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uf thc trachea (ohliqudy) and may lic from eme half to :111 inch abovc thc supra•
Sll·nml uutd1.

Tracheotomy, under certain conditions, is a Vl'ry simple proccdurc. Again
it may bt: diflit:ult to acrnmplish (t•na-r~cndrs, al:1rminn dyspne:i, impropcr sur•
tounlinygs, poor assistance, etc.).

Typcs oí Opcrntlon. Hi¡.:h lr:icht·otomy (alwve thc isthmus oí tite thyroid
¡.:land).

SUHGEHY 01-' THE .~l'ECK ~\ND CEllVICAL Er,;'DOCRJKE GL,\Kl)s aso

1. Prcssurc necrosis írom 1mpropcrly placed tubc...,"..,7 « a«. a,
High Trachcotomy

Position of the paticnt. Place thc paticnt on bis back .• h
raised on a pillow or sand bag and the hc.:id extended. ~t ¡¡:he .sho~lder1
l'ssential. um1n;i11on U

Anesthesia may be local or gcne~al. Palpatc thc thyroid and cricoid .
Stcp 1. hom a pomt bclow anrl m thc middle oí the thyr •r1 •1 CJ.rtilage.

an incision exactly in thc midU.nc, nbo_ut 1 ½ inches in 1e:g1:¡~~i ~ge, makc
The. slerno•thyronl :md. t~e stcrno-hyoHI muscles are retracted la,:~aj~~ A).
thc 1sthmus o( the thyrmd 1spushcd downward. Calch a\l bl r .... } anQ
ligatc them (anterior jugalars). Exposc the pretracheal ,:\:n;:t~e\ an.d
lransverscly at thc lcvcl oí the cricoid cartilagc (Fi" . 464 B) H h .nc1.5e 11
c.1.nnot readily be displ:iced ít is best to divide it i:twecn 1...,.'0 lig~tir:th~:i,s
464 C). The uppcr threc or four tracheal rings are thus cxposcd. (hg.

Fia• .¡61 F1t.:.. .¡6=i
}:)c . .;6t. L:tr)'l1¡::<1t,n11y. l11í,l!r.uiu11 :mothcsil fo'r brynr,otomy. Thc circks rcprcscnt
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1:C1;li~ibk ~¡,,....,_. 1h11 11ern: !ics lb:p!r lx:-himl th.: w¡1<:rior thyroi<I ncrn::. Aft cr incis iun o! lh,:
kin, th:e red'e is pa:...sn.! :hruu¡:h tlu: cricoitl rr.en:br.mc wl1n,: t!:c na:co;a is infiltrated. ,:are
b<-i:,,:: t:il.cn 1:u: to p,:rfor.,.:,: thc muro.).3.. Abo1.:: 1 o:. oí anc~thetic is her,: tkpo}itcd ~lawly. ,\
similar deresit is rade at th· !,i:;::hcr ¡:<,int. li t!:c injn:1ion is propcrl y 1,cdarmcd. r.a rd!c,c,:s
an: cxci:t'(\ \\l:rn thc ir:tcriur oí tl,c brynx i; cxr«isc,t S!iou!d a ~cr.5iti,·e arc:i be touched. a
¡¡lc,.~cl o: ,-.:::ton f!10i5:tncd with co.;::iir.c mh:tion i, prcHcd ;:i¡pimt it. lt is to be ho¡1<:r:I that
Hbry;:i.:ctm:i~ts will r. ·a1i:a.· tl1ey h:w~· !wn: :i rndl:od tlut is sur1<:rior to the langing trethod."

F:I'.'~ ~óz. In!ucril-uthyrnicl \Jryn¡;u1on1y (tl;:i.i;:rJ1!m::1.tid. A. Cricoi<I c:irtibí,e.. B.
Th r,o :d c::r!:!.1'.~C. lletWl-c:: th,: two a nr: ica\ Jinc ir:d:c:ite:- pl:iccr:1cnts of ir.ci1ion.

Cautíon. In low tr.1cbet.Jtomy the skin incision must be amp!e in order to a.void
s:.1bcut:u:eous err.phFem.1. In m::ildng the incision, keep clase to the mediJ.n line.
De\·btion to or::e s!de ar the other mJ.y CJ.tL"e unde:sirJ.b!e bleeding and culminate in a.n
imp:oper openin; in t.!::e tnchea.. The trachea rnllit be steadie<l while being opened ..
A dry fie.!d ~ es..~ntb.l. A blood clot or mucoll.5 plug in the. trJ.chea IT1.J.Y preve.nt
proper areJ.tion. .-\ny tendency to dy:::pr.eJ. mllit be im·Qtig;ited a.nd the causath·c
factor eEdn.:i.ted.

Co::npl:cations. I. Aspiration of bloo<l or mucus c:iusing r~piratory em·
b:ir~srr:ent (bronchopneumonl.l, trJ.cheobronchiti.s. etc.).

Fu:• .;6J. Uutlin's i:lr}·n~ctomy tubc with ;i pilct.

Step 2. Stcady the cricoid o:tibge with a sh:up hook which pulls thc cartilagc
upwar.d (F1g. .;6.; D). Inc1se_the trach~ from b_cl_ow upward. CJreshou!d
be taken not lo push the kmfe so far m as to injure the posterior all of
the trachea. Two or three tracheal rings are divided. The incision in thc
tnch_eJ.. is about ~,_¡ of an mch m Iength. ..\ pair oí hemoslJ.ts spreJ.d; the
openmg tr::msvcrsel}'. Introduce a tr::icheotomy tube (Fig.. .;65) or, sutll!c
the edges of the trache.J.I opening to the edges oí the skin. One suture on
cach sidc sufiices to keep the trache.J.l opening patent..
lf a tubc is u.sed its size should suit the opcning in the tr:i.chea (Fig. 466).

Aítcr the tubc is properly pbced, it should be secured by .J. tJ.pe around the r.e-ck
to prevent it slipping out.

Low Tracheotomy

Step 1. The incision in this oper:i.tion begü ·.s ne:u- the cricoid c:irtilJ.;e and CI•
tend5 downward for about ! inci:es.

Step :::.. Divide the f.l!5Cil and e:rpose the truh~a. Lig:i.te ud di•,ide \"ts...:els as
they appear. Vigil is e:,senti.11 to di.,;cover wy :ilir:orm:11 v~el5 ctCS3in3 tht
oper:i.tiYe rield. (Fig. 46¡ ..\ .. ) H t!:e isti:imus af t.b.~ thyrnid intt:feres -:;ith
exposurc pul! it out oi the ,~·:i.y (upw:u-tl). ..\ study of Fig. .;é¡..\ 5[:o~ n-hy
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tl:T! lo•.\· cper::1tion S!::ou!ci r:ot be t1;:-ed C. cilili:ren (y~q:ci:?: :i.=.ci::.tl::!:, d."!p
pc;sition of tl:e tnci:e:r, sf:ort r:~, t:.y=~~e!).
Tne tr:rci:e::i. i..;; cpt.'ce¿ i::. t.=~ ~'";:: t! c.:l.-:::er- a:: ir: ti:.t! !::;p.

oper:rtion. (Fii. 45; B.) Scr::e objet..'"!. to cI;= ~~1..-üt::r::y te
cause o:t±e tcss::!irclarzzez!sercss.
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forccps will ai<l in its pa.ssagc. Thc isthmic-tissue is raised and the hemostat
is kept clase to the midline. A second artcry íorceps is placed parallcl to
the first (Fig. 470).

Step 4. Divide tl 1c isthmus bctwecn thc
artery forceps and rotate these lateral ly
to about 90 degrccs ¡ in so doing dcprcss
thc handles oí thc íorccps somewhat so
as to raise thc points oí thc hcmostat,
thus scparating thc tissucs írom thc
trachea; this is to be aidcd by a snip of
lhc scalpcl whcrc ncccssary. Thc first
íour rings now He clearly exposed.

Step 5. Now make a vertical incision clivid­
ing thc sccond, third and íourth trachcal
rings. Pick up onc cclgc oí thc wound in
thc trachca with a <lissccting íorccps, snip
off one or lwo oí tite tracheal rings and
rcpcal the proccdure on the othcr c;idc- F1c. 469. Emcrgcncy opcnings oí thc
an oval window thus rcsults on 1hc an• tracha. (Hamilton BJ.ilcy.)
tcrior súrface oí the windpipe. This is
prcícrablc to passing the tube through a light vertical opening.

Stcp 6. Ligatc the divided islhmus, Inscrt the trachcotomy tubc as describcd
above.

Step 7. Close thc skin around the· tube.
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Fic. 467. Low tracheotomy.

F1c. 468. Tracheotomy. The assistant stan ding on the patient's left, places his ripght hand
on the forehead and his left on the occiput. He thcn fully cxtcnds thc 11<."Ck, ;md holds thc
head firmly in this position until the tr:ichcolomy tubc is safely placed. (Ater Hamilton
lfailcy.) . ·

Fa 470. The ithmus of the thyroid is divided between artery forceps and the trachea
is cxposed. The inert shows how an artery forceps tunnels the isthmus to scp.1r:itc it front
thc tr:ichca (Emcrgt·ncy Surgcry, llamilton Bailcy. John Wright & Sons, 1936.)

ST . CLAIR TIIOMSON'S PROCEDURE-{TRANQUIL TRACIIEOTOMY)

Sir St. Clair Thomson charactcrizcd his proccdure in the íollowing tcrms:
"The c.,lm with which this procedure takes place is in striking contrast with the
agitated, hurriedand often bloody and dangerous operation of former days. "

SURGERY OF THE HEAD AND NECK

The principal underlying the procedure is based on the elimination o[ !he
commotion which attcncls t.he firs t cntry oí air into lhe trachca. This is accom­
plished by the use ol inlratracheal iníus ion ol coca ine which is accomplished
as follows:
Stop 1. Fil! a hypodermic syringe with 20 drops ol a 21/, per cent solution

of cocaine for an adult; for a child, s drops oí a I pcr cent solution.
Step z. Lay bare the tracheal rings as described above. Grasp the syringe as

you wouli a fountain pcn, placing the forcfingcr about an inch down írom
the extrcmity ol the needle. The middle, ring ami little fingers rest on the
paticnl's ncck thus prevcnting thc point oí thc nccdle írom cntcring thc
lumen oí thc trachea for more than a quarter of an inch.

