pectoral fascia
exposing the portion of breast overlying the tumor.

stimulating, however, that on the European continent, serious-minded surgeons
through an education campaign, encouraged research and enlightenment in this
direction. In this country, the Society or Plastic and Reconstructive Surgery
and the creation of chairs for the teaching of ,plastic surgery in various univer­
sities have done much to develop this branch of surgical endeavor.

A bird's-eye view of the history of this phase of surgical work may not be
amiss in this connection.

Durston, in 1669, was first lo describe the clinical entity now known as
hypertrophy of the breast and mastoptosis. Nearly a century or silence prevailed
in the literature until Vclpeau in 1857 and Labarque contemporaneously studied

FIG. 185. Virginal hypertrophy of the breasts.

PLASTIC OPERATIONS ON THE BREASTS
PENDULOUS BREASTS (MASTOPTOSIS)

Unfortunately, the term "plastic surgery" was forced by quacks into dis­
repute in the ranks of ethical surgeons, for a number of decades. The thought is
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large wound resulting from the removal of the breast. Suture the skin into
place, after cutting away redundancy.

Step 4. Drain where indicated. Dress.

MULTIPLE CYSTS
(POLYCYSTIC DISEASE)
The entire breast may be excised.

I'here conservative removal of the
whole breast is contemplated, block
anesthesia may be used. (Fig. 1184.)

SINGLE CYSTS
Herc the steps are similar to the

preceding. The cyst walls often offer
difficulties during enucleation, and
the cv:-t is almost invariably broken.
For that reason, it is best to excise a
wedge-shaped segment of breast tissue
carrying the cyst.

%,

______,, )
'/f7

SURGERY OF THE BREAST AND CHEST

Step 1. Make a Gaillard-Thomas
incision as before.

Step 2. Dissect the breast free from
the pectoral fascia and from the
overlying skin. Divide the ducts
as they enter the nipple.

Step 3. Insure hemostasis. Allow the superimposed skin to foll back over the

Fi.. 1y. Conservative removal of the
breast. The hloek anesthesia is begun by sub­
mammary infiltration of the anesthetic solution.

Step 3. Incise the breast tissue rind shell out the tumor.
Step 4. Obl iterate the resulting space by interrupted catgut sutures.

Step s. Close the skin. Dress.

r
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the subject anew~ In 1898 Michel and Pousson excised the upper half of the
breast, making a half-moon shaped excision, beginning at' the axilla and extending
to the sternum in a case of double hypertrophy of the breast in a young woman.
Verchere followed suit in 1898 but excised a lateral triangular section of the
breast.

In April, 1921, 1 reported my experiences and results in free transplantation
of the nipple and areola supplemented by resection of the hypertrophied breast,
before the Korth Shore branch of the Chicago Medical Society and published a
paper on the subject in November of 1922.1 In 1923 Lotsch reported that he
elevated and resected the breasts through a longitudinal "slit incision" above and
below the mammilla. In 1924, Holl1incler combined the methods of Pousson and
VerchCre. In 1925 ()larch n) Passot, and on the z5th of )larch of the same
year, Dufourmentel reported on the subcutaneous transposition of the nipple. In
1925 Joseph published his case of mastomiopexy which he performed in 1922 by
double wedge-shaped excisions of the breast with the retention of a bridge of skin
to insure nutrition to the nipple. In the same year Lexer and Kraske, and in
1926 Axhausen described plastic resections of the hypertrophied breast.

In 1927 Joseph described his two-stage, and later in the same year, his three­
stage operation. In 1928 Biesenberger published his plastic operation with sur­
gical torsi on of the breast and in 1930 Schwarzman elaborated on the Joseph
technic.

Erna Glissmer of Heidelberg resected, in 1930, lateral and supramammary
sections of skin and bre:1st tissue and thus endeavored to diminish the size of the
breast and accomplish its elevation.

Dartigues and others added refinements of technic of some type or another.
Patients seek relief from these disabling conditions because they interfere

with their earning a livelihood: some even develop psychoses from brooding
over their disability. In others where the condition is less pronounced, csthetic
and vocational reasons force the patients to seek surgical relief (Fig. 1185).

Careful individualization and planning of the operation are necessary to
obtain anticipated results although a great deal depends on the experience and
skil l of the surgeon as well as the cooperation of ·the patient in the pre- and
postoperative care. While many successful cases arc reported at the hands of
the experienced operator, numerous unrecorded failures are attributed to the
inexpert in plastic procedures. Lack of knowledge or the subj ect, improperly
selected cases, inadequate pre- and postoperative care may result in sloughing,
abscess formation and even loss of life.

The great multiplicity of operalions suggested for the correction of hyper­
plastic breasts has thus far failed to yield a standard technic. Complicated pro­
cedures such as transpositions of the nipple, two, three, and even four stage opera­
tions, partial resection with axial torsion or the remaining mammary substance
and numerous other complicated procedures, capable of yielding good results in
the hands 'of the originators of the respective method, create a chaotic situation,
eventuating in perplexity to the surgeon who asks, "Which is the simplest method
giving uniformly good results ?"

After a number of years of experience with most of the methods advocated.
I have concluded that good results are obtainable and depend upon the simplest

' NewYork Med. J. S. Record, 116:572, 1912.

possible technic, absolute asepsis, a thorough knowledge of anatomy and assidu­
ous attention to detail.

Distressing effects of hypertrophy of the breasts may be grouped as
follows:

1. Physical manifestations.
2. Vocational incapacity.
3. Esthetic drawbacks.
4. Psychic influences.

Physical Manifestations. The excessive size of the breast may cause a
considerable degree of discomfort (pulling, dragging sensations intensified at the
menstrual period) referred to as mastodynia by Girard. Circulatory disturbances
have been described by Velpeau and in our times by Kraske (edema, discolora­
tion, even ulcerations). Intcrtriginous eczema is not infrequently encountered
particularly in hot weather (crustation); excessively pendulous breasts are
followed by untoward influences on the heart and lungs. The dragging breasts
cause alterations in the vertebral column which may, in aggravated cases, lead to
a. greater or lesser degree of kyphosis.

Vocational Incapacity. In this group belong dancers, public speakers and
people of the stage, manikin models {so important a vocation in modern times),
and those engaged in swimming, tennis, etc. (Figs. 1186-1187.)

Esthetic Drawbacks. Women of refined esthetic tastes are superconscious
of pendulous breasts.

Psychic Influences. Inferiority complexes, neuroses and psychoses may
develop. Tendencies to suicide and actual attempts at self-destruction have been
reported (Axhausen).

A rather exhaustive study of the more or less complicated methods of
Lotsch, Eckstein, \Veinhold, Kausch, Lexer-Kraske, Hollinder, Joseph and par­
ticularly that of Biesenberger has convinced me it is best to abandon any pro­
cedure which is difficult to perform and offers greater possibilities of failure than
the simple method of resection of the breast with free transplantation of the
nipple which I have devised.

Summary. 1. Patients often seek relief from excessively hypertrophied
breasts and the train of symptoms accompanying the condition.

2. Surgeons desiring to. relieve these patients should acquaint themselyes
thoroughly with the anatomicopathologic factors underlying the abnormality and
the methods for their relief.

3. Good res\J]ts usually followproperly executed operations bt it must be
remembered that amateur attempts at breast plastics have been followed by
necrosis or the nippl e, necrosis of the breast tissue and suppurative conditions
and their sequelae.

4. The more exact the technic the better the results.
s. Patients should be told that the transplantation, though not transposition,

of the nipple precludes lactation.
6. When the pendulosity is moderate a transposition operation may be

carried out successfully.
Principally, the operative procedures for reconstruction of pendulous breasts

may be divided into:
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SURGERY OF THIE BREAST

cision. The subdermal tissues or the nipple must be treated with t st
gentleness. u mos

Step 4. Transplant the dissected nipple into a circular bed prepared at the site
previously selected.

Surgical artistry i~ncl special technical skill are requisite for these procedures
if one's <llm 1s to obtam a well-formed new breast-contour and to avoid unsightle
lumps and disfiguring scars. . · ti }

Operations with transposition of the nipple.
The author's operation of resection of the breast with transplantation of

the nipple.

Resection of the Breast and Transposition of the Nipple

Step 1• Circumincisc the nipple. Make an incision above the nipple as shown
in Fig. u88. (1) A retromammary mc1s1on supplements the latter.

Step 2• At a higher level, cut out _an oval area to receive the transposed nip­
ple. Dissect away the skm. (Fig. II88 (, J.)

FIG. 1186 Fi, 18;
F1c. J 186. Vocational ,fo:ahility (model) the result of nastoptosis.
FIc, I87. Same patient three weeks after operation (astopexy).

Skinire:ranfor
llfW !iilc nfnipplc

Step 3. Undermine the skin overlying the superior segment of the breast. (Fig.
1188 [3].)

Step 4. Introduce a long forceps through the circular opening made. Grasp
the nipple and pull it into its new site. (Fig. 1188 [4].) Suture it in place.

Step 5. Resect the redundant part of the breast. (Fig. n88 l's].)
Step 6. Suture the Haps of skin together as shown in Fig. 1188 (6).

Author's Operation of Resection of the Breast and Transplantation of
the Nipple

Step 1. Make a supra-areolar convex incision anteriorly over the hypertrophied
and pendulous gland with a second, similarly directed incision beneath the
global mass.

Step 2. Between these two incisions remove as much of glandular and adipose
tissue as is deemed necessary to obtain the desired size and contour.

Step 3. Detach the nipple and areola completely through a free, circular in-

Fe. 1188. Transpo sition of nipple with resection of the breast. Two-stage operation,

In the great majority of my cases thus treated there was clinical evidence of
good cosmetic result and there was no doubt regarding the viability of the freely
transplanted tissue. However, it was not until recently that I had the oppor­
tunity of obtaining complete histological verification of this statement.

In 1930, a woman on whom I had performed a plastic operation on the
breasts, including nipple transplantation, again came under my care two months
later. Wi th the patient's consent a small section of the transplanted nipple was
removed for biopsy (Fig. 1189). The epithelium was found intact; the corium
contained round cells with a few polymorphonuclears and some plasma cells.
There was an isolated islet of epithelial cells. In all probability this was due to
implantation, the result of pinching off some of these cells during the process of
operative transplantation.
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Following the acute reactionary process, this stage passes to the subacute
phase as is evidenced by some of the polymorphonuclear and a more extensive
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round cell infiltration. When this area is examined under high power, the
epi thelial strata are found intact and immediately below this area, in the corium,

there are some round cells, plasma cells and some scattered polymorphonuclear
leukocytes. This is seen to even greater advantage when a higher magnification
of the corium is examined. Here the cellular clements and the capillaries in the
corium may be closely studied.

From these findings, it is quite evident that the transplanted nipple and
areola have become vascularized and incorporated in the new site, as normal,
living tissue. They further show that the operation or resection of superfluous
tissue in hypertrophied pendulous female breasts, with free transplantation of
the nipple and areola, is a practical one, and that, when carried out with proper
technic, the result will not only give relief of the patient's disability, but also be
satisfactory from the esthetic point or view. (Figs. 1190-1191.) The transplanted

j
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FtG. 1192

Fie. 119 :?. Bc~inning separation of the superficial layers of tlu: skin revealing the hcalctl
nipple underneath.

Fie. 1193. Close•u11 of trauspl:rntc-d nipple five W('t·ks after orx•ration showing stratum corneum
separating, leaving the healed nipple structure united to the breast.

nipple does not become absorbed or die, but continues as normal, vascularized,
living tissue in the vast majority of cases.

In a properly performed operation, as I have outlined, the surgeon must not
concede failure if the surface of the nipple appears dark to even black in color a
few days following transplantation. This does not signi fy failure of the nipple
to take; on the contrary, in most, if not all, of the cases where the technic has
been faultless and the postoperative care proper, the superficial, discolored layer,
representing only the stratum corneum, exfoliates, while the cutis vera goes on
healing by primary intention (Figs. 1192-1193-1194). It may take from 4 to 7
weeks for the stratum corneum to separate, This, however, does not hinder the
patient from pursuing her usual vocation. The keynote to the postoperative
treatment consists of dry asepsis (desiccating powder and sterile supportive
dressings).



1043
SURGERY OF THE BREAST

OPERATION

Preparation of the Patient. When carcinoma is suspected, do not delay
operating in order to "build up" the patient. The area to be operated on must

The modern aim of the operation consists of the removal of:
1. A sufficiently large skin area including the nipple and teguments overlying

the tumor.
z. Sufficient subcutaneous tissue covering the chest wall and the tumor mass.

forming the center of the subcutaneous tissues removed.
3. Both pectoral muscles except a small part of the larger muscle (sec

below).
4. The fascial structures of the lateral chest and upper abdominal regions.
s. The lymph structures concerned.

Fc. 1196, Sellheim's operation for inverted nipple, For explanation see text.

A

m uscles an d lymph n o des). Sir Mitchell Banks (1 8 8 2 ) tau g h t the rem oval o f ax ill a

glands whether they be palpable or not. Volkmann (188) removed the fasci 1
the pectoralis major, in every case. Halsted (1888) practised the routine rema 0

1of the pectoralis major as advocated by Sir Mitchell Banks in 1867. Willy j},,""
(1894) removed both pectoral muscles. Handley (1904) was a strong adv.[
removing the fascia covering the inner border of the opposite pectoral muscl, ~,
upper portions of the rectus muscles, external oblique and latissimus dorsi. Ma'
methods include the beneficial effects of early diagnosis, deep radiation and raj,,"

OPERATIONS FOR CARCINOMA
OF THE BREAST

SURGERY OF THE BREAST AND CHEST

INVERTED NIPPLE

Historical Notes. Antyllus operated for
carcinoma of the breast as early as the third
century. The breast was grasped with a crude
pair of forceps, ablated with the sweep of a
large sharp knife and the surface resulting seared

with the cautery. Benjamin Bell (1804) insisted on thorough removal of the axillary
glands and pectoralis muscle. Sir Astley Cooper pointed out the importance of wide
removal of the skin and lymph channels, whether involved or free. Charles Moore
(1867) insisted on 'block resection of the entire breast (skin, fat, pectoral fascia,

FIG, 1194. Same as preceding case. Observe completely healed nipple after separation of super­
ficial layers of skin. ( Stratum corneum.)

Step z. Three small incisions above and three below the nipple and two larger,
lateral incisions are made (C).

Step 3. A ligature of silk pulls the inverted nipple out. The flaps are dissected
as shown in the illustration D.

Step 4. (E.) Triangular flaps are snipped
away at the site of the smaller incisions.

Step 5. (F-H.) The triangular areas are
united with fine, interrupted silk sutures.

Step 6. Michel clips finish the procedure (I).

(Sellheim's Operation)
Figures 1195-1196 depict the condition and the principles underlying this

procedure. Careful outlining of the proposed procedure prior to operation and
careful operating are essential.

Step 1. Measurements are made of the component parts of the area as outlined
(A and B).
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(Fig. 1198 c). In this dissection set the knife flat thus avoiding injury to
the intercostal muscles and pleura during .the detachment of the mass.

The costo-coracoid membrane, the pectoralis minor muscle and the
upper portion of the axilla are now fully exposed.

SURGERY OF THE BREAST AND CHEST

be prepared thoroughly with soap and water, the axilla shaved and a mild anti­
septic applied overnight. Immediately before the operation the surface should
be painted with iodine, the arm draped and placed in proper position ( Fig. 1197).

Do not neglect to have x-rays made of the mediastinum, vertebral column
and other suspicious zones. In some cases these sites are affected by early
metastases, and if such be the case no operation should be undertaken.

Anesthetic. This depends upon the condition of the patient and the prefer­
ence of the surgeon. Nitrous oxide oxygen when given by an expert is the
anesthetic of choice. Ether, when no contraindications exist, serves well. \Vhen
electrosurgery is used for the removal of the breast, caution should be observed
with ether and ethylene should never be used.

Incision. Numerous skin incisions have been advocated. The incision
shown in Fig. 1198 a will suffice for all intents and purposes; it may be extended
and amplified to meet the special needs of a given case. Ample exposure and
thorough anatomic dissections are essentials. (Fig. i 198 b.)

a

i­'­
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Fi. 1198. Radical amputation of the breast.

Step 3. The pectoralis minor, it Will be remembered, is inserted into the cora­
coid process of the scapula. Expose the outer edge of the pectoralis minor
in its entirety. In advanced cases of carcinoma the small pectoral muscle
must also he removed (Fig. 1198 d). Expose the free edge al the latissimus
dorsi muscle. Lift the gland off the interdigitations of the serratus magnus.

The gland and major pectoral muscle arc now attached by connective
tissue and axillary fat only.

Sterno-costal part
'__ of pect. maj. .separa.·
ted from clavicular
port ion

Lowerpart of mascl to be severed
near its humeral attachment

Claviculax portion ofpect oralis major

. '--'-s., __.;,. - -
b

f
I

Deloial
Fic. 1197. Position of arm in operations on the breast involving the axilla.

Position of the Patient. Dorsal decubitus with a pillow between the
shoulders. The arm, with the elbow flexed upward, should be placed at right
angles with the body. Avoid pressure on the musculo-spiral nerve. Do not
abduct the arm too forcibly; this causes a displacement of the axillary vein ex­
posing it to injury.

Step I. The skin along the entire margin of the incision is dissected up from the
underlying tissues to an extent shown in Fig. 1198 b, viz.: the flaps extend as
far as the sternum in the midline and to the posterior axillary fold laterally.
Expose the pectoral fascia in the line of the upper incision. Lift the skin
and fat off the muscle until the furrow is reached that marks the dividing
line between the sternocostal and cJavicular portions of the pectoralis major
muscle.

Step a. With the back of the scalpel separate the muscular fibers of the greater
pectoral muscle almost as far as its humeral attachment. Retract the area
thoroughly. Divide the muscle at its humeral insertion. Now separate the
muscle with the fasciae lying above and below it from its attachments and
connections with the chest wall. The perforating branches of the internal
mammary artery are now cut through. Ligate them. The entire mass
(stemo-costal part of the pectoralis major muscle and mammary gland} is
dissected away from the ribs and intercostal muscles and displaced laterally



Step 4. Cleaning out the axil la. Expose the axillary vein (Figs, 120o-1202).
It is seen shining through the fascia. Do not tear through the fascia. rather
incise the clavicoraco-axil lary fascia along the line of the coraco-brachialis

axillary vessels. The upper edge of the clavicoraco-axillary fascia is thus
loosened and lhc vessels thoroughly exposed, The axillary vein is usuallv a
large single trunk but often found as two lmmches (Figs. 1204-1205). The
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Dissection completed-
e ~ • ~ill/lear ar;fat tglands

i .'- !f filPet +tor ff .,_..Ree
retracted ·- if • ~-

Brach1a.l /~·-._, ,-- 1 _.J .) 1/;.
plexus-··--,_~---.:__ - ,,,,,. ,

\» i s .%¢
E" ' ZjJ»A

Ai»ors Cg,s.,{
Sa±scaralr ves., ft
ligated j)' '·

ubscapularn.'';'' Serrats ant. m, , Thoracal1s lonen
Subscapularisn"

Latissimus dorsi m.

vein is superficial to the nerves and other vessels of the axilla. The nerves
of the brachia) plexus surround the axillary vein. A number of tributary
veins enter it from the axillary fat. The largest and most important of these
is the subscapular vein: This accompanies the subscapular art ery.

Ligate and divide all tributary vessels in this locality; this is to go hand
in hand with the removal of all fat, lymph nodes and other cellular elements.

FJG. I 198 ( eo11/i1111etl). Radical amputation of the breast.

. ,'-.,.----------------Woundclooed

f
d

r. ,., .

----------Mass of axillary
fat & lymph glands

Pect. minor
Coraco­
brachiali. ' '

'

Fm. u98 (to11li111,,..J). Radical amputation of the breast.

muscle up to the insertion of the pectoralis minor muscle. Hook a finger
under this muscle and divide it, or the muscle may be retracted laterally if it
is decided to leave it behind (Fig. 1203). Catch the fascia with an artery
forceps and retract it toward the chest. Strip the fascia inward across the

'Axillo.ry v. identified at
lower border.of coracobrachialis

1048 SURGERY OF THE BREAST AND CHEST SURGERY OF THE BREAST 1049

Step 1. Make an incision at a point below the middle of the clavicle, ex­
tending downward and outward to the edge of the pectoralis major muscle.
Continue this incision along the edge of the pectoral muscle to a point near
the breast, then continue toward the midline and around the inner side of
the breast whence the incision proceeds straight downward parallel with the
sternum to a point over the edge of the ribs and the upper part of the
rectus muscle. Make an abrupt right angle horizontally and proceed for
several inches to a point which permits plenty of mobilization of the lower

flap (Fig. 1207). The incision should be directed slightly downward, not
upward as first described.

Step 2. l\>Iake a second incision around the breast beginning at the edge of the
pectoralis major and proceeding around the outer side of the breast, then
toward the median line to meet the first one.

Step 3. Raise the flaps consisting of skin and all underlying fat; undermine the
edges of the incision and remove the breast with all of the fascia, muscle
and axillary contents in the usual way (Fig. 1208).

Step 4. In closing (Fig. 1209), the lower edge, near the axilla, which has been
made movable by a wide removal of the tissues underneath, is brought up
into the angle between the upper flap and upper edge of the first incision at

Si,
? %;"%a

and nerves

r
Long head of biceps m"5d•

Teres major and latissimus
doni muscles

I
Fm. 1200. Surface• anatomy of the axilla.

\.

(

This must be accomplished with care and exactitude. Blunt and sharp dissec­
tion carefully carried out accomplishes this. The axillary fascia should be sepa­
rated from the brachial fascia. This permits the reflection inward of the an­
terior fascia! wall of the axilla. Incise the fascia on the under surface of the
latissimus dorsi; free it from the anterior border and then from the anterior
surface of the muscle up to the anterior border of the subscapularis. The sub­
scapular fascia is now freed (Fig. 1206).

If at all possible, preserve the important nerves springing from the brachia}
plexus. Respect the subscapularis and long thoracic nerves. The latter is also

known as the respiratory nerve of Bell
(Fig. 1198 e). The subscapular nerve
is found in the proximity of the sub­
scapular vein and supplies the sub­
scapularis, teres major and latissimus
dorsi muscles. The thoracalis longus
(Bell's nerve) emerging from under
the pectoralis minor muscle runs longi­
tudinally along the wall of the thorax
and supplies the serratus magnus
muscle.

A thorough cleaning out of the
axillary space should leave it abso­
lutely clean, nothing remaining behind
but the bare muscle, the subscapularis.# #a.'% :: so o«.orate sere

facial dissection of the axilla, retracting the Some begin the dissection of the
82..%"2 ....22 as.a tom. ii»vs «osoar4 st vwe

Axillary fa$cia, pectoral muscle and breast re- versa.
fleeted en masse. z. Long subscapular nerve. 3.
ubcapularis muscle.__4Latissiinus muscle.s. When the malignant mass in­ttg/ oracic nerve. 6. Serratus muscle. (After valves the lower and outer margin of
> c. the breast implicating the subscapular

chain of glands, the subscapular nerve will have to be sacrificed. Gauze dis­
section is often effective in cleaning out the axillary space when not extensively
involved. The nearer the primary tumor approaches the axillary margin of the
breast, the further back it becomes necessary to remove the fat and fascia,
beyond the edge of the latissimus dorsi. 'Whether the pectoralis minor is to be
sacrificed or not, depends, as already stated, upon the extent of the disease.
Step s. Close the wound. Introduce a rubber or cigarette drain through a stab

wound (Figs. u98 f-1212).

Smith's Two-F lap Incisio~ for Cancer of the Breast
In order to improve the postoperative results, as far as mobility of the arm

is concerned following amputation of the breast for carcinoma, Richard R. Smith'
devised an incision which permits of the removal of an ample amount of skin and
underlying tissue at the same time leaving the arm unhampered by scar, thus
conducing to freedom of mobility, an important consideration for the patient.
This incision is adaptable to almost every case of carcinoma of the breast sub­
Jected to radical operation. (See Figs. 1207-1208•1209, p. 1o53.)
'S. G. O. July, 19a6.
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magnus tQ the fascia or the arm. I has an oval-shaped opening, the external
border or which is referred to as the arni-arch (Armbogen), and the internal
border as the axillary-arch (Achselbogen).

In a study on the swelling of the arm following radical mammectomy (Fig.
1210) J R. Veal' concludes that:

1. Edema of the arm following radical removal of the breast may be due to
lymphatic obstruction, to venous obstruction, or to a combination of the two
factors. The present small series of twenty cases indicates that venous obstruc­
tion is the most common cause.

2. Obstruction or the axillary vein is due to various causes, the chief of·
which arc the pressure of the malignant growth itself in its primary or secondary
manifestations, scar formation, and the impingement of fat folds.
'JAMA, 108, 1336, 1937.

Fie. 1zu2. V cius uf the ri;;ht axilla, \"icwc<I [rom in front.

£5%
C

12
I-·;­.....v/ 1 Costa Ill

\I. eastoaxillaris

10.jJ

the subcutaneous tissue. The 1igament of Gerdy emerges from its under surface
and passes under the axillary vessels. (a) The deep axillary fasciac whict ..over
the muscles also form the back and outer walls or the axilla; the serratus magnUs
is covered by a deep, internal fascia: and the largest part of the anterior axillary
wall is formed by the deep anterior fascia which is fastened above the clavicle
and covers the posterior surface of the pectornlis major. (3) The lower part of
the axilla is covered by fascia which reaches from the fascia over the serratus
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its beginning. The right angle at the lower end or the incision over the rcctus
is closed and then the two flaps are fitted together and sutured in place.
Silkwormgut may be used where there is any tension, but a running suture of
catgut, or interlocked stitch if preferred, may be used to close those parts of
the wouncl which fall easily together. One should be careful not to create
sharp angles, for troublesome sloughing is apt to occur at such points.

Comment: The size and shape of the flaps will vary considerably accord-
ing to the location of the growth and the elasticity of the tissues. If the
edges have been sufficiently undermined and the flaps well mobilized.
there will rarely, if ever, be any difficulty in covering the area with the

flaps. It is better, however, to leave
a gap or two in the incision to close
in by granulation, than to have un­
due tension. It is well to bear in
mind that the line from the shoul­
der to the middle of the sternum
may be snug, but without undue
tension, for upon it will depend to
a degree the future freedom of mo­
tion of the arm. One must be care­
ful to see that the lower flap, which
is ordinarily the much larger one,
has a very wide base or pedicle, as
generally speaking, its blood sup­
ply is not as good as that of the
upper flap.

By making a smaller upper and
a correspondingly larger lower flap,
or vice versa, one may use this in­
cision for growths situated in al­
most any part of the breast.

Hemostasis must be perfect. The
skin should be closed with interrupted
sutures. A stab wound lateral to the

Fi, 12o1, Radical amputation of the breast.
Clavicoraco-axillary fascia lying over axillary
vci.scls. In f:iscial clisscrtinrt of the axilla, the
first incision is shown hy the dotted line. J. Sus­
flt !ISOI') ' li.t:amc-nt of Gerdy. 2. Fascia over pec­
toralis minor. 3. Pectoralis major muscle. 4.
CostocorocoicJ li,.:;1ment. 5. Anterior thoracic
m·m:. 6. Cephnlic gland, 7, Biceps. 8. Cora­
cobrachialis. 9. Axillary vessels showing through
fascia. (After Lyle.)
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axilla is used for drainage (Fig. 1198

f). Complete closure or the wound is not always possible. Plastic operations
and Thiersch grafts must frequently be resorted to. Apply volumi nous dressings,
firmly. Allow the arm on the affected side to rest against the chest wall supported
by a triangular sling bandage.

Avoid too long immobilization or the arm. Encourage the patient to move
it somewhat after four or five days. Dress the wound and remove the drainage
tube after 48 hours.

The axillary fasciae must be completely removed if the operation is to prove
successful. These fasciae are three in. number, viz.: ( 1) The costocoracoid or
suspensory ligament which envelops the subclavius muscle and is fastened by
means of a double root to the clavicle. As it proceeds downward, it separates
into two parts, surrounding the pectoralis minor, then reunites and merges with
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FIG, 1207 Fic. 1208

. , Fic. 1zo7. Richard R. Smith's incision for carcinoma of the breast. Shows lines of in ­
];}.,,{"" here portrayed as norat in si re ad position, toolthese wiii naturally var

Fm. 12o8. Diagrammatic. This gh ·cs the general idea of the relation of the flaps after
the breast has been removed,

1v,·r1 I
% /
tl.-­, l

2
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{ --·-
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Fie, 1203 Fu.. 1204
Ftc. 12o3. Radical amputation of the breast. Pectoralismuscle held on index fin ger after

the axillary flap has been freed and turned inward. (After Lyle.) 1. Ceph alic vein, 2. axil­
lary artery, J. axdlary vein, 4. pectoralis major.

FJ,c..1~. R:i.dical amputa!ion of_thc breast. The insertion of the pectoralis major hasbeen divided and the muscle and its fascia reflected over the chest wall. The clavicoraco-axillary
fa!ttta lpis .be:cn d1v1dcd over the coracobrachialis muscle. The structure held by the index finger
is the msert10~ of the pectoralis minor muscle. A. Fascia of 1., pec:toralis major, 2. {ICCloralisminor, 3. deltoid, 4. tendon of biceps, 5. coracobrachialis, 6. median nerve, 7. axillary artery, 8.
2.2.%/%.1.%.% 2 -« sis

Fic, 1209. Closed incision showing usual position of silkwormgut sutures. (Courtesy, Dr.
Richard R. Smith.)



3 . Constriction m a y o c c u r o n l y w h e n t h e a r m i s d e p e n d e n t a n d m a y d i s a p ­

pear when the clevat~on of the arm restores the patency of the vein.
4. A collateral circulation may develop adequate to take care of the venous

return.

Fm. 1210. Types of axillary vein obstruction in a series of cases of cdl'illa uf the arm
following radical removal of the breast. Pen drawings from vcnographs. I. Normal axillarv
\"Cin. Note position of v:il\'l'S and gcn;ral c'!nlour of Vt'in. II. Complete axillary vein obstruc·­
tioa with development of collateral circulation. III. Complete occlusion of the axillary vein
from scar formation. Note the development of collaterals and the hack-llow of opaque
medium into the tributaries. I~'- Complete axillary vein occlusion from in\'a.sion by car­
cinoma. Note development of collaterals. Edema subsided in this arm after the develop­
ment of these collaterals. V. ~xillary \'ein constriction with arm in dependent position.
The constriction occurred at the site of recurrence of the: ca rcinoma. The vein is patent when
the arni is abducted. VI. Constriction of axillary vein by fat fold. Edema only when arm
is depen dent. Edema rapidly subsides when arm is elevated. Axillary vein is patent when
arm is abducted. VII. Complete occlusion of axillary and brachial veins by pressure of large
fat folds when arm is held against the side. Edema occurs only when arm is dependent.
and subsides rapidly when arm is held away from side. (Courtesy, Dr. J. R. Veal and the
Amc:r. Med. Asso., 0 1icago, Ill .)

s. Venography with stabilized thorium dioxide is of value in determining the
cause of the edema, but no procedures have yet been devised lo remedy it. The
wisdom of prophylaxis is therefore obvious.

THE REMOVAL OF THE BREAST BY ELECTROSURGERY

In this procedure a knowledge of the currents used is essential. Briefly
stated, of late, the high frequency current has been mustered into surgical use
for cutting purposes. Kelly designates this form of surgical division of tissues
as acusection. Krusen suggests the term of endosection. Other synonyms used
for this form of tissue division are: electrothermic knife, Bowie knife, endotherm
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kni fe, radioknife, etc. The use of this method allows of {a) division or tissues,
(b) closure of capillaries and small _size blood vessels as well as lymph vessels, (c)

Fc, 1212. Amputation of the breast for carcinoma. Radical operation by clcctrosurgical
means. All blood vessels treated by coagulation. Not a single ligature was used. Patient seven
clays after operation. Primary union.

sterilization of the field of operation, {d) and hemostasis, larger vessels being
clamped, the clamp· then touched with the endotherm knife and thus hemostasis
secured ( Fig. 12 11). The clamp holding the vessel transmits the current promptly
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Fm. 1214, E.l« trosurgical amputation o{ the breast. Skin incision made with flat, sharp•
tipped electrode, carrying fine, cutting current. (Kelly and Ward: F.lcctrosurgcry, Saunders;
Courtesy of Dr. Grant Ward .)

The entire operation is conducted on the same lines as in the scalpel-scissors
technic described in the preceding pages. The skin incision ( Fig. 12 13 a) and
the dissection and ablation or the tissues concerned (Fig. 1213 b) are made with
the endotherm knife. Instead of ligating the blood vessels they are electro­
coagulated,

The heat that divides the tissues is not carried by the knife but is produced
within the tissues themselves. Do not use pressure. Clamp all bleeding points.
Allow the current to pass through the clamp by applying the endotherm knife.

to the bloodvessel which quickly coagulates. To a great extent this eliminates
ligation or larger vessels (Fig. 1212).

Electrosurgcry lends itself to simple and radical amputation of the breast.
Howard Kelly and Grant Ward made valual.Jle contributions in popularizing this
procedure.
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F1G. 1213, ElectrosurgiC2l rcmonl of the breast,
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radical extirpation. Anderson' comments that his results have been better
than with. the scalpel. He emphasizes the sealing of lymphatics and capil­

\
Kelly Rake

I0,19
tumor cells. Electrosurgery meets these requirements in this feld
this reason there will doubtless be a growing tendency to r e and for

csort to it in
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cul edBe or
pectoralis
maJor m.

\
subculan~ous ~dissection

✓

\

dividinB
pectoralis
mayor m.

Fic. 121. Electrosurical amputation of the breast. 1. Subcutaneous dissection with heavier
current, sealing many blood vessels, capillaries, and lymphatics. ::?, In dividing muscles, cutting
electrode must be placed in contact before turning on current to avoul ~xccss1vc contract1011s.
(Keltr and Ward: Electrosurgery, Saunders ; Courtesy of Dr. Grant \\-ard.)

operation for the malignant breast, it is not likely that the Halsted-Willy
Meyer procedure will be greatly altered. Changes in detail, however, are
ever possible: those are especially welcome that shorten the operation,
Jessen the likelihood of infection, and reduce the chances of disseminating

1 "Elcctrosurgcry," ,v. B. Saunders, 1932.

suture of cul edge
of pedoralis maJor.

muscle
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Be cautious while working near the axillary vessels. The branches springing

directly from the axillary vessels are heller li~atcd. tumors of the breasts by
Commenting on the treatment of mahgnant i . d. 1

electrosurgical means, Kelly and Ward' state: "In dcve oping a ra ica
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breast

laries and the lessened manipulations and loss of body fluids and urges
keeping up the body heat by medical diathermy. Less catgut is left in the·
wound, as the average number of ligatures used is from six to ten. Healing
in his series has been more satisfactory and recurrences less frequent.

""The special technic does not concern us beyond the suggestion that
experience will doubtless lead to a greater readiness to make a wide ex-

cision,- sacrificing the hope of effecting an immediate complete closure.
The skin incision is made with scalpel or acusector (Figs. 1214-1215) and
the incision carried on through the fat with the heavier melting current.
A low voltag~ and high frequency (smoother flow) tend to prevent exces­
sive contractions when the muscles are reached. The axilla is carefully
guarded with a hard rubber or wooden spatula while the pectoral muscles
are divided near their insertion.

. "Although it is practicable to make a complete dissection of the axilla
with the current alone, without knife or scissors, this is not usually pra­

1
I

electrode freeing pectoral
muscles 1 midline

Fie. ~218. Elcctrosurgical amput:ition of the breast. Axillary contents protected with.,%:..%21%%:./ dis«i «@iv « is@- is­
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ticed because of the risk of injuring the axillary vessels. It is perhaps
best for the present to dissect branches of the axillary vessels. A valuable
aid in rapidly skeletonizing thb region is found in Kelly's axillary rake

(Fig. 1216[1)) usabl e with greater safety and rapidity than a scalpel as
with gentle traction. it piills down the investing fat and fascia and quickly
skeletonizes the vessels, isolating them up to their origin at trunk-artery
and -vein.

•
slab weund
with drain

SO-CALLED "INOPERABLE" TUMORS.

Electrosurgery scores striking ameliorations in so-called "inoperable tumors"
(F igs. 1221-1222-1223) i some become operable, others are relieved and a few are
cured. One does not sec recurrences of the malignant growth in the line of in­

New York Physiotherapy Society, January, 193t.

FJG. 1220. Elcctrosurgical amputation of the breast. Incision closed with interrupted silk;
drain brought out through stab wound in posterior flap. (Kelly and Ward: Electrosurgery,
Saunders; Courtesy of Dr. Grant Ward.)

"The measure for duration and amount of current is a slight hair-like
coagulation ring at the end of the clamp. The time consumed is about
one-fifth that of ligating the vessels. In this, more almost than in any
other operation, we effect a great saving by keeping the foreign ligature
material out of the wound. Beverly Chew Smith' states that approximately
twenty to thirty minutes are saved routinely in mastectomy operations
by using c1amp coagulation hemostasis rather than ligatures."

SURGERY OF THE BREAST

"After removal of the breast and axillary glands en masse (Figs. 117­
1218-121g-1220) with all bleeding vessels on the thorax caught in well­
pointed clamps, complete hemostasis, without ligatures, is secured by hook­
ing up the clamps one by one on the surgeon's left hand and holding them
at right angles to the thorax, and coagulating as described. Or, the operator
coagulates, while the assistant removes them, saving time.

/
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cision as is the case in Fig. 1224 which depicts skin metastases following ampu­
tation with the cold scalpel. Many patients to whom no hope is held out cer­

combination of these procedures has served me well. Such patients find them­
selves relieved of pain and malodorous discharges. A feeling of bicn etre is often
noticed.

FIG. 1221. Mcdullary carcinoma of left breasr with much visible necrosis. No lymph node
involvement. Electrosurg ical removal.

Fc. r224. Skin metastases following amp utation of breast with scalpel.

Many years of comfort often follow the removal of large tumors. After the
coagulum separates, a healthy granulating base often develops which is receptive
for skin grafting. Before grafting, however, fragments of such granulations
should be examined microscopically to discover the presence or absence of
malignancy. The periosteum, when involved, should also be submitted• to de-.
struction by electrocoagulation.

Fi. 1222 FIG, 1223

Fic. 1222. Advanced malignant disease of the breast in a young woman, "Too late" was the ver­
dict. Radical removal and radium apparently halted the progress of the disease for some ltmc,

Fic. 1223. Same patient seen in Fig. 1222. Some months after operation.

talnly are often benefited following electrocoagulation. I frequently sup~lemellt
electrosurgical removal of the breast with radiation by deep x-ray or radmm. A
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CHAPTER 26

SURGERY OF THE BRONCHI

BRONCHOSCOPY

This is usually done under local anesthesia using the technic that has been
described for direct laryngoscopy (see p. 383).