Ftc. 471. Tranquil trachcotomy by injcclmg a solution of cocaine into the lumen of the
trachea. (After Sir SI. Q::,,ir Thomson.)

Step 3. Inject the cocaine solution into !he lumen of the trachea (Fig. 471).
Withdraw the needle briskly. Jmmedia tely upon the so lution entering the
trachea a slight cough is promptly produced which, however, does not cause
much distrcss. Ií the condition is not urgcnt about ten minutes should
elapse to allow the coca ine to take lull effect. Al the end ol !ha! period the
incision can be made into the trachea and the tube inserted witbout spasm or
cough.

Step 4. Complete the operation as outlined above.

TRACHEOTOMY IN DESPERATE CASES
Step 1. Extend thc palienl's head. Palpate the cricoid carti lage. Make the skin

ol the precricoid region tense. (Fig. 472.)
Step a. Make a longitudinal incision exa.ctly in the midline, about 3 inches

in length.
Step 3. Lift up the larynx by placing a sharp hook under !he criooid carti lage

which is sleadied with !he Jeft hand.
Step 4. Direc t the cutting edge of a narrow bladed knife toward the patient's
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chin :md thrust the knife about half an inch below the cricoid cartilagc, into
the trachea. Extend the incision somewhat upwarcl. Air will now rush into
the opcncd trachca.

Step s. Guide the point of an artcry forceps a.long thc blade oí the kniíc into
the opened windpipe. Spread the blades of the hemostat whi le the scalpel is
withdrawn.

Stcp 6. Insert a trachcotomy tubc. Rcleasc the sharp hook íróm undcr the
cricoid cartilage.

Fc, 472. Jackson's tracheotomy triangle: t. safety zone, 2. danger zone.

Step 7. Close the wound. Dress.
Commcnt. In these urgent cases;wastc no time in preparations. Pro­

crastination oftcn spells death. Act promptly ! On occasion, the resource­
ful surgcon will havc to dcpend upan a pocket knifc and a tube. Te
dcsidcratum is to gct air to thc suffocating paticnt as promptly as possible.

INTUBATION
(Tub1ge)

Thisoperation was first recommended by Loiseau and Bouchet (France 1880).
In England the procedure was championed by Sir WV, Macewen and in America
by O'Dwyer ol New York. ·

Advanlages ol intubation.
1, No anesthetic is required.
2. No operation is períormed.
3. Performance is rapid.



Disadvantagt:s.
1. Requircs special training and instruments.
2, :\lust be períormed quickly: respiration is embarrassed during introduction

of the tube.
3. The tube may be coughcd up or blockcd; drainage is incflicient.
4. Complications are frequent (bronchopneumonia, ulceration, stenosis).
• Exacting after treatment demands constant watchfulness.
6. Secondary tracheotomy is frequenlly necessary (about 30 per cent).
7. Tube difficult to kcep in place.

The choice between tracheotomy and intubation depcnds upan the expericnce
oí the surgeon. Gcnerally it may be statcd that in sclectcd cases with an e.x­
perienced surgeon, the method is valuable.

cause oí its length a.nd shape (Fig, 473 A, B, C and D). The larger part ol
the tube tests below lhe cricoid cartilage and its funnel-shaped upper cnd on
the arytenoepiglottidean folds.
The instruments which are absolutely necessary are a mouth ag, an intro­

ducer and a laryngeal tube of proper dimensions. (Fig. 474.)
Commcnt. No ancsthcsia is employcd. An assistant is necessary to

help hold the patient and expedite the procedure, The patient is held be­
twccn thc knces oí thc assistant who sces that thc body is kept in an upright
position with thc head on thc assistant's leít shoulder; the patient's hands
are held firmly by the assistant. The surgeon takcs his position on a stool
facing thc paticnt. Thc cannula is insertcd nlongsidc of thc finger until
it rcnches the larynx (Fig. 473 A and B). At thc first inspir.i.tion of the
patient thc cannula is inscrted into the glottis and thc carricr withdrawn
(Fig . 473 C). Thc string which has bccn pl:iccd in thc cannula need not be
removed as it is helpful in rcmoving the tubc. In ordcr to be sure the tube
is propcrly placed, inscrt a finger aítcr the tubc has becn placed in position:
ií the Iarynx can be palpated posteriorly, thc tubc is corrcctly pl:iced. If
not, thc tubc must be rcplaccd. Ií the tubc cannot be properly placed in
thrcc cfforts, do a trachcotomy. It is usually left in about 4 days.

F1c. -47-1, ErmoliJ-O'Dwyer's intubltion ~et.

SUHGERY OF THE NECK AND CERVICAL ENDOCRINE GLANDs a»
In this procedure it is necessary that the surgeon's fingers be traiq

recognize the ep 1glotlts1 the aryteno1d cart1lnges and the laryngeal entran . 0

the ha.neis place the tube almosl entirely wítbout sight. ce sine
Step 1• Fix the mouth open. Locate the entr:mce lo the larynx with th 1index ítnger which has been protected by banda.ges. e lelt
Step 2• Now place the left index finger on the posterior suríace o( thc epiglottis

to serve as a uide for the tube which is mounted on a special curved •
menl and carried into the larynx where it remains in place without ;~ 1:~

SURGERY OF THE HEAD ,\KD NECK

4. Breathing is continuetl lhrou¡?h natural air passagcs.
• Better results are obtained in children under five years of age.
6. Recovery is quicker.
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PHARYNGOTOMY
While tbe paticnt is lying on his back with his head extend ing over the

operating table and a cushion under his shoulders, loca.te the hyoid bonc and
thyroid cartilage with the fingers (Fig. 475).
Step 1. Incise the skin transversely parallel to and directly undcr thc hyoid

bone (Fig. 476). An incision z inches long is aclequalc to expose the en­
trance of the larynx, but ií there is a growth in the pharynx or upper larynx,
the incision must be longer.

F1c. 475. Subhyoid p11,11yn¡;otomy. l.oc:i ting the thyrohyoid sp.icc.

Stcp 2. Incise lhc platysma myoi<ks, omohyoid, stemohyoid and thyrohyoid
mu.seles nea.r the hyoid bone, permitting enough of their structures to remain
so that they may be sutured (Figs. 477-478).

Step J. With a culling instrument directed bJ.ckward and upward, incise lhe
thyrohyoid membrane near the posterior surfacc oí the hyoid, a.Jlowing
enough oí the membr.me to remain for resuturing purposes. Check bleeding.

Step 4. While exercising care so that lhe epiglollis is not ínjured, grasp thc
mucosa wíth a forceps during expiration and incise it. In the upper margin
oí the incision, place two sutures o( calgut to act as guides when the edges oí
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1he wound are being approximated. Place a suture in the epiglottis for the
same purposc. .-\dcqualc cxposure of the upper larynx or lower pharynr is
now accomplished. In cases oí maliimancr oí lhc ·upper larynx or ií undue
blceclin ;::: is cxpt·cted, pt'rÍorm :i preliminary tracheotont}'· A foreign body or
a tumor may now be removed, or the latter electrocoapgulated.

Step 5. Reunite tie incisiun in the mucous membrane with fine catgut sutures,

ne s ». ns • a...».9,±222p
Crieotlyreotony. c. La teral esoplagotomy, d. [aferir trato '

., prai
uniting the thyrohyoid membrane, muscles and skin ~p:i~atet mueous
through gauz.e or oiled silk inserted down to the suture-hne in 1 v.-ith
membrane. It most ot 0e pharyx has ben atea, f ""2,"e
gauze and leave the incision partly open. In such cases4 tra eo
comes imperative.

Transhyoid Pharyngotomy

Vallas advocates mesial division of lhe pharynx. . _ 1 . the miil-
Step 1, Incise the skin, subcutaneous tissue and mylohyoid muse:1".rf

line trom a point slighty ao ve the byoid to he noth of!"",hiae ad
Stcp 2. Completely expose a small plt"Ce of the hyoid bone

divide it by means oí scissors or fom·p5. partion~ C1f
Step J. Creale a space about 1¼ inches wide by rrtracting thr 1""

0
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the hyoid bone, lhus obtaining cxposure oí the mucosa of the pharynx above
and the thyrohyoid membrane below the bone.

Step 4. Incise the ph'lrynx lrom above downward, being guided by a finger in.
troduced into the pharynx through the mouth.

Step s. Attend to the corrections which prompted the operation; provide ap­
propriatc drainage; suture the tissues in Jaycrs. The hyoid bonc need nol be
sutured.

Suprahyoid Pharyngotomy
This operation is recommended by Ermitsch, Grünwald, Federoff and many

others when tumors are present, particularly if at the base of the tongue and the
epiglottis. No preliminary tracbeotomy is required. The palien! is placed on bis
back, his head íalling backward over the end oí the operating table; a cushion is
placed undrr bis shoulders.
Step J. Ata point a quartcr oían inch above the hyoid bone make a transverse,

concavc incision upward including the skin and platysrna.
Step :z. The submaxilla.ry gland which now comes into vicw is drawn back.

Protect the insertions oí the digastric muscle. Separate the mylohyoids,
geniohyoids and hyoglossi muscles by a transverse incision. The pharynx is
incised careíully avoiding the epiglottis, and complete exposure of the
pharynx, soft palate, tonsils, epiglottis and base of the tongue is accom­
plished. lf it is necessary to operate on the base of the tongue, a sharp
tractor is uscd to draw that organ into the wound.

EXTERNAL ESOPHAGOTOMY
This is indicated in cases of foreign bodies which cannot be attacked other­

wise, also in treating strictures which are so situated that dilatation per os is im­
possible and in certain diverticula (Figs. 479-480-481). Where the indication
is the removal of a foreign body, external esophagotomy should be undertaken
within z4 hours after other modes of attack have failed. Do this operation
where the up and down movement oí the foreign body threatens to ·inílict serious
injury or where bleeding forces the surgeon to prompl action. Periesophageal
iníections and symptoms oí mediastinitis indicate immediatc opcration.

Infiltration, block or general anesthesia may be resorted to in approaching
the esophagus in its cervical portian.

Strictures in the neck should be incised longitudinally so that healing takes
place transversely tbus widening the diameter ol the esophagus. In strictures
located below the upper thoracic opening the operation is performed for the pur­
pose of permitting dilatation, also for dividing strictures located below the upper
opening of the thorax through the esophagotomy opening. Externa] and interna!
esophagotomy may be combinecl (see also Surgery oí the Esophagus in Chapter
on Surgery of the Chest).