The Chevalier Jackson laryngoscope is then introduced and held in the left
hand. An assistant places the bronchoscope into the right hand of the operator
who then introduces it through the laryngoscope. The surgeon now shifts his
eye to the bronchoscope, and with the slanted portion of the instrument against
the left vocal cord, passes it through the glottis. It should go through easily and
very little pressure should be used. The air passages arc then carefully ex­
amined, following the lumen of the tracheobronchial tree. Jackson states that
only by thorough knowledge of the anatomy of the tracheobronchial tree and the
experience of frequent bronchoscopy on a cadaver, will the operator always know
where his tube-mouth is in the tracheobronchial tree.

FOREIGN BODIES IN THE TRACHEA
By inverting the patient, a foreign body may be expelled, provided that the

foreign substance is not impacted. Lejars condemns this method.
Tracheoscopy or tracheobronchoscopy (Killian) (see chapter on Surgery of

the Neck) per os or via the trachea often proves successfu1. Technical dexterity
is essential to cope with these cases (Fig. 1225).

Removal of Foreign Bodies from a Bronchus by the Tracheal Route

Step 1. General anesthesia.
Step 2. After the trachea has been opened, place the patient in the dependent

position.
Step 3. Retract the edges of the tracheal wound with retractors or sutures.

Lift the foreign body with appropriate forceps (Fig. 1226). Coughing and
inversion of the patient may bring a non-impacted body from the bronchus
into the wound.

Step 4. Insert a tracheotomy tube for several days.

If the above means fail to give relief, Binnie suggests either suturing the
edges of the tracheal wound to the skin or inserting a large cannula and allowing
the patient to rest. After some hours, or next day, the wound is re-opened; if
the object is not now coughed out, a small laryngeal mirror is introduced and the
trachea is investigated by the aid of a strong light. If the foreign body is caught
in the mucous membrane, cocaine should be sprayed in and laryngeal forceps or
a wire loop used for its extraction: several sittings may be necessary before the
object is removed.

Impacted Foreign Body in a Bronchus

Posterior bronchotomy may be resorted to or the formation of a pulmonary
abscess awaited, when this may be opened and drained. The former is a for­
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Fic. 1225.
Fi. 1225 Fie, 1226

Bronchostomy. Direct endoscopy of the right bronchus thro ugh a tracheotomy
incision. (After Doyen.) ·

l.2.%$3%.21%.1:"%..22%

midabl e operation and the latter rather impractical (patients may die before or
after solidification of the lung).

Posterior Bronchotomy (Schwartz's Operation)

The bronchi may be reached through the posterior mediastinum (see Lilien­
thal's technic of posterior mediastinotomy in this chapter).

Right Bronchotomy
Place the patient in the right lateroventral position on the edge of the table

with the right arm hanging over the table { Fig. 137).

Step 1. Make an incision from the point at the junction of the spine and
median border of the scapula to a point about 1 ¼ inches to the right of the

spines of the thoracic vertebrae. Extend the incision downwards, parallel
to the spinous processes of the vertebrae for a distance of about five inches
and complete it in such a manner, just below the angle of the scapula, that
when the flap is reflected it will expose the fifth, sixth, seventh and eighth
ribs. J. D. Bryant fashions a flap with its pedicle towards the spine.

Step 2. Divide the spinal ends of the exposed ribs subpzriosteal ly, just external
to the transverse processes. Divide the ribs as far outward as possible.
Separate the flap, consisting of ribs and intercostal muscles, from the sub­
jacent structures. Divide the intercostal muscles along the paraspinal line
in which the ribs were divided. Ligate the intercostal vessels. Divide the
intercostal muscles parallel to and below the lowest rib to be mobilized.
Similarly, cut through the intercostal muscles parallel to and above the
highest rib to be mobilized. By gauze dissection, separate the parietal pleura
from the flap of ribs and intercostal muscles. Reflect the flap outwards
(Fig. 1228).
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Step 3. Cautiously separate the pleura from the remnants of the ribs attached
to the spine and from the side of the vertebrae. Displace the pleura and the
lung out wards, away from the mediastinum ( Fig. 1229). The azygos vein
will be seen running vertically al the upper end of the wound arching for-

~ . ~

re 1• ;!'! ~ y-'i/'" %5/
1 •55)· 2t
- £ \..'-- --- :. f --{-' J~~-~0

Fic. 122; Fi. 1228
Fie. 1227. Bronchotomy. Schwartz operation showing lines of incision for creation

of the osteoplastic flap.
Fie. 1228. Schwartz' operation showing exploration with the hand.

wards to reach the anterior mediastinum (Fig. 1229). Further separate the
pleura under the arch of the aiygos vein until the esophagus is exposed. The
pneumogastric nerve lies external to the esophagus. Retract the pleura
outwards.

cause dangerous pressure necrosis. Replace and suture the flap into place.
The drain leaves the wound at a lower angle.

Left Bronchotomy

The patient is placed in the left latero-ventral position with the left arm
hanging over the edge of the table.

Steps 1. and z. Are the same as in performing right bronchotomy except that
the operation is performed on the left side.

Step 3. Separate the parietal pleura from the remnants of ribs attached to the
spine. On the side of the vertebrae, the aorta is encountered. The arch
of the aorta passes towards the upper end of the wound. Separate the
pleura under the arch of the aorta to a height of about z inches. The left
pneumogastric nerve will be encountered. Displace the lung, which is covered
by the intact pleura, outward with an appropriate retractor. Feel for the
posterior prominent edges of the bronchial cartilages. The rest of the Opera­
tion is the same as in right bronchotorny (Fig. 1230).

Fic. 1229 Fc. 1230
FIG, 1229. Schwartz' method of expo sing the right bronchus.
Fe, 1230. Schwartz' method of exposing the left bronchus.

Step 4. Search for the posterior border of the cartilaginous rings of the bronchus
in the concavity of the arch of the azygos vein. Wi th the aid of a sharp
hook, pick up the posterior wall of the bronchus and incise it. Remove the
foreign body.

Step s. Introduce a soft drain to the wounded bronchus. I-lard drains may



BASIC OPERATIONS ON THE THORAX
The thoracic cavity is opened because of (a) empyema and for (b) explora­

tion of the thoracic contents and (c) exploration of the mediastinum.
. An empyema may be evacuated by thoracentesis (simple.puncture and aspira­
tion) or Uy thoracotomy (simple intercostal inc ision). For these procedures
local or general anesthesia may be used. The former is all that is required in
the majority of instances.
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Parietal pleura

exposed

FIG. 1231. Thoracotomy.
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Ribs r«rated

THORACOTOMY

Step r. An incision is made about two inches in length and running parallel
with the ribs. It should begin just anterior to the latissimus dorsi muscle
and correspond to the sixth, seventh or eighth intercostal spaces (Fig. 1231).
Divide the intercostal muscles distal to the middle of the intercostal space,
thus avoiding the intercostal vessels and nerves.

Step 2. Careful hemostasis. Make a small opening in the parietal pleura. Avoid
too rapid evacuation of pus. Enlarge this opening with a pair of hemostats
or the finger. Remove blood clots, shreds and fibrin. Leaving these behind
causes delay in healing and they may obstruct the opening created for dain­
age.

Step 3. Insert a rigid rubber tube into the pleura] cavity. Kot much of the
tube should project into the cavity and it should be kept from slipping by
stitching or by attaching it to the skin with a safety pin. . Apply a volu­

5kin incision in intercostal space
parallel to direction oi ribs

Incision through
intercostal mus.
distal to middle

-'sf of space to avoid
. proximal n•

s..,•.r....-;;Jl; ::s',-..~ ,, ... ,, ve.ss~is

¥GENERAL CONSIDERATIONS

Methods of Maintaining Respiration When the Thorax Is Opened

Meltzer and Auer's Method. This is a method of artificial respiration
brought about by intratracheal insufflation of air. A small tube is passed through
the larynx into the trachea almost to its bifurcation. By means of a foot bellows
or electric motor, air mixed with ether is blown continuously through the tube
under pressure of about 15 to 20 mm. of mercury. The lungs are kept moderately
distended, lhe blood is thus aerated and the excess air escapes alongside· the
tube.

Numerous apparatus are on the market to accomplish the desired results.
Sauerbruch was first to construct a cabinet by means of which the thorax

could be freely opened and respiration kept up either under negative or positive
pressure.

Negative Pressure Cabinet. In the use of this cabinet, the patient's body
the surgeon and assistants are on the inside of the cabinet. The head of the
patient projects through an aperture- at one end of the cabinet, his neck beina
surrounded by an air-tight collar. Ry means of an air pump, controlled by ;
manometer, the air pressure on the inside of the cabinet is sufficiently lowered
to permit respirations to continue after the thorax is opened.

Positive Pressure Apparatus. The cabinet is the same as negative pressure
cabinets with the difference that the patient's Lady is on the outside while his
head and the anesthetist are on the inside of the cabinet. The pressure of the
air- on the inside of the cabinet is increased by means of an air pump.
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Historical Notes. The history of surgery of the lungs is • .
recommended opening of the pleura in cases of empyema. A 4"""ht. Hippocrates
1s84 when Schenck suggested surgery in the treatment ofa",, noted until
and Bermann in 1696 followed suii. Debary (a726), Faje (+,,"! helung. Dalin
siar in 1769 suggested opening of tung iscesses y ids'{%«5 (i83) ind
and Kriner in 1830 and Stokes in 18is entered the Chest ;;' ,"" ""; v· Hert
6if Kissie, as6).Jasoenlo (as7e), Rssion ad ioci gs; ha,, "rs
nected with tins phase of surgery. _Later Gare, Qumcke, Karcwski Gluck, s, " con
Lilienthal, Graham, Jacobaeus Nissen, Churchill Ricnhoff Jr' d ' i3ucrbruch,
notable contributions. ' , an others made
. Anatomic _Consider3:tions•. T_he Pleurae._ The parict.il pleura is divided
into the costal, diaphragmatic, mediastinal and cervical portions. Tle cervical art ~g
fortified by Sibson's fascia; this extends from the transverse processes of tie'1,
cervical vertebrae to the apex of the pleural sac. The costal pleura is a substantial
structure _and is separated from the panetes by the endo-thoracic fascia; the dia­
p~ragmatlc pleura is very thm and firmly connected with the underlying muscle. The
visceral pleura surrounds every part of the lung except its root: it Jines its fissures and
is adherent to the pulmonary parenchyma. The ligamentum laterum pulmonis is a
triangular fold of pleura which passes from the inner surface of the lung to the
pericardium. '

CHAPTER 27

SURGERY OF THE THORAX, PLEURAE
AND LUNGS
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minous dressing. Irrigation with saline or boric solution may be necessary
in some cases.

Comment: The first case of thoracotomy under intratracheal insufla­
tion anesthesia in the human being was done by Howard Lilienthal in
19o3.'

THORACENTESIS
Object. Removal of fluid from the chest cavity. The procedure may be

(a) exploratory or (b) therapeutic. In all operations here, the strictest asepsis
must be maintained.

Instruments. Exploring trocars; aspirating or Dieulafoy trocars; Potain
aspirator (F ig. 1232).

Without Admission of Air

This is much preferred in children and infants. Select the posterior axillary
or scapular line; asepticize the skin thoroughly. Enter the trocar in the 5th,
6th or 7th intercostal space. Have the patient sit up wherever possible. In­
troduce the trocar at the upper border of the respective rib in order to avoid
injuring the intercostal vessels. Permit the fluid to escape slowly i stop aspirating
when. about three-fourths of the fluid accumulation has been drained off. Should
the patient complain of dyspnea, faintness, severe cough or dizziness, interrupt
the paracentesis. If the condition seems extreme, inject half as much oil as
fluid removed. When through put .some collodion over the puncture made by
the trocar.

With Admission of Air
This procedure offers a number of advantages over the preceding. The ad­

mission of air avoids negative pressure, which is responsible for such untoward
symptoms as severe cough, dyspnea, pain and weakness which are often ob­
served when the first method is practiced.

Procedure. Introduce the trocar at the most dependent part of the intra­
pleural accumulation, permitting some air to enter. When the latter has been
removed, the opening created by the trocar is closed wi th collodion or a small
square of zinc oxide adhesive plaster.

Comment: Avoid careless introduction of the trocar lest injury to the
lung tissue, heart or intercostal vessels ensues. Avoid passing through the
diaphragm thus invading the peritoneal cavity. Stay above the ninth rib
posteriorly and the sixth rib anteriorly.

Rib Resection (Costectomy)
• Practical Considerations. The removal of a portion of a rib is most com­

manly performed for the purpose of draining an empyema. Usually a portion
of the sixth or seventh rib is removed in the midaxillary line. It is to be re­
membered that the second to the seventh ribs are covered posteriorly by the
scapula. The ribs lying below the eighth are so closely related to the diaphragm
that the latter may be injured during costectomy.

1 Ancals o! Surgery, 1910.

The removal of a segment of one or more ribs does no permanent harm.
Position of Patient. It is best to place the patient with the sound side

uppermost, midway between the lateral and ventral position e.g., the patient
lying half over the abdomen. The sound side must never be undermost, other­
wise respiration will he interfered with. The illustration (Fig_. 12.H a) shows
how it should not be done.

Anesthesia. Local infiltration analgesia with novocaine, one-half of one

Fie. 1232. Dieulafoy's aspirator.

per cent, suffices in most instances (Fig. 1234). Infiltrate the ~olution along the
lines of the proposed incision. The area to be blocked by the anesthetic should
embrace about one intercostal space above and one below this line of infiltration.

Step 1. The incision should be two or three inches in length, along the long axis
of the rib chosen for resection and halfway between its upper and lower
borders. Divide the periosteum along the line of the incision with a curved
periosteal elevator (F ig. 1233-b).

Step 2. The intcrcostal vessels are separated from the bone with the periosteum
by means of a Doyen instrument (Fig. 1235). Avoid accidental opening of
the pleura at this stage of the operation. Retract the parts thoroughly.
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Incision between upperand low1
borders f rib

a

Divide the exposed portion of the rib with properly constructed rib shears
(Fig. 1236). Remove about two inches of the ribs. Aspirate. (Fig. 1237 a.)

Step 3. Make a small incision along the aspirating needle dividing the posterior
periosteum and parietal layer of the pleura. (Fig. 137 b.) Allow pus to
issue slowly; too rapid evacuation may cause pulmonary congestion and if
not guarded against, fatal anemia or the brain.

%
- ,,
/

5and bag/

b ---
/

Periostcum incised and
pushed from rib with periosteotome

FI. 1233. Rib resection (costcctorr.Y}

fu;. 1234. Block ancsthi:sia in rib resection where one rib is to be rescctecl: the fan-shaped
area is infiltrated intradermally and subcutaneously an d after the incision is made the exposed
structures arc similarly infiltrated.

WOUNDS OF THE LUNGS AND PLEURAE
These usually result from (a) stabs, (b) bullet wounds, (c) trauma, the

result or fragments of fractured ribs and (d) surgical operations.
Dangers:
(t) Pneumolhorax, (2) Pyothorax, (3) Hemolhorax, (4) Pulmonary Col­

lapse, (s) Shock, (6) Air Embolism.

TREATMENT OFPENETRATING WOUNDS OF THE CHEST

Determine the patient's vital capacity. This indicates the extent or surgery
permissible in a given case.

r. Encourage the patient to lie on the affected side.
2. Exert steady pressure on the injured side or the chest (compression

bandage).
3. Enlarge the wound; explore; remove foreign bodies; cleanse; asepticize:

attend to hemostasis, See if the pleura is injured; if so, repair it. Ex­
plore for injury to the lungs; if wounded, suture the wound in the lung.

4. Pack loosely and partially close the external wound.
5. Dress. Apply dressing to immobilize the chest (adhesive tape).
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pri0sun!

Fic, 1237. Rib resection, Costcctomy.

6. If hemorrhage cannot be arrested by the measures suggested augment the
existing pneumothorax.

7. Nonintervention has many advocates (Clement et al.).

SUTURE OF THE LUNGS
Step 1. Enlarge the original incision inflicted by the trauma, along an inter­

costal space or combine it with rib resection as indicated. Exposure must
be ample at any cost.

FIG, 1235 FIG. 1236
Ft¢. 1235. Doyen's costal raspatory.

F1c. IZJ6. Rib ostcotomc and lammcctomy shears (Doyen).

Step 2. ,Using the hand or special forceps pull the lung into the wound just
suffic1entl~ for exposure, not too much, lest respiratory embarrassment ensue
(reflex action) (Fig, 1238).

Step 3. Isolate the wound. Clamp it temporarily with propet elastic forceps
lhat will not compress the lung excessively. Ablate ragged edges where
present. Ligate larger vessels and bronchi with fine silk. If the injured
parts are extensive, resect them. A1ternal1ves: suturing of the injured lung
into the cutaneous wound; tamponade and drainage.

Step 4. Suture. Use fine curved needles with silk. Catgut is not as pliable as
silk or linen. Ligate carefully. Approximate, do not stranguliite ! Tiegel
recommends touchmg the suture apertures with iron perchloride ( Figs.
1239-1240).

Lung tissue is more resistant than is commonly supposed. Tension
sutures are occasionally of value.
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Step s. The pleura may or may not be sutured; proceed as indie
sutured, Lembert type inversion sutures are to be used ( F ' atcd. If

Step 6. Close the wound. Usually drain. 'g. 1241).

SURGERY OF THE THORAX, PLEURAE AND LUNGS 1079

with the electro- or thermocautery is resorted to, followed by repair of the cu­
taneous opening, if the wound is clean; if not, drain.

Fic. 1238.

,
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F1, 1240. Fr, 1241

Fc. 1240, Tiegel's method of suture of the lung. A. Longitudinal suture acts as an efficient
support for the transversely placed sutures. Fa. 1241. Inverted suture of the lung .

Hernia of the Lung

Nontrumatic hernia is the result of some congenital or acquired locus
minoris resistentiae.

Treatment. Compression (pads).
Operation. Plastic closure of the hernial opening.
Trauma resulting in hernia of the lung is treated by reduction of the pro­

lapsed lung; if not necrosed, this is followed by external compression; if the
lung segment is affected ligation of its base and removal of the necrotic portion

PNEUMOTHORAX
Pneumothorax, the result of fractured ribs, is characterized by (a) cya­

nosis and (b) embarrassed respiratory and heart action.
Treatment. Aspiration is usually followed by prompt relief. Ir the wound

in the lung is closed, relief is permament; if open, distressing symptoms will
continue and operative intervention becomes imperative.

Operation. (a) Do a costectomy (p.
1o72) to gain access to the wound in the lung.
(b) Treat the injury to the lung as described.
(c) Compress.

EMPHYSEMA
This condition often follows fractured

ribs or stab w0unds but may also occur sub­
cutaneously if air reaches the cellular spaces
through the tubes during the process of in­
jecting saline solution. The seriousness or
the case depends upon the quantity or air
introduced and the nature of the injury.

If.a fractured rib is responsible for the
emphysema, strapping, morphin, ice bags and
absolute rest is the treatment.
I acne«trainswood caws«ea de er»y. "i!%a .."!"~."Z.1.."

sema, cleanse the wound and give ant itetanic
serum at once. Thoroughly immobilize the chest, keep the patient at absolute
rest (mental and physical) and treat symptoms as they arise.

If a large area is involved and it seems to be spreading, the subcutaneous
tissues should be incised and the air permitted to escape.

A cadet about zo years or age was injured during a scholastic fencing meet.
His opponent's foil broke and the broken end entered the right chest at the
midaxillary line of the second interspace. The lung was penetrated and im­
mediate hemoptysis resulted. The usual picture or a partial pneumothorax de­
veloped with associated dyspnea, cyanosis, cough and blood-streaked sputum
Figs. 1243-1244). A few hours following the injury a rather definite and rapidly
spreading surgical emphysema developed which extended from the right costal
region and upper right rectus zone up to the right supra- and infraclavicular
fossae, this extending medially to about the mid1ine. A definite sense of crepita­
tion could be elicited upon palpation. However, the amount of air in the right
infraclavicular fossa was so marked that a definite protruding and insuflated
zone resulted. Adhesive strapping was applied from above downward to prevent
the further ascent of the air into the neck thereby avoiding further respiratory
embarrassment. Under a symptomatic regime associated with absolute bed-rest
the lung re-expanded, the hemo-pneumothorax disappeared and the subcutaneous
effusion was entirely absorbed.

Another case which came under my attention was that of an old nurse (89
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years of age) who was seen in extremis (Fig. 124 ). She sustained fractured ribs,
a fragment of which penetrated the lung. Emphysema developed which rapidly
extended into the neck and subcutaneous tissues. Embarrassed heart action and
the rapidly spreading emphysema caused death.

"2. Operate on all patients with laceration of the diaphragm as well.
"3. Operate on all patients with a badly 'stove-in' chest, with over­

riding fragments and sharp spicules where the pleura is lacerated, even
though there is no external wound.

"4. Operate on all patients where a jagged irregular missile has tra­
versed the pleural cavity, whether lodged in (a) the chest wall, (b) the
pleural cavity, (c) the lung, (d) the mediastinum, or (e) the heart or
pericardium. .

"s. Operate on all very acutely infected patients, even though the mis­
sile is not retained.

"6. Operate on all patients with a penetrating wound of the chest with
progressive bleeding, hemoptysis and massive hemothorax.

117. Operate on all patients with a massive pneumothorax and great
displacement of the heart and mediastinum that cannot be controlled by
aspiration.

"8, Operate on all patients in whom rupture of a main bronchus or
artery at the hilus of the lung is suspected.

"Thoracotomy is rarely indicated for relief of the ordinary hemothorax
or hematoma of the lung. Unfortunately, occasionally lung abscess or
more rarely gangrene of the lung results from an extensive hcmatoma of
the lung, but unless thoracotomy is necessary otherwise, we believe such
patients should be treated expectantly.

"The modern gas oxygen machine with a snugly fitting mask applied
to the well vaselined face affords all the positive pressure necessary for
re-oxygenation and offsets the danger of a prolonged open pneumothorax.
Intratracheal gas oxygen anesthesia in the hands of an experienced anes­
thetist should be employed for a prolonged thoracotomy.

"paravertebral anesthesia for two or three spaces above and below
the wound or the site of the incision, with local infiltration, to avoid delay,
associated with gas oxygen analgesia, is the anesthetic of choice. Emer­
gency cases that would never be fit for a general anesthetic can be safely
operated upon with this type of anesthesia. A more extensive, deliberate,
and protracted operation can be undertaken with the minimum of shock to
the patient. Respirations are deeper and more regular than with a general
anesthesia, and the movements of the lung, mediastinum, and diaphragm
can be Voluntarily controlled by the patient to an appreciable extent. The
two stage operation, in which both sides of the thorax are opened, is
possible only with this type of anesthesia. Postoperative restlessness,
vomiting, retching, coughing and straining are avoided, and this plays
no small part in the success of such operations, especially in bad risk
patients.

"Operation. The complete intrathoracic operation must not be lightly
undertaken. The preparations for operation, the anesthetic, and the tech­
nique of the operation are most exacting, although the manipulations
themselves within the thorax do not require any exceptional dexterity.
Speed is essential. Absolute asepsis must be maintained.

"For op~ration the patient should be placed with the injured side

J
FIG. 1244Fic. 1243

Fic. 12 3. Traumatic pneum@thorax and surgical emphysema. Partial collapse of U"""!"
with hemothorax, the result of stab wounds. r. Point of entrance of rapier: 2• subcutanco . ht
sues infiltrated u()ward over the right supraclavicular zone; 3. partially collapsed lung; 4. r

#2%27z.r2,27a. er ·« • «ar««
restitutio ad mtegrum.

Mediastinal Emphysema
An injured trachea bronchus or esophagus which permits the constant

escape or air into the mediastinum is the usual cause of mediastinal emphysema.
This condition is life threatening and demands that immediate steps be taken
for relief.

An incision is made on the anterior aspect or the infrathyroid region of the
trachea down to the trachea. Secure hemostasis as the operation progresses.
A suction apparatus is then improvised which will gradually withdraw the
escaped air from the mediastinum. Continuous suction may at times be resorted
lo depending upon circumstances. Where the air issues from a wound in the
trachea, the latter will have to be repaired by suturing the opening.

RESUME OF TREATMENT OF INJURIES OF THE LUNG
Ambrose L. Lockwood's! recommendations for operation in injuries of

the lung are summarized as follows:
"1. Operate on all patients with an open pneumothorax (traumatop­

nea).
'Sur., Gynec., and Obst., Feb., JQJl-

4

+
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dependent, usually in the half-sitting posture Primary union will not
result without bold, thorough excision of the wound area.

When the position of the wound will permit, resection of the fourth
rib or preferably a long incision in the interspace immediately below

.. it from the midclavicular to the posterior axillary line furnishes· easiest
access to the thoracic cavity. A powerful, snugly fitting rib retractor is
necessary.

"The commonest source of bleeding is from a torn intercostal artery.
1£ the artery cannot readily be picked up and ligated with a small periosteal
needle, a suture can be passed around it or, failing that, around the rib
itself.

"The lung can be freely handled, incised, or a wound excised as re­
quired. If the wound is of a gaping type in the lung, tags of intercostal
fascia and muscle should be laid over the edges and sutures passed through
them; this will relieve tension on friable lung tissue when the edges are ap­
proximated. Bronchial fistulae will invariably be avoided if the visceral
surfaces are carefully apposed.

"Partial, or even complete lobectomy may be necessary, depending on
the degree of laceration of the lung. In such a case preserve plenty of the
visceral pleura.

"An open bronchus or alarming hemorrhage from the lung surface is
rarely found at operation.

"The toilet of the pleura must be meticulous.
"The thoracotomy incision should be closed with a thick, moist

towel, every moment that the hands of the operator are not within the
thorax.

"Time should not be wasted in attempting to repair the parietal pleura.
"The chest must be hermetically closed with the first layer of muscles:

otherwise. pocketing will occur, pleural effusion accumulate, the incision
break down, and an empyema result.

"Careful approximation of the skin edges is necessary to insure early.
absolute primary union.

"Drainage of the chest should never be employed in these primary
operations.

"Gross injuries of the bony wall of the chest associated with injury to
the lung require that all comminuted bone and sharp spicules be widely
excised. If the intercostal nerves have been torn, employ alcohol injection
proximally to offset pain during convalescence.

"Postoperative treatment. The postoperative treatment of chest
wounds demands constant attention. The patient should be maintained in
the position found to be most comfortable. Oxygen should be employed if
the patient is cyanosed. Morphia should be freely used to combat restless­
ness.

"Aspiration should be carried out 18 hours after operation and as fre­
quently as necessary to keep the pleural cavity relatively free of fluid.
Early fluoroscopic examination or roentgenograms will help to determine
the presence of a collection."

INFECTIONS OF THE LUNGS EXCLUSIVE OF TUBERCULOSIS
LUNG ABSCESS

Lilienthal' points out that the principles or the operations for lung abscess
arc always the same, namely:

1. The head of the patient should be lower than his hips.
2. Local anesthesia should be used if possible, if not, some extremely light

form of so-called analgesia should be used so that the cough reflex may not be
abolished and the danger of aspiration into the opposite lung may be reduced.
Heavy narcotic dosage and anesthesia by avert in or other drugs should be avoided.

3. Evacuation should be by the most direct route avoiding free pleural in­
volvement.

4. The drainage opening should be well above the lower limit of the abscess.
5. Manipulation of the cavity should be gentle so as to prevent dangerous

hemorrhage.
6. One should refrain from the natural surgical" tendency to simplify multi­

ple abscess cavities at the time of operation.
7. The packings should never be so firm as lo dislocate the mediastinum.
8. ,vhenever adhesions arc feared rubber dam should be employed as a

packing
.re wound pattern makes comparatively little difference but an opening

which promises to enter the abscess by the most direct route should be employed
with such preliminary or additional incisions as may be necessary for perfect
exposure. As a rule, chest wall flaps should not be employed, even though they
apparently permit or drainage at the lowest point, because frequent dressings
will be necessary and the flap impedes complete exposure.

Comment: In lung abscess one may wait from six to eight weeks dur­
ing which conservative treatment should be resorted to. A large majority
of these cases heal spontaneously during thist ime. Particularly is this
true in abscess which has perforated into a bronchus (abscess in the upper
Jobe and region of the hilus). The procedure of choice after an unsuccess­
ful period of waiting with conservative management is pneumonotomy.
Phrenicotomy should only be resorted to in the presence of cavities of the
lower lobes. Nissen emphatically warns against the use of therapeutic
pneumothorax in these cases and admonishes that aspiration of the abscessed
cavity is even more dangerous. Bronchoscopic suction of pus is also depre­
cated as being of little value, if any. Where the condition of the patient
is bad, the less interference, the better. The keynote to success is to
put the affected lobe at rest wherever possible; even though one takes
into the bargain a possible infection of the pleura artificial pneumothorax
is advocated.

PNEUMONOTOMY

Pneumonotomy indicates the creation of an opening into the lung usually
for abscess. The operation may be beset with difficulties. In cases of superficial
abscess the suppuratin focus is opened with either scalpel or thermo- or

Sur .. Gynec., and Obst., 1931.
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electrocautery; its contents are evacuated and the resulting cavity drained.
Hemorrhage is usually in proportion to the depth of the suppurating focus and
proximity to the hilus of the lung. Exposure must be ample. If one ;f the larger
vessels bleeds, ligation is called for. Often) with most careful search, a small
abscess of the lung may be overlooked. An exposed lung may be explored with
a stout aspirating needle or by palpation. Terrier, after rib resection, separates
the parietal pleura from the inner surface of the chest wall and palpates the
lung akin to extraperitoneal palpation of the abdominal viscera. Once the ab­
scess cavity is widely opened, it should be thoroughly explored and drained. Do
not curet: it may be followed by marked hemorrhage. Drainage is now 4.
complished by tamponade and rubber tube drain. Do not irrigate.

The treatment of acute abscess and gangrene of the lung is surgical. The
foci are usually solitary in acute conditions; multiple in chronic. Procrastina­
tion may be permit ted in the latter, prompt action in the former unless the ar­
senicals given intravenously are followed by prompt amelioration.

Avoid exploratory punctures unless you are prepared to operate at once.
At any event resort to puncture only when the pleura has been exposed (costect­
omy). Operate under local anesthesia. In active hemorrhage in gangrenous
processes the majori ty of surgeons incline to prompt interference (tamponade
exposure and ligation of the bleeding vessel). '

In localized abscesses do a:

Step 1. Costectomy.
Step 2. Expose the involved area.
Step 3. In the absence of adhesions, outline the abscesses by circular suture

in the same manner as described under transpl eural approach to abscess of the
liver (which see).

Step 4. Open and drain.

Thoracotomy with Tamponade

CONNOR'S METHOD

The most important contributions to the subject of pulmonary abscess be­
fore Connor described his treatment by tamponade, were those of Mikulicz and
Forlani ni . Mikulicz advocated surgical intervention (thoracotomy) while For.­
lanini recommended artificial pneumothorax; this latter did not fnd much favor.
The only technic adopted since was rubber tube drainage.

Connor, in 1926, describedhis method of tight tamponade. This he dis­
covered by accident in using a tight tamponade to obtain hemostasis. When the
pack was removed a her three days, the floor of the pulmonary abscess was found
dry and in the ~rocess of granulation. Ciacci lauds the method as perfectly
meeting all requirements because pulmonary abscess is not amenable to any
other than surgical intervention (rapi d and complete drainage). The aftercare
is reduced in Connor's procedure to simple and short medications, not requiring
tubes which may cause pleural i_rritation or costal osteomyelitis. Ciacci uses
the procedure as a method of choice, if possible, in one step, and not before the
sixth week of the disease and never later. He cites the following reasons: F;rg
to effect an opportunity for spontaneous healing:; this occurs in 1o per cent of
the cases. Second, to permit formation of sufficient pleural adhesions and, third,

not to operate later than six weeks, because the patient's resistance might break
down, and complications inherent to the long suppurative process develop.

Aspiration seems to be the most frequent. determining cause; however, not
all are exclusively due to aspiration of infectious material, but also to absorption
via the lymph and blood vessels; a lacerated and infected tonsillar or dental bed
may be etiologic factors. Chronic abscesses are usually large, and the surround­
ing fibrosis varies in degree and extension.

Anesthesia. Ether or avertin anesthesia. Administer physiologic salt solu­
tion by hypodermoclysis, beginning before and continuing. throughout the opera­
lion. The position of the patient should be one which is most convenient for
the opening of the abscess cavity.

Step 1. Make an incision 8 to 1o cm. in length along the rib crossing the center
of'the abscess. Resect about s cm. of rib subpehiosteally. If the subj acent
tissues are found indurated and devoid of respiratory movements (palpation
and inspection), incise the abscess cautiously with a very sharp kni fe at­
tacking the endothoracic fascia first.

Step z. If the diagnosis is found to be correct, introduce iodoform gauze pend­
~ng a second intervention about one week later. H the localization is exact,
introduce the needle of an aspi rating syringe into the abscess cavity allow­
ing the pus to discharge, then introduce a grooved director.

Step 3. I the abscess cavity extends upward, resect a portion of the rib above.
Ir it extends .downward, remove part of the rib below. At all events obtain
adequate drainage in every case.

Step 4. Suture the intercostal muscles with the intercostal vessels to the side
of the wound. Remove the ribs where indicated. Break down adhesions
between the multiple abscesses; convert them into one cavity. Dry the
cavity with gauze sponges; tampon it rather tightly with iodoform gauze.
Leave the cutaneous wound wide open. Cover its margins wi th gauze
impregnated with vaseline. Place a dry dressing over the entire area.

Comment: If. the unaffected pleural cavity is opened inadvertently
during the operation, tampon. the abscess cavity as usual with iodoform
gauze, and the opened pleural cavity with simple gauze.

Give blood transfusions in case of collapse. Place the patient in A
semi-sitting position after the operation; as soon as his condition permits,
allow him to get out of bed. Remove the tampon between the third and
fifth days, usually on the fourth. As a rule, the cavity will be found clean
(the bronchial aperture visible). Tampon the cavity a second time, and
from then on, every second day, but each time less tightly than the pre­
vous time, permitting the cavity to granulate from the bottom up As
soon as granulation is far enough advanced, the wound is allowed to heal
up to about 2 cm. width. This opening is left patent for at least four
months, or until recovery has ensued (-ray; physical condition of patient).

EMPYEMA

Drainage of the Thoracic Spaces

. "The principle of treating acute empyema as an acute abscess by prompt evacu­
ation should be abandoned" (Nissen).



Fc. 1245 Fic, 1246
Fc. 1245. A, General empyema, the lug compressed from all sides upon its root. p

Large sacculated empyema wrongly called general empyema. ( From Lilieuthal, Thoracic Sur­
ery, W. B. Saunders Co.)
Fic. 1246. Distribution of empyema. E.Mesial empyema. F, Three sacculated empyemas, the

lower one supraphrcmc. (From Lilienthal, Thoracic Surgery, W, B. Saunders Co.)
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SURGICAL TREATMENT OF CHRONIC EMPYEMAS

Estlander's Operation (1879)

If an empyema fails to heal after months and the etiology is not lo be
found in a removable cause, a plastic operation to obliterate the entire cavity
is usually called for; this consists in immobilizing either the chest wall or the
Jung.

Ascertain the size of the cavity (x-ray; exploration; injection or bismuth
paste). Resect subperiosteally the ribs overlying the empyema cavity, which
should be covered by soft tissues only. The chest wall and pleura, it will be seen,
arc thus made to collapse and the former is brought into apposition with the lung,
providing the pleura is not loo thick. This may be an inch or more. The num­
ber of the ribs to be resected and the type or flap depend upon the extent or

be followed by repeated aspirations; treatment shou]d be directed to either inter­
costal incision with closed drainage or rib resection with packing. In the small
sacculated empyemas packing only should be resorted to.

_Fu:;, 12,tj. Incorrect manner of fenestrating a catheter or other tube: the openings arc all
so near the inner end that the empyema has to fill to the end of the tube before actual drainage
occurs. The second picture illustrates the correct fenestration permittinr almost complete empty­
ing. (From Lilienthal, Thoracic Surgery , W. B. Saunders Co.)

is necessary to rcscct enough ribs to get ample room for manipulation to break
down adhesions when the cavity is anatomically complicated. The gauze must
not be too firmly packed. It is removed on the second to the fourth day and as
a rule need not be replaced. Coughing and straining are encouraged and the
:anous complications or tube drainage are usually avoided. Manifestly, if the
interlobar empyema has become adherent to the parietal pleura, this operation
can be performed in one sitting.

Bilateral Empyema. Should both sides be operated upon at the same time?
The side most affected should be drained and the other side simply aspirated to

SURGERY OF THE BREAST AND CHEST

form is the int erlobar empyema which results from infection by that part of the
Jung where one lobe touches another (Figs. 1245-1246-1247).

Interlobar Empyema. If this condition exists without adhesion of lung
tissue to the chest wall, Lilienthal advises (a) exposure through a free inter­
costal incision; (2) production of adhesions with extrapleural packings around
the proposed site of drainage over which a rib has been resected and (3) evacu­
ation of the pus al a later stage. Lilienthal comments: "While this may seem
to be an operation of considerable magnitude it does not, in reality, cause shock
and it may prevent opening into a bronchus, always a serious affair because of
the possibil ity of inducing a chronic condition; it will also probably prevent the
development of a large complicating. empyema. The interlobar disease is well
suited to the form of drainage secured by packing with gauze immediately after.
it has been opened at the second stage. The latter method of treating empyema
at a primary operation has been recently tested thoroughly in the service of
Doctor John F. Connor.1 Packing is, of course, one type of drainage and in
some cases of empyema, especially in those or not too great size, is particularly
suitable. Doctor Connors employs it even in extensive purulent pleuritis. It
'Ann . Sur, 1931, Vol. 94.

According to Lilienthal, drainage of the thoracic spaces may be undertaken
according to the four distinct forms of the disorder: (a) peripheral empyema;
() mesial empyema (often miscalled mediastinal), and (g)- the collection of
between the diaphragm and the lung which Lilienthal has called supraphr.;,~~
empyema. The latter has a tcn_dency to extend mesially and upward. It is
sometimes necessary to differentiate between supraphrenic empyema and sub­
phrenic abscess. This can easily be done when the disease is on the right
the more usual site--by introducing a little oxygen into the peritoneal cavil\'
through a needle and then making an x-ray flm with the patient upright. On the
left side a drink of carbonated water will produce a gastric bubble which will
function in an x-ray fil~ m the same manner as a pneumoperitoneum. Adjacent
sacculated empyemas, it must be remembered, may coalesce. (a) The fourth
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Fu::. 1:252. Infiltration anesthesia in re­
moval of ribs in such conditions as Schede's
operation or thoracoplasties. The extent of
infiltration depends upon the number of ribs
to be removed. The respective intercostal
spaces arc blocked in continuity at the angle
of the ribs. Preliminary to blocking the nerves
the line of proposed skin incision is infiltrated.
The nerves• arc situated upon the parietal
pleura. About 2 cc. of the anesthetic solu­
tion is deposited at the points of injection.

Depage recommended a similar
incision. Reflecting the skin flap first,
the ribs are divided in the course of
the incision and the thoracic wall is
turned upward in its entire thickness.
The ribs are then resected subperios­
teally by incisions on the p1eural surface as far as desired and the skin flap is
replaced.

Comment: The patient should be put in the best possible condition
before undergoing this extensive operation. Shock is marked. Prerequi­
sites: Blood transfusion, rapid operating and good hemostasis. In much
debilitated patients who cannot be subjected to the formidable procedure
outlined, a graded operation may be of value in the form of Sudeck's
operation.

the thickness of the pleural cavity. The incision may be a small semilunar cut
or a small U-shaped flap, depending upon the area to be exposed.

Schede's Thoracoplasty (1890)

In those instances where there exists a single, large and collapsible cavity,
Schede's extensive procedure may be resorted to (Figs. 1248-1249-1250-1251).
It consists of removing not only the ribs but also all the soft tissues of the
thoracic wall between the ribs and underneath them. Infiltration block anesthesia
may be used (Fig. 1252).

Step 1. The incision begins in the upper part of the back, between the spinal
column and the scapula, and descends to the lower border or the pleura,
ascending again along the anterior axillary line and terminating under the
border of the pectoralis major muscle. All the sort tissues of this extensive
flap arc dissected upwards, raising the scapula with it during the course of
the dissection.

Step 2. All the ribs from the second
down arc resected together with
their costal carti lages. After
opening the pleura, the inter­
costal muscles and with them the
thickened and infiltrated parietal
pleura are removed. The visceral
pleura which is much thickened
in these cases is curetted with a
Volkmann sharp spoon.

Step 3. Replace the skin flap. In­
troduce drainage tubes, It will
be seen that the entire cavity thus
becomes filled with the collapsible
soft tissues of the chest wall which
become adherent to the visceral
pleura, thus obliterating the
cavity.

ne ». sa..a a o-so to a..5. soon
resection of the ribs.

Fc. 1251. The cavity resulting after removal of the soft parts including scar tissue.

F1c. 1248 Fic. 1249
Fc. 1248. Schede's method of thoracoplasty. Extent of incision shown in heavy outline.

FIc, 1249. Formation of flap from soft tissues.
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Fic. 1253. So-called "closed drain­
age" of the pleural cavity through the
seventh intercostal space. Patient sf­
fering from empyema following six
weeks' duration of pneumonia. (Sur.
gical Service, Cook County Hospital.)

Sudeck's Operation
First Stage: Resect the eighth and ninth ribs. Make another incision a

hands breadth above the first, through which resect the sixth and seventh ribs
subperiosteally.

Fasten the flap thus obtained into the thoracic cavity. Usually the flap
fastens itself to the lower portion of the cavity; the secretions discharge above
it. Tampon the entire cavity. .

Second Stage: Attack the remaining upper part of the cavity by resecting
the upper ribs and the lower half of the scapula. Utilize the scapular muscles
and skin for plastic repair.

Robinson's Muscle Implantation Procedure
Robinson adopted Schede's procedure and advises muscle implantation, pro­

ceeding as follows:

Step 1. Make a U-shaped incision, beginning at the inferior angle of the
scapula and extending downward to about the lower limits of the pleura and
coursing upward anteri orly to terminate in the anterior axillary line at
about the border of the pectoralis major muscle at the level of the nipple.
The incision may be made to vary according to the location of the cmpyema
cavity. • .· • ·

Step z. Reflect skin and muscles upward. Cut the latissimus dorsi muscle be­
tween clamps. Resect the ribs subperiosteally. Ligate the intercostal ves­
sels. Excise the thickened pleura. Dissect the latissimus dorsi muscle and
displace it into the cavity. Replace the skin flap. Drain.

Comment: The entire attitude toward treatment of empyema is pres­
ent ly changing. It may be summarized in saying-use all means to prevent
chronicity in empyema . Operate early to obviate the establishment of
the abscess stage and conserve viability of the mediastinum. If the latter
can be maintained with closed drainage, the healthy lung will fill up both
thoracic spaces; not through empyematous expansion but through hyper­
trophy of lung tissue with tolerable displacement of the mediastinum.

Discussing the treatment of acute empyema, Evarts D. Graham recalls
that "since the days of Hippocrates, empyema has been correctly regarded
as an abscess of the pleural cavity which should be treated by drainage, for
the same reason that drainage is employed for abscesses in other parts of
the body. Nevertheless, the history of the treatment of this particular
abscess is befogged by the advocacy of special methods to be used for the
accomplishment of the drainage" and that the principles underlying the
treatment of the disease are:

1. Drainage, but with careful avoidance of an open pneumothorax
during the period of active pneumonia;

2. Early sterilization and obliteration of the cavity and
3. Maintenance of the nutrition of the patient.

Continuous drainage by a closed method (Fig. 1253) (viz.: one which
does not permit the entrance of air into the pleural cavity) is, as Binnie

\
pointed out, an old method. He says: "In recent years it has been fre.
quently rediscovered and modified in unessential details." One of its first
champions was Cresswell Hewett who, in 1876, described his plan of "con.
tinuous aspiration."

"Theoretically," Graham argues, "the early establishment of continu­
ous drainage with negative pressure should have the advantages of keep­
ing the pleural cavity relatively free from liquid exudate and organisms,
of aiding the expansion of the lungs as well as of avoiding an open pneu­
mothorax with its attendant dangers.
Practically, however, it seems doubtful if
the results arc appreciably better than with
the method of repeated aspirations. There
is also the risk, slight though it may be,
that a delirious and unmanageable patient
may, by interference with the apparatus or
the drainage tube, allow air to enter his
pleural cavity and may suffer from the
effects of an open pneumothorax before it
can be corrected.

"There is still another danger if too
much suction is used, the danger of tearing
the lung. Not much suction is required to
tear an edematous lung. In many cases
this may result only in the creation of a
small, temporary bronchial fistula, but in i

others hemorrhage may be produced.
Other objections to most methods of closed
drainage exist. One of these is the diff­
culty of keeping the tube and connections
air-tight for more than a few days.

"Muller and others have also had diff­
culty in keeping it air-tight. As soon as
the tube becomes loosened a little, pus be­
gins to collect around it; and if rubber dam
or some similar material has been used to
seal over the wound, the pus spreads around
under it and excoriates the skin. Still an-
other objection is that with most forms of
apparatus it is necessary for the patient to remain in bed. This is a distinct
disadvantage because it is very desirable for all such patients to be up out
of bed as soon as the heart and general conditions will permit. If, however,
a valvular tube of some kind is used (with a soft rubber flap on the end, a
slit finger of a rubber glove, etc.), or such device as that advocated by von
Eberts, or if a Politzer bag is put on the tube as recommended by Bryant,
then of course it will be possible for the patient to be out of bed. In spite of
these remarks, however, in some cases continuous suction drainage seems
to be of advantage. These are cases of empyema due to the rupture of a
putrid lung abscess into the pleura, associated with severe intoxication
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of the patient in whom, for reasons already stated, it would be dangerous
to create an open drainage, and for whom repeated aspirations do not
suffice in relieving the intoxication. Moreover, cases of bilateral empyema
are sometimes treated advantageously by continuous closed drainage.

"Open Drainage. From what has already been said it has become ap­
parent that open drainage should never he performed during the formative
stage of an empyema unless it is known that adhesions already exist. On
the other hand, open drainage after the pleural infection has become a
true abscess offers the advantage of free and adequate drainage without
the necessity of any complicated apparatus. Our own preference in most
cases of acute empyema is to carry on repeated aspirations until Such time
as the exudate has become frank, creamy pus and then to drain openly,
usually by the resection of about 2 cm . of one rib. In babies, smaller open­
ings in general are more desirable than in older children or adults."

and dry by the use of ether. To drain the abscess cavity, the pleural tube
is passed through the cork into a bottle containing some antiseptic solution.
McEachern's method of itrigation with Dakin's solution is cons idered a
superior method.

Block Pleurisy (Pleurisy Blocque)

Occasionally, while the physical-signs and symptoms point to fluid in the
chest, the aspirating needle fails to find it. The explanation for this was
offered by Dufour in 19o5. He called attention to this behavior in recent acute
pleurisies. The reason for the fluid's failure to issue is that in a cavity com­
posed of rigid walls the tension of the fluid about equals that of the atmos­
phere. If the tension of the fluid is less than that of the atmosphere no fluid
will escape. To overcome this pass a second hollow needle along the trocar;
atmospheric air will be admitted into the cavity and satisfactory aspiration
will result.

Operative Treatment of Suppuration of the Mediastinum

In a recent communication' Lilienthal says: "In reality the danger of the
draining of the mediastinal spaces is not more than in drainage of the pleura.
The operation is more comp1icated and more difficult, but this is no reason
for delay.

"The anterior part of the mediastinum can be reached in three ways:

I. Through the suprasternal notch (superior mediastinum).
2. Through the sternum itself.
3. Parasternally according to the location of the infection.

"In acute suppuration of the superior space the spread is apt to be rapid
and the safest thing is to make drainage through the suprasternal region. This
is done through a median incision with or without the addition of a cross cut
at its lower limit. The mediastinum should be entered by slow, careful dissec­
tion in order that neither great vessels nor pleurae be injured. Having en­
tered the mediastinum it will be noted that with each strain or cough the
pleural membranes will approximate and the fluid between them will be forced
out. A multifenestrated soft tube should be inserted as far as required and
permanent suction instituted.

"It may be necessary to sp lit a greater part of the manubrium and gladiolus
longitudinally with or without resection in order to gain perfect drainage (Mil­
ton's operation). One must be certain that the posterior periosteum has been
divided. In any acute case the sudden audibl e snapping together of the pleurae
when the patient strains or coughs is most striking as observed through the
wound. As the wound granulates, the movements decrease and finally disappear.

It sometimes happens that the main part of the anterior mediastinal ab­
scess lies in such a location that it can be reached parasternally. A parasternal
sagittal incision should be made (beware of mammary artery), costal cartilages
removed and then careful blunt dissection performed into the infected part,
always remembering !hat there is no certain way of telling whether the right

'New Vorl State Jour. of Medicine, 1934.

Fc. 1254. When the point X reaches the
mouth of the cannula, 1¼ inches of the catheter

2 K"%.27°,gg "W« sci. An«shese de proner tr­
costal space.

Step a, Make an incision a little longer than the diameter of the cannula and
insert the trocar and cannula into the pleura for a short distance. With­
draw the trocar and place a finger over the mouth of the cannula.

Step 3, With a hemostat grasp the catheter and insert it in the cannula after
removing the finger. When the marked point has been reached, withdraw
the cannula.

Step 4. Place a second hemostat close to the cannula before removing the
first one thus precluding the entrance of air into the pus-flled pleura.

Step 5. McEacher's method of clos ing the incision is the application of
several layers of absorbent cotton which has been brushed with collodin
until a collar one-half inch thick and five inches in diameter is built around
the tube. The parts to which the dressing is applied are rendered clean

THE SO-CALLED CLOSED METHOD OF INTERCOSTAL
DRAINAGE

This procedure is usually limiled to children and to very asthenic and ill
adults.

As a preliminary procedure to the operation, take a No. 16 or 18 catheter,
a trocar and cannula ; the latter should
be of a size to permit the snug in­
sertion of the catheter along its lumen.
Af ter this is accomplished, cut off
the bulb end of the catheter. Make
a second eye about one-half inch from
the eye on the end of the catheter.
Permit one and a quarter inches of
the catheter to protrude from lhe
cannula; this segment is to be in­
troduced into the pleura. Mark this
point so it will be plainly visible
when necessary (Fig. r254).
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anterior pleura may extend over to the left or the left anterior fold over to the
right.

"Posterior mediastinitis may be drained by a major operation, although
with less danger than that of draining the anterior space. The procedure is to
incise just beyond the long spinal muscles, to divide the rhomboids if the upper
part of the space must be reached and to continue downward as far as seems
necessary, resecting enough ribs to afford wide access. Wounds of this kind

may have to be revised, because there is a strong tendency for the ends of the
resected ribs to approach each other. This can be avoided by cauterizing the
ends with bi- or trichloracetic acid. In making a lower posterior mediastinotomy
on the left side the right pleura which normally extends across the median line in
this region is in danger unless great care is exercised. If this accident has oc­
curred it will always announce itself by a characteristic sucking sound. Dissec­
tion must be careful and digital exploration to find the aorta must be made. It
lies toward the left of the vertebral bodies, In right lower posterior medias­
tinotomy the pleura is always in the way and must be guarded. Having reached
pus, the limits of the cavity should be explored if possible, and packed with
gauze.

"It should be repeated here that the timidity already referred to in operat­
ing for the relier of infection of the rnediastinum is entirely unwarranted. To
wait for a sure diagnosis may mean the loss or the patient's }ife. At the same
time it should be emphasized that one to whom these operations are a novelty
would do well to avail himself of the assistance of a trained thoracic surgeon." Fa. 1256.

Fic. 1255 Fi, 1256
Fic. I255. F. N. 820-31. Left apex cavity before pneumothorax.
Same as preceding after pneumothorax treatment. (Municipal Tuberculosis

Sanitarium, Chicago.)

SURGICAL TREATMENT OF PULMONARY TUBERCULOSIS
Historical Notes. Early attempts to treat pulmonary tuberculosis by surgical

measures failed. In the eighteenth cent ury, E. Barry, Boerhaave, David, Poutau
Sharp and others tried to evacuate tuberculous cavities as they would other abscesses.
Von Mosler, in the first half of the nineteenth century, tried to inject potassium per­
manganate, carbolic acid or tincture of iodine into tuberculous cavities. Later Block
Doyen, Macewen and others tried ext ensive pulmonary resections. These procedures
had to be abandoned because of the very high mortality. Freund proposed chon­
drotomy of the first rib without satisfactory results.

The keynote to success in the surgical treatment of pulmonary tuberculosis
is collapse and immobilization of the affected lung to insure functional rest.
This objective is reached by the following procedures:

1. Artificial pneumothorax (the introduction of a gas between the two layers
of the pleura) (Figs. 1255-1256-1257-1258-1259-1260).

2. Pneumolysis-(1) external pneumolysis where the intervention is directed
between the inner surface of the thoracic cage and the outer layer of the
pleura and _rarely (2) internal pneumolysis between the two layers of the
pleura.

g. Extrapl eural thoracoplasty-removal of part of the wall of the chest.
4. Operations on the phrenic nerve (crushing, division, resection, avulsion) ·to

effect immobilization of .the diaphragm, in an ascended position, compress­
ing the lung.

Each of these methods has its special indications. Some may be combined.

Fc. 1257 Fic. 1258
FIG, 1257. M. F, 1o-28-32. Large tuberculous cavity before pneumothorax treatment.

FIG. 1258. M. F. 420-34. Same as preceding. Complete_closure of cavity following pneumo­
thorax treatment. (Municipal Tuberculosis Sanitarium, Chicago.)
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All are to be resorted to in conjunction with recognized hygienic measures. Fit
the methods to the patient and not the patient to a pet method.

Historical Notes. The first pneumothorax by incision (open), was induced by
Carson in 1882, and the first closed one (by puncture) by Caley, in 1885. Forlanini
suggested the method three years before. It was later championed in America by
Murphy, Schell, Lemke and Kelly, in Denmark by Saugmann, and inGermany by
Brauer. Kuttner, Spengler, von Muralt, A. Schmidt, Ranke and Deneke elaborated
and popularized the method.

Extrapleural thoracoplasty was conceived, independently of each other, by
Quincke in 188r and C. Spengler in 1890. It was sponsored in Germany especially
by Brauer, who recognized that a pneumothorax is unfeasible in cases with extensive

+

pleural adhesions. In collaboration with Friedrich, he devised an operation in which
the ribs, from the second to the tenth, are completely removed on one side, each one
from the spinal column to the osteocartilaginous junction. To offset its danger Wilms
proposed his columnar resection, by which only 3 to 4 cm. of the ribs were removed
posteriorly and, if necessary, a similar small portion from the costal cartilages in front.
To Sauerbruch belongs the credit for establishing the method on a comparatively
safe basis. His method of paravertebral extrapleural thoracoplasty stands at a mid­
point between the Brauer-Friedrich and Wilms procedure.

Extrapleural pneumolysis was first recommended by Tuffier, following a report
by Schlange of a complete success of tamponade in a severe cavernous hemorrhage.
Tuffier removed the calloused pleura from the internal surface of the thorax and tam­
paned the resulting wound cavity first temporarily, then permanently, wi th autoplastic
fat and later, successively, with bismuth paste or paraffin. Paraffin plombage was
devised by G. Baer.

Stuertz, in 1911, proposed and performed phrenicectomy or phrenicotomy_; Oeh­
lecker almost immediately followed suit. In 1913,Sauerbruch reported his first
results in five cases. Goetze, in 1920 proposed phreniclasis, or crushing of the nerve.

Phrenicoexeresis, or avulsion of the phrenic nerve, was advised by Willy Felix who
realized that none of the operations on the phrenic nerve take into consideration its
anatomy especially the existence or the accessory phrenic nerves in :i5 to 30 per cent
or the cases. He suggests drawing out of at least· 12 cm. of the nerve thus breaking
all connections with the possibly present accessory phrenic nerve.

INDICATIONS FOR VARIOUS OPERATIVE PROCEDURES IN
THE TREATMENT OF PULMONARY TUBERCULOSIS

Thoracoplasty

This is indicated in cases of:
(a) Chronic unilateral fibrosing tuberculosis with rigid mediastinum, good

heart, good resistance and, preferably, in· a patient running an afebrile course.
(b) Pyopneumothorax which has not responded to other treatment.
(c) Cavities which failed to close under pneumothorax or phrenicoexeresis

or where these procedures were contraindicated on account of the danger of per­
foration.

(d) Severe recurrent hemorrhage where other treatment has failed.
(e) The positive sputum case which persists in spite of other compression

measures.
(f) Bronchiectases where phrenicectomy has been of no value.
(g) In bilateral cases where there is evidence of regressive change in the

healthier lung. If there is sufficient normal lung tissue in the lower lobes to
maintain respiration, it is recommended by some to use partial upper thoraco­
plasty.

(h) It has been successfully used to prevent re-expansion after a prolonged
pneumothorax.

(i) Pulmonary sclerosis with mechanical heart difficulties.
(j) Acute, rapidly progressing unilateral disease may be aided after all

other forms of treatment have failed.

Thoracoscopy and Cauterization of Adhesions

Many authors maintain that thoracoscopy is not employed often enough as
a means of diagnosis to indicate the pathologic changes present in the pleural
cavity or to ascertain the cause and extent or adhesions which might interfere
with pneumothorax treatment.

If pleural adhesions are suspected much time may be conserved by examin­
ing the surfaces of the pleura instead of instigating a long therapeutic test. It is
essent ial that the surgeon be in possession of many facts concerning adhesions
so that he will be in a position to judge whether or not pneumothorax wi ll be
beneficial.

Thoracoscopy may be useful in ascertaining the nearness of pleural symphysis
in effusions which may occur during pneumothorax treatment. It is useful also
in the diagnosis of nontuberculous pulmonary or pleural pathology.

Where adhesions interfere with the course of pneumothorax or oleothorax,
cauterization or section is indicated. As a rule, cordlike adhesions are easily
divided. Flat extensive adhesions involving a great deal of pleural membrane
and whose appearance suggests their likelihood of containing extensions into the
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part or the rib may be removed. To prevent the escape of pus into the general
pleural cavity, the parietal pleura should be sutured to the visceral pleura if they
arc not already adherent. A rubber or some other drain is inserted directly into
the cavity.

Fic, 1261. Laparothoracoscope after
Jacobacus-Un\'crricht for endoscopic ex­
ploration of the thoracic cavity and for
severing, under guidance of the endoscope,
pleural strand adhcs1011s by means of ca­
tery electrodes., The set of instruments
consists of: 1. telescope, 2. trocar with
cannula for introducing optical system and
inflation tube, 3. forceps for excising speci­
men, 4. trocar with spiral flexible can­
nula for introclucinl! curved cautery elec-.
trodes, 5. handle for attaching to flexible
cannula, 6. cautery electrode with vertical
cur\'cd blade, 7. cautery electrode with
horizontal curved blade, 9. straight cautery
electrode, , and IO. air escape tubes for
cantery electrodes.

THORACOSCOPY AND INTRAPLEURAL PNEUMOLYSIS

Thoracoscopy is a diagnostic procedure which was developed in connection
with intraplcural pneumolysis or division of adhesions.

In 1913, Jacobaeus reported several cases where he had successfully changed
an ineffective pneumothorax by the intra-
pleural division of the adhesions. Since ===========;J'=(ff.l
then the procedure has been used by a 1 ~
number of surgeons with modifications of ,
rroses«we Aas±gr "1__"
only in the Scandinavian countries; a litt le
later Unverricht in Germany used it ex- =~-=======~
tensively and impro~edFthe appaEratuls; ii~ is -====~4~ ~
comparatively new 111 •ranee. ·xp ora mn ~
was accomplished using an endoscope by
Jacobaeus. Following this, a cannula was _Erz]2-Eco
introduced dose to the adhesion through s ­
which access was obtained for the Cau­
tery.

Indirect, right-angle vision is pro­
vided by a lens and mirror on Jacobaeus'
thoracoscope (Figs. 126r-1262). The
method had many objectionable charac­
teristics; the right-angle vision is much
less distinct than direct vision; the light
on the thoracoscope is rather distant from
the operative field resulting in the blurring
of the lenses by blood and vapor; two in­
struments are rather hard to control. There
have been many attempts to devise direct
vision instruments through which cautery
may be done.

In the direct vision thoracoscope,
fumes, the result of cauterization, pass out
immediately; the surgeon's coordination is
better, resulting in section being efficiently
done at any time. The movable light is an
advantage.

The number, type and location of the adhesions arc determined by the use
of the fluoroscope and x-ray, The patient is prepared as for a minor surgical
procedure. The thoracoscope should be introduced to one side of the adhesion
to be divided so that the cautery may be brought into position at right angles to
the adhesion; it may be inserted through a small incision or puncture between
two ribs.

DIRECT DRAINAGE

The cavity to be drained is treated in the same manner as a nontuberculous
Jung abscess (p. 1083). Drainage is accomplished with more facility and safety
when the cavity is close to the periphery of the Jung with definite overlying
adhesions to the wall of the thorax so that these adhesions cannot be divided
(thus preventing an effective pneumothorax).

Cavities which are large and thin-walled respond satisfactorily to this type
of treatment; in these cases a certain amount of collapse follows drainage which
results in healing by granulation. Beneficial results follow drainage in cases
which are characterized by large bilateral cavities which arc too involved to allow
any extensive collapse measures.

Thoracotomy (p. ro71) may be performed through an interspace or a sma11

parenchyma of the lung tissue or cavity should be divided very cautiously, if
al all.

Multiple Intercostal Neurectomy

This procedure has the advantage of being comparatively free from opera­
tive dangers and is not followed by disfigurement. Hy injecting alcohol instead
of cutting the nerve it may he made temporary. The chief objection to it lies in
the fact that it immobilizes the ribs only and that it docs not reduce appreciably
intrapleural pressure or lead to collapse of the lung. The operation is indicated
in a few rare cases where the lesion docs not justify a thoracoplasty or when the
patient's condition is too weak for it.

Apicolysis
This operation is indicated in the presence of large apical cavities which

failed to close following other treatment, and where thoracoplasty is contraindi­
cated. Bilateral apical cavitation where the lower part of the lungs is normal is
a good example. The operation was originated by Schlangc in 19o7 and consists
or extraple~ral pressure applied directly over the cavity. The upper lobe is
usually the operative site; approach is made through the anterior chest wall,
through the third interspace. Some surgeons remove parts or the second and
third ribs: others merely separate the ribs to gain access. This part or the lung
is kept collapsed by stripping the pleura from the ribs and introducing packing
between the ribs and pleura. The packing may consist or paraffm, gauze~ fat
muscle or rubber dam. The operation is more popular on the European continent
than in this country. It has been successfully used as an adjunct lo thoraco­
plasty with good success in closing cavities.

Anterolateral Costectomy
If cavities still persist after thoracoplasty has been employed, further sec­

tioning of ribs will often result in additional reduction in the size of the hemi­
thorax to accomplish the collapse.

Pneumothorax

The indications for pneumothorax in tuberculosis are taken up in detail
under that section.
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Ft¢, 1263. A, anterior and posterior rib resection, B, the capacity of the thorax is dimin­
ished by pushing the remainiug sections of the resected ribs 1hrough !he median line (Wilms).
(Courtesy of Dr. Howard Lilienthal.)
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Any number of adhesions may be sectioned in one sitting if the condition or
the patient is good. When through, remove the thoracoscope; close the incision
by sutures. Apply a tight dressing lo prevent surgical emphysema. A day or so
later a pneumothorax refill is given to prevent new adhesion formation.

EXTRAPLEURAL THORACOPLASTY

A number of operative procedures have been devised for the purpose of
collapsing the lung. Wilms removed portions of many ribs posteriorly and an­
teriorly for the purpose of reducing the capacity of the thoracic cavity (Fig.
1263). A number of other methods have been employed lo accomplish the same
result. Sauerbruch's procedure in which many ribs, including the first, are
shortened by paravert ebral resection, is the most satisfactory. More important
than the collap".' is the immobilization which follows this procedure and which
is aided by a bridge of bone which forms between the divided ribs uniting them
mlo one rigid whole. II one adds to this the paralysis of the diaphragm by
phrenic nerve resection or avulsion, the thorax is effectively placed at rest, a con­
dition essential m the healing of tuberculosis. The operation is not a very dif­
ficult one and may be done· by one not equipped with special knowledge of and
experience in thoracic surgery.

The results of thoracoplasty, properly performed in selected cases, are ex-

The high frequency cutting knife produces little coagulation necrosis,
fumes or smoke. It penetrates the cellular structures so that spontaneous separa­
tion takes place. It should be done slowly and carefully; large blood vessels
should be electrocoagulated. One should be thoroughly conversant with the ac­
tion of the different kinds of coagulation and cutting currents.

Adhesions should be sectioned close to the wall of the thorax.
Maurer recommends dissecting the adhesions from the parietal pleura. His

procedure necessitates the anesthetizing of the attachment of the adhesions on
account of the sensitivity of the parietal pleura which is directly incised. A
needle z5 cm. long together with a specially designed syringe is used for this pur­
pose by Maurer. Care is exercised to avoid injury to an intercostal vessel.

.Eu. Enz.±0 .23. 3222±¢
places where trocars are generally inserted, perforated rubber pieces are incorporated, which:.1,"z.,"""1",2.pg?"ouis «sf or-riin«iriisSiriv i ii»«ri
ened adhesions. Great care must be exercised where the adhesions have the
pulmonary insertion, as parts of the lung tissue arc likely to be engulfed in the
enlargement rendering them liable to injury. In some instances, lung tissue or
a cavity extends mto such an adhesion practically to the parietal pleura This
variety of adhesion is most common; empyema or hemorrhage following this
operation is due to incising the adhesion too far from the wall of the thorax. In
cordlike adhesions which are more than one-half centimeter in diameter care must
be exercised as a large blood vessel may be coursing in it.

The broad membranous band type of adhesion presents the most difficulty
to. section. Their exact width and the structures contained are difficult to deter­
mine. A sound is used by some surgeons to ascertain the width• other surgeons
do the sectioning in multipJe stages.'

. A galvanocautery was used by Jacobaeus and others for dividing adhesions
until recently. Many have since substituted the diatherm knife. Surgical cut­
lmg by means of the high frequency electrode was used very successfully by
Maurer in France and Matson in America.

Diagnostic thoracoscopy is a simple procedure and practically free from
danger. It is being used more and more. It is a valuable means of ascertaining:
whether or not pleural symphysis is taking place in a given case of pleurisy
which is recovering. The presence of fine filaments in the fluid from visceral to
parietal pleura calls for immediate pneumothorax or oleothorax. The sectioning
of adhesions entails more technical considerations.

It is important for the surgeon to have a thorough knowledge of the anatomy
and position of the adhesions. In 1930, Maurer classified adhesions into several
main groups. Recently formed adhesions present no enlargement of either the
thoracic or pulmonary insertion. Section is safe and easy, but on account of
their tendency lo stretch, the procedure is deceiving. Adhesions with enlarged
thoracic insertions are rare. Adhesions with enlargement of the pulmonary in­
sertion occur more frequently. Both varieties are indicative of old and tough-



cellent . The best age to perform total thoracoplasty is between rs and 45 year:.
(Nissen).

Phrenicotomy precedes the operation (about 2 months prior). The cavities
re emptied by postural treatment. It is assumed that the patient is placed in
an optimum condition to undergo the ordeal. Give morphine an hour befor {1
operauon. . .

Anesthesia. Local and regional nerve block (novocaine •one-half per cent ).
This may be supplemented by ethylene-oxygen or cyclopropane, A competent

FIG. 1264. Position of patientfor thoracoplasty. (Courtesy of Dr, Howard Lilienthal.)

anesthetist is a sine qua non in this form of surgery. Lilienthal docs not consider
that ether properly administered acts as a dangerous irritant in tuberculosis of
the lung. Matson lauds sodium amytal preliminary to general anesthesia.

Step 1. Position on the Table. The patient is placed on the sound side. The
operative area is drawn forward. The operation may be performed in a
number of stages depending upon the exigencies of the case (Fig. 1264).

Incision. This is a paravertebral division of the tissues (Fig:. 1265).
The incision passes parallel downward as shown in the illustration; it is
then deepened. The muscles are rapidly dissected from the thoracic wall
with a sharp scalpel and displaced by means of retractors.

Step 2. The most prominent rib in the wound is selected for the first resection
An incision with a scalpel or with a sharp periosteotome is made along the
surface parallel with the line of the rib and by wiping strongly with gauze
this part of the bone is cleared. Ten to 15 cm. segments of the lower
ribs are resected, the resection being flush with the transverse process. The
late Dr. Carl A. Hedblom advised this posterior resection in three stages­
at intervals of seven to ten days.

Step 3. The ~erves are identified and injected with a few drops of novocaine
and then crushed. This eliminates postoperative pain.

")"tee+-­
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the anterior ends of the ribs. Section the ribs al the costochondral junctions.
The mobilized anterior end of the rib is used as a lever (Fig. r267); the

FIc. 1265. Posterior extrapleural thoracoplasty in three stages resecting posterior sepg­
ments of the ribs. The erector spinae muscles arc retracted. The scapula is lifted with the
lateral wound edge for exposure of the portions of the ribs lying anterior to it. Note injec­
tion of isolated intercostal nerve near the spine, It is first inicrted with novocaine then crushed
with a hcmostatic forceps. (Hedblom in Lewis' Practice of Surgery.)
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Step 4. The remaining anterolateral segments are removed through a mid­
axillary incision, in two stages. (Fig. 1266.) Separate the periosteum from
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periosteum is separated from the rib in the portion lying underneath the
posterior edge of the wound. For the removal of ribs Shoemaker's rib shears
are excellent. Little difficulty is encountered in resecting the ribs until the
second and first are reached. Even the second presents no particular obstacle.

behind, and believing that the screw guillotine principle will exhibit the
greatest power in the steadiest manner, Lilienthal and Tiemann constructed
an instrument after Lilienthal's drawings which proved of much value (Fig.
1268). The guillotine consists of a shaft with a right-angled bend at the ex-

The first rib is situated very deeply and far forward and the subclavian
vessels are in dose relation to it. The brachial plexus also is in close
proximity.

Since the firs t rib is so deeply placed and difficult to approach from

Fic. 1267. Extrapleural thoracoplasty. Showing technice of liberating the portions of
the ribs lying under the soft tissue flap. When the periosteum has been separated the rib
already resected posteriorly is easily removed by gentle traction. (Hedblom in Lewis' Practice
o[ Surgery, W. F. Prior Co.)

trem ity, to be passed behind the bared rib as a guard against injuring con­
tiguous vessels and nerves. Toward this guard a powerful screw forces a
long-beveled osteotome which is checked by a metal slop just before it
reaches the guard and after it has passed through the rib. The slow and

Fie. 1268. Lilicnthal's guillotine for cutting the first rib. (Courtesy of Dr. Howard Lilienthal.)

steady screw action of the guillotine is much less disturbing to 'a patient
being operated upon under local anesthesia than the application of forceps
or shears worked by handles which of necessity mus t cause a jarring or other
forced motion of the patient's bony frame.

Step 5. Having completed the multiple resections , introduce a drainage tube



with many fenestrae in the depths of the wound at about the level of the third
rib its lower extremity projecting from the inferior angle. Suture. the mus­
cles over the tube with chromicized catgut (interrupted). Approximate the
fascia. A narrow packing of gauze is placed in the upper extremity ofthe
wound down to the resected first rib, the end of the packing protruding from
the upper wound angle. This gauze is put in as a safeguard in case of even
the slightest infection. · h I r

Step 6. Approximate the skin edges with interrupted sutures or wit! metal cps
and hold the dressings firmly in place with broad adhesive strips.

Sauerbruch's Paravertebral Extrapleural Thoracoplasty
Resection must comprise IO to II ribs, including the first rib. The paraverte­

bral stumps must be very short, not longer than the transverse processes of the

Fic. 1269 Fic. 127o .
FIG. 1269. Apicolysis without adhesions of lung to chest wall. The cavity is but slightly

collapsed and is pushed downward by the implant. It will collapse gradually by the elastic com­
pression of the adjacent lung. (Note that thecavity was ongmally m the apex.) • . .

Fc. 1270. Apicolysis, There are adhesions of upper lobe to chest wall, holding it in
place, so that the implant makes good comp ression of the cavity. (Courtesy of Dr. Lilienthal.
Thoracic Surgery, W. B. Saunders.)

vertebrae. The diameter of the thorax is not reduced, unless the operation be­
gins in the middle of the axillary line, and it is materially reduced, when the
posterior axillary line is reached. It should be performed in two steps, beginning
with the eleventh or tenth rib to the sixth and continuing, about three weeks
later, with the fifth to first rib:

Partial thoracoplasties may be used in conjunction with artificial pneumo­
thorax, also part ial.

According to W. Neumann, thoracoplasty should not be considered if the
tuberculosis has lasted for more than two to four years. According to Sauer-
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bruch, conservative treatment is given a fair chance If it is continued for one lo
two years. The preferred ages for operation are between zo and 35 years; alter
the age of 50, a thoracoplasty should be considered only exceptionally.

EXTRAPLEURAL PNEUMOLYSIS

Lilienthal was first to point out the importance-of saving healthy lung tissue
in operations for tuberculosis. To afford a certain degree of pulmonary collapse
an attempt is made lo free the normal connections between the parietal pleur~
and the rigid chest wall, with or without the endothoracic fascia. Lilienthal
questions its usefulness in disease of the lower thorax. At the apex, the opera­
tion can be done with comparative facility and the superior portion of the
upper lobe can be depressed extrapleurally, leaving a large space to be filled with
some substance to prevent re-expansion.

Apicolysis is the term used to. designate this form of pneumolysis; the lung
is pressed downward and if there arc no adhesions the infiltrated or cavitated
apex may be, as it were, transported as a whole upon healthy lung, the latter
being compressed far more than the diseased part. (Figs. 1269-1270). Subse­
quently, the compression of the apex increases because of the gradual elastic
pressure of the healthy lung below. The full benefit of the apicolysis may not at
once appear. When adhesions are present binding the lung below to the chest
wall apicolysis will secure a much more thorough compression with good im­
mediate obliteration or the apical cavities.

In a personal communication Dr. Howard Lilienthal writes: "My method or
upper thoracopl asty combined with apicolysis is ordinarily preferred to the api col­
ysis which you have," referring to the procedure presently described.

Caforio's Modification of Proust, Maurer and Rolland's
Apicolytic Thoracoplasty

In 1891 Tuffier used pleuro-parietal detachment in the treatment of tubercu­
losis of the lung; twenty years later, the same author performed compression or
the apical cavities with transplantation of fat after first resorting to pleuro­
parietal detachments. This opened a wide avenue for the progress of surgery of
the tuberculous lung and formed the basis for what. was later termed apicolysis.
Normally, the respiratory mechanism represents a sort of functional antithesis­
one side of the lung being permanently distended by negative intrapleural pres­
sure and on the other side a motor apparatus represented by the thoracic cage
and diaphragm engaged in alternating movements which act as a dynamic an­
tagonism to the retractile tendencies of the lung. If the pulmonary tissue is af­
fected by a tuberculous process this organic functional antithesis becomes a
paradox because of the rest needed by the lung for recovery and thus the func­
tion of the thoraco-diaphragmatic motor system creates here a condition of real
trauma with its maximum intensity at the inspiratory phase. The mechanical
aids used in curing tuberculosis of the lung arc in a general way directed to put an
end to this organic functional antithesis and an endeavor is made to transform
the pleural cavity into a sort of gas containing distensible and elastic cushion
checking the functions of the thoraco-diaphragmatic motor system. To ac­
complish these results there arc many avenues al our disposal, viz.: interruption
of the motor innervation by phrenic exeresis, alcoholization or section of the
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Fic. 1z71. Line of incision (after Caforio).

intercostal nerves (Leotta, Rindone) ; scalenotomy (Gregoire, Bile) or wide re­
section of the ribs (thoracoplasty). A pulmonary collapse thus results blocking
the excursions of the thoracic wall; or, part ial resection of the costal arches over­
lying the focus of infiltration in the lung may be resorted to causing local pul­
monary detention (Proust, Maurer, Muralt). Two or more of the above methods
may be combined. It must be remembered, however, that 5Car tissue formation
in the lungs is dependent more often on the spontaneous retractili ty of the
unaffected lung than upon the sole element of passive compression (Redaelli).
Thus surgical intervention is indicated in cases where the pulmonary parenchyma
shows particularly good retractile capacity. The crux of the situation is to obtain
good immobilization of the affected lung by a thorough liberation of every factor
that binds it in an abnormal position.

Step 1. Place the patient in ventral position with the head extending over the
operating table and resting on a frontal support; this is preceded by local

anesthesia of the skin and muscles
with novocaine r:200.

Step 2. Make a longitudinal incision
along the external margin of the
Jong muscles of the spine. This
incision must be made in such
way that one-third of it is above
and two-thirds below a horizontal
line passing through the spinous
process of the vertebra prom­
inens. The lower end of the in­
cision ends in an imaginary,
horizontal line crossing the spine
of the scapula (Fig. r271). The
skin, subcutaneous connective
tissues and muscles are divided.
The transverse processes of the

vertebrae, the ribs and their intercostal muscles are well exposed.
Step 3. Regional infiltration anesthesia (novocaine) is now used around the

posterior aspect of the transverse processes to be divided as well as in the
immediate vicinity of the anterior and superior borders. On the anterior
border of the znd, 3rd and a4th transverse processes we find a corresponding
intercostal nerve, A good deal of attention should be paid in anesthetizing
the first intercostal nerve running below the neck of the first rib as well as
the intercostal spaces, particularly about the inferior margin of each rib.