Operation. This may be performed on eilher side of the neck but is usually
done on the left side. Guard against injury to the recurrent laryngeal nerve
(Fig. 48). It a foreign body is to be removed, its location determines the side
to be operated upon.
Step 1. Make an incision nlong the front margin of the sternocleidomastoid

Ftc. 482. Exposing the esophazus. (Davis' Applied Anatomy.)

Step s. Incise the esophagus on its posterolateral aspect. The insertion oí a
bougie is very helpíul. lf a loreign body is to be removed, grasp and extract
it carefully (Fig. 483 B).

Step 6. Introduce a stomacb tube through the esophagotomy incision for feed­
ing purp oses. Place one cigarette drain in the esophagus below the tube and
another in the direction oí the mediastinum. Clase the remainder of the
wound in the esophagus in two layers. In some cases temporary gastrostomy
may be indicated.
Leave the wound entirely open, changing the dressing lrequently ií symptoms

oí periesopbageal inflammation are present. Remove the tube in about a week .
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muscle extending from the hyoid bone to the clavicle. The skin, platysma
and superficial fascia are included in the incision.

Step z. Draw back the sternocleidomastoid muscle laterally and the sternohyoid
mesially. Incise the omohyoid muscle mesially to the carotid sheath, exposing
the middle ]ayer of deep cervical fascia covering the thyroid gland and per­
mitting access to the esophagus (Figs . 482 and 483 A).

Step 3. Draw the thyroid gland, larynx and trachea to one side and the sterno­
thyroid, sternocleidomastoid, stemohyoid muscles and large vessels to the
other, exposing the inferior thyroid artery and the longus co1li muscle in the
background.

Step 4. Doubly lipgate the inferior thyroid artery and divide it between ligatures,
exposing the esophagus. Avoid injury to the recurrent laryngeal nerve be­
tween the esophagus and trachea; if necessary draw the nerve toward the
middle with a hook.

E,ohagus

.- "Inferior thyroid artery

-ommon carotid antery.-
¿.. Stemomastoid muscle

<.

Stemnothyroid mur€le-.
Thyreid oland ---

Recurent laryngeal neré
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Apply a gentlc comprcssion dressing to the wound for a fcw days follo,Ving lhc
remo val of the tube.

lí tluring thc manipulations littlc trauma has been inflicted on the esophaeal
wnll, a double row of catgut sutures are uscd to close the wound. Suturing, how­
ever, is gcnerally done under dificulties since only the mo re serous cases are
treated by surgical means. Even though the incision in the esophagus is closed.
thorough drainage must be providcd for the externa! incision as well as toward

A D
Frr.. .¡8J . Exkma1 esupha¡::o1orny. A. Note the omohyoid muscle has been divided and

the inferior cons trictor of the pharyymx exposed. The thyroid and the sternocleidomastoid
mucles lave ben retracte to expos e the es phaus, B. Removal of forein body from the
esoplapgus by exteral resophagotomy. 0herve Graefe's instrument hooked beneath te
dental plate pulling it upward (modified after Doyen)

thc mediaslinum. Hans counscls me-sial incision of the esophagus following a
median culaneous incision in cases which can be sutured. He stall's thal this is
less difiicult and the sutured closure less dangerous by reason oí thc trachea lying
ovcr it.

Dangers. Aspiration pneumonia, the result of anesthesia, swelling of
thc throat, the result oí manipulations, and local inflammation and suppura•
tion as wcll as mediastinitis may ensue following thc operation. Metastatic:.
absccsses or sepsis are possiblc sequels. Esophagcal and mediastinal fistulac
oftcn closc spontaneously but occasionally they call for surgical repair.

SUllGEilY OF THE NECK AND CERVICAL ENDOCRINE GLANDS iO:S

MAJOR LARYNGEAL OPERATIONS

Billroth pcrforme~I thc_first 1:tryngcctom~ for c.arcinoma of the Jarynx in 18
(Fig. 484). Total extirpation of the lary nx is usually callcd íor whcn maligna~~
discase is present to such an extent as to involve bo th lateral halves of the org
Although in some technics it may be onuttcd 1t lS more usual to pcrform a prior

Fc. 4d4. Carcinoma of the larynx.

tracheotomy which may he done sorne days previous lo or immcdintcly prcccding
thc main operation. Thc grcatest danger in laryngectomy is nol so much tht
immediate ri'.sk oí the opcration as nspiration pneumonia.

Median Thyrotomy or Laryngofissurc
This proccdurc is ind icated for diagnostic purposes, removal of foreign bodies

or growths írom the larynx or preparatory to somc other opcration; it is not a
serious proccdurc. Complete exposurc is obtained by dividing the anterior aspect
of the lary nx in thc middlc and st'parating it; the larynx is later sutured.

Hcmilaryngectomy or Partial Laryngcctomy
This proccdurc holds a median position between larynpgofissure and total

Iaryngcctomy and may provc more dangerous than cither. It is indicated in ClS(S

of chondritis accompanied by cartilage necrosis and malignancies which invoh-e
thc subjaccnt cartilagc. lt consists oí thc removal oí a porlion oí the larynx.

· lt may be perlormed under local (inf,ltration or block) ancsthcsia.
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Total Laryngectomy
Step I, l\Iake an incision in thc median linc of the ncck starting above thc

hyoid bone and extending to about an inch abo ve the sternum (Fig. 485 a).
The thyroid cartilage :md tracheal rings are exposed (Fig. 485 b).

Step z. Divide thc isthmus oí the thyroid gland in the midlinc and Jiga.te the
stumps (Fig. 485 c), The infrahyoid muscles are drawn l,ack aíter bcing
delachcd from thc thyroid cartilage. Retract the sternohyoid and divide the
sternothyroid muscles; retract the lobes of thc thyroid gland írom the
larynx and trachca to the desircd distance.

Step 3. Ligate the superior ami inferior laryngcal artcrics ami branchcs as well
as their related veins.

Step 4. A single median incision may suffice but it is gcnerally advisablc to
make additional incisions above and below forming flaps which when drawn
back facilitate dissection.

Step • Insert two strong silk sutures lransversely througli thc :mtcrolateral
aspects of the trachea between the first and second rings of cartilage, then
pass one cnd oí each suture through the skin and clamp thc loosc cnds in
pairs.

Step 6. Incisc the !rachea abovc the sutures between the irst tracheal ring and
thc cricoid c.artilage, dirccting the instrument from the íront · to the back
ancl from Uelow upward, UCing: careful not lo injurc the csoph .:igw. Thc
lowcr cnd of the trachea is disscctcd írom the esophagus ami drawn forward.

Step 7. Make a small transversc incision above the suprastcrnal notch. l\fake
a tunnel by blunt dissection through thc connccting lissue lo Lhe main in­
cision.

Step 8. Dring thc two pairs oí sutures attached to the trachca through the
transverse wound by means of an artery clamp, with the end oí the trachea
following. Onc suture oí each pair is inserted through the adjoining: skin
on either side and tied to its partncr; in likc manner a sutu re is passed above
and below. The trachea should be sutured as far clown as possiblc.

Step g. Inscrt a tracheotomy tube in the tied end of the trachea and continue
anesthesia through it, thus protecting the lungs írom aspiration (Fig. 485
d ami e).

Step 10. Retract the margins of thc wound and subjacent musclcs; detach thc
muscles from the thyroid cartilage; the inferior constrictors to thc postero­
lateral aspects oí thc larynx are cut; ligate the cricothyroid artery ; sever
the intcrn.:il laryngeal ncrves wherc they join the tbyrohyoid mcmbrane.

Step n. I greatcr cxposure is desired the 1liyrohyoid membrane is incised above
the thyroid cartilage. The procedure from here on is determined by the indi­
vidual involvements. Separation from below is generally preferrcd.

Step 12. Separate the tracheal stump and larynx from the esophagus by means
oí blunt disscction accomplished by the use oí a forccps, blunt disscctor,
Mayo scissors nnd thc fmgers. This is an exacting part oí the opcratíon and
should be done very carefully,

Step 13. Sever the inferio r constrictors oí the pharynx clase to the thyroid car­
tilage. Detach the lnrynx from the f:SOphagus at the arytenoid cartilages
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Fa 485. Total iaryngcctony in one step (contined). cervical sopla,gus. The openin
in the pharyn :-: is closed with two rows of intcrni¡ih.-d cat¡.:ut sutures, The strap muscles are
rt.'1mitcd in front of 1hc t'~oph:ii::us. Thc Ílrst rin~ of thc trache:i h:is l,cc11 n:mo,·cd in ;¡ suh­
.,mcous 111:i11ncr to afTord a lon¡:cr íl:ip íor !>uturc. 1,:. ÜJJ(r:ilion complckil. Ohscn ·c that thc
midportion of the wound was left open for drainae and dressings., Note the placement of the
drainae tubes. The rachea has been sutured to the skin from wbich the fat has ben removcd.
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Fc. 485. Total laryn ectomy in one step (continued). c. Strap muscles of the neck
have ben divided and retracted exposing the thyroid gland. Clamping and division of the
isthmus of thc thyroid. d. The thyroid cartilae has bttn írl'1:'d írom ns muscul:tr attach-

m e n t s, The trachea i s s e v e r ed j u st below the cricoid cartilage, The larynx i s li f t e d up with
hook and íorccps ami is separated from the esophagus and írom thc tr.:ms,·crsc :irylc1101d nmsclcs
in thc b:ack. A tube is fittcd inlo thc trachca íor intratrachcal insuffia1io 11_ ancs,thcsia. e. The

#zztzé:#:tr%22747%4#."%
tÜbc is introduced for avae (nasal feeding). Observe that during this step o thc opcrat1on.
thc ancsthctic is continued by intratracheal insufflation. The larynx has be-en sc,·cred from tite
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Anterior Operation
S!ep 1, Approach:

(a) Make an incision beginning a finger's breadth over the clavicle and
extending from the stemomastoid to the trapezius, or

_(Fig. 485 f). Divide thc pharyngcal mucosa transvcrscly a halí inch bcyond
the growth. Divide the thyroid membrane in íront transversely.

Step 14. The epiglottis rnay be removed with the larynx which is dissected leav­
ing thc pharyngcal cavity open.