Step 4. The injections here (intercostal spaces) should be thorough. When
this procedure is completed, the periosteum of the posterior surfaces borders
and the anterior surfaces of the transverse processes is removed by means of
a strong resection knife. By the aid of a chisel the costotransverse process
articulations at the posterior costal angle as well as the apophysis of the ribs
are divided for a distance shown in the illustration. The neck of the respec­
tive rib is thus exposed. The subperiosteal removal of the rib is next com­
pleted. Costal resections must begin from below upward, from the fourth rib

upward to the first rib inclusive. The rib is disarticulated from its attachment
to the vertebra or, if preferred, divided near the articulation. About 8 to 10
cm. of rib is removed (Fig. 1272). The resection of the first rib must re-

Fic. 1272. The rib disarticulated mesially. Its lateral detachment is shown.
(Courtesy of Prof. Caforio, Naples.)

FIG. 1a73. Resec tion of the first rib at Li sfranc's tubercle. (Courtesy of Prof. Caforio, Naples.)

ceive special attention. After having removed the lower ribs, the first rib
presents and with its posterior border and its inferior surface seemingly
forming a roof over the field of operation. Subperiosteal resection must be
performed with great care. The arterio-cervico-intercostal trunk that crosses
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should be ideal. However, in practice its success is rather limited, due lo the
presence of adhesions, lesions, fibrosis around cavities keeping them open, etc.
Selective collapse should, therefore, be instituted early or not at all. It is indi­
cated in localized lesions which do not reach the surface of the lung. In these
cases the lesion is reduced to a small scar; hypertrophy and emphysema take care
of any defects in the remaining lung tissue. Many early lesions treated in this
manner are so completely cured that physical examination years later, as well as
x-ray, reveals no scar or other evidence of pulmonary damage. On this basis
pneumothorax is advocated early.

COMPRESSIVE PNEUMOTHORAX

Compressive pncumothorax consists in raising the intrapleural pressure above
the zero level in the manometer, that is, above the atmospheric pressure, At the
present time it is not applied to the entire lung. If it is definitely indicated,
collapse should be brought about very gradually. The patient should be watched
closely for any ~nfavorable symptoms. It may be necessary to add gomenol to
oil, using it to induce mediastinal fixation during the course of this treatment.

BILATERAL PNEUMOTHORAX

There are two "methods for applying bilateral pneumothorax. The method
most commonly used is really an alternating pneumothorax and not really a bi­
lateral pneumothorax. The lung most affeCted is treated first; when sufficient
improvement is manifest, collapse may be reduced or withdrawn entirely and the
other lung treated. If alternating collapse is resorted to, its type maybe com­
pressive, partial, selective, etc. ·

Initial collapse is never resorted to on both sides at once, but at different
times, allowing a fairly, Jong period between the-treatment of one side and that
of the other. Refills are also clone at different times.

Contralateral collapse is never resorted to while there is complete collapse on
one side except in extreme emergency, as a pleura-pulmonary perforation is likely
to result on the other side.

CONTRALATERAL PNEUMOTHORAX

Contralateral pneumothorax is used on rare occasions; it consists of induc­
ing pneumothorax on the healthy side to cure a lesion on the opposite side. A
flexible mediastinum is essential for its effectiveness; thus if there is a change in
pressure in one pleural cavity, there will also ensue changed pressure conditions
in the other. A partial mediastinal displacement causing a reduction in the nega­
tive pressure on the better side, results in a corresponding reduction in pressure
on the affected side. In this way, it is possible to accomplish a partial collapse
in the affected lung which may aid tissue repair. ·

Duration of Treatment. The durat ionof the treatment depends upon the
extension of the lesion, the recession in activity, the social condition of the pa­
tient, the occupation, the availability of refill facilities, etc. If the case has not
progressed too far a collapse of from 6 to 7 months to a year may be sufficient.
If the case is well advanced, it should be maintained much longer. Dr. Frederick
Tice believes that the early case with slight activity may be allowed to re-expand
under given circumstances, in a period of six or seven months to a year, with good
prospect of healing and even complete return to normal. This is particularly true

the neck of the rib must be guarded as well as the dome of the pleura E
ternally, we have the posterior scapular artery and still m · x-
below, the cords of the brachial plexus and the {", "ternal ly and
vein; these should be protected, · ' vian artery and

By displ acing externally the field of operation and pushing the scan4t
lat eral ly and forward we succeed in exposing the tubercl e of List±an'
sect about 12 cm. of the rib (Fig. 1273). The apex of the lun :
collapsed. is now seen

Step s. The muscles and skin are now reuni ted leaving a drainage tube emerg­
ing at the inferior angle of the incision. The patient is returned to ea
placed in a reclining position and given 3 or 4 inj ections of camphor in ; ]
daily and one inj ection of pantopon at night. The drainage tube is removed
on the third day. Thus far the original operation of Proust, Maurer and
Rolland has been described. This is rendered simpler by Caforio's modif.
cation' a description. of which follows.

CAFORIO'S MODIFICATION A

Caforio has the patient sitting up in a high-back chair turned around so that
his arms and head may rest on the back of the chair. The advantage of this
position is that the patient docs not get too tired, respiratory embarrassment due
to thoracic compression does not supervene and the operative procedure is
facilitated.

CAFORIO'S MODIFICATION B
This refers to the resection or the costal arches. Instead of disarticulating

the rib from its attachment to the spine and resecting the rib laterally, Cafori
prefers to excise the rib by dividing it into two segments-one-short' internal
( vertebral) and one long external (scapular). The external fragment is resected
first. This is grasped with a bone forceps and gradually retracted back laterally;
whi le subperiosteal resection proceeds, an assistant retracts the lateral margin of
the scapula externally. It is thus possible to proceed more laterally and to resect
a total segment of the rib more than r2 cm. long; the short vertebral segment
is taken care of later. Its removal is much easier because of the additional space
now available and because the shortness of the segment allows greater ease of
operative manipulation.

ARTIFICIAL PNEUMOTHORAX
The Concept of Selective Pneumothorax

Selective pneumothorax, according to the Italian school, was developed by
Ascoli, in 191z; it was Parry Morgan, according to the English and American
schools, who in 1913 first proved that in cases of incomplete collapse, the air
tended to localize over and further collapse the diseased part of the lung.

The whole field of pneumothorax procedure was revolutionized by the proper
concept of selective pneumothorax. Pneumothorax therapy was considered a
specific measure, treatment capable of local application from which complete or
nearly complete functional recovery might be anticipated. Mechanically, the old
type of comp'ressive pneumothoraxwas like thoracoplasty.

Limitations of Selective Collapse. This treatment, according to theory,
'Riv ista di Chirurgia, No. ;7, 1935.
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of the Patient in good social circumstances, who can afford to lead a measured
and careful existence. Usually, a collapse period of from two to five years is
advocated. There are some cases in which pneumothorax has been maintained
for a period of ten to fifteen years. This, however, is not advisable, because
thoracoplasty should be resorted to in cases not yielding to pneumothorax. As
a general proposition it may be stated that in any except an early case from six
months to a year should be required to induce collapse which should be main­
tained from one to two years. Re-expansion should cover a period of from six
months to a year. If, after conducting this treatment aided by supplementary
measures over a period of six months, no improvement is noted, it should be
discontinued.

The Technic of Re-expansion
This procedure requires considerable knowledge and skill. It should be

carried out as carefully and painstakingly as collapse.
A diseased lung heals at the expense of considerable lung tissue resulting in

a loss of this structure which corresponds to the extent or the lesion and degree
of fibrosis. Obviously, it can never expand to fill the hemithorax, nor should it
be permitted to expand its limit. The fixed mediastinum will not permit enough
rnediastinal displacement to assist in filling the defect.

It may be necessary I in some cases, to reduce the size of the hemithorax by
means of phrenicectomy. In some instances hypertrophy may be depended upon
lo fill the hemithorax; i[ this seems likely watchful wait ing is justified. The
surgeon should watch carefully for any evidence of reactivation owing to the
partially healed lesion opening, which should be an indication for phremcoexeresis
or thoracoplasty. ·

In severe cases, some surgeons contend the re-expansion period should cover
one year. The amount of pneumotborax is gradually reduced during this time
and the int erval between injections is gradually lengthened. If it seems necessary
to reduce the pneumotborax immediately, the Surgeon should be able to decide
whether the danger from collapse as indicated by activity in the contralateral
lung is as great as the danger from rapid expansion.

Rationale of Pneumothorax
The successful use of art ificial pneumothorax depends upon the absence of

adhesions in the pleural space though a few minor adhesions do not form a
contra-indication to its use. If the visceral and parietal pleurae in tuberculosis
are not excessively adherent, the affected lung may be temporarily collapsed and
put at rest by fil ling the pleural cavity with some non-irritating gas which resists
too rapid absorption. To Carson belongs the credit of having first suggested this
procedure in 1820. His work was forgotten, to be independently taken up at a
later date by Forlanini (1888) and later by Murphy. Nitrogen gas was used by
these observers. Brauer was an enthusiastic advocate of the method.

Definition. Introduction of air or gas by artificial means into the pleural
cavity.

Object,
1. To collapse and promote healing of cavities.
a. To clear exudates and infiltrates by partial collapse, produce rest and

relaxation and thereby promote absorption and prevent spreading.

3. To control pulmonary hemorrhages.
4. As a public health measure to convert positive sputum cases to nega­

tiv e and thereby prevent spreading of the disease.

Indications for Collapse Therapy
MOST IMPORTANT INDICATIONS

I. A unilateral lesion of greater than minimal extent, especially in the presence
of cavitation and positive sputum.

2. A bilateral lesion of greater than minimal extent where the good side is rela­
lively inactive or quiescent.

3. Early lesions and "infiltrates" especially where a stereo x-ray reveals cavita­
tion. Sputum may or may not be positive.

4. Public Health Indications.

MOST IMPERATIVE INDICATIONS
1. Uncontrollable hemorrhage.
2. Repeated small hemorrhages.
3. Spontaneous pneumothorax.

UNUSUAL INDICATIONS
1. Diagnostic pneumothorax.
• Pleurisy with effusion.
3. Bronchiectasis.
4. Lung abscess especially with hemorrhage.

DISCUSSION OF INDICATIONS
Unilateral, Incipient or Moderately Advanced. A unilateral exudative

upper lobe lesion of greater than minimal extent, of short duration, sputum posi­
tive, with demonstrable cavitation by stereo-x-ray, temperature below 100° F.
is the ideal type of case for pneumothorax treatment i early pneumothorax be­
fore any destruction has been done, before softening or infiltrates takes place
with consequent cavity formation.

Unilateral, Advanced Cases. Cases of similar type where x-ray reveals
more extensive cavitation, and the patient gives a history of hemorrhage, usually
are successful and a good collapse is obtained.

Bilateral Cases. The same may be said of bilateral cases of short dura­
tion, where collapse may be done simultaneously. Satisfactory collapse and ex­
cellent results are usually obtained. The more actively involved lung should be
collapsed first and when a satisfactory selective collapse is obtained, collapse of
the contralateral lung is started.

Far Advanced Chronic Cases. Cases of longer duration, far advanced,
where x-ray reveals unilateral and active multiple cavities, pneumothorax should
be tried even though the contralateral better lung shows some involvement with
chronic fibrosis. Good collapse may be obtained and the patient will do well.

Far Advanced Disease with Pneumothorax on Contralateral Better
Lung. Pneumothorax on the contralateral better lung, to prepare for further
radical surgery on the more extensively involved side has been done in a series of
far advanced cases and excellent results obtained. By collapsing the one side
for a period or one to two years, definite beneficial effects are often seen on the
conlralateral bad lung, though ii has lo carry the burden of respiration for the
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needle. No. t. This
type of needle should
not be used; it is a
dangero us instrument.
No. 2. Rel l needle.
No, 3. Proper patter
of pncumothora:-.: needles
used in artificial pneu­
mothorax. (Courtesy of
Dr. Allen J. Hruhr and
Dr. K. J. Henrichsen.)

Initial Inflation

SURGERY OF THE THORAX, PLEURAE AND LUNGS

NEEDLE USED
This is an ordinary two-inch, 18-gauge needle. The

sharp point has been taken off, the opening al the point
closed and a slit 4 mm. long made on the side. The needle
is blunt and if the lung is free there is no danger of
puncturing the visceral pleura, and injuring the lung (Fig.
1274).

To determine when the needle has penetrated the
parietal pleura and entered the thoracic cavity remember
that there is no air or gas in the thoracic cavity and
consequently no air can be drawn back into the syringe.
There is a vacuum and suction, when the syringe is re­
moved from the needle. If the needle is filled with some of the fluid from the
syringe, this will be seen to disappear into the thoracic cavity if the parietal
pleura has been punctured.

On connecting the manometer, free fluctuation will usually be found. A
small amount of air is then allowed to pass into the thorax under frequent
manometric readings, until the desired.amount is given. If the needle strikes an
adhesion or thickened pleura and no free space can be found, a trial must be
made again at some other place, this to be repeated until one has been successful
or is satisfied that there is no free space.

If the needle has been inserted too deep into the adherent lung and entered
the lung tissue, air and often blood will be drawn back into the syringe. the
manometer may show fluctuation, and it will be noticed that if the patient holds

side (i.e., wi th the side of the chest to be collapsed up); the foot end of the table
elevated; the patient with both arms stretched upward over the head; a Pad or
pillow under the chest, not under the shoulder but below the shoulder; and the
head down. .

The site of operation depends on the type and location of the patholo;
process in the diseased lung. The needle should be inserted over the pa«/"
lung which shows the least evidence of pathologic changes and never over an 4
showing an exudative process, over a cavity, nor over an area showing thickenq
pleura, for we are more likely to encounter adhesions over the diseased part an4
here there is more danger of entering the lung. The fifth to seventh intercq
space in the posterior or midaxillary line is usually the favorable site to insert
the needle.

Anesthesia. The skin and deep tissues are injected
by a one inch 25-gauge hypodermic needle using / to 1

per cent novocaine, This will reach the parietal pleura in
most cases. If not, a longer needle should be used. It is
important to anesthetize the parietal pleura when a blunt
needle is used to induce the pneumothorax to avoid pleural
shock. The skin and superficial tissue are now punctured
with. a sharp instrument, an iridectomy knife or sharp
needle of the same size, to prepare for the insertion of the
blunt needle.
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. Complete healing of small cavities and
time that the better lung is collapsed.

1
p and radical surgery may be

clearing of exudates in the re-expanded lung are seen

done on the more advanced lung. Lobe Lesions. In order to collapse a
Far Advanced Bilateral Io" "" ,tened and hard, the ent ire lung must

hilum or basal cavlly where !he \\all_ s and therefore bilateral pneumothorax is
be collapsed for a longer permd of igg ever, we do see lower lobe selec­
not possible, at least not simult~neous{. 11 owe a~ be successfully carried out.
iv«e conope ad i such cases lt6",";"";"". 1 overcoiosts is 1ow

Refills Following Spontaneous 1i ed I " the patient is given the same
to be present in the spont aneously coll%PP_"" ,aere spontaneous collapse
rose a «racist ewmo""p;}". y a rcat coos om
occurs in tuberculous people m far dhesions. and if the collapse is
be obtained, for there are usually nume_rous t n adhesion as is often the cause
due to an inj ury to the lune, such as""",";l'icy to tottoand, depending
of the accident, pleural ex~date and em~r l r cry is then the proper treatment.
on the condition of the patient, more r~ ica sut gberculosis is known to exist and

Spontaneous col1apse of a lung w eredno u "f the patient is in shock or
b l . t be demonstrate occurs Iwhere tuberculosis cannot 1 ed by inserting the pneumothorax

very dyspneic. The pressure should 2e remo""" t ortate. This may be re­
needle and »hara»sieg air until !he.Pa! iii.cons sei ±. Ts gives ae
peated, in the course of a few wee s I no co
lung a better chance to re-expand slowly.

Diagnostic Pneumothorax
. b done to differentiate annular shadows, which may not be ex-

This may ,,, +dfor differential diagnosis in cases where malignancycavations, rm cavaes, an

" "?"h~a«caner ay assess actsestss i agrain oro,al%
selective collapse proves that the lung has lost its expansibility and is diseasea.

IN PLEURISY WITH EFFUSION
hen fuid is withdrawn it may be partly replaced by air. This, when re­

eated, gives the lung a better chance to re-expand slowly for study, in order to
~eterm'ine if the condition of the lung is such that pneumothorax is indicated.

IN BRONCHIECTAS!S
This has been done, but very little, if any, beneficial effect has ever been

found and we do not recommend it.
IN LUNG ABSCESS

Th' treatment has been attempted but few beneficial results obtained.
1f {+abscess is open and draining by way of the bronchi it may be possible

to obtain some collapse but a better result is obtained by more radical procedures
such as surgical drainage and thoracopl asty.

Preparation of Patient

No special preparation is necessary. The patient should be assured that
there is no pain and litt le, if any, danger in the operation. Pneumothorax should
not be done immediately after a full meal.

The patient is placed on the table: stripped to the waist; lying on the better
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COMPLICATIONS IN PNEUMOTHORAX

his breath in deep inspiration the manometer will show a negative pressure of 6-7
mg. Hg., but this will drop slowly even when the patient is not breathing. On the
contrary, if the needle has ertered the pleural space and not the lung, the nega­
tive pressure as shown by the manometer will remain at the same point on deep
inspiration. In cases where phrenicotomy has been done or where there. may be
a rise of the diaphragm for other reasons, care must be taken not lo insert the
needle below the diaphragm. Pneumoperitoneum is not good treatment in pul­
monary tuberculosis. If the needle has entered the peritoneal .or abdominal cav­
ity, the manometer will show positive pressure on inspiration and vice versa in
contrast to the intrathoracic pressure which is negative on inspiration. These
points are of importance and should be carefully observed before any air is al­
lowed to flow into the chest cavity.

If the needle has punctured the lung, the patient will usually start coughing
and it will be seen that blood and air or a slightly blood-tinged froth can be
drawn back into the syringe. The needle must be immediately withdrawn and
no air allowed to enter. If air enters the pulmonary circulation, embolism is
likely lo result.

AMOUNT OF AIR TO BE GIVEN
No air must ever be given unless there is free fluctuation and a minus

manometer reading remaining at the same point when the patient holds his breath
in deep inspiration.

How much air should be given at the initial treatment 1 This depends on
the type and extent of the lung lesion, and the reading of the manometer. Posi­
tive pressure should never be reached, but a free fluctuation from about 2 or 3
to 4 or 5 minus.

This is usually obtained after giving 2-300 cc. of air. The first refill is
given within z4 hours and about the same amount of air is given. The intervals
are slowly lengthened from one to two, three and four days until weekly intervals
are reached. Then the patient is kept on weekly intervals for several weeks.
This, however, depends upon the condition of the patient, and on the type and
extent of the involvement of the diseased lung.

When pneumothorax has been established and a satisfactory collapse ob­
tained, the symptoms subside, the sputum becomes negative, and the patient
gains in weight, the intervals may be lengthened from ten days to two weeks and
later to three or four weeks or more, depending on what the collapsed lung will
do: whether it remains in a state of collapse or has a tendency to re-expand.
This must be carefully observed by fluoroscope or x-ray.

If the lung shows a tendency to re-expand on longer intervals between refills,
more frequent refills must be given, since the lung must not be allowed to re­
expand to the point where it touches the chest wall. Pleuritic adhesions are very
likely to form and cause a successful case to be a failure.

1. Air Embolism.
2. Pleural Shock.
3. Intrapl eural adhesions.
4. Pleural Exudate.
5. Spontaneous Pneumothorax.

6. Empyema.
7. Emphysema.
8. Skin or Superficial Infection.

Air embolism may occur following puncture of the lung whether air has
been permitted to enter or not. If the pulmonary tissue has been punctured, air
from the Jung may be sucked or drawn from the alveoli or bronchioles into the
venous circulation whence it goes to the left ventricle of the heart and then to
the general circulation. The symptoms depend on what part of the brain is
affected.

Death may occur almost instantly or within a few minutes.
Pleural shock has been discussed by various authorities; some insist that

it does occur others that it does not and that all so-called pleural shock cases are
air embolism. No doubt most cases or shock in pneumothorax are embolism.
However, we have seen cases going into shock on refills where the compressed
lung could not possibly be reached by the needle, and also cases where shock
occurred before the parietal pleura had been penetrated. The symptom IS that of
syncope which may last from a few to 10 or I5 minutes; the patient recovers
suffering from no after effect. In embolism, on the contrary, if the patient re­
covers, there are some after effects such as partial paralysis of arm or leg or dis-
turbed vision of one or both eyes, lasting for some time. .

Intrapleural adhesions are encountered in a number of cases, usually in
those of long duration and in cases giving a history of chronic pleurisy. .

This may involve an entire lobe or more and it may be only a few thin
stringlike bands. They may not interfere in obtaining a satisfactory collapse and
yet one or two tiny bands may prevent the collapse of cavities (hanging cavities)
or an important part of 'the lung so that it becomes necessary to cut these
adhesions.

Pleural Exudate. In cases where a satisfactory collapse has been obtained
and a small amount of pleural exudate develops, it may be found by fluoroscopy
or x-ray. These small amounts are usually absorbed and do no harm. If the
fluid increases and persists to a point where it becomes annoying to the patient
it is removed gradually. It is nearly always clear, straw colored and sterile,
although acid fast bacilli may be found in culture. Great care must be used to
prevent carrying infection into this fluid. If it becomes infected, whether from
within or without, we have one or our most serious complications in pneumo­
thorax, empyema. The intrathoracic pressure is usually increased when an
exudate develops, and it may even be necessary to remove fluid without doing
any inflation with air. It seems that high intrathoracic pressure has a tendency
to invite the formation of exudate and therefore the intrathoracic pressure
should never be raised equal to the atmospheric pressure; only in rare cases when
there is some definite indication such as a need to collapse a persistent thick
walled cavity, or to stretch a string of adhesions.

Sanguinous exudate or hemothorax is rarely found in pneumothorax; if it
is found, unless it can be accounted for by puncturing the lung, intercostal blood
vessels or tearing of adhesions, or malignancy should be suspected.

Spontaneous Pneumothorax. This occurs, not infrequently in pneumo­
thorax treatment, usually early and most commonly is caused by puncturing the
lung at the initial inflation or at some later refill, where the lung is close to the
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a small needle is used in refills. If an 18 gauge needle is used the small puncture
to the pleura docs not permit any air to escape into the tissues outside the chest
wall.

Treatment. A small area or emphysema needs no treatment. If a large part
of the thorax and neck becomes involved tight strapping will prevent spreading
and absorption takes place. Serious complications are rarely encountered.

FIG, 1275. Pneumothorax apparatus used at the Municipal Tuberculosis Sanitarium of Chicago.

Skin Infection. It is not uncommon to find skin infections as acne or
pustules. Such conditions are often overlooked and disregarded, however care
must be used not to select such an area for inserting the pneumothorax needle.
Infection can easily be carried into the pleural cavity and result in empyema.

CONTRAINDICATIONS

I. Uncontrollable activity on the opposite side.
2. Unusually large cavities.
3. Patients over 5so years of age.
4. Extreme emaciation.
5. Cardiac decompensation or myocarditis.
6. Marked diminution in vital capacity.

chest wall, not actually adherent, yet sticking to the parietal pleura so much
that a sharp point ed needle will penetrate the visceral with the parietal pleura
and therefore a blunt needle should be used, as stat ed in the articl e on technic
unt il the lung is entirely free and separated from the chest wall. The use of this
needle will prevent such an accident unless we strike into an adhesion and unc­
ture the lung that way. p

Tearing of a small adhesion or rupture of a small bleb or bulla, which may
form under the visceral pleura , 1s another cause of spontaneous pncumothorax.
The exact cause mn any case can hardly ever be determined, as the patient ncarl .
always recovers. I

Treatment of spontaneous pneumothorax where artificial collapse has been
started in unilateral cases consists in keeping the intrathoracic pressure down to
a point where the patient is comfortable; this is done by inserting the pneumo­
thorax needle and drawing out air until the desired,pressure is reached, repeating
when necessary and keeping under close observation by x-ray and fluoroscopyy.

In cases where there is a large tear and a valvelike action which permits
the air from the lung to enter the pleural cavity, but by closing prevents its es­
cape and the chest fills up rapidly when the patient becomes dyspneic in a short
time, a needle should be inserted connected to a rubber tube leading into a water
bottle placed under the bed. The needle and tube are then strapped to the pa­
tient's skin by adhesive tape and to the frame of the bed so that the tube
reaches down into the water for about_ I cm.; this permits the air to escape
through the tube when the intra-thoracic pressure reaches a certain point; air
bubbles will be seen commng out through the water but no air can re-enter
Fig. 175).

In bilateral cases particularly, this treatment has proven or great value; it is
simple and can be carried out in the patient's room without any disturbance to
the patient.

A puncture or small tear in the visceral pleura will heal in a short time and
rarely do complications develop.

Empyema. Next to air embolism, empyema is the most serious complica­
tion in art ificial pneumothorax, and goes, hand in hand with or follows the simple
pleural exudate or spontaneous pneumothorax. However, the number of cases
developing empyema is very small.

When a patient under pneumothorax treatment develops a pleural exudate,
this is a clear straw colored slightly greenish fluid, which is sterile, although tu­
bercle bacilli may be demonstrated but no other organism can be found. If this
exudate is not absorbed but increases and becomes infected, whether it is from
within or from without, empyema is the result. The autogenous infection or in­
fection from within no doubt is the more common, Infection from without can
occur if a strict sterile technic is not used in refi1ls.

Treatment of Empyema. The dosed method or drainage and irrigation may
be done but this nearly always results in a fistula and secondary infection, the
condition becomes more serious while nothing has been accomplished. The case
will go on to radical surgery. This must be done while the patient's condition
is such that he can be considered a good risk and before amyloidosis of other
organs such as the liver and kidney develops and the condition becomes hopeless.

Subcutaneous Emphysema. This condition occurs, but is rarely seen when
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FAVORABLE FACTORS

• Unilateral lesions.
2. Thin-walled cavities.
3. Cavities of moderate size.
4. Absence of serious tuberculous

complications.
5. Absence of adhesions.

6. Inactivity or the process on the
good side.

7. Young adults under 4o.
8. Maintenance of vital capacity.

9. Normal heart (unction.
Io. Good nutrition.
11. Resistant races.
12. Low grade or no fever.
13. Absence of other lung pathology.

14. Some tendency to healing.

UNFAVORABLE }'ACTORS

1. Bilateral lesions,
2. Thick-walled cavities.
3. Enusually large cavities.
4. Presence or serious tuberculous

complications,
5. Presence or adhesions or thickened

pleura.
6. Activity of the process on the good

side.
7. Elderly patients over 45 or 5o.
8. Marked diminution or vital ca-

pacity.
9. Organic heart disease.
ro. Extreme emaciation.
11. Aboriginal races.
12. High fover.
13. Presence of asthma, emphysema

or silicosis.
14. Very acute processes or pneumonic

lesions.

this does not corrode any of the metal parts. Tubirg to which is attached
a needle with a valve is inserted into the uppermost opening, and with the
commutator valve placed in the proper position it is ready for use in
pneumothorax work or aspirating air from the chest. A small test tube

A1
viii

BULB

1~~t'.,'.~ I

lEJ

Fic. 1276. Singer's portable pneumothorax machine. (Graham, Singer and Ballon. Surgical
Diseases of the Chest, Lea & Febiger.)

rack may be attached to a clip on the back of the machine which is not
visible in the photograph. The apparatus as illustrated weighs ten pounds.

OLEOTHORAX,
This was firs t described and performed by Bernou in 1921.
Indications for oleothorax: (a) compress ion; (b) prevention of adhesions

(antisymphyseal) and (c) antisepsis.

Uncontrollable Activity on the Opposite Side. Bilateral extensive exuda­
tive disease where half or more or each lung shows involvement, temperature
over 1o1° F., rapid pulse and rapid Joss or weight.

Bilateral cases where an entire lung is involved with an acute exudative
process with high temperature, should not be treated unti1 the acute symptoms
subside.

The foregoing material is quoted and is the routine method or procedure at
the Municipal Tuberculosis Sanitarium of Chicago (Direction of Drs. Allen J.
Hruby and K. J. Henrichsen).

Comment: Under "New Portabl e Pneumothorax Machine," Dr. J. J.
Singer, St. Louis, describes this apparatus on which he comments as follows
Fig. 1+76):

"This machine is presented because it embodies many desirable features
which will be enumerated.

"It is made almost entirely of metal sufficiently heavy to withstand
accidental tipping or breakage. The transparencies are made, of heavy
break-resisting glass and the gauge is made of hard glass. The apparatus
consists essentially of two chambers, an upper and a lower. The new type
manometer consists of a bellows, enclosed in a metal case, which opens and
closes with the variations of the air pressures within. The needle on the
dial shows these variations of pressures in cubic centimeters of water. It
is mounted on fine jeweled bearings. Air can be put into or withdrawn
from the chest through the commutator valve in the center of the instru­
ment. Pleural pressure readings may also be obtained by changing the
handle of this valve. We use 1000 cc. of mineral oil instead of water as
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Children tolerate this procedure well. It may be combined wi th pneumo­
thorax where there is a tendency to adhesions between the pleural layers. It is
useful as a treatment for pleurisy, particularly recurrent tuberculous pleurisies
which do not readily respond to other treatment; tuberculous empyema; and
secondarily infected non-tuberculous pleuri sies. It is quite effective in treating
small perforations which result from tearing the adhcsm~ but if the perforations
are large it is better to use oleothorax preparatory to doing a thoracoplasty. It
is also useful in the valvular type of perforation where there is an effusion and
in cases where more pressure is indicated over a part of the lung than can be
obtained by pneumothorax.

In some instances oleothorax has been substituted for pneumothorax as a
matter of convenience. A thicker, tougher pleura results from its use. It should
be used only under trained supervision. In many instances it is more effective
and consistent in its accomplishments than pneumothorax. It furnishes a means
of applying antiseptics directly to the pleural surface and of replacing septic
fluid with antiseptic oil. Liquid paraffin and olive oil are the oils generally used.
Olive oil is more widely used and is more soothing and readily absorbed than
liquid paraffin which is easier to prepare but has a tendency to produce pleural
intolerance. The latter is indicated where a more or less permanent collapse JS

desired with few refills. Oils used must be absolutely pure, neutralized and
sterilized at a high temperature. The antiseptic Is added after the oil is Sle_nlized.
It is convenient to pour the oil into roo- to 250-cc. glass ampoules which are
placed in warm water, so that the oil is at body temperature al the lime of in­

jection, and connected to the tubing of the injection apparatus.
Gomenol is the antiseptic of choice-2 to 8 per cent, usually 4 per cent.
Oleothorax is offen a more difficult and complicated procedure than pneumo­

thorax for the following reasons : · ·

1. In comparison with air, the oil is non-compressible; decided changes in·
pressure result from the increase or decrease of a few cubic centimeters.

2. Because of the viscosity of the oil, as compared with air, no accurate
device is available for ascertaining the intrapleural pressure.

3. Some pleurae are highly sensitive to oil resulting in frequent effusions
which may prove serious due to the increase in pressure.

Patients· in whom oleothorax has been done should be observed for sudden
high temperatures, evidence of perforation, oil in the sputum or in the vomitus.

The chief obstacle with which the manufacturer of an oleothorax machine
is concerned is the viscosity of the oil which necessitates a great deal of pressure
to force it through the needle so that it is impossible to directly determine the
oil pressure within the pleura. Bernou's oleomanometer is used for this purpose.

here this treatment is used in place of pneumothorax, or to substitute for
the fluid of an effusion or empyema, the apparatus must be able to displace ac­
curately the amount of air and fluid with oil.

The patient 'is prepared the same as for pneumothorax. Not more than 10

cc. of oil should be given at the first treatment and the patient watched· for
several days following for signs of pleural sensitivity. A number of injections
are sometimes required lo produce an oleothorax of 100 to 200 cc. Sometimes
effusions are replaced first by air and later by oil.

In treating empyema large amounts or oil are injected at one time Th
pleural cavity may be washed out with saline solution first. The oil m·u t ~
changed often in these cases. Oil which is not infected will remain £res~ r
an indefinite period in the pleural cavity, or

FAT IMPLANTATION AND PLOMBAGE

Filling the space between the parietal pleura and the chest wall ma b
accomplished by the transplantation of fat from the patient's own fato"
the abdomen or buttocks (Tufter). Plombage of cavities in the upper 1"""
a method of expechency which is only to be considered where a thoracoplast - .
fraught with danger to the patient as in cases of advanced age or marked Y

1
~

physema or in threatened hemorrhage from cavit ies; provided, howeve,, ,,
pneumothorax cannot be done (Nissen).

Lilienthal's Technic of Fat Implantation

Approach the apex either from the anterior axillary region or from heh" d
by the route taken to reach the posterior portion of the superior mediastinun.

When operating from behind one finds it comparatively easy to push th
parietal pleura away from the chest wall. In operating from the front or in th
axilla, it is seldom necessary to resect more than one rib because the intercostal
spaces in front are much wider than those in the back. In the approach throug~
the anterior region make an incision over the second rib from the midaxillar
line forward for about six inches. Remove subperiosteally about four inch:
of the rib. Separate the tissues between the endothoracic fascia and he chi
wall very carefully beginning from behind with the fingers, holding their dorsal
surfaces close to the chest wall. The fingers gradually creep upward toward
the apex, making as little pressure as possible upon the pleura, separating the
pleura from the thoracic wall. The fingers reach the dome of the pleura which
may lie above the first rib, or, in old fibrotic cases, the pleura may have been
drawn downward to a plane lower than the first rib. Turfier refers to the 11liga­
ment of the summit of the pleura" described by Sebileau, which is a fibrous band
attached to the anterior part of the seventh cervical vertebra. It may require
a little additional force to loosen this band and the manipulation must be carried
out with very great care lest the pleura be torn.

When the parietal and visceral layers are adherent this maneuver will be
easier, but there again is the added danger or' entering a tuberculous cavity.
Having reached the dome of the pleura, pressure is made downward with the
fingers (Fig. r277). Separate the posterior portion of the pleura from the chest
wall. A vacant space results. Fat from the abdomen or buttocks removed
simultaneously by an assistant should be immediately crowded into the cavity
which must be filled completely (Fig. 1278).

Draw the intercostal structures toward each other with a few chromicized
catgut sutures. The skin and overlying muscles are approximated over all (Fig.
1.279). If the operation has been carried out without accident or infection pri­
mary union will fo1l0\v. If there has been an accidental perforation .into a pul­
monary cavity with or without hemorrhage the opening into the lung should at
once be enlarged with the fingers, and after cleansing the interior it should be

packed with gauze, preferably vaselined, or with rubber dam, and most of the
wound left open.

PHRENIC NERVE AVULSION
Phrenic Nerve Crushing,· Phrenicectomy, Phrenic Exeresis,

Phrenic Neurectomy

Anatomic Points. The phrenic nerve is formed by branches from the third
fourth, and fifth cervical nerves._It crosses the scalenus anticus muscle, goes behind
the suprascapular and transversalis colli vessels, then over the subclavian artery and
behind the subclavian vein. After passing in front of the internal mammary artery
it enters the superior mediastinum of the thorax. From here the nerve traverses the
middle mediastinum, lying between the pericardium and the pleura and pierces the
diaphragm. It breaks up on its under surface and has the following

Communications. The loop between the first and second gives off a branch to
(a) the vagus, (b) the hypoglossal, and (c) the superior cervical ganglion of the
sympathetic. The second and third send a branch to the descendens hypoglossi to
form the ansa hypogloss1. The second, third, and fourth communicate with (a) the
spinal accessory and (b) the superior cervical ganglion of the sympathetic.

. Whtie the operation has been performed by some surgeons on both sides for the
relief of bilateral bronchilectasis, Brauer reports a case operated on by someone else
where the patient died from respiratory failure, as a result or bilateral intervention.

Temporary or permanent interruption of the phrenic nerve may be obtained.
In the former case simple crushing of the nerve with a hemostatic forceps is
resorted to or a few drops of absolute alcohol is injected into the nerve. Fol­
lowing crushing or injection, the nerve regenerates and the function of the dia­
phragm returns in from about three to six months.

Step 1. Position of Patient: The patient lies flat oil his back with a pillow
or sandbag beneath the shoulders; the head is turned opposite to the side
to be operated upon. Dress the head in an aseptic cap. Prepare the skin
or the neck in the usual manner (iodine-alcohol-picric acid, etc.).

Anesthesia and Incision (Fig. 1280): Local infiltration anesthesia
with / per cent novocain inj ected into the skin in a line just behind the
border of the sternocleidomastoid muscle beginning at about the level of the
top of the thyroid cartilage and extending downward to the upper border
of the clavicle.

Step 2. After the skin incision has been made, the deeper parts are infiltrated.
Infiltration should be thorough and no pain should be complained of by
the patient. Precede the injection of the anesthetic with the subcutaneous
administration of morphine gr. / wi th atropine sulphate 1/15o gr. Nitrous
oxide-oxygen anesthesia may also be used. In this event however the ad­
vantage of the pain as a guide that the phrenic nerve has been isolated is
lost.

An incision about one or two inches in length is made parallel to the
clavicle (Fig. 1z80[1]). It is deepened, exposing the posterior border of
the sternocleidomastoid muscle. The external jugular vein may he avoided
but if the neck is short it is best to promptly clamp ligate and divide the
vessel. Dissect the tissues carefully down. ' '

Step 3. Retract the jugular vein, the location of which can be easily ascer­
tamed by its relations to the carotid, the pulsation of which should be felt



with the finger. Deeper dissection encounters th .
omohyoid muscle which should not be divided Tl e potcnor belly of the
is found directly behind the great vessels, ig ""alemus anticus muscle
oblique direction to· the tubercle of the first ribert runnmg _in a slightly
stout individuals it may be somewhat difficult lo exp see i5caleniotomy). In
issue sto»ta then be ciesred sway. Te oireie .,,""%,: he tot
mg on the anterior surface of the muscle under the fatt f , ound descend~
the thickness of the lead of a pencil. The scalenu; Yr issue. It is usually
be remembered, runs downward to be inserted into~~ icus

1
muscle, it must

the first rib. Low down in front of it is the sut+,"," "alene tubercle ot
muscle is the subclavian artery. The course of the nerv:~n tem •. ~ehmd the
ward and is somewhat overlapped by the internal ja, ","Om above down­
should not be confused with the cervical sympatheie,,", "· The nerve
by tracing it upward or downward until a ganglion "] j"?},",]dentifed
f l h : : f·th f h . . eac e ' t e course

ot he pnremc nerve rs ta rt er trom the midline as compared with the syn.
pathetic; the nerve is smoother and more cylindrical and somewhat ».,'"
than the cord of the sympathetic (Fig. 128o I 2 I). irger

Step 4. After the ~hrenic nerve has been identified, inject it with a little of the
anesthetic solution by means of a fine hypodermic needle. Free the ner
from the underlying tissues with fine dissecting scissors. Lilienthal throws
a traction ligature around the nerve. "With the aid of this retracting liga­
ture, says Lilienthal, 'dissection downward of the nerve is extremely easy
as far as the belly of the omohyoid beneath which it passes. This muscle
should now be raised with a small blunt retractor and in obese individuals
the fat m the triangle beneath carefully cleared away. Strong repeated trac­
tion upon the nerve above by means of the catgut ligature will tight th
part of the nerve which is below the omobyoid, drawing it upwaka 4
it can be felt and seen beneath the overlying tissue." ·

The nerve should now be mobilized and divided. Traction upward on
its_ lower portion wi ll draw 1t out through the space below the omohyoid
(Fig. 1280[3]). Considerable force will often be necessary to first draw the
divided nerve out of its location. The free end of the nerve is drawn taut
with a clamp and about I5 cm. of it should be twisted out from behind
the clavicle; it is then divided with scissors (Fig. 1280[4])". Make certain·
that only the phrenic nerve is cut. ­

Step 5. Hemostasis muSt be perfect. Approximate the skin with fine sutures
or metal clips. If much manipulation was done a small drain may be led
out of the lower angle of the wound and removed in 24 hours (Fig. 1280(51 ) .

.Comment. An accessory phrenic nerve occurs in from 20 to 30 per
cent of subjects, but one may be reasonably certain that its connections
with the main trunk have been severed if the length of the nerve indicated
above is removed.

Where simple phrenicotomy is done, the nerve is cut across after being iso­
lated (Fig. 1280[3)). During avulsion of the nerve the patient may complain
of thoracic and abdominal pain. If this is severe it may be an indication of
adhesions to tuberculous tissue, such as lymph-nodes and we must think of the
danger of lighting up mediastinal infection. The nerve should then be cut off
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without further traction. Cardiac irritation with tachycardia has also been ob­
served after avulsion (Lilienthal). The choice between avulsion and resection

I
13'. I

1!

FIc. 1280. Phrenic nerve avnlsion. Incision and technique. Exposure of the nerve is
facilitated by mobilizing the external margin of the steruocleidomastoid muscle. The fatty
tissue m·crlying the nl'r\"l' which must he retracted is not shown in drawing. (Hedblom in Lewis'
Practice of Surgery, \V. F. Prior Co.)

rests with the judgment of the surgeon and the indications present in the case
at hand.

".
/.....,•.

-
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Through an incision along the posterior border of the sternocleidomastoid
muscle, the nerve may be identified with greater facility than through the· trans­
verse incision described. The exposure of the nerve is by no means as perfect
nor the dissection as easy as it is through the longitudinal incision and there are
the usual surgical objections to operating through what may turn out to be an
insufficient exposure.

While resection or avulsion of the phrenic nerve has been considered almost
free from danger, it must nevertheless be recalled that unexpected complications
may occur during the operation. These are mainly due to difficulties in finding
the nerve and to the limited experience of the surgeon.

Comment: Phrenic nerve avulsion is very much practiced nowadays.
Nissen concludes from his vast experience that excessive enthusiasm pre­
vails at present for this operation which is not justified. The operation
has, of course, its indications, but also its pitfalls. In performing the opera­
tion, one must keep in mind that it is desired to paralyze the diaphragm
either permanently Or temporarily. In the first instance, the phrenic nerve
is divided and in the latter it is crushed or injected with alcohol. ""The­
oretically," Nissen says, "such preconceived effects of paralysis of the dia­
phragm sound very beautiful but practically, it is very difficult to prog­
nosticate under what circumstances paralysis of the diaphragm lasting 5
or 8 months will suffice. Alcoholization of the nerve, it is pointed out, is a
great advantage because it is performed bloodlessly through a simple puc­
ture. One should be warned against such advice.' In the first place, the'
diffusion of the alcohol does not always reach the phrenic nerve and when
it does, it reaches other nerves and vascular structures. With no other
collapse procedure are so many sins committed as with paralysis of the
diaphragm," admonishes Nissen who further points out that, even if suc­
cessful, the results obtained from phrenic nerve avulsion affect only the
lower lobes of the lung which are not frequently the seat of chronic cavern­
ous processes. In other words, a paralysis of the diaphragm has only little
influence upon cavities in the apices and is only exceptionally sufficient to
bring about such collapse. To be more specific, a healthy region is affected
in nerve avulsion which better be left alone. Furthermore, if one depends
on phrenicotomy as the only operative procedure to effect a cure, particu­
larly if coupled with procrastination, valuable time is lost.

Experience has shown that partial thoracoplasties will accomplish most,
particularly a combination of pneumolysis with subtotal removal _of the
first rib. This holds, of course, when the pathologic process is above the
sixth rib; when below it, total thoracoplasty is indicated.

SCALENIOTOMY
The scalene muscles are accessory muscles of respiration. The cutting of

these muscles as a method of treating pulmonary tuberculosis was suggested in
1930. The foUowing names are prominently connected with the development
of the procedure: Gale, Middleton, Kochs, EIs, Junkersdorf, Rost, Loeschke.

Anatomic Considerations: The Scalenii Muscles are:
1. Scalenus anticus

1 Nissen, Chir. Jndiutioncn, Leiden, 1937--A. W. Sythoff's.

2. Scalenus medius.
3. Scalenus posticus.

Make an incision about 1-2 inches above the clavicle as in phrenicotomy
(vide supra). Dissect bluntly unti l the scaleni muscles are exposed. Gale and
Middleton recommend the injection of a small amount of solution of procaine
hydrochloride when the insertions of the muscles are located. Separate the
muscles from the surrounding structures so that a straight aneurysm needle can
be hooked behind the detached muscles. Evarts Graham uses a special flat in­
strument made on the principle of a skid, protecting thereby the contiguous
important structures (brachial plexus; subclavian vessels; transverse cervical
and posterior scapular arteries; long thoracic nerve) while the muscles are being
divided.

SURGICAL TREATMENT OF BRONCHIECTASIS
r. Pneumothorax and Phrenicoexeresis.
2. Pulmonary Decortication.
3. Ligation of the Pulmonary Artery (Sauerbruch).
4. Resection of the Affected Lobe.
s. Graham's Cautery Operation.

TUMORS OF THE LUNG
Briefly, tumors of the lung may be classified as

• Metastatic.
• Contiguous affection.
3. Primary.

The first is, of course, not amenable to surgical intervention. Those falling
into groups 2 and 3 may be attacked surgically. While the outlook in benign
growths is occasionally promising (removal of the tumor), malignant tumors, have
until recently offered a gloomy outlook. Nevertheless, \Vm. Fr ancis Reinhoff, Jr.,
records a total mortality under 18 per cent and in his last series of seventeen
cases there was no fatality. (Personal communication.)

ECHINOCOCCUS

Dolognesi described a case of echinococcic cyst of the lung operated upon
by him following the method of Valdoni (extrapleural plumbage with Deer's
paste) partly modified by substituting for Deer's paste partially iodoformized
gauze for filling the cavity. The operation was done in two stages and was
rapidly and completely successful.

DERMOID TUMORS

Harry Hyland Kerr and J. 0 , Warfield approached Intrathoracic Dermoids by
a new method of thoracotomy. ' The tumor was removed by the following technic.

Step 1. Under ethylene anesthesia a vertical incision is made over the middle
of the sternum (Fig. 1281).
'Annals of Surgery, Vol. 88, p. 607, 1918.



Fr, 1281. Kerr and Warfield's method of thoracotomy showing bevelled incision of the
stern um and the first and sixth interspaces, allowing the left half of the sternum, with the ribs,
to be sprun g open in the form of a trap door which gives complete access to the entire hemitho rax
The thoracotomy gives ideal exposure for any intrathoracic manipulation as it exposes the medi.ls­
tinum, pericardium and hylus of the lung.

Step 2. The manubrium sterni as well as the lower portion of the gladiolus.
sterni opposite the sixth interspace is trephined with a Doyen burr.

Step 3. The mc<liastinal contents arc dissected away from the back of the
sternum and a Gigli guide passed from one trephine hole to the other.

Step 4. The saw is passed and the sternum split longitudinally bevelling the
saw-cut sharply to the right. The two trephine openings are then con­
nected to the first and sixth left interspaces with a DeVilbiss bone-cutting
forceps.

Step s. The skin and intercostal muscles of the first and sixth interspaces are
cut midway between the ribs. On elevating the flap the reflection of the
pleura from the mediastinum to the anterior chest wall is exposed and
divided. The trapdoor can then be sprung open exposing the entire left hemi­
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LOBECTOMY
This signifies the removal of a diseased segment or lobe of a lung. The knife

or electrocautery may be used. Bleeding is controlled by compression of smaller
vessels and ligation of larger ones. Open bronchial ends may lead to bronchial
fistulae. Their mucous membrane should be removed for 1 to 2 cm. and the
ends securely closed by ligature. Large elastic Doyen clamps (Fig. 1282) serve
well for temporary hemostasis and arc applied on either side of the section of
the lung to be removed. hen the resection is undertaken at the hilus, Sauer­
bruch advises the application of a temporary elastic constrictor. Arter ablation
or the diseased segment, the stump of lung is sutured, preferably in sections
(Garre). here suture is not possible, tamponade should be resorted to.

In the hands of the experienced, lobectomy should have a mortality nowa­
days of from ro to 2o per cent (Nissen). (Fig. 1283.)

Amputation of a Lobe of the Lung

The underlying principles of this operation are:

Step 1. Isolate and ligate the large blood vessels at the hilus of the Jung
separately (Friederich) without including the bronchi, because if this pre­
caution be neglected the bronchi supplied by the ligated blood vessels would
suffer. Where needed speed or inflammatory conditions prohibit to proceed
as outlined, a rubber tube may be made to temporarily encircle the vessels
and main bronchus akin to compression practiced in embolectomy of the pul­
monary artery (which see).

Step 2. Division of the main bronchus supplying the respective lobe must be
accomplished at some distance from the reflection of the pleura. In other
words, the lobe of the lung must be resected in such a manner that the
entire stem of the bronchus running through the hilus is retained. If this
precaution is neglected mediastinal infections or emphysema may result from
the retraction of the bronchus.

Step 3. Closure of the bronchus. Curet the mucous membrane of the bronchus

thoracic cavity. The tumor can be seen presenting behind the pleura (Fig.
1281).

Step 6. The anterior mammary vessels are found, ligated and divided,
Step 7. The pleura is stripped from the tumor and the cyst is dissected with

the finger and shelled out.
Step 8. The pedicle where the vessels supply the tumor is clamped and divided.
Step 9. The debris is sponged out of the pleural cavity and the lung expanded

by increasing the oxygen pressure to 20 mg. of mercury.
Step 1o. The osteoplastic trapdoor is closed and held in place by two kangaroo

sutures passed around the sternum through the second and fifth interspaces.
A No. i chromic suture is passed around the sixth and seventh ribs close to
the sternum and another around the second and through a drill hole in the
first rib. This effectually holds the bevelled incision of the sternum closed.

Step 1r. The superficial fascia is closed with a continuous locked suture of
No. 1 plain catgut. The skin is sutured with silkworm gut. Dressings are
strapped to the left chest with adhesive plaster.

I
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fissure. Divide the pulmonary ligament from below to the hilum. Crush
the phrenic nerve on the pericardium if the respirations are jerky or if the
lobe of the lung is enlarged.

lat
FIG, 1284. Position of patient on the table for lobectomy and cutaneous incision. The upper or

lower transverse incision may be chosen, (After Howard Lilienthal.)

hilum or use a crushing clamp to occlude the blood vessels coursing to the
lobe of the lung. (Fig. 1287.)

Step s. Amputate the lung by a wedge-shaped incision in such a manner that
the raw borders of the lung tissue may be united over the stump. Secure

·--· --- •--. -- .Fc. 1283. Le ft: x-ray following lipiodol, before operation, showing bronchiectatic sacs.
Right: x-ray after operation. Lower lobe and eighth and ninth ribs removed. Case No. 1.
E. S., age _37, foundry worker, developed symptoms of bronchicctasis following pneumonia and
empyema in December, 1933. Expectoration 8 to 1o ounces of foul smelling sputum daily.
Single-stage lobectomy performed June 2, 1936. Recovery was unevent£ul. Patient is now
symptom free and clinically well. (Case of Dr. Richard Davison.)

Step 4. Free the lobe of the lung all the way around except where it is at­
tached to the mediastinum. (Fig. 1286.) Apply rubber tubing around the

stage operation is apparently the simplest and consists of opening the chest,
liberating the affected lobe and amputating it at the hilum. Multiple-stage
operations are preferred by many.

Preliminary pneumothorax to ascertain the extent of pleural adhesions and
to reduce shock when the chest is opened is counseled by some.

Anesthesia. Preliminary basal narcosis supplemented by overpressure in­
halation is the anesthetic of choice.

One-Stage Operation

Step 1. Place the patient on the unaffected side with a firm pillow under the
axilla arching the side to be operated upon. Deflect the head of the patient
a little downward thus permitting secretions to be aspirated with a suction
apparatus.

Step z. Make a long inc ision along the line of the 6th or 7th interspace along
the course of the rib (Fig. 1284). Attend to hemostasis. Open the chest in
the exposed interspace for about ten inches. \Vhile dividing the pleura the
lung slowly collapses. Enhance exposure by properly constructed rib spread­
ers. If deemed advisable, a portion of one or more ribs at their posterior
end may be removed. (Fig. 1285.)

Step 3. With scissors separate any existing adhesions between the parietal and
basal surfaces of the affected lung. Effect separation along the imerlobar
' Rudolph Nissen, Zentralbl. I, Chir., 58:3003, 19y1.

Frn. 1282. Application of lung clamps in parti:i.1 resection of a lung. (After
Sauerbruch and Schumacher.)

for a little distance. Ligate it beyond this area and reinforce it by another
catgut ligature beyond the first one.

Step 4. Use tamponade from the operated region on to the surface of the wound.
Willy Meyer counseled (a) Crushing of the bronchus and ligating it; (b)

Inversion like an appendix stump; (c) Covering the inverted bronchial stump with
interrupted catgut sutures. (Fig. 1289.)

To Nissen belongs the credit of having successfully done the first pneu­
monectomy for bronchiectasis in 1931.' The operation is indicated in unilateral
bronchiectasis. (Fig. 1283.) It is a major procedure demanding meticulous
technic and painstaking preoperative as well as postoperative care. Infection of
the pleura1 cavity should be guarded against. Mediastinal emphysema, sup­
purations and leakage from the stump are often inimical to !-Ucce:;s, The single­



pressure on the underlying visceral pleura causing adhesions to form. At
the same time a stabilization of the mediastinum takes place.

Step 3. Permit two or three weeks to elapse: then remove the "plombe" and
excise lengths of the fifth to seventh or the eighth ribs: expose the bronchi­
ectat ic lobe.

Step 4. By blunt dissection identify the intcrlobar fissure situated among the arti­
ficially produced adhesions and separate the affected Johe clown lo the hilum.

Step s. Ligate the main bronchus and vessels with a piece of rubber tubin~.
Natural separation of the lobe follows in from i to 17 days. Erosion of
blood vessels may be prevented by tying the ligature loosely at first and
gradually tightening it. The remaining space is obliterated by granulation
tissue. In some cases a residual bronchial fistula requires closure.

ALEXANDER'S OPERATION

Efforts to produce satisfactory adhesions have not always met with success.
The operation of John Alexander of Ann Arbor, Michigan, strives to induce
traumatic inflammation of the pleural surfaces.

Step 1. Under positive pressure anesthesia, excise the sixth, seventh and eighth
ribs. Vigorously rub the parietal pleura with gauze.

Step 2. Close the wound with the lung: in full expansion. This treatment should
produce adhesions as well as some exudation which may be aspirated if
deemed necessary.
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the blood vessels by means of several matt ress sutures through the stump.
Crush and excise the protruding ends of bronchi. (Figs., 1288-1284.)

Step 6. Remove the clamp and inspect the stump for bleeding points. Secure
the stump to the adjacent lobe of the lung. To completely remove the lobe,
apply a heavy crushing clamp close lo the mediastinum and tic the ligatures

'.1)~~,,
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Fic. 1285. Lobectomy. Major intercostal thoracotomy. Incision through the soit parts
down to the intercostal structures has been made, The pleura has been entered and with the
finger as a guide the scissors arc ilscd to lengthen the wound.in the intercostal str uctures am!
pleura. The ribs arc shown plainer and the hands smaller than in life for purposes of illus­
tration. (After Howard Lilienthal.)

deep to this. If a tourniquet is employed, leave some of the lobe tissue
for suturing over the hilum.

Step 7. Make a stab wound in an intercostal space in the lowest part of the
chest and insert a small tube through it. l"nite the pleuro-intercostal struc­
tures with interrupted catgut sutures. Approximate the ribs by pericostal
or percostal sutures (Fig. 1290).

Step 8. Unite the superficial muscles by a few interrupted catgut sutures. Su:
ture the skin. Dress. Return the patient to bed. Give blood transfusions.
If the drainage tube becomes blocked, tension pneumothorax may result.

Two-Stage Operation
SAUERBRUCH'S METHOD

Step 1. Make an incision along the length of the interlobar fissure being care­
ful not to injure the parietal pleura. Create a space into which paraffin
wax is inserted.

Step 2. Place the "plombe" over the full length of the septum. This will exert
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F1c. 1288. Lobectomy., The stump after lobectomy, together with the ligatures of the pedicle,
drawn through an opening in a piece of rubber dam. (After Howard L11Lc1nhal.)
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Step 3. Ten days later open the chest again and separate the adhesions around
the affected lobe by blunt dissection.

Step 4. Transfix the hilum of the lung with stout silk ligatures ; the lobe eventu­
ally sloughs away. Sometimes it is necessary to separate the cartilaginous
bronchus with scissors.

Fc. 1287. Lobectomy of !he Je£t tow<'r Johe· tourniquets are applied above and below
the line of section. Observe large clamp placed distal to upper tourniquet. Division of the
tissues is accomplished wilh chc diathcrm knHe. Imcrt "A" shows method of closing: pulmonar)
stump by means of individual mattress sutures embracing indi\'idual components of the stump
and an overall continuous catgut suture,

GRAHAM'S CAUTERY OPERATION

Cautery pneumonectomy is employed in selected cases with reported success
by Evarts E. Graham. The method consists of isolating the affected lobe and
causing it to adhere and then destroying the lung tissue with the actual cautery.
(Fig. 1291.)
Step 1. Do a free posterior thoracotomy by excising the lengths of two or three

ribs. Produce adhesions by packing against the pleura or by suture and a
partly closed wound.

Step 2. After ten days the adherent Jobe will be found to ha_ve c!ecreased m
size. The exposed surface is now cauterized with a soldering iron at dull

' Edward D. Churchill rtcords a mortality of 6.1 pt.r ctnl !n a ~uirs of 49 patitnts; 5 _per
ctnl in anolht'r !.l'rits and still another series of 38 patients with only 1.6 per cent mortabty!
CPtnonal communication.)

Fie. 1289. Lobectomy. Method of closing a bronchus. (Willy Meyer.)

Ftc. 1290. Lobcctomr, Left, Pericostal suture; right, Percostal suture. (After S:1uerbruch.)
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red heat (Fig. 1291[2]). Hemostasis is effected by firm packing which is
left in place for several days. nte

Step 3. After three weeks have elapsed, further destruction by the cautery is
supplemented by drainage. Bronchial fistulae may form but this is not
important.

The chief advantages of this procedure are that efficient drainage of the
dilated bronchi may be ins tituted in desperate ly ill patients without having to
remove the lobe entirely. Later on, if conditjons permit, obliteration of the
Jobe may be taken into consideration. The chief disadvantage of the procedure
is the length of time required for treatment.

RIENHOPF'S• TECHNIC OP TOTAL PNEUMONECTOMY
The preoperative preparation of the patient is of the greatest importance.

This consists, first, if possible, in compl ete collapse of the lung by gradually in­
duced pneumothorax. This diminishes the possibility of circulatory disturbance
following the immediate ligation of the pulmonary artery on the affected side
and seems to prevent the shock associated with the opening of the pleural
cavity. For over two years, Rienihoff has produced an inflammation of the
parietal and visceral pleura in order to incite a serofibrinous pleurisy followed
by the formation of granulation tissue because it is much more difficult, if at
all possible, to infect a granulating surface. As a result of this lining of granu­
lation tissue, in the whole series of Rienhoff's fifty-two cases not one instance
of generalized empyema or mediastinitis has occurred.

GENERAL TECHNIC
Step 1. A high anterior approach over the hilus, when total removal of the

lung is contemplated, is very advantageous. Proper exposure of the lung
can be obtained without resorting
to the resection of ribs, and at the
same time the length of the opera­
tion is shortened. In the entire
series of thirty-five cases adequate
exposure has been obtained by
making an anterolateral incision
in the third inlerspace (Fig. 1292)
and then separating the ribs by
means of a self-retaining retrac­
tor. This incision may be made
below the line of the nipple and y
should be carried from the para• , /.. ;
sternal line in front to the anterior ~-;/"
axillary line laterally; if more 1,
posure is desired, it can be con- pc. 1292. Lobectomy. RienhofT's incision for
tinued posteriorly. total pneumonectomy.

Step 2. The fibers of the pectoralis
major muscle arc divided along their course. This entails no difficulty or
impairment of the postoperative function of the muscle.

Step 3. Make an incision dividing the intercostal muscles midway between
the third and fourth ribs; avoid the intercostal vessels.

Step 4. Open the pleural cavity as speedily as possible. (II is surprising how
extensive an exposure of the entire pleural cavity can be obtained by mere
retraction of the third and fourth ribs.) Occasionally, disarticulation of
the third or fourth rib at the costochondral junction will occur, but this
was not followed by bad results.

Step s. The lung completely covers the hilus on its anterior and superior sur­
faces (Fig. 1293 B). The superior surfaces come in contact on both the
right and the left sides with the mediastinal pleura. Free and retract this

' WIliam Francis Rienhoff, Jr., Archives of Surgery, February, 1936, Vol. 33, pp. 218-231.

Graham's cautery operation of pneumonectomy. (Graham, Singer and Dallon:
Surgical Diseases of the Chest, Courtesy of Lea & Febiger.)

FIc. 1291.
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lappet which overlies both the right and the left pulmonary artery; the fast
anterior or ventral branches of the artery are thus exposed (F ig. 1293-C).

- RESECTION OF THE LEFT LUNG
Step r. On the left side the intrapleural port ion of the pulmonary artery is

very short. Three large anterior branches emerge to supply the upper,
middle and lower portions of the superior lobe of the Jeff lung Fig. 1294

A and C), while coursing below and immediately behind· the primary
bronchus is the large posterior branch. This vessel is difficult to expose
and because of its relatively thin wall is very easily and inadvertently torn.
The artery fans out, as it were, so that its large posterior and smaller an­
terior branches intimately embrace the inferior, superior and posterior as­
pec ts of the primary bronchus. Its exceedingly short length between its
emergence and departure of those branches gives the surgeon very little room
to free the main artery. The main point of danger is the dissection of the
posterior surface of the artery from the anterior aspect of the bronchus for
it is here that the large posterior descending branch may be torn. '

Step 2. Control of hemorrhage is also more difficult here than at any other
point "because," as Ricnhoff says, "the vessels are literally entwined around
the unyielding, stiff primary bronchus and can be clamped individually only
by the greatest of good luck, the tip of the clamp usually grasping the rigid
wall of the bronchus." Incise the mediastinal pleura. The areolar tissue

ass.4, ' gs.ti_seers [.,__ I
rdin
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Fic. 1294. In A the suprapericardia! mediastinal space described in the text is well defined
by the arch of the aorta, reflection of the pericardium, the bronchus posteriorly and the superior
left pulmonary vein, The dotted line shows the point of election for ligation of the artery.
The intimate association of the two anterior and the large posterior branches of the left pul­
monary artery with the bronchus is demonstrated. B shows the point of extrapericardial liga­
tion of the superior left pulmonary vein and artery, indicated by the tapes. Clamps have been
placed on the anterior branches (1 and 2), to demonstrate the distribution of the large posterior
branch in its relation to the left primary bronchus. The departure of the first branch from
the larg e posterior one is shown, C shows the superior pulmonary vein ligated, exposing the
bronchus. The tape marks the level at which the bronchus should be divided. This point is
within the extrapericardial mediastinal space, The pulmonary artery is further pulled aside."/2%". '%7. %%2.%,' $," ions«or via is6 - i re stir 4visi ons.

surrounding this portion of the pulmonary artery may be dissected away
with ease (Fig. 193 C). Between the aorta and the superior surface of the
left pulmonary artery, a small bundle of white glistening tissue, the fibrous
strands of the obliterated ductus arteriosus (Fig. 1293 C), are divided and
clamped and used as a retractor (F ig. 1295 A and B). The posterior surface
of the left artery is revealed for a distance of z.5 cm. from the point at
which the pulmonary artery divides into the right and left pulmonary
arteries.

This space (the point of election al which to ligate the left pulmonary
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F1c. 1295. A is a diagrammatic sketch showing areolar tissue surrounding the posterior
surface of the left pulmonary artery and the division of the pulmonary aorta into the rightuc..2.±±%7%±5
artery by gentle traction on the clamped stump of the ductus arteriosus. The point at which
the obliterated strand is severed from the aorta can be seen as a small ro ugh spot on the

#"%.2.7%7%.2.±±:./d. #:'#. %22.2'%3

artery) is extrapericardial and in the superior mediastinum. It is bounded
above by the arch of the aorta, behind by the primary bronchus of the left
lung and the portion of the pericardial sac covering the left auricle and
below by the superior left pulmonary vein, and it is roofed over by a small
port ion of the redundancy of the superior reflection of the pericardial sac
but in the main by the mediastinal pleura. The artery is easily separated
from the surrounding areolar tissue lying between it and the left primary
bronchus posteriorly and the pericardial sac inferiorly. Separate gently the

tr pul rt

·"·
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(Fig. 197-B). The disposition of the branches of the pulmonary artery
on the right side differ to some extent from that on the left. Running
alongside of the bronchus on the right side is the first ventral or anterior
branch, while occasionally, a second anterior branch supplies the lower
portion of the upper lobe of the right lung, after which comes the slightly
more deeply situated branch to the middle lobe (Fig. 1297 C). The tribu­
taries lo the superior pulmonary vein overlie the latter branch as well as the
large posterior division of the artery which is by far the largest of the four.

Step 3. Ligate the superior pulmonary vein intrapleurally. Expose the large
posterior branch of the right pulmonary artery (F ig. 1297 C). The difficulty
of making an intrapleural ligation of the right pulmonary artery is at once
apparent, for the distance between the inferior margin of the descending
branch and the superior margin of the first ventral branch is greater than
the diameter of the main right pulmonary artery. However, wi th careful
retraction of the superior vena cava (Fig. 1297 C) and gentle separation

isupirpulv bronc# "Pu4. ort
I. - --------------·---

RESECTION OF THE RIGHT LUNG

In total pneumonectomy on the right side, the dissection is slightly different
and somewhat more difficult than on the left side. The azygos vein is the best
landmark for the beginning of dissection.

Step r. Incise the mediastinai pleura.
Step 2. Dissect gently the areolar tissue, separating the right pulmonary artery

from the azygos vein superiorly, the superior vena cava anteriorly and the
superior pulmonary vein and the posterior wall of the left auricle inferiorly

rings along the stump up to the trachea. Cauterization either with the
actual cautery or with chemicals is not necessary. Closure is made with the
epithelial surfaces abutting each other, just as in suturing the surfaces of
the skin. (F ig. 1396.)

Step 6. There arc numerous lymphatic glands which lie about the bronchus
and can be removed only after an exploration of this space.

FtG, 1296. This di:if,'.:rammatic sketch shows the stump of the hilus of the left lung, which
has been dissected, with the vessels and the bronchus ligated individually. It will be noted
that the bronchus is closed with interrupted silk sutures. This type of closure, with simple
ligation of the artery and the vein, is considered the method of choice. (Courtesy, Dr. W. F.
Rienhoff, Jr.)

I

A.L - - ---- ----- -- ---

areolar tissue between the artery and its surrounding structures (the aorta,
bronchus and the superior posterior portion of the pericardial sac) (Fig.
1295-B).

Step 3. Ligate the pulmonary artery which divides jus t outside the pericardia}
sac about at the region of the stump of the obliterated ductus arteriosus.
Close the mediastinal pleura.

Step 4. Ligate the superior and inferior pulmonary veins in the order named
as they are within the pleural cavity.

Step 5. Expose the bronchus in the space on the left side and amputate it high.
The posterior membranous portion of the bronchial wall is sutured to the
anterior cartilaginous rings. These mattress sutures are placed between the
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of the inferior margin of the right pulmonary artery from the pulmonary
vein and left auricle, the former may be mobilized proximal to its branches,
and a ligature may be placed around it. The right pulmonary artery is,
like the left, entirely extrapericardial, but it is longer than the latter. Re­
move the areolar and lymphadenoid tissue.

Step 4. Eradicate the mediastinal nodes and take care of the bronchus.
Step 5. Remove completely all the tissue of the lung together with the lymphatic

vessels. While it may be possible in some ins tances to remove the lung
by placing mass ligatures around the hilus without dissecting out the vessels,

Comment: In all of Rienhoff's cases tribrom ethanol in amylene hy­
drate was used, the dosage being 8o mg. per kilogram of ·body weight, by
rectum. This basal anesthetic was supplemented with nitrous oxide and
oxygen, given, except in two cases, without an intratracheal tube. A high
percentage of oxygen was used during the operation with a small percentage
of nitrous oxide. The anesthesia was very light, and the movements of
'the diaphragm and mediastinum, after one had become accustomed to the
rhythm, were of no great inconvenience. Rienhoff is against the use of a
tracheal tube because of the trauma it inflicts and because of the possibility
of infection.

The position of the patient in bed after operation is of prime im­
portance in preventing respiratory complications. It is advisable to adopt
the Trendelenburg position with the foot of the bed elevated for the twenty­
four hours following the operation, thus producing free bronchial and
tracheal drainage with the minimum effort on the part of the patient. Avoid
tight bandages. After forty-eight hours, the patient can be put in a semi­
sitting posture, but he should never be kept in one position throughout
the twenty-four hours. The elevation of the bed and the position of the
patient in the bed_should be changed every two hours during the day and
night.

FJc. 1297. A demonstrates the position of the patient on the table during pneumonectomy
on the right side. An incision is made anteriorly in the third interspace, B shows self-retain­
ing retractors spreading the third and the fourth ribs apart. The mediastinal pleura has been
incised, and the right pulmonary artery and the right superior pulmonary vein are exposed.
The arygos vein is shown at the level of the bifurcation of the trachea, The right primary
bronc.bU! is seen just below the azygos vein. In C the superior pulmonary vein is ligated,z.rs #ti±t ±2271.%.%%
ligation. Areolar tissue surrounding the pulmonary artery has been_gently removed by blunt
dissection, freeing the artery from the primary bronchus posteriorly, the azygos vein superiorly,
the superior vena cava anteriorly and the pulmonary vein inferiorly. A Kuttner dissector is
shown freeing the superior vema cava from the right pulmonary artery. (Courtesy, Dr. W. F.
Rienhof, Jr.)

in many instances the tissue of the lung that is left in such an unsurgical
procedure will already have been invaded by the malignant tumor, and a
recurrence is certain.

Step 6. Closure of the wal l of the chest should be simple. Three pericos ta l
braided silk sutures are placed through the second and fourth inte rspaces
and enci rcl e the third and fourth ribs . The latter are then held together
by a rib approximator while the sutures are tied.

Step 7. The overlying pec toral musc le and fascia are brought together with
interrupted silk sutures. The skin is closed in a similar manner.

Step 8. Drainage of the· thoraci c cavity is not resorted to.
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CHAPTER 28

SURGERY OF THE PULMONARY ARTERY
Anatomic Considerations. The pulmonary aorta, often called the pulmonary

artery, originates at the top of the conus arteriosus of the right ventricle. It is about
2 inches long and follows an upward, backward direction turning slightly toward the
left. Under the aortic arch it separates into the right and left pulmonary arteries.
It is invested throughout most of its length by the visceral layer of the pericardium
which surrounds it and the basal part of the systemic aorta. At its source it is partly
overlapped in front by the tip of the right auricular appendix and in back it is related
to the base of the systemic aorta and the proximal part of the right coronary artery.
lt lies to the left of the systemic aorta, more distally, and rests upon the anterior sur­
face of the left auricle.

In discussing the surgery of the pulmonary artery1 \Villy l\Ieyer of New
York staled:

"The trunk of the pulmonary artery is easily accessible: On longitudinal in­
cision of the pericardium,to the outside of the plexus made up of the left phrenic
nerve and vessels which run right on the surface of the sac, the first vessel en­
countered is the pulmonary artery. Its direction is obliquely upward and back­
ward toward the left. The forefinger or a large curved sound introduced right
'below it in a backward and upward direction toward the right of the patient
enters the transverse sinus of the pericardium and passes around the artery and
ascending aorta which latter lies on the right side of the pulmonary artery.
Both vessels are intimately connected by means of connective tissue and are
surrounded by the same layer of the visceral pericardium; it is impossible to
separate them. There is no defined sheath of the pulmonary vessel, a thin layer
of subserous fat presents jtself after the pericardium has been opened. The
main trunk of the pulmonary art ery lies almost entirely within the pericardium
and is about five centimetres (two inches) long. At the concave border of the
aortic arch the vessel divides into the right and left branches. The right, longer
than the left, turns downward and backward around the ascending aorta, passes
the superior vena cava, and divides into two branches, an upper and a lower one,
at a level with and right above the right bronchus, before it enters the hilus of
the lung. Further on, these two again divide, the pulmonary artery branch
always running 'to the north' of the respective bronchus. This is an important
anatomic point. The left (shorter) main branch of the pulmonary artery first
continues in the original direction of the parent trunk but soon turns downward
in front of the left bronchus and the descending aorta toward the hilus of the left
lung. There are many varieties in the subdivision of the pulmonary vessels."

PULMONARY EMBOLISM
Howard Lilienthal, in a paper before the surgical staff conference of Mount

Sinai Hospital, said, in speaking of pulmonary embolectomy :
"Six per cent of all deaths following surgical operations are caused by pul­

monary embolism. 'My authority for the above statement is a paper by Mahorner
and Ochsner, as well as a letter from Dr. Alton Ochsner giving references to

'Ann als of Surgery, Vol. 58, 1913.
JJ.I.G

the literature with calculations based on an ample number of cases (more than
ninety thoilsand). He also saves me a bit of literary investigation by telling me
that not a single successful pulmonary embolectomy has been performed and
recorded in the United States.

"Long before these striking statistics were brought to my notice, I had re­
solved to do whatever was in my power to arouse interest in this subject so that
we might no longer fail to do our best in this terrible accident provided the pa­
tient is in good general condition. Refusal to act merely because the lesion
happens to involve a structure rarely the site of operative procedure is unworthy
or the profession of surgery.

"In 1930 an importani paper was read by Gunnar Nystrom of Upsala,
Sweden, on pulmonary embolectomy (Trendelenburg's operation). Up to that
time fourteen patients had survived operation, of whom seven were 'discharged
healed' (50 per cent). Thirty operations, more or less, had been published and
probably many more had not been reported. In the discussion (lac. cit.) I stated
that, even though in America we do not all have permanent first assistants re­
siding in our hospitals, there is no reason why intensive training in this particular
operation, as well as in the diagnosis of embolism, should not be given to a
properly qualified House Surgeon who should also be taught to recognize the
symptoms of pulmonary thrombosis so that he may at once give the alarm and
have the patient transferred to the operating room. It must be remembered that
patients apparently dead have been resuscitated and have fully recovered after
the extraction of emboli from the pulmonary artery.

"Elliott C. Cutler states that his resident surgeons up to 1934 had operated
in four cases. The operations were not successful, and Cutler believes that they
were all clone too late. Cutler's conclusions are practically the same as those
represented by my own remarks three years earlier. The entire matter is one
of preparedness. Cutler agrees with me that the resident staff of our hospitals
should be authorized to attack the problem in the individual case, though he
qualifies his words by saying that 'any good young surgeon who has had five
or six years or competent training' should be able to perform the operation.

"Dr. J. C. White in the discussion of Cutler's paper differs somewhat, saying
that the procedure is not so simple as represented and that the diagnosis is not
always easily made. H ile I admit that the recognition of the accident may
not be possible in roo per cent of the cases, yet the errors disclosed at operation
have been extremely rare-much more infrequent than those found at operation
in other emergencies.

"Averbuck recently pointed out the possibilities of error in differentiating
acute coronary thrombosis from. pulmonary embolism, and others have stressed
the matter of diagnostic accuracy. Yet, following along clinical lines, it must
be conceded that when life .is threatened by any other acute surgical complica­
tion and the patient is otherwise a good risk, few surgeons will hesitate to act
even though there be only one chance in many to save life.

Thoracic surgeons with whom I have spoken agree in principle that the
only hope in massive pulmonary embolism is by direct attack, not only in cases
in which previous operation has been performed, but also in medical diseases
and in obstetrics.

"Literature dealing with the technic is still scanty, but American surgeons
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are discussing the matter more and more freely, and results are sure to follow.
Griswold presented two unsuccessful cases, one of which might have resulted
in recovery but for delay. Meyer, in 1926, devised a simplified approach directly
through the pericardium and was fortunate enough to save three patients.

"But this is all beside the mark. My earnest wish is that there should be
no delay in mapping out a plan for this great clinical and scientific advance. The
medical, surgical, and intern staffs of the hospital and the head nurses should
be molded into a carefully worked out organization, and should, to use a modern
expression, become 'embolectomy minded.' But whatever the plan, it is urgent
that down to the last detail, things should be ready for the treatment of this
emergency. The first successful case in this country will mean much to American
surgery and, incidentally, to the hospital which has had the foresight to be ready
for effective action."

PULMONARY EMBOLECTOMY-TRENDELENBURG OPERATION
In man, the best method known at present of obtaining access lo the main

trunk of the vessel is that devised by Trendelenburg. In experimental surgery
upon dogs an intercostal incision in the third or fourth interspace with the use
of rib-spreader suffices for proper access.

The Trendelenburg operation as finally worked out, is briefly as follows:

Step 1. A horizontal incision about ten centimetres long is made upon the left
second rib, beginning at the left border of the sternum and dividing skin,
fascia and fibers of the pectoralis major muscle.

Step 2. This is crossed by a perpendicular cut which starts right below the
sternoclavicular articulation and passes the cartilage of the third rib about
one inch outside of the sternal border; it avoids the left internal mammary
artery (or the incision depicted may be used, Fig. 1298).

Step 3. The flaps with the underlying muscle are turned back.
Step 4. Isolate and divide the second rib (F ig. 1300). In raising and twisting

the sternal portion of the rib the cartilage breaks; this portion of the rib
is removed.

Step s. Divide the third cartilage in a perpendicular line. Usually by this
time the pleura has been opened and the use of differential pressure is of
great value provided time and a sufficient number of assistants are at the
surgeon's disposal. If the pleura has not been opened an incision through
it, corresponding to the outer one, has to be made. The lung is allowed to
collapse, somewhat, and thereby the pericardium expo sed. Upon it the
phrenic nerve and phrenic vessels become visible.