SURGEllY OF THE XECK AXD CEllVICAL EXDOClllXE GL\XDS ·111

(b) Make an oblique incision along the front edge of thc trapezius
muscle or slig:htly in front oí it, or

(e) ::\Iake a vertical incision over the most prominent part of thc
swelling.

Thcsc incisions posscss equal mcrit providcd adcquatc exposurc is ob­
tained; it may be neccssary, in sorne instanccs, to combine two incisions.

Step z. Incise the platysma and superficial fascia; ligate thc cxtcrnal jug:ular
vein doubly and divide it bctwecn ligatures. Incise the dccper tissues so as
to obtain exposurc of the Urachial plcxus and large vessels. Carefully draw
back thc vessels and ncrves lying: over the cervical rib.

Step 3. Detach the rib from its tissues by means oí blunt and sharp disscction:
careíully avoid the pleura. Extraperiostcal excision oí thc rilJ is more difficult
to perform than subperiosteal and sccms to be somcwhat superior. Exposc
a small middle part of the rib, divide it near thc spine with a bone forceps,
carefully cleaning away all sharp spicules adhering to thc part lcft attachcd
to thc spinc; divide thc ril> from its frontal attachmcnt ami remove it.
Only thc portien oí the bonc excrting: prcssurc on the nerves and vessels
nced be cxcisc<l, in cases where rescction oí the cntire rib appears too diífi­
cult.

Step 4. Check bleeding. Effcct closure oí the wound by mcans oí dcep and
superficial sutures.

Posterior Operation (Strcissler's Method)

Step 1. ~Iake an incision downward ami parallel to the spine, bcginning 2 cm.
to thc side oí the spinous processcs oí the vertel>rae and the width oí a hand
al>ovc the vertebra promincns nnd terminating the width oí a hand below thc
vertebra prorninens.

Stcp 2. Separa te the trapezius, both rhomboids, scrratus posticus ancl splenius:
thc complcxus and scmispinalis colli are also diviclcd, thus obtaining cxposurc
oí thc two lower cervical and two upper thoracic vertebrae, as wcll as the
junction oí thc cervical rib and transverse proccss oí thc sevcnlh cervical
vertebra.

Step 3. Excise the transverse process exposing the neck of tite rib, ancl divide
it with a curved elevator, avoiding the nerve roots immcdiatcly in front oí it.

Step 4. Grasp the rib with forccps and dctach it as íar as possible anteriorly by
means oí sharp ancl blunt dis.section.

H removal oí the rib proves too diíficult on account oí inadequatc cx­
posure, finish thc operation through a front incision. The rcsults, as a rule,
are quite satisíactory.
Comment. Preserve, wherever possible, thc posterior supraclavicular

nerves: avoid the accessory nerve at the upper end of the wound. When
mobilizing the sternomastoid muscle, pull it forward with the extcrnal
jugular vein. When dividing the deep fascia, secure the transverse cervical
vein as it passes over the posterior triangle where it merges with the exter­
na! jugular vein. Free the posterior belly oí the omohyoid muscle, displace
it upward. Divide and ligate the transverse cervical artery where it crosses
anterior to the brachial plexus. Be surc to identify thc plexus at the lateral
margin of the scalenus anterior muscle in front of the scalcnus medius. In
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Step 1. Where it is pos.sible to c1osc the wound by suturing, the trachea is
fastencd to the lower part of the neck. Temporary drains are inserted (Fig.
485 g).

EXCISION OF CERVICAL RIB
Cervical ribs are unilateral ar bilateral and are not oí the same size. They

are joined to the seventh cervical vertebra and in sorne instances termínate in
the neck tissues; in other instances they are joincd anteriorly to the first thoracic
rib or sternum (Fig. 486). Ordinari ly, there are no symptorns; however, in sorne~res t.he rib presses on t.he vessels or nerve-trunks passing ov~r it. (Fig. 48_7).

pressure syrnptoms do not respond to simple treatment, surgical interventuonecomes necessary. Sometimes the connective tissue which extends beyond the
rib is the source of trouble and must be excised.
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F. 488. Right sympathetic trunk in the thoracic cavity, viewed from the riglit and fro in
front. (Th e pleura and fascia cndothoracica have ben removed. Of the sympathicus only a
few branches are drawn.)
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6. Intimate union oí the inferior cervical and first thoracic ganglia into one
mass, from which a portien must be removed.

7. Injury to the rctroclavicular vcnous plc:ms.
After thc paticul recovcrs from the opcration pcrformed on one side, thc

other side is operated on similarly.

TORTICOLLIS (WRY NECK; CAPUT OBSTIPUM)
Thcre are several surgical mcthods to cope with this condition.
r. Subcutaneous tcnotomy oí the sternal and clavicular portions of the

sternomastoid, (Fig. 489.) This operation is not much in vogue al

t
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present; in its favor is the absence of scar, while against it appear U
inadequacy of the procedure and its accompanying dangers. ,y ,q y

2. Open O¡icration, This consists in dividing the constnct1ons an a
fbrous bands which prevent rectification of the torticollis.

% .,4"a.ce s «a.o« «nas
mastoid.

In spasmodic torticollis the íollo\\·ing melhods may be used:
I. Mu!tiplc myotomy (Kochcr).
2. Finney's Operation (sce bclow).

Open Tenotomy of the Sternomastoid Muscle

Step 1. The tendon is divided / to M inch above the clavile; this is b""
complished by an obligue in«ision (Fig. «os). esi he ir"$%""";a
outer edge of the sternal attachment of the sternomastoid; the incas10 +e
be I to 2 inches in length and should extend upward and outward to
middle oí lhe anterior margin of the clavicular portion ot the mus,,e

Step 2. Retract the wound lhoroughly and expose hoth portions of thc m ·

palpating thc cervical rib through the sc:.alcnus mcdius, divide thc musclcs
ovcr the proximal portien of thc rib, dctaching thcm cntircly írom that
structure. Thc rib is usually dividcd with its periosteum beyond the trans­
verse process of the cervical vertebra. In clearing thc rib forward and
downward, !rcc a laycr corrcsponding to Sibson's fascia. Avoid injuring
the pleura.

Thc front cnd oí thc cervical rib is gcnerally attachcd to thc first
thoracic rib in thc arca of thc scalcnc tubcrclc by bonc or tissuc libcrs. To
obtain cxposurc of this junction, carc!ully draw forward the lowcst trunk
of the brachial plexus and thc subclavian artcry. Divide the front junction
and rcmovc thc rib.

In unusual instances where the rib reaches beyond the scalene tubercle,
the rib maybe excised at the level of the tubercle, since the front portion is
harmless. In cases whcrc prcssurc exists on thc lowcr portien of the
brachial plexus ncar the middlc oí thc first thoracic rib, a similar proccdure
is followed. Exposc the first rib; clear and rcmove thc portion betwccn the
neck of thc rib and scalene tubcrclc.

Control hemorrhage and applya largc pad of wool anda bandagc to pre­
elude a hematoma.

REMOVAL OF THE CERVICAL SYMPATHETIC
Anatomic and Practica! Considerations. Thc cervical sympalhctic is sorne­

times included in injuries oí thc neck ¡ it is frequently compressed by a neoplasm,
dilatation of an artery or an abscess, Motor fibers of the involuntary muscles of
the orbit and eyelids, vasomotor fibers of the face, neck and head, dilator fibers ofe7t%:±"z2%r2%
rcsults in the following conditions: wider opening of the palpcbral fissurc, cxoph­
thalmos, dilatation of the pupils, decreased perspiration, saliva and nasal secretion;
the face and neck of the patient appears pale and cold. Its obhterallon results in
symptoms directly opposite those enumerated above.

Epilepsy, ¡.:laucoma and etophthalmic goiter h:l.ve becn indiotions íor thc re­
moval of the cervical sympathetic. Jonnesco has bcen very succcss(ul in períorming
this operation in cases of e:wphthalmic goiter; he recommcnds it airo in cases oí
hysteria, chorea and brain tumor. Thc cervic.il sympathetic is situated on thc pre­
vertebral fascia back of the carotid sheath and may be removed through an incision
in ront of the sternomastoid. Directly opposite the transverse processes of the
second ami lhird vcrtebrac appears the superior cervical anglion whose branches
extend upward near the externa! and internal carotid arteric-s, thc nscending branch
passing throupgh its bony canal along the internal carotid artery in the base of the
skull where the carotid and cavernous plexuses develop, The remaining tributaries
form a communication with the cranial nerves, the pharyngeal nerves and the super­
ficial cervical cardiac nerve. On the inferior thyroid artery opposite the sixth
cervical vertebra appears the micldle cervical ganlion; between the neck of the first
rib and the transverse proces.s o( the seventli cervical vertebra is found the inferior
pganlion.

The superior thoracic panglia of the cervical sympathctic, which are four or
five in numbcr, emerge into the thoracic visccra, while the inferior, which are scven
or eight in number, make up the splanchnic nerves and supply the abdominal viscera
through the sclar plexus. It should be remembcrcd that the intercostal nerves origi­
nating from the spinal cord which correspond with the splanchnics which emerge
from the g:mglia and thc ilio-hypo¡:!aslric and ilio-inguinal nerves fumish the motor
and scnsory supply of the wall of the abdomen. Simi\arly, the same portions oí the
spinal cord fumish the abdominal viscera and their coverings of skin and musclc.

The same pattern is íollowed by the ncrvcs in the joints, the same nerve supplying
the skin, joinls and muscles, hence the sympathctic action of the joints undcr cer­
tain conditions. \\'hcn a joint is inílamed in arder to protect it, the skin becomes very
sensitive, and 1he musclcs stiffcn making rest imperati\·e. The abdominal musclcs
behave in the same way in casc of inílamcd viscera. (Fig. 488.)

Cervical Sympathectomy
Step r. Make an incision beginningopposite the posterior margin oí the mastoid

process and continuc it downward along the posterior bordcr oí the stcmo­
mastoid muscle to a point just below the clavicle. Divide thc skin, super­
ficial fascia and platysma. Ligate and divide the externa) jugular vein.
Displace the sternomastoid musclc inward; expose by blunt disscction the
common sheath of the exposed vessels (Fig. 52o, page 444).