Step 6. Inw ardly ol the same the pericardium is incised at the level of the
third rib and the wound lengthened in an upward and backward direc tion
until the entire upper half of the pericardium is divided; the lower hall
remains closed and the heart itself remains in its normal position. All this
can be done well within five minutes.

Step 7. A rubber tube with the help of Trendelenburg's sound (Figs. 1299­
1301-1302-1303-1304-1305) is then_quickly drawn through the transvere sinus
of the pericardium around the ascending aorta and pulmonary artery, held,
and pull ed upon for compress ion by an ass istant, immediately before the

Fic, 1303

F1c. 1301

Fi. 1302

Fic . 130o

,
·L. utatoidle.ml

~
3

Fic. 1298. Incision in approaching the pulmonary artery in performing the Trendelenburg operation.
Frc. r299. Instruments devised by Trendelenburg for his operation. a. Large curv ed sound

with handle, elastic tube detached; b. blunt-pointed forceps for extraction of emboli; c. for­
ceps with tips turned outward which lift the borders of the incised wound of the pulmonary
artery (see Fig. 13o5a); d. clamp with rubber covered branches, which closes the arterial
wound (sec Fig. 1305). (Wily Meyer.)

soi re 2. %%2.2 was
Fie. 1302. Introduction of Trendelenburg instrument around conus arteriosus.
Fa 1303. Tightening of rubber tube and opening of pulmonary artery.
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surgeon punctures the vessel with a sharp-pointed scalpel. The presenting
thin layer of fat with the visceral pericardium having been torn, if time
permits, the wound in the arterial wall is lengthened with care between t
anatomical forceps for about one centimeter (½ inch).

Step 8, Without a moment's loss of time a specially curved, blunt forceps is
introduced, first into the main artery, then into its branches, the thrombus
or thrombi are grasped and extracted. Only a45 seconds are at the disposal
of the surgeon for this, the principal part or the operation, since observations
have shown that the interruption of the circulation in this part of the bod
is not tolerated longer.

Fic. 1304 Fic. 1305
F1c. 1304. Elastic tube tightened by assistant, comp ressing both vessels (not shown

in illuslration). Pulmonary artery incised and forceps introduced for extraction of cmholi.

""l,"2," Lei«dial wound in, nglmonary artery clamped tteratty, erriin blood
circulation along side during the act of placing the interrupted sutures. Fic, a. Forceps in­
troduced to facilitate lifting and proper clamping of artery. (Wily Meyer.)

Step g. Now the lips of the vessel wound are lifted up by, special forceps and
temporarily closed by a clamp, after which the assistant interrupts the elastic
compression. Circulation therewith having been re-established the heart im­
mediately begins to contract, often violently, if the patient has not died
before. If needs be, the maneuver of compression, reopening of the arterial
wound and introduction of clot forceps can be repeated.

Step ro. Closure of the wound in the pulmonary artery by interrupted silk
sutures is rendered easier by pulling at intervals on the elastic tube, which
will put the artery at rest for a few seconds.

Step n. Close the wound of the pericardium and chest according to ordinary
surgical rules.

Prof. Trendelenburg wrote: "All new and difficult problems require much
work, favorable conditions and unfaltering confidence and perseverance. This
holds good also in the operation for pulmonary embolism. Twelve times haw
we done it at the clinic, my assistants oftener than myself, and not once with
success. And yet, . I would continue trying. This much we have learned from
our cases, that the diagnosis in all surgical cases is easy; invariably did we find
the emboli."

Trendelenburg's operation is nicely adapted to the endeavors of present
times. The ideal way of dealing with an acute arterial embolism is to cut down
on the scat of the thrombus after proper localization, remove it and close the rent
of the arterial wall by suture. Trendelenburg deals with the most common form
of embolic troubles which, if left alone, are frequently fatal. He has succeeded
in overcoming the technical difficulties that seemed al first glance to block the
way. The steps of his operation are clearly defined.

If it could be shown that patients can entirely recover after the operation,
surgeons would, no doubt, be less inclined to temporize, but would operate as
soon as the diagnosis has been made.

All surgeons speak of the enormous distention of the right ventricle of the
heart after the onset of the catastrophe, which, as a matter of necessity, increases
from minute to minute.

Trendelenburg's assistants, Laewen and Sievers, on the basis of experimental
work, recommend artificial respiration with oxygen during the operation, and
injections of adrenalin into the left ventricle, immediately after the elastic com­
pression of the vessels has ceased. They also found that the aorta and pul­
monary artery can be compressed for from six to eight minutes without endanger­
ing life, a point which had already been emphasized by Sauerbruch previously.
The explanation is that in the former case the distention of the right heart is
added to the interruption of the circulation. On the basis of these findings, Jeer'
proposes compressing the two big veins, when carrying out Trendelenburg's opera­
tion, rather than the two big arteries. In his experiments along these lines he
found that he could do the incision and closure of the pulmonary artery leisurely.
The incision of the Pulmonary artery brought immediate relief to the distended
right heart. He thinks it might be still better to commence work on the heart
with puncture of the right ventricle.

According to Trendelenburg, coagulation of the blood and recurrence of the
embolic accident can be avoided by injections of hirudin. His assistants, Rimann
and Wolf, investigated this question. They found that one milligramme hirudin
prevents the coagulation of 5 cc. of blood for four and one-half hours. This
would mean for a patient of average weight I gramme (a5 grains), at present a
rather expensive procedure, as the cost of one gramme hirudin is almost $20.00.

The drug injected intravenously in large amounts, proved harmless.
Some authors have called Trendelenburg's operation of little practical value,

because, if the embolus is large, the patients die within a few minutes, and if
it is of smaller size, it often does not endanger life and the patients do not need
operation.

However, according to Trendelenburg's experience, there remains a certain
proportion of patients, at least 5o per cent, in whom only one branch of the

Die Chirurgie de Boutrefisse u. des Herzens, 1913, P. 143­
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Fic. I306, Embolectomy (Mfeyer). Incision. Resection of rib s. Ligation of arteries.

Fic. 1307. Embolectomy (Meyer), Pushing away of pleura. Opening of pericardium.
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pulmonary artery becomes obstructed at first, and death does not occur until
10-60 minutes after the onset of the embolic attack. These patients present a
clear indication for his operation. At least r5 minutes are usualiy at the disposal
of the surgeon. Assistants and nurses must be trained to recognize the attack.

A. W. Meyer' in an illuminating contribution pointed out that:
I. Opening of the pleura increased shock tremendously, a condition not well

borne by an already damaged heart ;
2. Trendelenburg's forceps which are put on the side of the pulmonary

artery for the purpose of suture are too wide, therefore, encroach too much
upon the avenue through which blood has to pass;

3. That the time honored rubber tube covering the forceps is not very ef­
fectual because it causes the forceps to slip;

4. The 45 seconds of strangulation to which the large vessels are subjected
during the compression with the rubber tube is too long a time and causes
irreparable paralysis of the respiratory center.

Meyer's studies on the cadaver have shown that:

x. Opening of the pleura may be avoided.
• His modification of the Trendelenburg's forceps permits the circulation

of the blood in the pulmonary artery to continue without much encroach­
ment.

3. Slipping of the forceps mar be avoided by gauze covering instead of
rubber.

A. W. Myer's Techni c

Step 1. Make the usual skin incision; expose the second and third ribs.
Step z. Ten to twelve cm. of periosteum are stripped off from the ribs with a

Doyen raspatory. Work fast but cautiously. This will avoid opening the
pleura. With the index finger of the right hand introduced into the lower
medial angle and palpating between the sternum and the attachment of the
third rib, push the pleura and the mammary artery gently out of the way. The
pericardium (a white shining membrane covered in places wtth fat) at
once comes to view Fig. 1306).

Step 3. Incise the pericardium (Fig, 1307) so you can introduce two fingers
into it. Spread the opening of the pericardium gently, but with determina­
tion so that both fingers may be introduced with ease. By so doing, the
pleura glides further out of the way and the pericardia! cavity may be
opened with astounding facility. On occasions, particularly when one prac­
tices on the cadaver doubt often arises whether the vessel presenting is
the aorta or the pulmonary artery. In the living subject the pulmonary
artery presents itself promptly, much distended, firm and pulseless. En­
circle the pulmonary artery with a Trendelenburg tube (Fig. 1308).

Step 4. Enlarge the incision in the pulmonary artery upward for. about 1/

cm. while the rubber tube remains loose (Fig. 1309). Immediately dark

'Arch. I. KLin. CMir., 197.
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F1G. JJ08, Iutrocluction of rubber tube. (A. W.Meyer.)
FIG. 1310. Clearing o( right branch of pulmonary artery oi emboli. Rubber tube

somewhat tensed. (A. W. Meyer.)

FIG. 1.109. Incision into tense pulmonary artery. Tube loose. ( A, W. Meyer.)
Fie. 1311. Rubber tube released. (.-\. W. Meyer.)
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Fic. 1312. Cleaning out or the left branch or the pulmonary artery. Tube tense. (A. W. Meyer. )

F ic. 1314. Application of vessel clamp. Suture. For clarity's sake the tube is not shown: it is
removed only after the clamp is removed. (A. W. Meyer.)

Ftc. JJJJ. Suggested mc:tho<l of compression of pulmonary artery. Tube relaxed. (A. W. Meyer. )

]I

Jli

Fic. 1315. Suture of pericardium. (_.\, \V. Mt"ycr.)
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blood will issue washing out emboli that may spring from the heart. Allow
this to continue for a while for, as Schumacher has shown, this will tend to
relieve the right ventricle. Now tighten the rubber tube somewhat.

Fi, 1316, Extraction of embolus with Nystrom's suction apparatus. (From a sketch
kindly sent the author by Prof. Nystrom.)

Step s. Enter the right branch of the pulmonary artery with the Trendelen­
burg embolus forceps (Fig. 1310) in a horizontal position. If the right branch
of the pulmonary artery is free (entering it about 3 times is sufficient),
quickly grasp the opening in the pulmonary artery with the thumb and index
finger of the left hand, closing it. Now release the rubber tube. Permit the
blood to run through the pulmonary artery for a few seconds ( Fig. 13 II").

~:
ii;
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Ftc. 1317. Nystrom's suction apparatus, (From a sketch kindly sent the author by
Prof. Nystrom.)

Step 6. Tighten the tube (Figs. 1313-1313). Enter about 3 times into the
left main branch of the pulmonary artery. Give the heart some rest uow
by loosening up the rubber tube and again compressing with the fingers
the opening in the pulmonary artery. Now for the second time pull power­
fully on the tube. With a tissue forceps in the left hand grasp the upper

CHAPTER 29

SURGICAL APPROACH TO THE MEDIASTINUM

Anatomic Considerations. Excepting the larynx and a portion of the trachea,
the thorax contains all organs of respiration. The lungs take up the largest part of this
cavity extending anteriorly from the vertebrae to the sternum. The space between
the pleurae is called the mediastinal space and is divided into four sections called
mediastina . The superior mediastinum occupies the plane extending from the disc
under the fourth thoracic vertebra to where the first and second pieces of the sternum
join: the thymus, aortic arch and branches, the innominate veins and superior vena
cava are found here. The trachea, esophagus, thoracic duct, the pneumogastric,
phrenic and sympathetic nerves pass in it. The area under the plane referred to above
is divided by the pericardia} sac into an anterior, a middle and a posterior space. The
heart is found in the middle mediastinum where also is found part of the roots of
the lungs. The lower part of the thymus, a few lymph-nodes, fat and areolar tissue
are found in the anterior mediastinum. The esophagus, aorta, thoracic duct, azygos
veins, pneumogastric and sympathetic nerves are found in the posterior mediastinum.

MEDIASTINOTOMY

TRANSSTERNAL MEDIASTINOTOMY (MILTON'S OPERATION)

A description of Lilienthal's modification of this procedure follows. It is
particularly applicable in substerna l growths, often goitrous, but it may also be
employed in dealing with infections:

Anesthesia. Ordinary inhalation anesthesia may be employed. Guard the
field of operation by some form of screen. Facilities must be at hand for intra·
pharyngeal pneumatic pressure in case one or both pleurae be entered.

Step 1. Make a low co11ar incision (Fig. 1318). I the substernal mass is
continuous with the thyroid tissue in the neck, work the finger carefully
clown, keeping close to the substernal growth; gently free the tumor from
its adhesions as far as possible. If hemorrhage is encountered it will most
likely be venous and will cease when the finger is withdrawn.

Step 2. Make a sagittal incision from the interclavicular notch almost or
quite to the xiphoid, carrying this incision down to the bone. With a chisel,
osteotome, or Schumacher's sternum shears split the sternum from the in­
terclavicular notch as far down the gladiolus as seems necessary, judging
by the estimated size of the tumor. At the end of this longitudinal incision
the bone section is continued at right angles, left and right, al the level of
an interspace. The sternum is apt to bleed freely. "'ark with dispatch.

Step 3. When the bone section has been completed, divide the retrosternal
periosteum., Retract right and left with sharp-pronged retractors in the bone.
Gradual exposure of the mediastinum through a cleft at least 1/ inches in
width can be accomplished. Bleeding from the bone may be checked by
rubbing a bit of muscle into the cut surface. Danger of injury to the
internal mammary vessels is slight. If these vessels should accidentally be
injured, the bleeding point must he secured by resecting a cartilage.

Step 4. Through the transsternal mediastinal exposure the tumor can be pushed
!!Oil

end of the incision in the pulmonary artery which is pulled upward while the
right hand hugs the vessel tightly. Apply vessel clamp and release the rubber
tube.

Step 7. Suture the pulmonary artery with interrupted sutures. This must be
done carefully in order to avoid tears in the vessel wall (Fig. 1]14 l. One
must remember that the pulmonary artery is brittle. hen the suture
is completed, open the forceps, pull the sutures left long upward and see
if there is any bleeding. If so, reapply the forceps and introduce additional
sutures.

Step 8. When everything is dry, close the pericardium. (Fig. 1315.)

Comment: Instead of forceps, Professor Gunnar Nystrom of Upsala,
uses suction to clear the pulmonary artery of emboli.' He graciously sent
me his original drawings depicting the suction apparatus and its use (Figs.
1316-1317).

'Annals of Surgery, Oct., 1930.
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upward toward the neck and eventually delivered through the superior aper­
ture of the thorax.

Comment: Lilienthal admonishes that in carrying out this maneuver
the thyroidea ima artery, which when present usually arises from the aorta
itself, must be borne in mind. The vessel is often of considerable size and
can be recognized and secured before it is divided. He further remarks:

:
Milton's transsternal mediastinotomy as modified by Howard Lilienthal.

(Courtesy of Dr. Lilienthal. )

"If ordinary inhalation anesthesia has been employed, the motion of
the pleural sacs oscillating with respiration alternately away from and to­
ward the central plane of the body will be seen, and the excursions are
often so great as to be almost alarming. A little intrapharyngeal air pres­
sure will cure this and breathing will become more placid. Through this
exposure the motion of the heart within its sac can also be clearly observed.
After careful inspection for hemorrhage the wound may be closed with
sutures through the skin alone which, being still adherent to the sternum
will draw the halves of this bone into apposition."

If the possibility of infection is suspected, drain by a thin piece of



gauze placed under the sternum before suturing and leading out through
the median line at the root of the neck.

T. P. Dunhill's modification of the transsternal operation consists of
creating a trap door of half of the sternum from the suprasternal notch
as far down the gladiolus as necessity demands. The flap consists of the
sternal portion, together with part of the clavicle and the required num­
ber of ribs.

PARASTERNAL (ANTERIOR) MEDIASTINOTOMY

In draining the anterior mediastinum when an effusion or exudate pushes
its way to one side or the other of the sternum, thus stripping the pleura away,
the anterior mediastinum may be reached without perforating or splitting the
sternum.

Technic. A T-shaped parasternal incision is made and one or more costal
cartilages are resected mesial to the internal mammary vessels. For drainage,
the removal of a section of only one cartilage will give a wide exposure. This
operation is applicable when encapsulated fluid (cold abscesses) is to be
attacked.

Tuffier' explored the upper part of the anterior mediastinum through an
incision in the third intercostal space; he pushed the pleura aside and palpated
the lung through the unopened pleura after peeling it away from the chest wall
in search of tumors which he recognized by the increased resistance of the
tissues.

SURGICAL APPROACH TO THE POSTERIOR MEDIASTINUM
Lilienthal's Operation

Any part of the mediastinum may be approached posteriorly without en­
tcring the pleura. The operation is indicated when drainage is sought, for the
removal of neoplasms or other pathological entities and as an exploratory
measure.

Nasiloff, Bryant, Enderlen and others enter the posterior mediastinum by
multiple rib resections or by making a trap door of ribs and soft parts swing­
ing upon a sagittal hinge. Lilienthal found the best approach to the posterior
mediastinum to be one which depends upon the retraction of the divided ribs at
right angles to their long direction, shingling them one on the other, making
the deep exposure from below upward, the extent of available space being deter­
mined by the length of the wound, especially that portion. which divides the
intercostal extrapleural structures.

The patient should be placed upon the side opposite the proposed approach,
and turned about 3o degrees toward the front so as to bring the field of operation
to the most convenient position for the surgeon. The thighs should be flexed and
held by straps passed under the table (Fig. 1264). The arm beneath may be a
little behind the patient, the other drawn forward and a little upward. The posi­
tion of the body must be maintained by means of large sand-pillows. A pillow or
the bridge of the operating table will raise the body into a moderate scoliosis.

Ether or nitrous oxide and oxygen or a combination of both should be

'Ms s#2:,9%#±±.%%
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FIG. 1319. Posterior mediastinotomy }
Lilienthal's method. Resection of only ail {
Division of three others with retraction and
shingling of ribs over. each other. Almost no
loss of chest capacity. (From Lilienthal
Thoracic Surgery,W. B. Saunders Co.j "
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used as an anesthetic. If a general anesthetic is used preparations b
for the immediate application ot ditt erential pressure, beau ,]"$","aide
that both sides of the chest my be opened when stripping the pleura ,, """
At the level of the eighth and ninth dorsal vertebrae the right 1 "3rd·
sends a fold across the median line for an inch or more into the l ri e~a orten
if the left pleura has been accidentally en c est, and
torn and the right is also opened, death
will quickly follow unless there is
positive pressure in the air passages
or negative pressure at the wound.
If neither pleural sac is injured ordi­
nary inhalation narcosis is all that is
necessary.

Posterior mediastinotomy may be
performed on the left or the right side
and it may be divided into two main
types, low and high.

Low Posterior Mediastinotomy
Step I. Make an incision upon the

ninth rib beginning 7 or 8 inches
from the spine and running back­
ward along the rib to the edge
of the long spinal muscles, then
curving upward parallel with the
sp ine for four or five interspaces.

Step 2. Resect the ninth rib sub­
periosteally as far as the wound
will permit. (Figs. 1319-1330.)
Simple access to the posterior
mediastinal space can be accom­
plished wi th a much shorter resec­
tion or possibly even by merely
dividing the ribs. The normal
pleura is extremely thin and will
easily tear.

Step 3. Insert the finger slowly between the posterior unresected part of the
rib and its periosteum, peeling this membrane and the pleura forward away
from the posterior chest wall. Stripping in this region is easier because the
attachment of tlle pleura to the parietes is much· less intimate here than
more anteriorly. After the pleura has been separated from the eighth rib this
bone. can be divided with powerful cutting forceps; the finger passiny under
the rib acts as a guard. g

Step 4. Separate the pleura, beneath which the lung can be seen smoothly glid­
mg, still farther forward, using two or three fingers of the right hand for
the purpose .. The seventh rib is treated as was the eighth. The stripping
hecomes easier as it proceeds upward and often the pleura literally falls
away from the mediastinum, especially above.
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Step 5. Divide as many of the next upper ribs as may be required close to
the spine; strip the pleura and lung forward with increasing gent leness until
it appears that enough space has been made (Fig. 1321). Exert a firm pull
with a broad blunt retractor against the lower edge of the eighth rib at right
angles to the rib exposing the first landmark, the great spl anchnic nerve, as
tt lies upon the posterior chest wall part way up the elevation formed by
the bodies of the vertebrae. (Fig. 132.)

Step 6. Press the pleura still farther forward; feel the descending aorta and

Fc. 13nu. p,, "Tc 133 Fc. 14
cc mg the pleura from the descending aorta. Note intercostal arteries and great

Fie 1324. SI • I , . splanchnic nerve.
nerve, soi],, ]"""""_hung within pleura; pericardium unopened, spine, great splacehoi
iii" 'ii»f's?"". #"E,,2," diasis+ors + iii« soi iii siiie. tu«a­

lay_ it bare together with the fascia-covered left part of the vertebral bodies
(Fig. 1323)._ In front we now have the esophagus with the pneumogastric
nerves, the right, more posterior one, being easiest to locale (Fig. 1324). The
recognition of the esophagus by sight or touch is not easy, even when a good­
Sized stomac~ tube has been inserted through the mouth as a guide. Lilienthal
"Tore devised a diaphane which consists of a rubber tube, 32 to 4o French
can er, into the end of which is fitted a little electric lamp, the wires pass ·
mg through the tube lo a small hand battery. This is passed into the gullet
through the mouth by an a_ssistant and the light on being flashed shows
through the tissues with a bright crimson glow, instantly indicating the loca-
tion of the lumen of the o Th · · dforward with the rgan. e esophagus is nearly always carrie

d
11 I e pleura and pulmonary ligament much as the ureter ts

rawn forward with the peritoneum.
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Step 7. There is a net-like layer of tissue which holds the esophagus and the
descending aorta together and is continuous with the adventitia of the
artery and probably with the pulmonary ligament. This may be lifted from
the vessel with forceps, divided with scissors, and partly stripped away to
facilitate orientation of the esophagus. Rolling the aorta from its position
is dangerous; its intercostal branches on the for side may be torn and the
resultinr hemorrhage mav be difficult to control,

Fic. 1325 Fa. 1326
Fc. 1325. Left posterior mediastinotomy with high exposure showing the structures seen

from this angle. Iunominatc ,·cin not shown. Subcl:wian artery appears vertical at operation.
Recurrent larynpeal nerve exposed.
Fm. 1326. Posterior mcdiastinotomy showing possibility of reaching thymus by this route

(drawing from cadaver). (H. Lilienthal: Thoracic Surgery, W. B. Saunders.)
In exposing the esophagus guard against vagus shock and avoid entering

the pleura. The vagus may be temporarily blocked (Torek) by applying to
the region above the place where the dissection proceeds 5 per cent cocaine
on a cotton pledget. To keep the pleura intact gentleness in manipulations
is essential. Every effort must be made to identify the right pleural re.
flection. The outer layer of the esophagus consists of muscle which can
easily be torn by rough handling and the lumen of the gullet accidentally
entered.

Step 8. Identify the right, more posterior vagus with its plexus gullae and
divide the nerve branches of the plexus with scissors if it is desired to isolate
the esophagus. The left vagus is usually not seen.

Step g. Draw aside the pleura and lung with a large broad retractor and expose
the posterior wall or the pericardium.

In freeing the esophagus downward it, and the nerves accompanying it, may

be followed forward to the hiatus in the diaphragm. It is not always easy nor
possible to peel the pleura away from the central portion of the diaphragm.

High Posterior Mediastinotomy. This operation is carried out on the
same general plan as the preceding operation just described (Figs. 1325-1326),

Step I, Herc the seventh or even the sixth rib is first rescctccl, and the fith,
fourth, and third are divided posteriorly. At this level the approach may
be from right or left, but in contemplated operations upon the esophagus the
right side is preferable.

Step 2. The trapez1Us and rhomboid muscles arc divided and the scapula drawn
far forward.

Step 3. The separation of the pleura from the chest wall is distinctly easier
than it is below I and this sac with its contained lung may be pressed down­
ward from the superior opening of the thorax, exposing the entire aortic
arch with its branches, The trachea and its bifurcation, the esophagus, and
the other structures of this region can be seen and handled with facility. The
operation now proceeds above the cardiac branches of the vagus, so that
cocainization of the pneumogastrics is more important here than it is be­
low. In the right-sided operation the azygos vein must be ligated and cut.
The esophagus is then easily found where it passes behind the aortic arch.

Comment: In diffuse infections of the posterior mediastinum, even
when the condition extends to the superior portion, drainage must be of
the widest kind and at the time of operation. Vaselined gauze or rubber dam
with gauze placed upon it is used (Mikulicz). Tubes should be avoided
except for draining pockets. Here soft black rubber tubes may be cau­
tiously employed. Do not disturb the original packing for four or five days
or even longer. In about ten days the dressings must be changed daily.
Be sure that there are no undrained pockets.

Accidental opening of one pleura does not necessarily mean that the
operation must be immediately abandoned. Differential air pressure per­
mits the operation to be continued. When the wound in the pleura is too
large for suture or the pleura is too fragile to hold the sutures, cover the
rent with gauze or rubber dam; pack the remainder of the mediastinum
and close the external wound. In a few days the lung will expand and seal
off the rent in the pleura.
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CHAPTER 30

SURGERY OF THE ESOPHAGUS

Historical Notes on the Surgery of the Esophagus. It is interesting to
follow the development of esophagoscopy. In Athens sword swallowers, about 2,00o
years ago, passed hollow tubes down their esophagi into their stomachs. To Stork
(1861) belongs the credit to first having passed a rigid tube down the esophagus of a
patient. Kussmaul in 1868 performed direct esophagoscopy under a general anes­
thesia thus diagnosing carcinoma in the thoracic portion of the esophagus. The author
was pleased to have the son of Leiter, the instrument maker of Vienna, show him
models of an esophagoscope his father made for :rvlikulicz in 188r in which proximal
illumination was a feature. Gottstein (1891) advocated esophagoscopy under cocaine
anesthesia. Killian (1902) did much to elaborate esophagoscopic procedure for
diagnosis and removal of foreign bodies from the esophagus. In 1902 Einhorn had
constructed an esophagoscope carrying an auxilliary tube in the main tube, the former
carrying the lighting bulb to the distal extremity of the tube. Chevalier Jackson
(ago4) combined the Einhorn principle of illumination with Killian's tube.

Though it is usually stated that Mondierewas the first, in 1883, to describe an
esophageal condition clearly, priority must certainly be claimed for Sir Charles Bell.
The latter, in 1816, recorded a case of difficulty in swallowing which was temporarily
relieved by the passage of esophageal bougies. The diagnosis was verified by autopsy.
Bell not only pointed out the pharyngeal origin of the diverticulum but also offered the
explanation which has proved the most plausible one. He reasoned that the diff­
culty in swallowing is due to a spasmodic contraction of the sphincter at the lower part
of the pharynx; hypertrophy and fasciculation of the pharyngeal musculature results
and finally herniation of the mucosa which so frequently occurs in the hypertrophied
bladder due to urethral obstruction, Bell also suggested the possibility of. alleviating
such conditions by the establishment of a cervical fistula.

Rokitansky classified such pouches according to whether they originated primarily
from pressure from within or traction from without, and hence the terms "pulsion"
and "tracti on"diverticula. Zenker,in 1877, laid the foundation for the symptoma­
tology, diagnosis, and morbid anatomy of this condition. It is of interest to recall his
prediction with regard to the operative possibilities of divert iculae stating: "The radic~l
cure of diverticula by surgical operation from without is at present one or our vam
wishes, yet we are hopeful that even this operation, conducted on Lister's plan, may
at some future day be performed without danger." . . .

The first recorded operation was that by Nicoladoni in 1876, which consisted in
establishing a fistula. The patient died on the sixth day from pneumonia. Von Berg­
mann, in 1890, successfully excised a diverticulurn with, however, the formation of a
temporary fistula. Kocher in 1892 performed the operation, with healing per primam.

Anatomic Considerations. The esophagus begins at the level of the cricoid
cartilage; this is located opposite the sixth cervical intervertebral disc; it terminates
at the cardiac end of the stomach opposite the eleventh thoracic vertebra. The total
length of the esophagus in normal adults is about z5 cm. (1o inches). In the neck the
esophagus is located behind the trachea in the visceral compartment and in front ofthe prevertebral fascia and longus colli muscles. It deviates slightly to the left and
is in lateral relation with the thyroid gland, carotid sheath, thyroid arteries and
recurrent laryngeal nerves.

In the thorax the esophagus passes down behind the trachea and the arch of the
aorta; it traverses the posterior mediastinum along with the descending aorta; crosses
the aorta superficially from the right to left at about the level of the eighth thoracic
vertebra. It is in contact with both pleural sacs.

Relations. The left bronchus lies in front of it and the thoracic duel and a vari­
able portion or the vena azygos major are behind. The thoracic duct crosses behind
the esophagus opposite the aortic arch and then ascends along its left margin.
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The two vagi nerves form a plexus known as the plexus gullae which is situated
around the esophagus. As the esophagus passes through the diaphragm, the left vagus
lies in front of it and the right vagus behind it. It courses the abdomen downward
for about half an inch and opens into the stomach. The abdominal portion of the
esophagus is covered in front and to the left by the peritoneal sac. On its right
aspect and posteriorly it is not covered by peritoneum.

The Course of the Esophagus in the Thorax. From the fourth to the seventh
thoracic vertebrae the esophagus is in the median plane; above and below these levels
it is to the left of the median line.

The constricted portions of the esophagus arc favorite loci for the arrest of foreign
bodies, viz.: (a) The cricoid cartilage about 15 cm. (6 inches) from the incisor teeth.
(2) Opposite the left bronchusabout 25 cm. ( IO inches) from the incisor teeth.
(3) At the diaphragm-about 40 cm. (a5-16 inches) from the incisor teeth.

Congenital Anomalies:
1. Absence of the lower part.
2. Tracheo-esophageal fistula.
3. Esophagus duplex.
4. Congenital strictures.

Diverticulae are usually in the upper part of the esophagus and are acquired
and occasioned by a herniation through the inferior constrictor muscle (Mosher).

Blood Supply. The arterial supply to the esophagus is derived from five
sources, viz.: inferior thyroid, bronchial arteries, descending (thoracic) aorta, coronary
(left gastric) and left inferior-phrenic arteries.

Veins. The venous radii terminate in the venae azygos and coronary veins.
Lymph drainage is taken up by the lower group of the deep cervical chain and

posterior mediastinal nodes.
Nerve Supply; From Two Sources. I. Parasympathetic, through the vagus

and recurrent laryngeal nerves. z. Sympathetic, through the cervical and thoracic
portion of the sympathetic chain.

Strictures of the Esophagus. (a) Spasmodic (neuroses); (b) Fibrous (in­
flammatory); (c) Malignant (carcinoma).

ESOPHAGOSCOPY
Many years ago Bland Sutton considered the esophagoscope an instrument

requiring the "instinct of a sword swallower and the eye of a hawk." Today
it is used routinely in conditions where pathology of the gullet is suspected.

Esophagoscopy may be done under local or general anesthesia. Local
anesthesia is applied as previously described. However, general anesthesia will
often give a greater relaxation, especially of the crico-pharyngeal muscles.

The position of the patient is that described for bronchoscopy. The larynx
and hypopharynx are first examined with a laryngoscope to determine if any
pathology is present around the mouth of the esophagus, The esophagoscope
(Fig. 1327), either the Mosher or Jackson type, is passed down the right side
of the tongue and into the right pyriform sinus. This is done under direct
vision, care being taken to avoid injury to the posterior pharyngeal wall.
When the tip of the esophagoscope is well into the pyriform sinus it is swung
to the midline; it is then behind the arytenoid cartilage. The opening of the
esophagus will be seen to be "winking" at the operator. The passage through
the crico-pharyngeal constriction is the most difficult part of esophagoscopy. A
small amount or steady pressure will allow the esophagoscope to enter the
esophagus. Care is essential as an abrasion or the mucous membrane may lead
to a fatal mediastinilis. Arter the instrument is in the esophagus it will pass
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p tions. Do not mistake the foreign body for an enlarged and ca lc ified,4.3{3,"!'iesophagus for the logus c@iii muscle. Rememberthat the respia.{dlj@en and collapse of the esophagus help to identify it. If in_doubt, er,ire
upward and downward until the foreign body is located. Control al l bleeding points,{y during the operation. It is wise io ori ent one's self as_to the position of
{j {fr thyroid art ery, anterior jugular vein and recurrent_laryngeal nerve #
order to avoid injury to these structures. The latter is avoided if the incis ion in the
esophagus is made as far posteriorly as pract icable. According to Richardson, the
ides; finger_may be introduced into the esophagus_through a low cervical incision
(low cervical esophagotomy), passed to the arch or the aorta , or even beneath 11, and
if the other index finger is introduced through a gastrotomy opening into the stomach
and projected upward, the first index finger may be met. This is a ~aluable method
in im acted foreign bodies. Ir the latter be of compact structure, it may be frac­
tured pwith bone forceps and the fragments extracted. \Vhere esophagotomy has been
done through edematous and inflamed tissues, no attempt at closure of the wound
should be made; the wound should be permitted to heal by granulation. Prevent
eress of fluids or food through the opening in the esophagus durmg the healing
ess by feeding the patient through a tube passed through_the mouth or nose. ft

~hould be stressed that meticulous attentrnn to asepsis is of utmost importance m
these operations.

STRICTURE OF THE ESOPHAGUS

Non-malignant strictures of the esophagus may be treated by gradual dila.
tation with esophageal bougies passed per os. Thiosinamine inject ions are rec­
ommended as an aid to dilatation; the drug is
credited with having a softening effect on scar
tissue thus aiding the instrumental dilatation. The
composition of the drug to be used is as follows:
thiosinamine, 1; ant ipyrin, 7.5o; water 1oo cc.
The dose is 10.5 cc. for an injection. Usually ten
doses are given.

Direct Dilatation

Locate the position of the strict ure (bougies:
x-ray). (F ig. 1329.) The principles underlying
the procedure are the same as those of strict ure of
the urethra; viz., commence with the smallest sizo
of dilator and increase the size gradually. Re­
member that the stric ture may be so small as not
to permit even a filiform to pass. A thread
sratowed is ot mens vale i such as .a"? ~"rad;
(Socin's method). Pass the bougie every second Ire.
or third dav. Make sure that no aneurysm is re-
sponsible for the constric tion before treatment is begun (x-ray of chest; Wasser­
mann).

Retrograde Dilatation

This is used in stric tures of the lower portion of the esophagus . Do a
astrostomy of proper size and loca te it as near the cardia as possible: Occasion­

glly dilatation may be accomplished by the finger or various dilators of suit­
:bl; size and shape. For the primary introduction of a dilating agent, many
devices are recommended.

OPERATIONS ON THE·ESOPH.-\GVS
REMOVAL OF FOREIGN BODIES

This is indicated in removing obstructions ( foreign bodies) in the cervical
and upper dorsal portions of the esophagus.

:rz:st:z%.2%.2
",2, "";"?"""Zaa seas me - ore«4 et»Step 2. • xpose t e s ea • • d Th k' · 1 ·,s·on

outward; raise the thyroid gland and draw it inwar .. e s ·1n 11 c I

should be liberal.

Fic. 1327. Jackson's esophagoscope.
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:. H ·ver, this should be done slowlyrather easily all the way to the cardia. (owe h , h in dear view to
under direct vision, keepi an ue walls of the €"9P""t rtcion is en­
voil sy ii»rs. No mo«toe force sod ,,""," Ai oe co»aooe
countered it should be investigated with a sma g
should not be forced into the opening.

FIG, 1328. Esophageal bougie for strictures of the esophagus.

Step 3. Identify and outline the pharynx. Draw it fonvard and search by
palpation for the obstructing foreign body. If not found, pass a substant1~l
sized bougie down the esophagus to the point of obstruct10n. The bougie
distends the esophagus. Identify the latter. . . . . .

S tep 4. Pick it up with a pair of Allis or tissue forceps and incise it longitudi­
nally. Avoid inj uring the recurrent laryngeal nerve. Locate the obstruction
by probing. ,, b ,q

St · Grasp the foreign body with forceps and remove it aided y mampu a­
,, Rn without. If the incision in the esophagus is found too small for

the manipulations necessary to dislodge the obstruction, enlarge it suffi­
ciently to permit careful and successful manipulations.

Step 6. Close the opening in the esophagus with two rows of fine catgut sutures,
the inner embracing the mucous membrane only, and the other suture
superimposed. Do not_attempt completely lo dose the opening in the
esophagus if the mucous membrane has been damaged durmg the extrac­
tion of the foreign substance.

Step i· Drain. Pack lightly with gauze . Keep the wound clean.
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SOCIN'S PROCEDURE

This is very ingenious. It cons ists of swallowing a shot attached to a string
prior to opening the stomach. The shotted end is pulled through the opening
in the stomach to secure the return of a bougie or fric tion string. By this
method, bougies of increasing size may be drawn upward and the stricture
dilated.

Where the cardiac opening is nearly completely obliterated: The
pathologic process may so encroach on the cardiac orifice that difficulty is ex­
perienced in locating it after opening the stomach; a finger or bougie may be
used to accomplish the object. ender such conditions Silver counsels the intro­
duction of an endoscope passed from above along a string acting as a guide.
According to Lange, direct observation through an endoscope at the seat or the'
opening may show the entrance or fluids swallowed. Sizes of bougies passed
should be increased very gradually. Leave the bopgie in position for about
half an hour or longer, if deemed advisable, increasing gradually the time for
the larger sizes to about 24 to 48 hours. This is continued until a sound
of about 20 mm. can be passed with ease. Later the intervals of bouginage are
lengthened (say once every two to four weeks ) and when one is satisfied that
no recontraction threatens, once every six months or less frequently.

Forcibl e divulsion is mentioned only to be condemned. In long and
narrow stric tures one may find difficulty in maint aining the dilatation. Here
one may muster into service laminaria tents and bougies, used by gynecologists
in dilating the cervix uteri. These may be introduced info position under visual
guidance and allowed to exercise continuous and gradually increasing pressure.

Abbe's Operation

The underlying principle of this procedure is division of the stric ture by
means of string fric tion. Abbe has pointed out that the pouch formed in the
esophagus above the stricture is often a hindrance to the passage of bougies;
this difficu~!J is overcome by his operation.

Step 1. Do a gastrotomy admitting two fingers.
Step 2. Pass a fine whalebone bougie from the stoma in the stomach up­

wards until it protrudes from the mouth. Tie two long stout threads or
braided silk to the end of the bougie.

Step 3. Pull the bougie out through the stomach wound, leaving the two threads
protruding from the mouth and stomach wounds. Attach the lower end of
one thread to an eye at the point of a conica l esophageal bougie (Billroth).
By pulling on the upper end of this thread, it is easy to bring the conical
tip of the bougie into the stric ture and render the stric ture tense.

Step 4. Persist in gentle traction thus dilating the stric ture with the bougie.
S imultaneously pull the second string vigorously upward and downward
with a see-saw motion. The fric tion thus produced by the cord divides
the strictures. When sufficient space is attained, the conical bougie passes
upward as the continued fric tion wears away the stric ture.

Step 5. Pass and gently force the largest suitable bougie from below upward
overcoming the possible tightness still pers isting at the point or the divided
stric tures by manipulating the bougie past the point of resistance.

Step 6. Close the gastrotomy opening.

Corilment: Follow up the operation by passing suitable sized bougies
once a week to once a month as required, or about a year or longer un­
til the desired result is obtained. Begin with semi-solid and solid food
feedings as soon as possible. Impress the patient with the importance of
thorough follow-up treatments. The results of the operation, aided by
proper after care, are good. The procedure is an old one and may find a
place in surgical practice in selected cases. The late Willy Meyer stated
that "Abbe's string method is the operation of choice and will in most
cases be crowned with success.

Theodore Dunham' has designed and improved an armamentarium
which the late Willy\ Meyer lauded much. Dunham uses a fshline for
cutting. While this is being done, the stomach, the gastrostomy opening,
the mouth and pharynx are protected by means of special metal tubes
through the lumen of which the fishline runs. At the point _where the divi­
sion is to be made, a metal olive on a wire-guide is held in place by the
constricted part of the esophagus. The patient is anesthe_tized a,nd the
stomach washed out. The operation is done in a number of seances.

Nissen points out that any violent effort at the passage of sounds, etc,
may lead to perforat ion with lethal mediastinitis. Do not divide or stretch
the esophagus beyond No. 35 or 4o French gauge. Until this is accom­
plished a silk thread always remains in situ, the ends of which are fastened
to the cheek and the abdominal wall by means of adhesive plaster. The
thread must never be drawn too taut. Abbe's procedure should be divided
into a number of stages beginning with the gastrostomy and then with the
steps enumerated above. The results of Abbe's· operation are "most gratify­
ing and permanent. It has to be considered the standard operative pro­
cedure," says Willy Meyer. The daily descent of the food keeps the lumen
patent. Of course, this operation can only be resorted to (a) if the stricture
is permeable "and (b) if a thread can be successfully passed from the mouth
through the gastric fistula. Occasionally, an impermeable stricture may
become permeable after a gastrostomy has been done. This is a result of
recession of the inflammation about the stricture. Lotheisen observes that
permanent impermeable strictures are extremely rare. In the 253 cases he
observed, it occurred only once. In this small percentage of cases and as a
last resort the following may be done: (a) Attempts at retrograde bougin­
age; (b) The formation of an extra thoraci c esophagus.

Caution. When gastrostomy is performed, thiosinamine should not be ad­
ministered, the reason being that the softening effect of the drug on scar tissue may
affect the cica triza tion in the stomach.

ELECTROLYSIS

Whenever a fliform cannot be passed, electrolysis should be resorted to
under supervision of the eye. A current of 15 milliamperes should be used and
applied either to one edge of the stric ture (linear electrolysis) or all around it
(circular electrolysis). Properly constructed electrodes should be selected (olive
or ring-shaped). The conducting wire should be properly insulated to avoid its
coming in contact with the esophagus. P ince the indifferent elec trode on the
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patient's chest. When the electrode is in position, turn on the 'current. M
the electrode gent ly in order to avoid its becoming adherent to the stricture
IV'hen the electrode has passed, either a larger one may be substi tuted or gentle
dilatat ion wi th a. soft bougie may follow. Dilatation is rendered more cas~ fol­
lowing electrolysis.

REBELLIOUS CASES

Though it rarely happens (4 out of 185 cases-Guisez), all attempts to dilate
the strictured portion of the esophagus may fail. Recourse mus t then be had to
one of the following procedures:

I. External Cervical Esophagostomy.
a. Thoracic Esophagotomy.
3. Cervical Esophagotomy.
4. Esophagogastrostomy.
5. Esophagectomy.

ESOPHAGOSTOMY

This is employed to establish a fistulous opening into the esophagus, below
an impassable, incurable constnclton. It is used to supply food but has been
entirely superseded by gastrostomy.

ESOPHAGOGASTROSTOMY

EsophagojejunogastroanastomosisRoux's Operation

Step 1• Laparotomy. Pick out a mobile loop of jejunum. Ligate doubly and
divide four or five of the vessels passing to the loop of the jejunum. Pre­
serve the peripheral vascular arcades intact. Make sure that sufficient
vascularization is assured through the vascular arcades of the selected portion
of the jejunum near its caudal end. Clamp and divide the bowel at both
ends of the selected segment.

Step z. The caudal end of the isolated loop of the jejunum is now anastomosed
with the stomach, near the lesser curvature.

Step 3. Create a subcutaneous tunnel beginning at the abdominal wound and
extending to the suprasternal notch. The proximal (oral) end of the segre­
gated loop of the jejunum is pulled through the tunnel just described
and its upper end is sutured to the upper end of the tunnel with interrupted
sutures. A stomach tube is now introduced through the segment of bowel
implanted in the tunneled chest wall, thence into the stomach. Fix the
stomach tube to the opening of the bowel at the sternal end.

Step 4. The continuity of the bowel is restored by an entero-enterostomy
(suture or Murphy button--the latter is preferable).

If the patient survives this rather serious operation, the cervical portion of
the esophagus may then be exposed and anastomosed to the upper end of the
implanted subcutaneous segment of bowel.

Jianu's Esophagoplasty

Step 1. Lapar9tomy. Deliver the greater curvature of the stomach.
Step z. Divide the great omentum transversely below the gastro-epipioic ves­

F1c. 1330 FI. 1331 Fc. 133
Fc. 1330. Jianu's operation of esophagoplasty (after Frungehim). Ater applying clamps

as shown in i_llustration a section of the greater curvature of the stomach is separated as out­
lined in the illustration,
Fic. 1331. A tube thus results by closing the open gastric wall and approximating the edges

or the tube as shown.
Fui. IJJ2. Insertion o{ fima.l st:rous sutures into the wall of the stomach.

sels. Ligate and divide the right gastro-epiploic vessels j this renders the
greater curvature or the stomach free from the omentum. It is nourished
by the left gastro-epiploic vessels.

Step 3. Place a row of mattress sutures through both the anterior and posterior
walls of the stomach along the lines A and B as indicated in Fig. 1330.

Step 4. Make an incision along the lines A and B embracing both walls of the
stomach. The flap of the stomach between the incised openings C and D is
closed with two rows of continuous or interrupted sutures, as preferred.
This converts the segment of the stomach into a closed tube open at its
distal end C and continuous at the cardia at D. The left epiploic vessels
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supply nourishment to this tube. A right-angled Connell suture buries the
marginal sutures of the tube (Figs. 1331-1332).

Step 5. Fashion a subcutaneous tunnel from the abdominal wound upward
and extending as in the Roux operation previously described, to about the
level of the thi rd costal car tilage. Pull the tube through the tunnel thus
made and permit it to emerge through an opening in the skin overlying the
sternum and suture its mucous membrane to the margins of the skin in the
upper wound.

Step 6. Close the abdomen.

MEDIASTINAL ESOPHAGOGASTROSTOMY
Historical Notes. William Levy ( 1894) suggested that a carcinoma of the

abdominal portion of the esophagus may be resected by the abdominal route and the
cul end of the esophagus anastomosed with the fundus of the stomach. Krukenberg
some time later demonstrated that it was pos.sible to anastomose the divided end of
the esophagus with the wound in the fundus of the stomach. Levy stated that only 2
or 3 cm. of the esophagus may be removed by a method which he suggested. He
also used the Murphy button. Parceliar demonstrated, however, that 5 to 6 cm. of
the esophagus might be excised infradiaphragmatica11y. Von Mikulicz turned up the
left costal arch and displaced the diaphragm upward for the purpose of obtaining
a better exposure. The diaphragm was sutured to the chest wall and the patient fed
through a jejunostomy.

SURGEIY OF TIE BREAST AND CHEST1174

1176 SURGERY OF THE BREAST AND CHEST SURGERY OF THE ESOPHAGUS 1177

VOlcker (1907) successfully resected a carcinoma of the cardiac portion of the
esophagus by a modified Mikulicz technic. Experimental and clinical researchers in
attacking malignancies of the esophagus by transpl eural, transdiaphragmatic and by
the abdomino-thoracic route have yielded the present day advanced methods of ap­
proach to the problem.

Biondi (1895) showed that it was possible to resect the cardiac portion of the
esophagus transpleurally-transdiaphragmatic esophago~astrostomy. Gosset did some
experimental work in this connection, employing a U-shaped incision similar to that
used in a Schede thoracoplasty, Wendel and Sauerbruch have employed this method.
Brun recommended that one should first mobilize the stomach and duodenum, and
create a gastric fistula near the pylorus at the same time. The second act consists
of a thoracotomy eight to ten day's later. The cardia is then freed, the diaphragm
split and the stomach drawn up. The tumor is then inverted into the stomach, and
six to eight days later is pulled through the fistula into the stomach and resected.

Mediastinal Esophagogastrostomy-Lilienthal's Operation
In carcinomas or the lower portion or the esophagus, Lilienthal's operation

is of distinct value (Fig. 1333).

-·
Thoracic dud
Phraenic nerve

Recurrent laryngeal nerve
Common carotid artery

Ft,, 1333. Contents of the mediastina viewed from the rear.

Step I, Torek's incision exposes the posterior mediastinum p. u62. Retract the
pleura and lung carefully. Expose the lower end or the esophagus, upper
surface or the diaphragm and esophageal opening .in the diaphragm.

Step 2. Separate the esophagus by blunt dissection from the opening in the
diaphragm. Enlarge this opening by an incision to the left sufficient ly to
permit the cardia and fundus of the stomach to be drawn into the field of
operation.

Step 3. Divide the esophagus with a cautery kni fe between two clamps at
least an inch above and below the neoplasm (Fig. 1334). Protect the sur­
rounding area with lap sponges wrung out of hot salt solution.

Step 4. Suture and invaginate the divided end of the stomach. Draw the
fundus of the stomach upward sufficiently so that it will reach a distance
measurably about an inch above the remaining end of the esophagus.

Step s. Make an incision into the stomach sufficiently large to admi t of proper

implanlation of the lower end of the esophagus. About one and a half
inches below this incision a similar incision is made into the stomach.

Step 6. Through the smaller opening in the stomach pass a needle bearing a
double suture; bring it out through the upper larger opening in the stomach.

FIG. 1334. Lilienthal's esophagorastrostomy. Esophagus cut off above tumor, Greater
curvature of stomach drawn into posterior mediastinum through enlargement of the hiatus
of the esophagus. The needle carrying suture is being passed through the stomach and out by the
way of the opening made in the fundus. Insert shows method of stretching opening in the
fundus. (Courtesy of Dr. Lilienthal: Thoracic Surgery, W. B. Saunders Co.)

The sutures are now cut-four sutures are thus available. Rethread each of
these onto a need le and pass each through the wall of the esophagus al four
equidistant points (Fig. 1335).

Step 7. Make traction on these sutures and intussuscept the esophagus into the
stomach; here it is anchored by two or three sutures which pass through
the wall of the stomach and esophagus .

Step 8. Cut the traction sutures short and allow them to hang freely into the
stomach. Close the smaller incision in the stomach (Fig. 1336).



Fic. 1337 Fic. 1,3
FiG. 1337. Showing the minute puncture closed with a single stitch. The esophagus held

within the gastric cavity by the two through-and-through sutures.
FIG. 1338. The stomach wall has been inverted by sutures bringing the peritoneal surfaces

in contact and also in contact with the esophagus. Two or three sutures may be passed to
anchor the stomach to the diaphragm. (Courtesy of Dr. Lilienthal: Tho racic Surgery, \V. B.
Saunders.)

1178 SURGERY OF THE BREAST AND CHEST
SURGERY OF THE ESOPHAGUS

Step g. Invaginate the implanted gastro-esophageal area by i '79
Lembert sutures (Fig. 1337). series of Ce4.

Step 10. l:nite the stomach to the diaphragm where it is pier d
trating the development of diaphragmatic hernia (Fig. IJJS)ce -lhus lrus.

Step 11. Close the abdomen. Dress. ·

The advantages or this procedure arc the following:

r. Ample exposure during the operation;
2. Conservation of chest volume an<l lung capacity;
3. The cont inuation of the aliment ary canal in as near an approaA

normal as seems possible without int erposit ion of any foreign {4." he
tween the stomach and intestine; iue be.

4. Location of the passage in a normal position-the posterior mecliastinum,

'Where time permits before the mediastinal operation is undertaken ..
tomy is often of great value. a JeJunos.

Kirschner's operation is an antcthoracic esophagogastrostomy.

ESOPHAGECTOMY-RESECTION OF THE ESOPHAGUS

Torek has pointed out that in view of the fact that the esophagus is never
extirpated in toto, the usage of the term 'esophagectomy" has become synan. .
mous with "resection of the esophagus. The operation may entail removal <

the involved segment of the esophagus in either its cervical, thoracic or abdoni4]
portion. The cervical extirpation of the esophagus was first successfully per­
formed by Czerny in 1877. Gluck and others have also reported successes. Th
abdominal port ion of the esophagus was first successfully removed by VOkker i~
19o7 while credit for the first successful removal of the thoracic portion of th
esophagus for carcinoma belongs to Franz Torek who in 1913 performed thi:
operation. His patient lived for nearly 13 years following the operation and
there was no recurrence. The mortality of cases of partial removal of the esopha.
gus is necessarily high depending upon the degree of involvement and the ex­
perience and dexterity of the surgeon. The greatest mortality attends the remo\·al
al the thoracic portion al the esophagus.

Cervical Esophagectomy

In removing the affected portion of the esophagus, the surgeon frequently
resorts to a concomitant resection of the pharynx, larynx and trachea, depending
upon the degree of involvement. A gastrostomy should be performed precedin~
the operation on the neck. Any standard method of gastrostomy may be per­
formed. A minimum of z cm. of the esophagus above and below the tumor
should be excised. Torek admoni shes that if the attachment of the esophagus
to the trachea is ever so slightly firmer than the very loose normal connection,
the larynx and trachea should be removed with the esophagus. As it is rare to
find a connective tissue between those two organs, the classic operation consists
of resection of the larynx and trachea together with the esophagus. Dissection
of the cervical lymph nodes should also be <lone. Commenting on postopera­
tive irradiation and leaving involved lymph nodes behind, Torek points out that
it is a mistake to leave behind any affected nodes owing to tht fact that radio-
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therapy cannot compete with surgery despite the fact that lymphocytes arc
highly radiosensitive.

Anesthesia. Either infiltration block, tracheal insufflation or rectal anes­
thesia (Gwathmey) should be resorted to. In case the first is used, the third and
fourth cervical nerves should be blocked on both sides: this is supplemented by
regional infiltration. For the technic of blocking the cervical nerves see the
chapter on Removal of the Thyroid Gland.

ACH'S CERVICAL ESOPHAGOPLASTY

Step 1. Outline a large triangular skin flap (Fig. 1339). Dissect it free from
the underlying tissues.

Step 2. Turn the dissected flap upon itself to form a tube (Fig. 1340) with the
cutaneous surface directed inward.

Step 2. Bluntly separate the sternohyoid muscles from the larynx, thyroid
gland and trachea.

Step 3. Divide the isthmus or the thyroid gland. Draw its lateral halves to
either side. Attend to careful hemostasis.

Step 4. Divide the constrictor muscles of the pharynx and the sternothyrold
muscles close to their insertion at the thyroid.

Step 5. Dissect the trachea bluntly from the esophagus and at a properly
selected point divide it. If the trachea is not involved in the neoplasm it is
divided between the first and second tracheal rings. First make a small
incision anteriorly and inject some cocaine into the mucosa or the trachea
upward and downward. Novocain will not answer the purpose (Torek).

Step 6. Insert a few guy sutures in the anterior part of the trachea below the
incision to prevent it from slipping away after it is completely divided.
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Fc. 1341. Cervical esophagoplasty. Von Hacker's operation. This represents the flap of skin
forming the posterior half of the new esophagus.

Step 7. Insert a tracheotomy cannula into the open trachea and cover it with
gauze. Tampon the upper stump of the trachea with gauze to prevent soiling
of the wound.

Step 8. Select the site for dividing the esophagus which may be well down in
the mediastinum. In one case Torek divided the esophagus 5 cm. below the
sternal notch. Separate the esophagus from the vertebral column (this
usually presents no difficulties).

Step g. Divide the esophagus al a safe distance from the tumor. Should this
division be too low to permit of subsequent plastic repair, ligate the stump
and let it slip back. Carry a tampon into the mediastinum to prevent in­

fection. If the esophagus is divided in the vicinity of the jugulum, attach
it temporarily to the lower edge of the wound in the skin or secure it with
guy sutures.

Step 1o. The involved mass (larynx, pharynx, trachea and esophagus·) ;
separated from the anterior surface of the spinal colwnn. The thyrohyoi
muscles are separated from the larynx and the other anterior attachments are
divided. The epiglottis is usually allowed to remain.

Step 11. Do a block dissection of the cervical lymph nodes (which see). I no

Fic. 1339 Fic. 1340
F1G. 1339. Cervical esoph..agoplasty. Ach's operation. Outline of incision

Fc, I340. Ach's operation. The flap is dissected free from the underlying structures and!""%, "itself o that a tube_ is fashioned_in such a mann er_ that_the cutaneous surface of~J s m arms the inner lining of the tube. The free edges of the tube are sutured above and
low to the pharynx and esophagus respectively. Observe that where the free edge of +{f"; "2,"",2a is tied+ cosi is 6i mini«ii»o iio, "f& ia.a

Step 3. The tumor, of course, has been removed previously. The upper end of
the tube thus formed is sutured to the upper and lower divided ends of the
esophagus respectively. The continuity of the esophagus is thus restored
except laterally where the edge al the flap is turned back upon the flap.
Tampon the raw surface remaining.

Step 4. Two or three weeks later the defect is dosed. The raw surface is
covered by a plastic procedure.

VON HACKER'S OPERATION

Step_. I~ Mak(!: a longitudinal incision beginning at the hyoid bone and extend­
mg down to' the sternum (Fig. 1341). To this longitudinal incision two
transverse incisions are added, one at each end of the central cut The
longitudinal incision is made somewhat away from the median line.
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plastic reconstruction is contemplated, proceed to close the pharynx with a
chromic catgut suture. Ha plastic on the esophagus is to be performed, it is
left open and the sternohyoid muscles arc not brought together in the midline
but the divided ends of the thyrohyoid muscles may be sutured to the divided
end of the sternothyroid on each side if this can be accomplished without
tension. Otherwise, this step is omitted.

Step 12, Suture the trachea to the skin.
Step 13. Insert a small iodoform and cigarette drain on each side extending

down to the mediastinum.

Fic. 1342 Fic. 1343
Fic. 1342, From the surfaces a. and b., the flaps c.·c. have been dissected free and jo ined

by a suture d., thus forming a tube with the cutaneous surface pointi111-: inward; the tube thus
formed is sutured to the lower stump of the esophagus; f. and f.' are undermined flaps which re
used to cover the new tube. Below and to the right is the trachea; above the esoplmgus E still
remains open anteriorly.

Fi. 1343. Final stage in Von Hacker's esophagoplasty, f. , the larger flap and f, the
smaller flap arc sutured to the sternocleidomastoid muscle (St.). h. shows the skin flap sutured
to the trachea.

flap and suture its mesial edge lo the newly reflected flap which is also
sutured to the pharynx above and the esophagus below, in this manner com­
pleting the connection between the mouth and the esophagus.

Step 3. Thoroughly undermine_and separate the remaining portions of the
original flaps from the underlying tissues which unite them in front of the
new esophagus. Should this not be readily accomplished, the flap which was
not used for making a new esophagus is drawn over and attached to the
sternocleidomastoid muscle of the opposite side and the remaining defect
covered by a Thiersch graft (Fig. 1343). The legends on the illustration
explain the operative steps just outlined.

Since the nutrition of the newly shaped tube depends entirely upon recently
established vascular connections supplying the spinal column, behind the pharynx

Step 14. Suture the two skin flaps together. Since the incision has been made
off center, the suture line will lie somewhat laterally. This skin bridge will
form the posterior part of the new esophagus and is sutured above to the
posterior wall of the pharynx and below to the posterior wall of the esoph­
agus. Tampon the remaining opening in the pharynx with iodoform gauze.
Postoperative Care. Complications following this procedure are usually

aspiration pneumonia, secondary hemorrhage and mediastinitis. These should be
guarded against by proper measures.

When the tissues have healed satisfactorily, when no more discharges are
present and granulation has proceeded to its optimum reconstruction of the esoph­
agus is done.

VON HACKER'S ESOPHAGOPLASTY

Step • Divide the longer flap a second time by an incision which runs parallel
to its original end, in such a manner that when reflected a tube of sufficient
caliber may be fashioned. (Fig. 134.)

Step 2. Again divide the original suture line between the longer and shorter

FIG. 1344. The skin incision o utlined with silver nitrate on the day preceding the operation
of Torek's transpleural esophagectomy .

above and the esophagus below, sufficient time should elapse before the final
step of the operation is undertaken.

The restoration of the esophagus may also be accomplished by Ach's method
(p. 1180).

TRANSPLEURAL ESOPHAGECTOMY
Torek's Operation

Step 1. On the day before the operation outline the course of the incision with
silver nitrate (Fig. 1344). It must be recalled that the esophagus stands out
more prominently on the right than on the left because it is covered by the
right pleura; the aorta is not in the way. Nevertheless approach to the lower
third of the esophagus from the right side is unfeasible because of the posi­
tion of the liver.

Step 2. Perform a gastrostomy. With the patient on his side and supported by
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sandbags (if it be the right side, the left arm is held upward and forward
to displace the scapula from the line of incision) begin the incision in the
seventh intcrcostal space and carry it over the entire length of that space.
At its posterior end, carry it vertically upward to the third interspace. Turn
the skin flaps backward. Protect them with towels.

Step 3. Resect the fourth, fifth, sixth and seventh ribs. Open the pleura. Re­
tract with a rib spreader. Free the lung from adhesions and lay it over
toward the front part of the mediastinal tissues. The esophagus appears as a
slight bulging in the parietal pleura to the side of the aorta. Divide the
pleura and connective tissue covering the esophagus at some portion where

that some of the vagus branches crossing the esophagus must be divided in
the course of this procedure need not deter the surgeon.

It must ever be kept in mind that the esophagus must not be compared
with the bowel as far as healing propensities arc concerned, the latter tending
to prompt agglutination by reason of its peritoneal investure which the
esophagus does not possess. Hence, even though an accurate apposition and
axial union is attained, suppuration, pleuritis and mediastinitis are the usual
sequence.

l
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Fic. 1345. Torek's transpleural esophagectomy. The mediastinal pleura has been incised and
the esophagus lifted out with the aid of a tpe. The tumor is seen beneath the aortic arch.

the latter is not involved. Lift the esophagus out of its bed. Draw it for­
ward with a tape or to the side (Fig. 1345) while the dissection progresses
upward to the thoracic aperture and down to the diaphragm. When the
neoplasm is situated high up the dissection need not, or course, extend to
the diaphragm. "To determine," says Torek, "the extent of the disseqlion
of the diaphragmatic end, we determine at what place below the tumor
the esophagus is to be divided and allow about 3 cm. more for the invagina­
tion of the stump." The dissection is best done with the aid of a blunt in­
strument Jike Kocher's goiter sound or a long Mayo dissecting scissors which
is inserted between the esophagus and the tissues lying over it. The fact

Fi¢. 1346. Torek's transpleural esophagectomy., Double ligation of the esophagus previous
to cutting it. For the lower ligation. a thinner silk facilitates the invapgination of the stump.
A purse-string suture is placed to cover the invaginated stump.

The part or the esophagus lying beneath the aortic arch is the most
difficult to dissect.

Step 4. At this point the esophagus must be freed from the left bronchus by
blunt dissection. Avoid kinking the aortic arch for fear of sudden cardiac
collapse. The finger or dissecting instrument is pushed by blunt dissection
until the anterior border of the sternomastoid muscle is reached at the level
of the upper thoracic aperture. Make an incision at this point through which
the esophagus is later to be delivered,

Step 5. Ligate the esophagus doubly (Fig. 1346). Divide it with cautery or
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Fic. 1351

3. Extirpation in two stages.
4. Extirpation in one stage.

FIG. 1350

t. Invagination.
2. DiHrticulopcxy.

vcrticular outpouchings. Kichous was first to perform the operation in 1884.
The methods of procedure are:

ESOPHAGEAL DIVERTJCULAE
Divert iculae of the esophag:us (Figs. 1352-1353) are classified according to

their location.

1. Pharyngoesophageal.
2. Below the upper opening of the esophagus.

In a general way the upper (tracheal) curve is most liable to diseased con­
ditions ; the lower (aortic) curve being relatively full.

Types
r. Pressure diverticula-due to pressure or pulsion from influx within the

esophagus.
2. Traction diverticula (inflammatory)-extrinsic factors caasing traction.
3. Pressure-traction diverticula (combined factors).

Historical Notes. Leuker and Lienisser described esophageal diverticula in
1877. The condition was noted by Cruveilhier
in 1852.

Operations: About 1830 Sir Charles Bell
thought of establishing a fistula leading from
the diverticulum to the surface. Klugs (about
1850) thought or extirpation of these di-

the stomach (Figs. 1349-1350-1351). The pleura is dosed without drainage.
Willy Meyer believes that drainage should always be instituted. Sauer­
bruch does not drain.

Fi. 1350. Note the beveled and thickened upper end of the tube and the rubber ring near
the lower end.

Fie;, 1351. Torek's operation. Illustration shows patient 12 days after operation. The
upper end of the esophagus is visible under the skin of the chest. The rubber tube leads the
food from the upper end of the esophagus into the gastrnstomy opcnmg: during the act of
swallowing.

'_\
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Step 6. Cauterize the distal end of the esophagus. Pull it up and out through
the wound in the neck. The de­
livery of this end of the esopliagus
is facilitated by lying a piece of
tape around its end and guiding it
to the surface (Fig. 1347).

Step 7. Close the chest by bringing
the ribs together by Sauerbruch's
pericostal sutures, which pass
either through the ribs or around
them (Fig. 1348). The intra­
pulmonary pressure should be in­
creased sufficiently during the last
stages of the closure to keep the
lung in contact with the chest
wall. A minor degree of pneumo­
thorax is of no moment.

Step 8. Af ter thorough healing of the
free end of the esophagus has

j. taken place the upper end of a
Fc. 130. Tube connecting tower end of gastrostomy tube is inserted into

esophagus with astrostomy opening. The two it when nourishment is to be given
##:z2%2:%2":% %..: owetent. porn«ts «« ot
plaster which was removed before taking the swallowing, slight pressure is ex-
picture. (Torek.) erted at one side of the tube to

prevent leakage. The food when swallowed passes through the tube into
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Invagination

This operation was first proposed by Girard in 1896. In 1917 Bevan com­
pleted the idea of Girard in treating small diverticulae by simpl e invagination.
Those of larger size are invaginated by a number of superimposed layers.

Diverticulopexy

Schmidt in 1912 conceived the idea that in order to prevent the entrance of
food into the divert iculum, he would dissect the pouch free, and isolate and fix it

Fi. 1352 Fic, 135s3

R: %% %.%2%%.%%:. %'± ts4 a,. -. Rt·construckd from x-ray.

it such a manner that its fundus was placed on a lower level than its orifice com­
municating with the pharynx.

Extirpation in Two Stages

Goldman advised liberating the diverticulum at the first stage, then ligatin
it at its base after which it was permi tted to remain in a tamponed area. p'
prived of its vascularization, the pouch necroses and sloughs off. A fistula forms
which closes spontaneously after a few weeks. Lecene considers this procedure
not ~n t~c ~,1th modrrn s_urg:1cal thou~ht hecause of the sphacelation which the
method causes. Murphy, in 1916, exteriorized the pouch and fixed it in a twisted
position. Two weeks later he resected the divert iculum.

Charles Mayo emphasized the importance of emptying the pouch •
operation and using: local ant'sthesia. previous to

Bartlett, quoted by Mayo, suggested that whrn 1he dissection in the region

of the neck of the diverticulum is complete, the patient, under local anesthesia, is
instructed to close the lip? and distend the mouth and pharynx wi th air," thus
distending the sac. The latter is identified not only by its location, but by its
having a lighter color than the surrounding tissues.

\\"ilkies' modification• consists essentially of freeing and bringing out the
sac at the first operation, and of a submucous excision of the lining at the second
sitting, the tunica propria being left adherent to the skin and the planes of the
neck being left undisturbed.

Extirpation in One Stage

The one-stage operation consists of isolating the sac, removing it and vari ­
ously dealing with the neck, Kocher's method is a "cuff" operation, similar to
dealing with an appendix stump. Perthes divides the neck of the sac between
clamps, and deals with the stump after the Moynihan method of closing the duo­
denum in a pylorectomy, the suture-line being vertical. Lexer conserves a pedicle
which he invaginates so as to form a valve-like internal protrusion. Wilkie warns
about division of the neck. "Unless great care be taken," he says, "traction on the
sac may pull out a portion of the normal pharyngeal wall which may be mistaken
for the neck of the sac. In a case recorded by Downes, all save a narrow strip
on the right lateral wall or the upper end or the esophagus was inadvertently re­
moved with the sac, and it was found necessary to excise the remaining portion
and to do an end-to-end suture."

\\'hile the one-stage operation appealing to the surgical instinct, is, of course,
the ideal procedure from the surgical and anatomic standpoint, and in favorable
cases has much to commend it, the more tedious two-stage operation is to be
recommended for safety's sake.

Gregoire operated on 132 cases (up to 1935) in onr. stage, with 3 deaths the
result of sept ic cellulitis of the neck or mediastinum. Gregoire states that with
improved technic, casualties shoulcl be rarities. The procedure consists of ex­
posure of the diverticulum, its isolation, exteriorization, its division at the base
and its implantation and reinforcement by two layers of sutures to avoid the
escape of liquid contents from the esophagus. The first row of sutures is inverted
and is superimposed by another row of sutures.

Gregoire's Operation
Step 1. Make an incision close to the anterior edge of the sternocleidomastoid

muscle which extends from the level or the hyoid bone almost to the clavicle
(F ig. 1354). Divide the tissues. ·

Step 2. Draw the sternornastoid muscle outward and the laryngeal depressor
muscles mwarcl. If the omohyoid muscle is in the way divide it

Step 3. Incise the fascia. The blunt retractor which holcis the sternomastoid
muscle should displace the great vessels of the neck and the descendens noni
nerve outward. The longus colli muscle will now be seen covering the bodies
of the vertebrae.

Step 4. Identify the inferior thyroid artery where it crosses the field of opera­
ion emerging from behind the common carotid artery. It may be saved but
Lilienthal believes it is best to divide it between two ligatures.

Step s. Identify the esophagus by passing a full-sized stomach tube through the
Brit. Jour. of Sur., No,, 19:2.

±!6r

I
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mouth. The recurrent laryngeal nerve should also be identified and drawn
out of the way.

Step 6. Find the neck of the diverticulum behind the esophagus and dissect the
sac carefully: the neck is rarely, if ever, narrow but is usually as wide as
the esophageal opening itself Fig. 1355). Guard against perforations. Large
diverticulae which extend into the superior opening of the thorax must be
gradually drawn upward, a finger in the mediastinum gently aiding. At this

I

Fic. 3 54. Gregoire's meth od of removing diverticulum of esophagus, The diverticulum is
shown :it the base of the wound. The vascular nervous bundle of the neck as well as the
trachea. have been displaced. The diverticulum appear s situated against the vertebral column
covered by the external layer of its visceral sheath. (Courtesy of Prof. R. GrCgoirc. Chirurgie
de L'Oesophae, Masson et Cie, Paris, 1935.)

point there is serious danger that putrid mucus or remnants of food may be
milked out of the pouch into the pharynx and aspirated into the air passages.
A continuous-suction tube should be used to keep the pharynx free. Spong­
ing is of no use and may even prove dangerous by forcing matter from the
infected sac into the air passages (Lilienthal). Once the diverticulum is
fully exposed determine (I) whether it is wise to proceed at once with its
extirpation; or (2) to tampon the operative field and wait five or six days
for the areolar tissue to become walled off.
Treatment of the Sac. A narrow neck may be safely ligated with stout

chromicized catgut and the sac firmly damped and divided with the thermo­
cautery or scalpel clipped in carbolic acid, The stump should be buried with

two rows of catg:ut sutures snugly approximated but not strangulating. (Fig.
1356.)

Step 7. Close the upper part of the skin wound. Pack the remainder with
gauze. Leakage and infection may occur in spite of the most careful tech­
nique (Lilienthal). If the neck of the sac is narrow and thin, the greatest
care must be exercised Jest it be cut Uy the ligature.

FIc. 1355. Gregoire's method of removing diverticulum of the esophagus. The diverticulum
is held by forceps before its resection. The dotted line indicates the line of section. (Courtcw
of Prof. R. Gregoire, Chirurgie de I'Oesophare, Masson et Cie, Paris, 1935.)

Comment. Attention has been principally directed to the removal of
the sac. Th sac, however, is a secondary condition. To effect a radical
cure the primary cause must be effectually remedied (organic stenosis of
the esophagus calls for dilatations first). In very early cases bouginage
may arrest the development of the sac (even in functional cases). In late
cases such dilatation should supplement the extirpation of the sac (Wilkie).

Removal of the sac, despite the recorded series of successful opera­
tions, is nevertheless a serious undertaking (advanced years; sac contains
infectious microorganisms and communicates with a septic channel, and is
situated in a cellular bed ill fitted to deal with infection and is continuous
with an inaccessible space, the posterior mediastinum).
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A primary gastrostomy has been strongly advocated by some and is
undoubtedly advantageous in late cases and in debi litated patients. Oral
asepsis should be aimed at. Lavage of the sac with a mild antiseptic should
be resorted to preoperatively. An empty sac is an essential for a safe opera­
tion (Wilkie),

FIc, 1356. Gregoire's method of extirpating diverticulum of esophagus. Suture _of the
wound in two layers closing the breach resulting from the removal of the_diverticulum.
(Courtesy ui Prof. R. Gregoire, Chirrgie de I'Oesopliage, Masson et Cie, Paris, 1935.)

SHALLOW'S TECHNIC OF COMBINED. ONE STAGE , CLOSED METHOD FOR THE
TREATMENT OF PHARYNGEAL DIVERTICULA

Thomas A. Shallow' recommends the following technic in treating pharyngeal
diverticula:

Prepare the patient in the usual manner employing rectal ether anesthesia;
intratracheal or avert in may also Uc used.
Step 1. Make an incision on the involved side along the anterior border of the

sternomastoid muscle. The incision should begin at the level of the hyoid
bone and extend to I inch above the sternum: penetrate the skin, platysma
and deep fascia, thus exposing the anterior belly of the omohyoid muscle
which is either divided transversely or retracted. If the external jugular
vein is exposed, it should be ligated and divided.

Step z. Expose and retract the common carotid artery and the int ernal jugular
vein. If the thyroid gland is much enlarged, ligate and cut the superior
thyroid artery.
'sSurg. Gynec., n d Obst.. March, 1916, Vol. 6:.

Step 3. Incise t11e sheath which encases the trachea and esophagus, exposing
the latter in the posterior part of the wound and the trachea anteriorly.
Retract the trachea and thyroid toward the midline.

Step 4. Introduce an esophagoscope; aspirate the contents of the diverticular
sac. Apply an antiseptic solution to the interior of the pouch and lower

Fa, 1357. Shallow's technic of combined, one stage, closed method for treatment of plaryngeal
diverticulae.

pharynx. Insert the esophagoscope into the fundus of the diverticulum and
transilluminate the sac; rotate the sac into the wound (Fig. 1357A). Grasp
the sac with intestinal forceps and draw it upward and outward (Fig. 13571).
,vithdraw the esophagoscope from the pouch. Free the sac to the junction of
the diverticulum with the pharynx (Fig. 1357). Free all muscle fibers from
its neck; a neck more than one-half inch in diameter usually means incom­
plete dissection.

Step s. Transfix the sac at its junction with the pharynx with a small intestinal



FIc, 1358. Abd omen, opened. Balfo ur' s separator is in position, The anterior surface
of the dome of the stomach is seen and part 01 the med1ogastnc regio1_1. There is ample ex­
posure of the abdominal sement of the esophagus, of the gastrohepatic branch of the pneu­
mogastric nerve; also, a limited portion of the inferior surface of the diaph ragm and the inferior
diaphragmatic: arteries are seen, (Vasconcelos and Botello.)

"The rapid dilatat ion method is considered to give better permanent results
than the slow method. It is the most benign of all methods and is reported to
give fairly good permanent results in at least 75 per cent of cases. The only
danger is that of rupture of the esophagus with resulting mediastinitis and fatal
peritonitis. This danger occurs wi th both the hydrostatic and metallic dilators,
but in the latter, in addition, there is a greater possibi lity of mJury to the lining
of the esophagus." (Vasconcelos and Botello.)

The incisional surgical methods include intragastric dilatation, Heller's car­
diolysis, esophago-cardioplasty by the abdominal route, Heyrowsky's esophago­
gastroanastomosis and trans-thoraco-abdominal methods of esophagogastroana-:­
tomosis.

The intragastric dilatation method was introduced by Mikulicz in 1907 and
the operation has been dorie by a number of surgeons. It should, however, be
regarded as an exceptional method when direct dilatation is impossible.

Heller's Cardiolysis

This operation was introduced by Heller in 1913 and he gave it the name of
extramucosal cardioplasty. The technic is as follows:
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. . d +t (Fi. 1357D). Excise the neck ofneedle carrying No. r chromicize catgut 'I. '
the sac close to the pharynx (Fig. 1357E). ·F Place mattress

Ster 6, Cauterize the stump with pure phenol (Fig. 13s7) · • .
«ares of No. r chromicized catgut one above and one below the stump (Fi.

1gs;GH ). Penetrate only the submucous coat of the pharynx. Jr" 9"""
· . d ti e cricopharyngeus and t 1c m cnorwith sutures over the invaginated area, 1 ' r . , h .

constrictor muscles. If the pouch originates at Killian's sit, join tae cr1co­
pharyngeus and the upper circular bers of the eso""",{ ,aer uissue or

Step 7. Close the incision in the neck in layers. Place a s
cell-silk drain under the deep fascia (Fig. 13571).

Shallow summarizes: ed b I t
1. In a series of 76 pharyngeal diverticula, all operate on y the one s age

method there were 2 deaths.
"2.

1
Seventy-four patients had complete recover?'. . ..

"3. None of the cases was complicated by mediastinitis.
4. None of the cases required postoperative esophageal dilatation.
«. The use of the esophagoscope prevents angulation, stenosis, and atresia

of the esophagus.
6. Hoarseness is often a chief complaint . .6,, There are 3 areas of the pharynx from which diverticula may arise.
S. The one stage method of operation is the reasonable method of treatment

of pulsion divert icula of the pharymx.
u9. The results depend upon rational surgical procedure and accurate ap­

proximation of tissues. . . -•
««. Moynihan' believes that there is no need for operations Ill two stages.

He is prated upon 1s cases and has 'never had any difficulty in obt aining heal­
ing by first intention.' . .
'n+. Torek says: 'Thirty years ago the mortality was very high with the

one stag~ procedure, but in the last 5 years, 6o cases have been recorded with
a mortality of only t.