Step 2. Lift lhe unopencd carotid sheath upward and retract it, thus exposing
the cen•ical cord and superior and middlc cervical ganglia. lsolale the trunk
of the cervical sympathetic near the center of the incision and follow it
up to the superior ganglion.

Step 3. Divide the communicating branches oí•the ganglion with sdssors. Re­
move the ganglion with forccps.

Step 4. By making slight traction upon the distal end oí the trunk, the cord is
traced down to the middlc ganglion; remove it in the same manner. Follow
the main trunk oí the sympathetic downward behind the clavidc to the infe­
rior ganglinn, Remove it. Exerdse care not to injure the spinal accessory
nerve and other important nerves and vessels in the vicinily,

Step s. Unite with catgut sutures the separated muscles. Close thc superficial
wound.
Comment. lsolation and rcsection of thc inferior ganglion is thc most

difficult step in thc opcration, as the ganglion Hes dccply imbcddcd in a
special pockct at the base of the neck or even in the thorax, bchind thc
clavicle, against the neck and head of the frst rib, between the scalenus
anticus and longus colli musclcs and justabovc thc pleura. The trunkof thc
ncrvc should be used as a guide to the ganglion. It lics sometimes internal
to, though rarelyexterna! to, the vertehal artery. The ganglioii. is adhcrent
to the artery and enlaces it in a mcshw.;irk oí its effcrent and affercnt fibcrs.
To reach it, retract the scalenus nticus, the thyroid axis, and thc vertebral
artery and vcin downward and outward: retract the stemomastoid muscle
and the carotid shcath with its contents inward and forward. Divide thc
cellular and aponeurotic tissues covering thc vcsscl& and thc ganglion. Iso­
late thc ganglion from thc vertebral artcry cxtcrnally and from the rib
and spine internally. Isolate and divide the affcrent and cffcrcnt fibcrs and
removc the ganglion. '

Dangers.
r. lnjury to the verlebral artery and vein.
2. lnjury to the first intercoslal nrtcry or its cervical branch.
3. Injury to the subclavian artery, especially on the left sidc.
4. Injury to the pleura.
5. ·Morc.e.llcment may become nccessa.ry when the ganglion is friable.
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oí one or more muscles or groups of musclcs that move the head on the body.
Not infrequently when one muscle or group oí muscles-tbose primarily involvcd
-are pul out oí commission by opcration, the affeetion immediately manifests
itself in an adjacent set oí musdcs, or may even involve the opposite side. This
fact adds greatly to the unccrtnínty hithcrto cxisting. Either for this rcason or
because incomplete operations have been perfo rmed, a comparntivcly large pro­
portion oí cases have rcquired repeated operntions befare a cure has been ef­
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Fc. 491 Fic. 40
FiG. 491, Incision. Lower limit, level of anle oí jaw; upper, 1!cm. below occipital pro­

tuberance. (Cortesy uf Dr J. M T Finey.)
Fic. 492 a Spinl acessory nerve; b. les«ser occipital nerve; c. reater occipital nerve;

d third cervical nerve, View after skin and subcutanous tis sus lave ben turned bak.
(Courtsy of Dr, J. M., T. Frey.)

fectc<l. In a fairly large proportion oí the cases maximum improvement was
nol attained for a considerable period- from six months to two or three years.

Finney Operation for Spasmodic Torticollis

Stcp 1. l\fake an incision along the posterior bordcr oí the sternomastoid
muscle (Fig. 49), beginning at a point two íinger-breadths bclow the leve!
of the angle of the jaw and continuing upward along the edge of the muscle
to a point about the level of the lobe of the ear, then curving over toward
the midlinc to a point about two finger- breadths below the occip ital pro ­
tuberance, thence carried acro ss the midline, following the same general di­
rection as just described, in reverse arder. When comple1ed, the incision
is in the form of an inverted "U."

Isolate and divide the attachments under visual guidance. The head oí the
patient should be rotatcd toward the sound side, thus putting ali contractcd
structurcs on lension; these should be ca reíully divided.

Step 3. Attend to hemostasis. Clase the wound. Dress .
Comment. Forcibte overcorrection is advised by Lorenz before the

patient comes out of the anesthesia. Retain the corrected or overcorrected
position by an extension apparatus or by means of a propcr dressing {plaster
of Paris). Later resort to massagc, etc.

Musc1e Lcngthening
This method is rccommended by ThelweU Thomas. The object is to dispense

with prolongcd and tedious after treatmcnt. No retentive apparatus is used.
Step 1. Make a transvcrse incision ovcr thc lower third oí the sternomastoid.

Expose the sternoma.stoid muscle and isolate its lower third. Compare for
the degree of shortening on the affected side.

Stcp 2, S~lit the affected muscle longitudinally far a distance equal to a little
more than half the amountof thc shortening. Divide the anterior portian of
the muscle transversely at the lower end of the vertical incision. At the upper
end of the vertical incision divide the posterior portian of the muscle.

Step 3. Unite the ends of the muscle with chromicized catgut.
Step 4. Close the wound.

Comment. Besides lengthening the muscle, restraining bands should
be thoroughly divided.

Mikulicz Opcration-Myomcctomy

In inveterate cases Mikulicz advised excision of the lower two-tbirds of the
sternomasloid, thc upper one-third being preservcd to avoid injury to the spinal
accessory nerve.
Step t. Expose and divide the sternal and clavicular portions of the muscle

describcd above under open tcnotomy.
Step 2. Grasp lhe divided ends oí the muscle with forceps and pull these down­

ward through the skin wound and while so doing, separate the muscle from
its surrounclings by thorough, blunl and sharp dissection. Avoid injuring
the externa) jugular vein.

Step 3. Wh en two-thirds of the muscle has been isolated, section ancl remove it.
Step 4. Attend to hemostasis. Divide ali acccssible cicatricial bands and

clase the wound. Dress. There is no nced for postoperative orthopedic care.
Commcnt. Only one-third of the musde is removed by Bruns. This

operation should be reserved for scvere or recurrent cases where all other
methods have failed. The principie disadvantage of the opcration is cos­
metic disfiguration of the neck.

SPASMODIC TORTICOLLIS
John M. T. Finney and Waller Hughson macle a study oí thirty-two cases of

spa.smodic torticollis.1 None were the common congenital and other acquired
forms.

The disease derives its name írom a sudden convulsive movement or spasm

'Annals o! Surery, 1915.
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Step z. Relect the flap oí skin and subcutaneous tissue, taking care to identify
and avoid the lesser occipital nerve which is quite superficial and lies along
the posterior bordcr of the stcrnomasloid muscle in its uppcr half. Having
exposed and identified this nerve, follow it down to the point where it emerges
from behind the posterior borcler oí the slernomastoid muscle (Fig. 492).

Sep 3. Iy retracting the sternomastoid muscle, the anterior divisions of the
second, third and fourth cervical nerves now come into view together with
the chain of deep cervical lymph nodes.

Fe. 493 Fc.49t
Ftc. 4gg. a. Spiral ace«sory nerve; b. les«eroccipital nerve;e. reateripital nere; d. third

cervical nere. Snlenis and trapezius muscles hve ben diided and turned hack...± r:z7é :±$. " 1
and tured bak, exposing the suboccipital triangle. (Courtesy of Dr, J. M, T. Finey.)

Step 4. A little further in front oí the nerve plexus , and consequently a lirtle
deeper in the wound, will be found the trunk of the spinal accessory nerve
at the point where it emerges from the body of the muscle. The nerve
having now bcen defmilely idcntified (and here, as with all other nerve
runks involved, direct stimulation with a bipolar electrode makes the iden­
tifiation absolute) it can be resected at any point desired. No effort should
be made to save the sensory branches of these nerves as, in Thomas' opinion,
both efferent and afferent pathways should be interrupted.

Step s. Search should next be made far the great occipital nerve where it
emerges through the fibers of lhe spleníus , about one cm. from thc midline
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and jusi beneath the skin incision. Having identified this nerve, divide trans­
versely at this point the trapezius and splenius muscles (Fig. 493), exposing
the fibers of the complexus which is easi1y recognized.

Stcp 6. The fibers of this muscle are divided in turn through its whole thickness
in the same planes as the skin incision, and it is then reílected backward in
the same way, care being taken all the while to preserve the great occipital
nerve which Hes immediately below it. This exposes the two recti muscles
(majar and minar), and the superior and inferior oblique (Fig. 494), each
of which can be distinguished by the direction of its fibers anc1 their com­
mon point of origin.

Step 7. The trunk of the great occip ital nerve should then be traced down to thc
point where it emerges from the vertebral foramen at the lower border of the
inferior oblique muscle. At this point will be found its anastomosis with the
suboccipital nerve running acro ss the body of the muscle to the point where
it is given off írom the first cervica l nerve in the suboccipilal triangle. The
great occipital nerve shoulc1 be resected below the point oí anastomosis with
the suboccipital nerve. .

Stcp 8. The suboccipital ner\'e can be traced out in the suboccipital triangle
as it emerges between the vertebral artery lying deep in thc trianglc and
the upper border oí the inferior obliquc muscle. lts branches to the recti
muscles and the superior and inferior oblique muscles are given off here, and
the main trunk oí the ncrve can be readily resected at this point. Cnre shoulcl
be taken not to injure the vertebral artery which can be identified as it lies
on the floor of the triangle.

Step g. The splenius and complexus muscles should be reflectcd sufliciently to
allow the exposure of the third cervical nerve where it emerges a íinger­
breadth below the great occipital. At the leve! of the second and third cer­
vica l nerves is located a venous plexus of considerable size which may give
rise to troublesome bleeding if ca re is not taken to avoid or control it, which,
however, can be readily done. The third cervical nerve should be resected
where it emerges írom the vertebral foramen as it supplit.'s fibers to the over­
lying muscles (splenius , trapezius and complcxus).

Step 10. After the lrunks of the upper three cervical nerves have been resected
as described, the muscles may be replaced, layer by 1ayer, and held in place
by a few stitches, and the wound closed in the usual manncr. In the ear1ier
operalions, portions of these muscles were excised, but subsequent experience
has shown that with complete resection of the nerve-supply this rather mu­
tilating procedure may be omitted. Formerly a drain,consisting of a small
piece of protec tive, was always inserted at each corner oí the incision, but
with adequate hemostasis this isprobably unnecessary .
At one time Finney applied a plaster of Paris bandage reinforce d with

wooden splints but this added greatly to the patient's discomfort and so was dis­
continued in favor of the ordinary gauze dressing and soft bandage, reinforced
with light wooden coaptation-splints if desired. Notwiths tandin g the great extent
of the wound, he has found the healing to be uniformly satisfacto ry and the result­
ing disability surprisingly slight.
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The Spurling-Jelsma Technic in Spasmodic Torticollis

R. Glenn Spurling and Franklin Jclsma1 point ~ut: . a ure commend•
w»te + is rs«est there sre muy ron9in""""";"a reors

ing the treatment of psychoanalysis and medical mz "
have been on the wholc, unconvmcmg. b h 1

«« o.san -p»« ora¿,""?".a..
limited to one sternocleidomastoid muscle or perhaps ,
toid and one trapezius musclc. Whilc cases of this sort are rarc, yct ff cy
do occur and a unilateral section of thc spinal accessory ncrvc ma{e _cct
a cure }udging Erom the rcports o[ sorne authors, it would sccm t at 1m·

ro toir o s ir»roras«« sismo","%%2,"",""",""
develop on the opposite side or m the other muscles o

"".",,5a a Jetsa etteve hat sn ot he mustes ot he neek are i­
volved in severe cases; and nothing short of the radical intervention will
suffice to relieve the symptoms, This attitude is tite onc hcld by the
majority of surgcons who havc wríttcn in recent years upon the treatment
o( this mahtdy. The Kccn opcration forms thc bas1s of treatment now gen
erally employed. Finney and Hughson in 1g:5 described an operatton
which is a great improvement upon the original Keen procedure. It con­
sists of scctioning thc first thrcc cervical nerv es and the spinal accessory
nerve bilaterally, also the division of most of the posterior neck muscles
attached to the occipital bone. Thcir results m a senes of th1rty-two c:ises

,P%%,"Z•• c»se. ao«. re«a e «owro
section of the frst, second and third cervical nerves and the spinal accessory
nerve on one sidc for the rclicf oí a sevcrc case of spasmodic torticollis. In ,
this report, a statcment by Dr. Cushing indicated that as early _:is 1902 he
had perf ormedan intradural section of the first and second cervical ncrvcs
in the treatment oí a case oí this discase. .

Coleman, in 1927, reportcd the first case in which thc first four cervical
posterior roots on both sides were sectioned intradurally. He resected the
spinal acccssory ncrves in the neck at the secondary operation. The result
in bis case was highly satisfactory.

Sincc McKenzic's rcport appcarcd, ncurosurgcons gcnerally have
adopted the intraspinal opcration as the method of choice. Thc rcsult seems
more satisíactory than that by any other procedure heretofore employed.

The only variation in the technic of the íntradural opcration is that
• sorne authors advise cutting the spinal portian of thc acccssory ncrvc intr.a­
durally, while others prefer to section the ncrvc in thc ncck, Spurling
and J cisma believe tlrnt thc operation can be performcd saíely by division
of :ill the nervcs, viz., the first three cervical anterior and posterior roots
and the spinal portian of the accessory nerve intradurally. Thus, the entire
procedure can be complcted in one session through onc operativc incision.
It is unnecessary to remove a part of thc occipital bonc as originally ad­
vised by McKcnzie in arder to section the acccssory nerve. Inasmuch as
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and cxtend thc incision upward lo the rim of the foramen magnum, being
carcful to avoid the ccrcbellar dural sinus.

Step 3. ldentify and section the posterior and anterior roots of the first three
cervical nerves. (Often the posterior root of the first cervical nerve is ab­
sent.) lclentify the f1laments oí the spinal portions of the eleventh nerve
between thc posterior ami anterior cervical roots. Where thesc füaments unitc
to íorm thc spinal part oí the acccssory nerve, a small ar tery is seen. Apply
sih'er clips to include the artery and nervc trunk befare cutting the nerve
(Fig. 495).

Step 4. Close the dura and neck muscles with layers of interrupted silk sutures.
Immobilize the patient's hcad for the first two days with sandbags. Aftcr
this the patient should turn bis head from sidc to side, gradually strivc to
support it while sitting in bed and aítcr two wecks start active motion oí
the neck muscles.
Spurling and Jclsma comment as fo\lows:
"Convalescence in the two cases which we have treatcd by this method

has been rapid and uneventful. Spasmodic contractures disappeared im­
mediatcly following thc opcration. At first, the paticnt will complain of
considerable difficulty in supporting the hcad. In both instances the
patients have been able to walk around with little or no discomfort aíter
four wecks. In thc first paticnt, upon whom we operated eight months ago,
the weakness and fatigue of the neck musclcs have entirely disappeared,
although he sttll recognizcs the fact that movements of the hcad and ncck
are limited considerably.

"The choice o( which radical operation should be used in the trcatment
of severe spasmodic torticollis seems to us to be one of individual pref­
erence, because both the Finney operation and the intradural operation seek
to accomplish the same end. We believe that the intradural operation is by
far thc simpler procedure, provided the operator is accustomed to intra­
spinal operations. The mortality for either operation should be practically
mi. 1t seems to us that there is more Iikelihood of missing important nervc
roots by the Pinney oper:ition than by the intradural approach. Therc
again, such a contingency would depend largcly upon the skill and expe­
riencc of thc individual operator. When thc Finney ope:ration is employcd,
there is always the possibility of regeneration of the nerves after section
outsidc the spinal cord. This possibility does not occur when the nerves
are sectioned intradurally."

CYSTS AND TUMORS OF THE NECK
REMOVAL OF TUMORS OF THE NECK IN GENERAL

Removal of tumors oí the neck requires .rnature surgical judgment and cxpe,­
rience. It is bcsct with many pitfalls :md dangers. Bcginners and those of limíted
experience tred dangerous ground in undertaking removal of tumors o( thc
neck.

"Block dissection" oí the tumor and regional lymph nodes is the goal. In
other words, an attempt is made to disscct out the neoplasm and its lymph ap•
paratus en bloc (Fig. 497).

SURGERY OF THE NECK AND CEIVICAL ENDOCRINE GLANDs ,

wc are concerncd only with the spinal portion of thc ne .
aividea casity through the dura! inéision at the t«vet ar '¡;" "e
num. It is unnecessary to sect1on the cerebral portian of h n ma.
ncrvc, sincc it plays no part in the disease. the accessory

Step 1. Make a midline incision from thc occipital protubcrance to the spinous
proccss of the fifth cervical vertebra. Free the muscles an d periosteum from
thc spinous preces.ses ami the base of thc occipital bone. Remove the lmine
oí thc uppcr threc cervical vcrtebrae.

Stcp 2• Open the dura mater in the midline over the first three cerv ical segment.s
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Dangcrs of the Operation.
1. Hemorrhage. Careful dissection and ligation of vessels as encounttred

will do much to minimize bleeding.
2. Air Embolism. \Ve must rcmember that during inspiration the bl~ in
thc cervical vcins is undcr ncgativc pressure and that, undcr these circum·
stanccs, ií a vein is injured, air may be sucked into the vessel and thro ugh
it into the hcart with fatal results. This may be obviated by painstak­

Ftc, 46. Lymphosarcoma of glands of neck; metastases in the mediastinum, (Frma Auth
Service of Cook County Hospital.)

ing technic and prompt action should the accident occur (sal solu"i
pressure).

Precautions. . .
r. Aways work with ample erposure and good illuminat"" ,ge Heard,
2. Keep the wound moist; should the shghtcst htSSmg sou hearl. t,h3n

promptly press the fmger against the tissue al a point nearer tb_e tbt \"tS­
ishe wounded vein. "HIsins" means air has foud is "2,"!"",a
sel, or injury to the pleura ; ascertain which. Throw salt so u
wound. hih a

The late John D. Murphy placed a sma.11 pack oí g3UU'
10

Jur!tOl
thread was attached to kttp it írom bcing lost, under thc sternnl at~c ketP
o the stero mastoid muste. Te obict was to ex«en P""""., d
the cervical veins full, thus makmg the veis visibly Pro"",,
preventing the danger of neative pressure. Tis ste is o!s%'{in)

Leave inoperable cases alone. (Fig. 496.) (Se also al
J. Use blunl disscction in prcícrence to sharp division of the tissu
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4. Stop! look! and touch! before you divide any structure abo it hich
are in doubt. aout which you

s. Insure hemostasis as you go along. Respect tissues; treat them kindly;
don't tea.

Submaxllary
t

Occipital

Inl ¡u
ular v

Sub€lavanv.

Fic. 497, Distribution of the lymphatics in the neck.

If, in spitc of all precautions, air has l>ccn suckcd into a vcin, Dinnie
advises packing the wound in the neck loosely; do not apply forceps
to the vein or forcibly comprcss the chest during the succeeding expira­
tions; and do not lower the head and shoulders of the palient.

6. Avoid injury to the thoracic duct. \Vhcn the duct has been injured a
liltle clcar fluid (chyle) is seen escaping. Usually such mishaps are not
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fraught with danger. Lecéne points out that the discharge will continue
f o r about t h r e e weeks , I t u s u a ll y y i e l d s t o compression a n d p ro p c r g a u z c

tamponade. During this period patients lose considerable weight.
7. Avoid injury to important nerves: the spinal accessory, vagus, phrenic,

recurrent laryngeal or cervical sympathetic nerves.

Ftc. 498. Block dissection of the lymph nodes of the neck, submxillary and submental regions.

\Vherc thc affcctcd lymph nades are few or nol adhcrcnt, the opcration is
simple. Undcr such circumstances, make an incision over the tumor and shell it
out by blunt clisscction through thc incision.
Step 1. Drape the scalp with a gauzc or rubber cap to keep the hair out oí thc

way. Support the patient's shoulders and turn his head to the oppositc side.
Step 2. Makc an oblique incision along the sternomastoid muscle beginning at

tite mastoid process and cncling ncar the sternoclavicular articulation Expose
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In dissecting the nodes for malignant diseasc look for the external
maxillary artery in the upper part of thc disscction and identify it where
it cntcrs thc groove in the submaxillary gland. Clamp and doubly ligate it.
Rcmovc thc submaxillary gland with its nodes and liga.te its duct clase to
the floor of the mouth. Include the submental nades in the dissection.
Whcn working along the horizontal ramus of the mandible a numbcr of
facial veins will also call for division and ligature. Along the submcntal
rcgion grcat care should be cxcrcised not to leave any nodes behind. Crile
insists, and justly so, that complete block disscction of thc ncck in all cases
of carcinoma of the tengue is
of cardinal importance. To
this must be addcd complete
ablation of the fascial struc­
tures surrounding thc lymph
nodcs and complete removal
of the sternomast 'd muscle.
Block dissection is done with
greater facility when the ster­
nomastoid is removed togethcr
with thc anterior jugular
vein and lymph structures. In
sorne cases removal of the pri­
mary growth with the cautery
instcad of thc scalpel is of dis­
tinct value. In working in the
submaxilJary region, do not
injurc the hypoglossal nervc.