SURGICAL TREATMENT OF MEGA-ESOPHAGUS

The surgical treatment of mega-esophagus is aimed toward the removal ~f
the obstacle at the abdominal part of the tube caused by anatomico-pathologic
changes in the organ. Anatomic and physiologic studies have dcmonstra~ed that
the obstacle here is localized in the subdiaphragmatic part and that relief may
be obtained by destruction of the sphincteric apparatus at this site.

The surgical methods in use for the treatment of mega-esophagus may be
divided into the bloodless and incisional.

The bloodless methods include slow and rapid dilatation. Slow dilatation
is accomplished in the usual way by successive introduction of sounds of varying
diameters. The rapid dilatation is accomplished by the introduction of rubber
bags which are then distended by hydrostatic pressure (method of Gottstein and
Plummer); by air distention (Finschietto's method) or by Starck's expansibl e
metallic apparatus.

1 Surg. Gynec. and Obst., Vol. 54, I9Jl.
:Ann. Surg., Vol. 97, 1933.
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Step I, Make a long incision parallel to the left costal border, thence to the
xiphoid appendix, all planes being divided. The cartilages of the 7th, 8th and
oth ribs are uncovered and they are sectioned, care being taken at the 7th
rib not to incise the pericardium. Thisgives access to the cardia. Some prefer
a median xipho-abdomi nal incision, as giving an easier cardial approach.

Step z. Following opening of the abdomen, Balfour's separator is applied and
the retraction gives ample view of the operative field (Fig. 1358). The left
lobe of the liver, which covers the cardia, is displaced by sectioning the trian­
gular ligament and, if necessary, the left part of the coronary ligament. This
uncovers the abdominal part of the esophagus. The liver is held back by a
retractor.

Step 3. The stomach is seized between the fingers and pulled in a cranio-caudal
sense, drawing the cardioesophageal segment downward. Examine the re­
gion for any periesophageal inflammation. Search carefully for the gastro­
hepatic branch of the pneumogastric nerve and verify the position of the in­
ferior diaphragmatic arteries, as well as the esophago-cardiotuberosity artery.
The peri toneum is incised vertically avoiding nerves and vessels (Fig. 1359).

Step 4. The peritoneal folds are dissected so as to completely expose all of the
abdominal esophagus which is then mobilized (Fig. 1360). All the tissue
bands.which connect the esophagus to the diaphragm are cut away and the
posterior surface of the esophagus exposed. A piece of gauze is wound around
the esoph"agus which facilitates traction. In this way the dilated part of the
organ and the strictured abdominal part arc brought into the operative field.

6tep s. This is the most delicate part of the operation. It consists of sectioning
all the muscular layers of the esophagus by a vertical incision which begins
about z to .l cm. above the strictured zone and terminates from 2 to .l cm.

below it. One incision is made in the anterior wall and another identical
one in the posterior wall. These incisions should not include the mucosa.
Following these incisions, the muscular fibers. retract and the abdominal
esophagus expands immediately.

Step 6. Restoration of displaced organs and closure of the abdominal cavity with­
out drainage complete the operation.

\la.
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. Fc. 1360._The peritoncum is dissected permitting a clear view of the pillars and esophageal
hiatus of the diaphragm, the abd ominal segment of the eso phagus and the anterior pneumogas­
tric nerve arc seen. The stomach is held m downward traction by an assistant The dotted line
shows Heller's incisio n. (Vasconcelos and Uotello.) ·

Heyrowsky's Esophago-Gastroanastomosis

This operation was practised for the first time by Heyrowsky in 1913. The
technic is as follows:

Steps I to 4. The preliminary stages of this method are the same as those in
Heller's operation up to the time when the exposed esophagus is invested in
a fold of gauze and pulled into the operative field (Fig. 1361).

Step s. The lower part of the thoracic esophagus is pulled down and a complete
view of the dilated part obtained. The essential procedure in this operation
is to make an anastomosis between the esophagus and stomach, an opening
in the dome of the stomach about 3 to 4 cm. being made. The stomach is
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Fu:. 1361. l·lcyrowsky"s 011cration. Aft1:r the :ibdominal segment of the esophagus is
thoroughly isolated from its diaphragmatic connections it is cnmcshccl in a strip of gauze and
passed to an assistaut. The dotted lines show the iudsions for csop\rngngastric anastomosis.
(Vasconcelos and Botello.)

0
Fu:. 1363. Rcs_cc.tion of ihc ~cnth :iml ekvcnm ritis and corresponding intercostal muscles, pcr­

m1tt111g the parietal pleura to be seen. (Vasconcelos ad Botello.)
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joined by musculo-muscular suture, beginning posteriorly. Proceed to finish
the suturing, beginning the suture by closing the anterior segment.

Step 7. The stay sutures are kept in place to prevent re-entrance of the stomach
into the thorax through the diaphragmatic hiatus. The gauze strips are re­
moved and the viscera restored to place. Opinions vary regarding the neces­
sity for drainage.

Thoraco-Abdominal Approach to the Esophagus. Vasconcelos
and Botello Technic

Several methods of thoraco-abdominal approach to the esophagus have been
described in the literature, that through posterior mediastinotomy being preferred

held by a gauze compress and kept maintained under traction by an as!iistant.
The esophagus is similarly held under traction by another assistant. The
superior part of the strictured esophagus is approximated to the dome of
the stomach.

Step 6. The anastomosis is made at selected points in both structures. Sup­
porting sutures are first placed at the extremities to maintain the positions
while the anastomosis is being made. Then the esophagus and stomach are

r
I
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Showing: the incision and raising up of the superficial planes.
(Vasconcelos and Botello.)

Fic. 1362.
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for surgical reasons. The technic of the method devised by Vasconcelos and
Botello' follows:

with unequal limbs. The medial limb of the incision commences at the level
of the eighth rib and extends to the twelfth (Fig. 1362). The second vertical

Fi. 1364. The plcuromcdiastinal disloc:1tion beini;- 1::umplclcd the sympathetic-thoracic chain,
the aorta, the thoracic esophagus and part of the superior surface of the diaphragm arc clearly
~«n. The lung and 1he pleura arc also hdd in place by means of a retractor. (Vasconcelos
and Botello.)

Fro. 1365. Displaccnwnt of the diaphragmatic pleura. The dots show the line of section of the
diaphragm, (Vasconcelos and Dotdlo.)

Step x. l'Jace the patient on the right side with a cushion under the dorso­
lumbar region. The left arm is kept elevated. l\fake a U-shaped incision
'Cirurgia do Megaesofao," Comp. Ed. Mar., Sao Paulo, 1937.

Fie. 1366. The diaphragm being sectioned, the dome of the stomach is pulled into the thorax
through this breach. (Vasconcelos and Botello.)

Fic. 1367. The esophagus and stomach are approximated and joined. (Vasconcelos and Botello.)

limb ascends along the posterior axillary line to the eighth rib. The incisions
are carried to the skeletal plane and the flap raised, uncovering the ribs.



Step z. Resect the tweHth rib; section the tenth and eleventh ribs through
their extremities (Fig. 1363). Resect the intercostal muscles. Expose the
parietal pleura and fundus of the costodiaphragmatic space. Detach the
pleura from its connections with the vertebral column and aorta. This gives
easy access to the mediastinum. The most delicate step of the operation is
the detachment or the diaphragmatic pleura which adheres more or less

strongly to the muscular lamina. • the athetic-thoracic
Step 3. Detachment of the mediastinal pleura exposes the Sy%P , ,). The

ganglionary chain, the aorta and the thoracic esophagus Fig. 13%41
spl anchnics are seen clearly and injury to them should be avoided. The

diaphragmatic hiatus is iso lated and the phreno-esophageal membrane being
partly destroyed: the diaphragm is sec tioned F ig. 1365).

Step 4. Following section of the diaphragm, a carefully selected portion of the
dome of the stomach is seen directly and is drawn into the thorax (F ig. 1366).
The branches of the peri-esophageal plexus are carefully isolated and the
branches of the esophago-cardiotuberositary artery are ligated.

Step 5. The esophagus is approximated to the stomach (esophagogastroanasto­
mosis) and is being held by stay sutures while the esophagogastroanasto­
mosis in two planes or continuous sutures is executed (Figs. 1367-1368).

Step 6. Suture the diaphragmatic breach so as to avoid transdiaphragmatic
hernia of the stomach. Drain the mediastinum with iodoform gauze. Closure
of the musculo-cutaneous planes concludes the operation.

Fie. 1309. Dissection of anterior thoracic wall fr om behind, showing triangularis stern i
and intercostal muscles.

Historical Notes. Riolanus, in 1649, was the first to advocate paracentesis of
the pericardium. Trephining the sternum was practiced by Skielderup (1818) and by
Malle (1871). Dieulafoy recommended aspiration. Trousseau counseled open inci­
sion by knife. Sir Charles Ballance, in his Bradshaw Lecture on the surgery of the
heart in 1920, asserted that the operation of paracentesis pericardii should be ban­
ished from surgical practice.

Anatomic Considerations (Fig. 1369). The Pericardium. The pericardium
is the serous sac which encloses the heart and the proxima l portions of the great

CHAPTER 31

SURGERY OF THE HEART AND PERICARDIUM
PERICARDIUM

vessels. Like other serous sacs, it consists of two layers, one of which, the visceral
layer, closely invests the heart and at its base becomes continuous with the parietal
layer within which it is invaginated. . . . . .

The visceral layer, sometimes termed the epicardium, is an e.xceedmgly thm
membrane, and is throughout the greater part of its extent so closely adherent to the
outer surface of the heart that any attempt to detach 1t results in injury to the super­
ficial layers of the heart musculature. Over the right side and the anterior surface of
the ventricular portion of the heart, however, a certain amount of fat occurs between
the muscular tissue and the epicardium even in thin persons.
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Esophagogastro:mastomosis; the sustaining sutures are seen at the angles of the
.:mastumosis. (Vasconcelos and Botello.)

Fi¢. 1368.
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The parietal layer, much stronger than the visceral, forms a somewhat conical
sac, the base of which rests upon and is attached to the diaphragm, while its apex
surrounds the roots of the aort ae. Notwi thstanding its greater size, no cavity exists
normally between this and the visceral layer, the two being in contact throughout,
except below, where, towards the periphery of the base of the parietal cone, a slight
space occurs that is normally occupied by a quantity or pericardia] fluid (liquor
pericardii).

At the sides, and to a considerable extent on its anterior surface, the parietal
layer of the pericardium is united to or in close contact With the adjacent pleurae. At
the upper part of its anterior surface where it covers the aorta it is free from such
contact, and over a triangular area near the base of the cone the anterior surface
rests upon the posterior surface of the lower part of the sternum, to which it is united
by some loose areolar tissue. Posteriorly it is free from the pleurae to a considerable
extent, that portion of it which covers the posterior surface of the left auricle resting:
upon the esophagus and the thoracic aorta. The base of the cone is firmly united to the
upper surface of the diaphragm throughout its entire extent, the area of attachment cor­
responding to the anterior and a portion of the left lobe of the central tendon.

The parietal layer of the pericardium is in relation with an external fibrous layer
which extends beyond the serous investment of the roots of the great vessels, blends
with their outer coats, and is directly continuous with the deep cervical fascia, thus
connectinJ{ the pericardium with two respiratory agents, the diaphragm below and the
cervical muscles {omohyoid) above. ""hen these act conjointly, as in a full inspi ra­
tion, they render the pericardium tense and resisting, and minimize the pressure upon
the heart by the inflated lungs.

The Heart. The outlines of the heart are as follows: A line drawn convexly
outwards from the third to the sixth right chondrostemal junctions will represent the
right border: a line from the sixth right chondro-sternal junction to a point in the
fifth left interspace, three and a half inches from the mesial plane, corresponds to the
lower border: while a line from the last point to the second left interspace, half an
inch from the sternal margin, marks out the left border. The anterior surface of the
heart mainly consists or the right ventricle, a portion of the right auricle, and about
half an inch of the left ventricle. Of these, the right ventricle is the part most liable
to injury from punctured wounds. Owing to the thinness of its wall wounds of the
right auricle are almost invariably fatal. The right auricle receives the superior vena
cava, the inferior vena cava, and the cardiac veins. It opens into the right ventricle
by the tricuspid orifice which is guarded by the valve of the same name. Springing
from the conus arterio~us _of the right ventricle is the pulmonary artery; its semilunar
valves prevent regurgitation of blood from the artery into the ventricle. The four
pulmonary veins terminate in the left auricle from which the blood enters the left
ventricle through the mitral orifice which is guarded by the mitral or bicuspid valve.
The aorta anses from the vestibule of the left ventricle. Its valve, like that of the
pulmonary artery, consists or three semilunar cusps.

The heart is supplied by the coronary branches of the ascending aorta. The
right coronary occupies the right auriculo-ventricular groove and sends a descending
branch along the posterior inter-ventricular sulcus. The left coronary artery runs in
the left auriculo-ventricular furrow, and gives off a descending branch which lies in
the anterior inter-ventricular groove.

PARACENTESIS PERICARDII

Sites recommended for paracentesis of the pericardium are: Third intercostal
space (Schub and Sharp), fourth intercostal space (Karanaeff, P irogoff) fifth
intercostal space (Sievers, Dieulafoy, Rosenbach), sixth intercostal space (De.
lorme and Mignon, Voinitch-Sianojensky), seventh intercostal space (Beckman
and Behier), and the left costo-xiphoid notch close to the ensiform cartilage
(Laennec , Muller, Roberts and 'Allingham). Marfan's subxiphoid puncture is an­
other approach. Important facts lo remember in doing a pericardial paracentesis

are: Avoid injury to the (a) pleura, (b) the heart and (c) the internal mammary
artery (F igs. 1370-1371-1372).

I"'

FIG. 1370 Frc 1371
Fze. 1370, Enormous pcricardial effusion.

Frc. 1.171. Pcricardial effusion after pericardiocentesis.

Common carotid aa.

Fie. l372. Relation of the heart and blood vessels to the anterior wall of the chesL

Voinitch-Sianojensky made an exhaustive study to determine a composite
pericardia ! area not covered by the pleura in a large number of normal subjec ts.
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Fic, 1374 Fc. 1375
Frn. 1374. Marfan's subxiphOid puncture of the pericardium.

Fc. 1375. Lateral puncture of the pericardium.

irritate the heart (proper position of the point of the cannula). When the flow
is scanty or lessened bring the patient into a sitting position.

Parasternal Paracentesis
This is more difficult to do than the preceding (Fig. 1376). Make a trans­

verse incision in the skin about an inch long, at the inner end of the sixth left
intercostal space exposing clearly the border or the sternum. Guide the trocar
to the wall of the chest, direct it obliquely inward behind the sternum for about
three-quarters of an inch, then point it inward and downward until the peri ­
cardium is opened.

Trans-sternal Paracentesis
DOYEN'S PROCEDURE

Step I. A vertical median incision is made, s cm. in length. the center of which
is opposite the fifth costal cartilages.

Step' 2. The surface of the sternum is exposed with a raspatory and perforated
(Fig. 1377) wi th a trephine, flat drill or cylindro-spherical burr of between
16 and 20 mm.

r·
I

Lateral Paracentesis
Herc the puncture is made about four fingers' breadth from the sternum

(Fig. 1375). Make a vertical incision about half an inch in length over the
intcrcostal space selected. Push the needle inward obliquely almost parallel to
the deep surface of the thoracic wall (Lejars). Never insert the needle deeper
than about an inch from the surface (Terrier and Raymond). If no fluid issues
at that depth it is best to abandon further efforts and do a pericardiotomy (p.
1208). A sharp, quick, dexterous thrust and experience arc required to skillfully
overcome the resistance offered by the pericardium, particularly when it is thick­
ened or distended with fluid. Be careful not to permit the end of the trocar to

Marfan's Method

This procedure is indicated both as· a
If for diagnosis, use a long, aspi rating

needle; if for treatment, a trocar
should be employed. Withdraw the
fluid slowly. If pulmonary or cardiac
distress supervene, stop for a while
until the condition of the patient im­
proves. It is not advisable nor neces­
sary to withdraw the fluid completely.

The usual site for introducing the
aspirating needle is: the fourth fifth
or sixth intercostal space about an inch
to the left of the sternum. The last
named is the safest point to avoid in­
jury to the important structuresnamed
above.

t
0

1 (Blec:hmnnn, "Les epanchements du pcricardc; dude clinique ct thcrnpeutique. L::i ponction
epigastrique de Marfan. These de Paris, 1913.)

Place the Patient in a semi-sitting
position. Introduce a spinal-puncture
needle in the midline immediately be­
low the xiphoid cartilage (Figs. 1373D­
1374) and pass the needle obliquely
from below upward along the posterior..Rt .k,2."7.5 sorts sot s servo.tor avows ca. :

liminary skin incision). 8, Lateral puncture thence somewhat obliquely backward
/2%222.1%%2%%..2: woe we c» i de sis«rt servo»
i1ch-Sianojcnsky). D. Marfan's subx iph oid of the diaphragm, thus penetrating the
puncture. pericardium at its base.

It will thus be seen that in this method the pleura and internal mammary
artery are definitely avoided. According to Blechmann, the depth to which the
needle ought to penetrate is approximately 4 cm. (r¾ in.) in patients less than
five years of age; 5 cm. (a in.) in those from five to ten years; 5 to 6 cm. (2-2/
in.) in those from ten to fifteen years; 6 cm. (a/ in.) in individuals more than
fifteen years of age.' In the adult the depth to which it is necessary. to penetrate
will vary a little according to the shape of the thorax, the more or less marked
concavity of the diaphragm, and the degree of distention of the pericardia} sac;
practically, however, as the puncture will always be made with· a vacuum in the
aspirating apparatus, the needle will he pushed in until the liquid begins to flow.
This method of puncture should not be used when the xiphisternum is misshapen
or when there is much abdominal distention.

The long axis of this space which is the resultant site of greatest safety ex­
tends from the seventh left chondrosternal articulation vertically upward lo the
level of the lower border of the fifth chondrosternal articulation. This line lies
chiefly behind the sternum but touches upon the sixth space jus t at the stern 1
margin (Fig. 1373C). "a

Technic of Pericardiocentesis.
means of diagnosis and of treatment.
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Step 3. Irrigate the wound and grasp· the pericardium with clawed forceps at
the time of puncture.

Step 4. Suture and tampon the wound. If drainage is indicated a soft split
rubber tube is inserted after opening the pericardium.

PERICARDIOTOMY
Duval Barasty's Extrapleural Pericardiotomy

The essential steps of the operation are as.follows (Figs. 1378-1379):
Step 1. Free the ensiform cartilage and remove it through a midline incision.
Step 2. Split the sternum with a rotary saw to the third intercostal space.

Divide it across.
Step 3. Keep the parts retracted

with a self-retaining retractor.
Step 4. Open the pericardium.

Do what is indicated. Drain
the lower angle· or the peri­
cardial wound and close the
rest of the sac .

et

/

ae..,
Fc. 1376 Fi. 1377
FIG. 1376, Parasternal puncture of the pericardium. •

FIc. 1377. Doyen's trans-sternal route of approach to the pericardium. After the soft tissues have
been divided the sternum is perforated with a cylindrospherical burr of zo mm. diameter.

Delorme and Mignon's Method
Step 1. Make a vertical incision about I cm. from the left border of the

sternum in a curved direction and extending from the lower border of the
seventh to the upper border or the fourth costal cartilage.

Step 2. Resecl a portion of the fifth and sixth costal cart ilages.
Step 3• Det.ach the insertions of the triangularis sterni muscle. Push away the

loose cellular tissue from the pericardium.
Step 4. Displace the mammary vessels and open the pericardium.

Comment. Von Eiselsberg's method consists of resecting the fourth
left costal cartilage.

Ollicr's Operation
This is essentially a subperiosteal resection of the left fifth costal carti lage.

Step 1. Make an incision about three inches in length beginning at the midline
of the sternum and extending outward over the firth cartilage. The cartilage
is divided with a knife close to the sternum. Introduce a Doyen rib elevator
clearing the deep surface; raise it and turn it outward. Remove the cartilage

I
$­

I.

I
L

Fic. 1378 Fic. 1379
FIGS. IJi8-13i9, Extrapleural pericardiotomy by the DuVal-Barash · middle line incision.

The ensiform is freed and removed. The sternum is split to the third intercostal space with a
rotary saw, where it is cut across. Fig. 1378 shows the left half of the stern um retracted bring­
ing into view the adherent parietal pleura which is freed from the chest wall with a gauze
sponge. Fig. 1379 shows a self-retaining retractor in place and the pericardium opened (Lerche).

at its articulation. Retract the lips of the incision upward and downward
exposing the fourth and fifth intercostal spaces.

Step 2. An incision in the intercostal tissues is made parallel with and close to
the border of the sternum. Detach the triangularis sterni muscle and push
it outward. ·

Step 3. The pleural cul-de-sac adheres only slightly to the pericardium but
firmly lo the muscle (Delorme and :\Iignon). Figure 1369 shows the attach­
ments or the triangularis sterni muscle to the posterior surface or the
sternum. The periosteal separator should, therefore, be introduced under
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FIG. 1380. Rehn's method of pericardiotomy.

the sternal border parallel to the deep aspect of the bone, and the tendinous
insertions and the muscle detached by working the instrument upward and
downward.

Step 4. Introduce a finger through the opening made with the director, retract­
ing the tissues and exposing the pericardium.

Rehn-Durante Method of Pericardiotomy

Step I. i\Iake an incision between the ribs extending from the sternum exter­
nally. In case of injury of the chest, avoid the wound inflicted by the missile
or knife. The incision is usually made in the fifth intercostal space.

Step 2. \Vith rib spreaders, separate
the ribs forcibly.

Step 3. Open the pleura (Fig. 1380).
Step 4. Grasp the lung wi th ap­

propriate forceps and displace it
outward. If there is not sufficient
room for the operative pro­
cedures, one should resort to re­
section of one or more ribs,
or, if need be, partial resection of
the sternum, Where one finds
that the approach is beset with
greater difficulties, a longitudinal
median incision through the
sternum should be made and the
approach to the pericardium
sought. In such instances, the
incision should begin at the upper

border of the third rib and end at the upper border of the sixth. The costal
cartilages of the respective ribs are divided close to the sternum and the
flap, consisting of bone and soft structures, is displaced upward or down­
ward according to indications. Avoid injury to the internal mammary
artery.

Step 5. Where there is no emergency existing one may proceed cautiously and
carefully, avoiding injury to the pleura by working close to the border of the
sternum and carefully separating the ribs at the sternal junction. Separate
the pleura from the pericardium with great care. Open the pericardium by
means of a long or transverse incision.

Binnie's Operation

Step r. !\fake an incision down to the bone to the left, from the mid-line of the
sternum at the level of, and following the line of) the sixth costal cartilage.
If necessary, the incision may extend to the left mammary line.

Step 2. Separate the perichondrium and all the soft parts from the sixth costal
cartilage. Excise the cartilage.

Step 3. Ligate the mammary vessels in the triangular muscle of the sternum
and divide its tendinous insertion into the sternum.

Step 4. The exposed pericardium can now be drained and the operation ended
if drainage alone is needed.

Step 5. If more room is needed, make an incision from the horizontal one up­
ward in the midsternal line to the point desired, usually the level of the
second rib.

Step 6. Separate the periosteum and soft structures from the sternum to the
left of the median line. Divide the fifth, fourth and third left costal car­
tilages at their insertion into the sternum.

Step 7. Push the exposed margin of the pleura upward through the horizontal
incision and gradually separate it from the fifth and even the fourth and third
costal cartilages.

Step a. After separating the flap from the pleura, fracture or divide the costal
cartilages in the flap at their costal insertion.

Step 9. Spl it the pericardium along the sternal margin and laterally along the
fifth interspace. This gives access to the heart from the auricles to the apex
of the ventricles.

Step 1o. If more room is desired, a sufficient portion of the sternum may be
excised with bone forceps or by means of a rongeur.

Step II. \Vipe away any blood clots in the open pericardium. Suture the ex­
isting cardiac wounds with catgut or silk, care being taken not to suture any
coronary artery.

Step 12. Close the pericardia} wound with or without drainage.
Step 13. Suture or drain any pleural wounds which may be present. Don't

waste time by trying to remove blood thoroughly from the pleural cavity.

CARDIOLYSIS

Decortication of the heart was first recommended by DClorme in 1898. Rehn
performed the operation in a case of adhesive pericarditis. In 19021 Brauer sug.
gested an operation to which the name cardiolysis is applied, its object being to
counteract the damage resulting from adhesive rnediastinopericarditis. In sub­
stance the principles underlying the procedure are:

Delorme's Operation

Step 1. Expose the heart by temporary resection of the thoracic wall.
Step 2. Open the pericardium.
Step 3. Manually break down the adhesions existing between the pericardium

and heart.

Brauer's Operation

This operation is not designed to free the adhesions from the heart but to
render them innocuous. This is accomplished by excision of ribs and cartilages,
even a portion of the sternum to an extent called for by the existing condition
(three ribs or more if necessary). After this the cutaneous flap is replaced. A
suitable protection should be worn later over the site of the operation (Fig. 1381).

The reader is referred to Schmieden's thorough work on the subject. In brief,
his procedure is as follows:

Step 1. Make a flap extending over the thirdtthe sixth ribs inclusive (on the
left side).
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Step z. Lift up the flap. Cut the costa l cartilages (left) close to the sternum.
Resect considerable portions of ribs subperiosteally depending upon the re­
quirements of the case.

Step 3. Push back the soft tissues. Smooth the sternal margin with rongeurs.
Step 4. Carefully dissect out the scar-tissue surrounding the heart. Avoid

opening the pleura.

Comments. Usually only the left heart needs decortication. If the
left phrenic nerve is found imbedded in scar tissue it may be rcsected.
Free the heart from all restraining bands (diaphragm; etc.). Work care­
fully on the right side because the wall of the heart is weaker here.
Never attempt decortication of the auricles (Schmieden). Nissen recalls

primarily obstructs its filling, interfering with cardiac motion. Generalized ad­
hesions between the epicardium and the parietal pericardium are not sufficient in
themselves to produce polyserositis.

Coincidental with the development and contracture of scar tissue about the
heart, the clinical manifestations of the Pick syndrome in the order of their
appearance are: (a) a rise in the venous pressure; (b) ascites and the develop­
ment of a fibrinous exudate on the liver; (c) hydrothorax; and (d) pulmonary
and subcutaneous edema. Together with the observations reported, there oc­
curred general weakness and listlessness, a small and rapid pulse, cyanosis and
a decrease in the minute volume output of the heart. It was shown roentgeno­

graphically that the heart and pericardium actually decreased in size and as­
sumed a globular shape as the syndrome developed; after the pericardium was
resected, the heart resumed its previous size and shape. Not infrequently the
compression effect of the tight scar on the heart can be demonstrated fluoro­
scopically by the limitation of the systolic and diastolic movements of the heart.

The shift of the electrical axis of the heart wi th a change of position was
of slight diagnostic significance in the experiments. It is of greater diagnostic
significance in the determination of extrapericarclial adhesions.

In tapping the vent ricles for specimens of blood for cardiac output determina­
tions, the aspirating needle encountered a definite resistance if the parietal peri­
cardium was thickened and scarred. This may be useful as a diagnostic aid in
obscure cases.

On the basis of experiment it was found that the venous pressure was the
most reliable index to the development of this condition. A rise in the venous
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F1c. 1381. Technic of cardiolysis.

that an extrapleural resection of ribs (extrapericardial thoracolysis) is
an excellent method to afford freedom of movement to the heart. It is a
simple and successful procedure provided, however, the cases are well
selected.

CONTUSIONS OF THE HEART

Claude S. Beck described the "steering-wheel" type of accident producing
contusion of the heart which is driven against the spinal column (Fig. 1382).
The usual symptoms complained of are dyspnoea and weakness. Circulatory
collapse may develop. In gross injury of the heart, rupture of the auricl es and
ventric les may take place.

PERICARDIECTOMY
In the Treatment of the P ick Syndrome

Experiments by Claude S. Beck revealed that the essential factor in the pro­
duction of Pick's disease is fibrosis and contracture of the parietal pericardium or
epicardium, or both, forming a casing of scar which compresses the heart and



1214 SURGERY OF THE BREAST AND CHEST SURGERY OF TI-IE I-IEAIIT AND PERICARDIUM 1210

search for a line of cleavage. Separate the pericardium from the heart
by blunt dissection (Fig. 1385). Free the left ventricle before the right
ventricle. Sharp dissection may be necessary here and there. Draw ;he

¥
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--Fi 1386 F, 1387
FIG. 138.i. The pericardium was incised ovrr the left ventricle. It was difficult to determine

the plane of demarcation between scar ad myocardium.
Fi. 1385. A plane of cleavage was found and separation was carried out by blunt dissection.

The heart seemed to bulge through the opening in the scar as the separation progressed.
FIG, 1386. The pericardium over the right side of the heart was drawn to the left, The

right pleural sinus was dissected from the pericardium.
FIc. 1387. The pericardium was excised as was also a plaque of epicardial scar lying over the

left ventricle. The coronary vessels stand out well. (Courtesy oi Dr, Ckmrle S. Beck.)

pericardium over the right side of the heart to the left with Allis forceps.
Dissect the right pleural sinus from the pericardium (Fig. 1386).

Step 4. Remove the pericardium on the right and over the base of the heart.
Excise the scar on the left side down to the emergence of the pulmonary
vessels.

FIG. 1383. The fourth, fifth and sixth costal cartilages on the left side were resected and
the sternum was partially reseted. The pleural sinus on the left was dissected from the peri­
cardium. (Courtesy of Dr. Claude S. Bt"Ck.)

the midsternum for z inches and curve laterally to the midclavicular line
about the level of the third rib. Divide the pectoralis major at the two
lateral arms of the incision, exposing the underlying costal cart ilages, sternum
and ribs. Separate the soft structures from the fourth, fifth and sixth costal
cartilages and divide these close to the sternum.

Step z. Separate the mediastinal structures from the sternum by blunt dissec­
tion. Remove over three-fourths of the width and 3 inches of the length of
the sternum with a rongeur. Dissect the pleural sinus on the left from the
pericardium (Fig, 1383).

Step 3. Incise the pericardium over its midanterior portion (Fig. 1384) and

pressure was always noted before ascites or fluid in the chest could be demon­
strated.

The casing of a scar can almost always be resected. Usually a plane of
cleavage can be found and separation can be carried out by blunt dissection.

Claude S. Beck's Operation

Place the patient in a semirecumbent position on the operating table· ad•
minister ether vapor anesthesia. '

Step 1. ?ilake an incision beginning at the costal margin in the midclavicular
line on the left, curving medially and superiorly lo the midsternum; follow
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F1c. 1388. The portion of the _pericardium
excised at operation. It varied in thickness from
J to 6 mm. Microscopically, this structure closely
resembled the scar produced experimcnt:i.lly.
(Courtesy o( Dr. Claude S. Beck.) CARD!ORRHAPHY

Kocher's Technic

Step 1. Prepare the skin of the surface to be operated upon rapidly but
thoroughly (soap and warm water; ether; alcohol; avoid antiseptics).

Step 2. Make an incision (Figs. 1389-1390) about 1o cm, in length beginning
al the sixth costal cartilage and extending along it to the costochondral
junction, through the skin and fascia. Divide the muscle fibers of the
pectoralis major muscle at the under surface of the rib and the intercostals
on both borders of the rib with knife and raspatory.

Step 3. After dividing the costal carti lage close to its attachment to the sternum,
'Chir. Operatlonslehre, 5th., Edit.

WOUNDS OF THE HEART AND PERICARDIUM
Historical Notes. Wounds involving only the pericardium without injury to

the heart arc rare. The accepted dogma of the ancients that wounds of the heart
were invariably fatal was challenged by Hallerius (1498-1562). In 1642 Idonis Wolf
was first to describe a healed wound of the heart. This concerned a deer killed in
hunt where a healed wound received previously was found by Wolf. George Fischer,
in 1868, in a painstaking study of 452 cases of wounds of the heart, mainly in animals,
showed that 1o per cent recovered. The first to suture wounds in the hearts of rabbits
and to show that many recovered and to suggest the feasibility of such attempts in
humans was Dlock, in 1882. Morgagni (De Sedibus et Causis Morborum) showed
that a puncture wound of a coronary artery on the external surface of the heart may
cause so great an amount of blood to accumulate in the pericardium as to compress the
bleeding point thus arresting hemorrhage.

At the Eleventh International Medical Congress at Rome in 1895, Del Vecchio
demonstrated healed wounds after suture in the hearts of dogs. The first attempt to·
suture the wound in the heart of a human being was made in September, 1895, by
Cappelen of Christiana: the second in March, 1896, by Farina: the third, first suc­
cessful attempt, is credited to Rehn (September, 1896). The latter collected, in 19o7,
124 cases of suture of cardiac wounds with a mortality of 6o per cent.

Theodor Kocher as far back as 19071 recalled that at that time there was
already too great a number of methods devised for the exposure and treatment
of wounds of the heart. Thus: "that many procedures arc at the surgeon's
command in this phase of surgery is shown by the fact that Terrier and Raymond,
in 1900, pointed out that in eleven cases of wounds of the heart ten procedures
were used."

"True/' Kocher says, "that in injuries of the heart the procedure must
needs vary, depending on the site or injury (right or left to the sternum; above
in the region of the auricle or below in the area occupied by the ventricles).
Nevertheless, in an emergency situation where prompt action is paramount, the
surgeon should be conversant with one method which should serve well in all
cases."

Step s. An almost complete resection of the pericardium can be carried out,
leaving only the portion posterior to the heart.

The sternum is not disturbed. The seventh costal cartilage should not
be resected in order that the movements of the diaphragm remain unim­
paired. The flaps of soft parts are reapproximated.

sternum.
Step a. Dissect laterally the two flaps of the soft parts thus made to expose

the sternum and the costal cart ilages. Resect the third, fourth, fifth and
sixth costal cartilages on each side or the sternum.

Step 3. Ligate the internal mammary vessels. Dissect the pleural sinus from
the pericardium on each side thus providing an excellent exposure well
around on each side of the pericardium.

Step 4. The left and the right phrenic nerves should be dissected from the
pericardium with the mediastinal pleura; the right may or may not be
seen along the superior vena cava. The pulmonary vessels can be seen
on each side.

BILATERAL EXPOSURE FOR RESECTION OF PERICARDIUM

The Duval-Barasty incision permits every aspect of the heart to be ap­
proached. In his operation for the refi "?f of mitral stenosis, Cutler used this

incision in six cases; with this ex­
perience as a background, he felt
that probably this exposure was too
shocking to the patient who was seri­
ously decompensated.

Step 1. Make an H-shaped in­
cision, with the crossbar or the
H extending over the midline of
the sternum and the parallel
arms or the H placed at the
level of the third costal cartilages
above and at· the junction of the
manubrium with the sternum
below. The transverse incisions
extend laterally from the mid­
sternal incision for about S cm,
in each direction. The midline
incision is carried to the
sternum. The upper transverse
incision transects the pectoralis
major muscle for a short dis­
tance at its origin from the

Excision of the pericardium is now complete except for an area posterior
lo the heart and a small area over the right auricle where the venae cavae
enter the pericardium and where the exposure of the structures is inadequate
(Figs. 1387-1388).

Step 5. Place the flap of soft parts in its bed; the flap is lined with the cover­
ing of the heart and pleura.

Step 6. Suture the soft parts with two layers of silk and close the skin with
silk. Place a small drain in the wound thus affording drainage of fluid
or blood and preventing cardiac tamponade. Seal the wound with silver
foil and cover it with a voluminous dressing.
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(Courtesy of

'
Petral 1usde

Exposure of heart by intercostochondral tho racotomy.
Dr. O:mdc S. lk<:k.)

l'WI

Fic. 1392.

Fic. 1391. Expo sure of the heart. Kocher's incision.

\

\pull it up with a hook and sever it at its junction with the cartilage of the
seventh costal cartilage.

The internal mammary vessels now appear about a finger's breadth from
the border of the sternum. Ligate these doubly and divide them. The tri­
angularis sterni muscle is now found under these vessels. Divide this close
to the sternum.

Step 4. Displace the muscle and the pleura adhering to it laterally. The point
of reflection of the pleura is frequently recognized by a pad of fat and may
usually be easily separated from the pericardium. Expose the latter until
its attachment to the diaphragm is visible. If at this point it appears that

FIG. IJ l)O

FG. 1389. Kocher's method of exposure of the heart. Formation of osteoplastic flap.
Fa. 1390. Exposure of the heart by Kocher's method. The flap resulting from the incision

shown in the previous illustration. The sixth costal cartilage has been resected. Between the
divided ends of tlw cartil:11-:e the periehondrium is visible. The transversus thoracis muscle,
the intcrn:tl mammary artery and vein arc exposed.

the pericardium may be promptly opened it may be done now; if not, proceed
as follows:

Step 5. According to the position of the wound in the heart, enlarge the incision
in the median line of the sternum upwards to the costal cartilage of the fourth,
third or even second rib. Add to this vertical incision a horizontal cut about
8 cm. long dividing the fibers of the pectoralis major along their attachment
to the rib, usually the third, from the upper border of which the fibers of
the intercostal muscles are bluntly separated.

Step 6. Push off the pleura bluntly from the under surface of the fifth costal
cartilage together with the triangularis muscle. Divide this cartilage close
to its attachment to the sternum. Repeat the same procedure with the
cartilage of the fourth and third ribs.

Step 7. Elevate the severed cartilages; push the triangularis muscle and pleura
laterally. Break the flap consisting of the cartilages at their junction with
the respective ribs, or, if necessary, by dividing the ribs further outward.
Displace these outwards thus exposing the pericardium from the auricles

Fc. 1393. First_step in _metho d of controlling flo w sf bt '
of base; third finger is placed through reat tr4,,""of lood through_heart by comp ression
posteriorly_in pericardial eaity; by compression «;},"""? fourth and fifth fingers are placed
iwomars veins can be slided. courtesy of r 'ia."S"}2,{" "ae eave ad be ii ­

FIG, 1304. Second step mn method of controlling flow
pression of ha: the heart is steadied between ii {j,,,"" g,blood through heart by om­
Ur. Claude S. Deck ) mt and the index finger, (Courtesy of

mo
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(FIg. 1391) down to the apex. If the pleura is inadvertently opened, close
it at once (Terrier and Raymond).

Step 8. Enter the opened pericardium and lift the heart out with two fingers
The apex is held by Museux forceps as recommended by Terrier and Ray:

Steriumn

' ' 'Diaphragm

FIG, 1395. Exposure of heart by median sterotomy . (Courtesy of Dr, CIanude S, Beck.)

mond. Surgeons of tad b f . .Th fir 1ay use Y preterence a transfixmn suture in the apex.
t e rst suture introduced into the wound should be left long so that when
ract1on is put upon it a c 1· be I d(Rehn). To ut •. onunuous suture may satisfactorily p a~e
(E P a finger mto the wound or the heart is dannerous practice
. ..Cutler). Avoid inclusion of a coronary vessel in th; suture. Fine
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