HODOKtN& DtSEASE: MALtONANT
LYMPHOMA; TUBERCULOUS

CERVICAL ADENITIS

Much surgery has bcen
done in this class oí cases here­
tofore. At present the scalpel pc. 499. Tuberculous lymploma oí the glands of
has yielded to x-ray, radium and the neck.
heliotherapy with much more gratifying rcsulls than befare: parlicularly is this
true in tuberculous lymphadenitis, while Hodgkins disease is, it ncecls no em­
phasis, not amenable to surgical interference (Figs. 499 and 496, p. 423).

The surgeon of today rarely subjects cases of tuberculous lymphadenitis to
operation without having first given the measures enumerated above a trial. H a
block dissection should, for some reason, be deci<led upon, the technic oí that
operation will be found elsewhere in this chapter.

THYROOLOSSAL CYSTS ANO llNUSES (PISTOLAS)

These congenilal conditions are usually found in one oí three situations (Fig.
500):

1. Between the foramen cecum of the tongue and the hyoid bone (Fig. 5o1);
, . Detween lhc hyoid and larynx;
g. Below the larynx overlying the trachea.

lhc externa! jugular vein and divide it between two ligatures (Fig. 498).
Keep the field of operation conslantly free from blood.

Step 3. Dissect the skin libcrally from thc subjaccnt tissues anterior and posterior
to the incision and retract it. If necessary, make another incision beginning al
the lower cnd oí the obliquc incision and continue it outward, para llel to ancl
clvsc to thc claviclc. A varicty oí incisions have been recommended for block
dissections in this rcgion. Thc rcsourceíul surgcon will plan thc incision to
meet thc rcquirements oí tbe case.

Lay barc thc sternomastoid musclc and liberatc il from its surround­
ings through its entire extent. Divide thc decp cervical fascia at the uppcr
border oí lhe claviclc from thc symphysis mcnti to the mastoid process and
downward across thc hyoid bone to thc stcmal portian oí thc stcrnomastoid
musclc; ligate and divide thc stcrnomastoid musclc.

\Vhen the interna} jugular vcin is to be ligated and divided, do so just
above the clavicle. Look for the omohyoid musclc which has beco cxposcd
and find the internal jugular vein beneath it. Dissccl the vcin out oí
its sheath. Do not injure the internal carotid art ery or vagus nerve.
Notice the point of exit of lhe superficial cervical nervcs al thc posterior edge

oí the musclc. Thcse ncrvcs are oí considerable size and with careful dissection
are rcadily idcntified. Identiíy thc spinal accessory ncrvc as it emerges from
behind lhe slernomastoid muscle. This ncrvc entcrs thc musclc about lwo inchcs
below the tip of the mastoid process, after passing over the prominent transverse
proccss oí the atlas. It is importanl to preserve this nervc in young individuals.
Christian Fcnger has shown thal ií thc nervc is severed, drooping of the shoulder
and scoliosis rcsult.
Step 4. Dissect out lhe packel oí fasda which enfolds the carotid artery, the

internal jugular vcin, and the vagus ncrve. Once exposed, protection oí
these important structurcs from trauma is facilitatcd. Clcar out the supra­
clavicular spacc. Ligate the transvcrse cervical arlery hcre. Look out far
lhe lhoracic duct. lf divided, no barm will resull (sce above). Rcspect
the phrenic nerve and cupola of lhc pleura al the apex oí lhe lung.

Step s. Systematically remove the diseased lymph nodes. Begin the dissection
near the lower end oí the wound and by the side of the carotid packet. This
is not difficult to accomplish. No blind work is permissible. lf thesé im•
portanl slructurcs are not carefully exposed and protected at an early stage
in the operation, thorough removal oí the nodes will bccome a difficult ancl
dangerous task.

Step 6. Repair the wound in lhe cervical fascina by suture. Attend to thorough
hemostasis. Unilc lhe plalysma. In carelcss suturing of the fascia an ugly
scar will result because oí strelehing oí lhe skin. Drain al lhe lower angle oí
thc wound.

Step 7. Close the skin wound wilh inlerruptcd sutures or Michel clips. Apply
a voluminous dressing.
Comment. If the operation is performed for tuberculous lymph-nodes

some may be ruptured and pennit caseous material to escape. In such case.
wipe the escaped material away. It is good practice to scrape the remnants
of the caseous material írom the ruptured gland, subsequently moppmg the
part scraped with liquid carbolic acid.
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The second variety is the most common.. The tumeíactions appear as cysts
which approach the skin and rupture or are incised so lhat, as a rule, the surgeon
hii.s a sinus rather than a cyst to treat. Suppuration may complicate the condition.

A

B

FI. 50o Fic. 5ot
Ftc. 5oo. Excision of thyroglos a! cysts and sin uses (Sistrunk's technic). Lateral vicw

of the remains of the tlyreglassal strutures : A. foramen cecum, B. thyroglosal duct, •
thyreolos al cyst, showing their embryelogie conec tion with the pyramidal lobe of the

t'ore9"",", yaa ranehial fistula con«et«d wih he foramen ceum el he tenue.

Operation for Second Varicty of Thyroglossal Sinus
Step 1. To point the way in exploring the sinus, inject it with a strong mcthyl

blue or brilliant green solution.
Step 2. Circumincise the sca r or sinus around a probe introduced into it.
Step 3. Identify the borders oí the sternohyoid muscles; rclract these. Grasp

the sinus with an Allis forccps. Dissect it out by sharp instruments taking
care not to sever its superficial parl from the deep portian. Follow the course
oí the sinus which is usually inw::ml, toward the lower edge oí the hyoid bone.

Step 4. Cut off the sinus with the lower border oí the hyoid bone. As a rule, this
is not difficult because rnost oí these operations are on the young when the
hyoid is still cartilaginous . Only in so doing can one be sure that the very
bottom oí the sinus has bcen removed.

Step s. Place a small drain at the bottorn oí the wound.
Median cysts below the larynx and aboul the sternal notch betwcen thc

thyroid lobes are very rare. In attacking these, one rnay shell them out. A
pedicle attaches them to the deeper structures {isthmus oí thyroid); thc pedicle is
to be divided.
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Draw the tongue forward by means of a suture. Direct the finger backward
over the tangue thus locating the circumvallate papillae two rows oí which
form a 'V" near the base. lmmediately back oí this point the foramen
cecum appears. Insert the finger, pressing upward and forward and in this
way shorten the distance between it and the hyoid bone. Be mindful oí
the thyroglossal duct. Core an arca about 3 mm. in diameter from the mus­
eles oí the tangue with a knife or long-bladed scissors. Make no attempt
to isolate the duct; its fragility r_endcrs such a step inadvisablc.

Step 4. With a finger about thc
foramen cecum acting as a guide,
avoid entering the mucosa oí the
mouth, With a scissors or kniíe,
cut off the cored-out muscles o[
the longue whcn the foramen is
re.ached.

Step 5. Repair the defect in thc mus­
eles with a few interrupted catgut
sutures; avoid injuring the hypo ­
glossal nerves by placing thc su-

F1c. 50~. Sistrunk's Ol)(t:ition for thc re• tures superficially.
moval of thyroi.:lou:i.1 1r:ic1. Thc illustration Step 6. Introduce a small split rub-
z31 1e%%2..%± % wroi«yo os motes
the lines indicated. A-B oí the tangue allowing it to pro-

trude over the hyoid bone. Re­
pair the defect in the bo_ne by appro x imatin g the edges with chromic catgut
sutures including the periosteum and adjoining tissues. As a rule two sutures
are suficient. Separate closure is unn ecessary for the raphé wound. Close
the skin with interrupted sutures of horsehnir or any non-absorbable material.
Permit the rubber drain to remain in place for íour or fve days.
Comment. The thyrogloss::i.l duct follows a direction in accordance with

a line drawn at an angle of ◄S degrees backward and downward in the direc­
tion of the foramen cecum through the intersection oí lines drawn per­
pendicularly and horizonta lly toward the center of the hyoid bone (Fig,
504.) An important factor to observe in connection with this operation is
the complete disregarding of the duct and the coring out of the tissues
through which it passes. A guiding finger in the mouth prevents entering
the mouth or pharynx.

Cervical Auricles: Branchiat Cysts and Fistulae

The second, third, and fourth branchial cleíts have their extemal orif1ccs
along the anterior margin oí the stemomastoid musde. The opening oí the
second, the one most commonly affec ted, is situaled about the Jevel of the angle
o! the mandible. It opens into the space in which the tonsil is lodged. 1f accom­
panied by a fistula, its dissection with closure oí the pharyngeal opening is one
of the most difficult things to accomplish. The reason íor this is obvious when
we recall that the sinus winds its way into the pbarynx between tbe interna) and
extemal c.arotid arteries.
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Cysts below the foramen cecum were referred to by Bland Sutu

"lingual dermoitls." Occasionally they are small and are siluated just und on :
íoramen cecum producing a tumcíaction in this region. Excision is difficuft l 1~they nssume considerable proportions, they push the tangue out of the mouth. d
are palpable betwe«en the mandible and the hyoid one. They must bea]
írom below through a m1dlme mc1s1on or a curved mc1S1on running parallcl .· h
the mandible. The latter gives better exposure. Exerci se care noto 1a,""
portion of the cyst-wall behmd. The attachments are usually to the hyoid bon~
:md íoramen cecum. .

Excision of Thyroglossal Sinus
(Si,trunk's T cchnic)

Either local or general anesthesia my be used; general anesthesia is prefer.
able due to the gagging which accompanies the insertion of the fingcr ::i.bout thc

E"­i
Fa. so? Fía 503

Fi c. 5o2. Exeision of thyrol0ssal cysts and sinuses (Sistrun k's tchnic). Line of ir¡sin

.,J.%.±.3./2
out" of the cyst and dut is done along the lince represented by the 4s dezree bistion of the
right angle extending from the distal cnd of the cyst just below the center of the foramen ceum

foramen cecum. lf a sinus is present, it should be injected with a solution of
methylene blue. Place a pillow under the shoulders and hcad of the patient. Er­
tend the neck in the same way as íor thyroidectomy.
Step 1. Make a transverse incision over the cyst about t or 1¼ inches long,

including the skin, subcutaneous tissues an~ platysma muscle (Figs . SOJ•

503).
Step 2. Divide the raphé joining thc sternohyoid muscles in the midline. TEe

cyst is visible immediately under this raphé; dissect it free and in an upwrard
direction toward the hyoid bone. In most instances the tract runs undcr
the hyoid bone making it advisable to remove a small portian írom the ccnter
of the bone with stout sdsso rs.

Step 3. After introducing a mouth-gag, insert the left index finger into the mouth.
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The third and íourth clefts enler the upper ¡xirt of the larynx; the superior
laryngeal nerve is seriously jeopardized if these are attacked.

The cysts oí the second cleft are quite common and are distinguished with
some difficu lty from an enlarged lymph-node in the same situ ation. Their wall is
thick. Their surgical removal does not differ írom the operation for a tuberculous
lymph_-node or oth er localize d tumor (Fig. 5o5).

Branchial sin uses opening externally are but slightly disfiguring. They re­
quire no interíerence. The scar resulting after their removal will be more con­
spicuous than the small skin dcpression in the neck. "Accessory auricles" art
rare. They consist oí tabs of skin an d cartilage (termed cervica l auricles) found
in the neck or jusl in íront oí the ear, They are not p:,rticularly difficult to re­
move except when comp licated with sinuses.

Ftc. 5os . Branchial cyst diagnosed as malignant pland of the nck.

Olan R. Hyndman and George Light' comment as íollows conctrning
thC'

etiology oí branchinl cysts: f 11urt
"r. Branchial cleft anomalies (cysts and fistulas) result from a t~t is

of absorption of the included ectodermal and entodermal epithelium 111•
buried during the growth and fusion of the bunchial arches e,
bryonic Jife. This is most probably the sote explanation, the thytn lC 1

playing no r0le. hose
"a. Branchial cysts, in truth, are epidermoid cysts of the nec~."'1 ap­

parent epithelium was buried during the development of tbe branc
13

ont·
paratus. Their characters are more varied, of course, than those of th;~
moner epidermoid or inclusion cysts owing to the activ ity of the e""_
or ectodermal epithelium or both. Many of the submaxillary cysts
called granulae are o( branchial origin.

1 Archh·" of Sur¡;:rry, Stptrmbcr, 1Ql9, Vol 19,



ally benign ancl me cncountcred in thc parasympothctic syslem. While dcscribed
as a sloW•J.!rowing, bcni~n neop1asm, rccurrenccs aítcr rcmoval and mctastascs
have been described in about 25 to 30 per cent oí cases, the lattcr reproduce in
the main the histologic structure of the carotid gland. These tumors may grow
very slowly for many years and ultimately display malignant characleristics. The
tumor originates at thc bifurcation oí the common carotid arlcry, in the carotid
sheath, hence the pneumogastric, hypoglossa l and sympathetic nerves are affected
early. 11 tencls to displace the pharyngeal wall inward: the opposite is true oí
lymph-nodcs in the samr. locality. Carotid body tumors when oí cons iderable
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"a. Branchial fistulas .may be familia! and hcreditary, and they seem
to be inherited through the mother only.

"4. More attention should be given to the possibility that a tumor in
the neck is of branchial origin, especially in view of their frequent simula­
tio_n _oí tuberculous g,¡¡nds and the1r occurrcnce in early youth. This is
enjoined even m or e by_ t he f act t hat r esul t s f r om t r eatment ar e in pr opor t i on

to the completeness with which the epithelial wall is excised.
ºS· An adequate and simple classification of the cysts would be (a)

branchial cleft epidermoid cysts and (b) branchial cleft mucous cysts." -

TUMOR OF THE CAROTID BODY

Thesc tumors are oí rnre occurrence and are often referred to as paragangJi.
ornas or ns pheochromo~lastomas or chromaffinomas (F ig. 5o6). They are u.su-

Step r. Make an incision alon~ the anterior IJorder of the sternomastoid muscle.
Step 2. As soon as the tumor is cxpascd, endeavor to determine whether or not it

is operable. Often such violent bleeding ensues that ligat ion of the carotid
bccomcs imperative. In such an emergcncy, thc common carotid artery is

F, o7. Upper left insert shows the line oí incision over a carotid tumor. Upper right
insert depicts the teromastoid muscle retracted; the omohyoid is sen to travere the opera
tive field tuward the inferior anule. After incising the middle cervical aponeurosis, the omno­
hymd musclc :rncl thr ,·ascubr nrrvous hundk . which is shown \igatl·d in thc illuslratiun, lhc
internal jugular vein is retracte«d tozether with the steroleidomastoid muele, A rubler
covered hemostatic clamp is shown comp ressing the common carotid artery, Observe that the
peumogastric nerve, which passes on the exteral surface of the tumor, is bein injccted
with :m ::mc-sthclic.
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size are so vascular that a bruit and exp:msivc pulsation ha.ve causr<l ·thcm to be
misdiagnosed as aneurysms.

Tumor of thc c:arutid $!land.Fc. 5o6
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ligated firs t, then the external , and finally the internal, at the base oí the
skull. The ligation oí the common carotid has, it should be remcmbered, a
high mortality.

Step 3. Remove the tumor. Close the wound.
Dangers of the opcration.
1. Immediate high operative mortality.
:z. Eííccts of ligation on the common artery (softening of the brain, hemi­

. p1egia , cte.
J. Injury to the hypog1ossal, pneumogastric and sympathctic nervcs.
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P . L.. Mirizzi' has dcscribcd a method oí removal of a largc carotid tumor,
the steps oí which are illus tratcd in the subjoined (Figs. 507-508-509).

OPERATIONS ON THE THYROID GLAND
TerminoJogy. One is impressed with the confus ion still existing in the

denominations of surgical procedures dealing with operations on the thyroid
gland. Excision, enucleation, resection, hemithyroidectomy, lobectomy, are terms
used frequently and indiscrimi nately.

F'1r.. 50). The vcssds supplying thc tumor h:¡,•c bcc.n ligatcd :rnd divitlcd betwccn two
mosquito forccps. Jso lati11n uf thc vcs,cb is aided by puttin¡; thc tumor on traction which
cxposes the vesscls to better advanta;e (courtesy uf Prof. P, L. Mirizzi),

Fc. 58. The pneumo gastric nerve is surrounded by 'a liature and is displaced backwards.
A liature is placed on the carotid artery wear its bifurcation.

. Comment. In view of the comparative benignancy of these tumors
radium may be tried if danger is sensed should an operation be undertaken.
In one of my cases I was able to control bleedíng by tamponade (the tumor
was not large) after removal of most of the tumor. The patient was then
subjected to radium treatment. The tumor diminished in size and at the
present wr iting (3 years after the operation) the patient is at work (house·
maad) and cnjoys good hcalth.

. In the young, therefore, when the tumor is of limited size, radical ex­
hrpation should be attempted. In persons of advanced years with ather­
omatous vessels which would render ligation of the 'carotid hazardous, it is
better to counsel against operation.

, . Excision (Kocher) reíers to a complete removal oí one or both lobcs. Thc
method is applicable in malignancies oí the thyroid only.

, . Resec tion (~likulicz) indica tes a partial extirpation oí one or both lobes
oí the thyroid.

3. Enuclention (Socin, Billroth) means the removal by separation oí onc or
more nodes or cysts from the thyroid sul>st:mce.

4. Combined procedures of enucleation and resec tion are oíten done. ln
thc majorily oí cases melon (cuneHorm) or marginal resections are performed.

Anatomic Considerations. (F igs.. 510-511.) The thyroid gland consists of
two lateral lnbes and an isthmu, . Each la teral lobe is conical in shape with the base
direc ted downward. The superficial surface is slightly convex. It is covered by the
'La Pree Mdial:, Cordoba, Arzentine, No, 9:, du 16 Novembre, 1935.
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Surface markings of thyraid land: A riht lobe, E. pyramidal lobe, C. isthmus,
D. left lobe.
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size' ami position and covcrs the anterior surfacc of thc seeond, third and fou th ,
0¡ the trachca. The pyramidal lobc, if present, ru~upward toward the bod ~lllgs
hyoid lmne to which it is :tttached by a fibro-muscular barul. Y O lht

Rathcr frt:quently thc lower bordcr. of the lohes ol the thyroid cxtend 1.zts.gr%%..2.%:3:
..2z /1±.u% gr%%z
tissue 1:iycr of variable tbickness is encountcrcd. It is a eomponent of ~n~r ·,
cervical fascia. h is known as thc l':\:lcrnal capsule o( the thyroid Qr preth et:P
membr:mc. (Kocher.) Rc\'crdin c:illcd it thc ''cnvelupe ;,poneurotiq~c." Th Ytoid
descriptive term, however, adopted by may surgeons is that o( thc surgic:,.\ c:i.' Ix-¡t
This capsule is dcrin·d from the prctrachcal fascia. lt fa composOO oí Joose p~u r.
tivc tissue ami is easily detachable. It surrounds the thyroid in :ill directio~nn{'(.
is att:1ched to thc \rachea and thc cricoid cartilage. This mcmhranous struct an_i!
of great importance because the parathyroid plands are situalcd postcriorly ure .11
inner surface. The thyroid gland itself is surroumll'<l hr thc glaodul:ir capsulr º"r its
rcfcrrcd to as the capsula interna or capsula propria. It is a pcritoncum-like's~ ltn
turc through which thc largc ueins are sccn coursing on the surface ol the th ru~
"". ,{";;"is divo«e ss«es sidi se is@ oí ioriné i» o.

.%.23; 1%"%".R%:.2%» o« ««ro«o».
a",1];",","T,}"" ar ·me t os«o de me«vrcoi4 mtsa o «.

(c) Intercapsular or surgical space, located between the glandular capsule and
the surgical capsule. This is the most important of the three cleavage spaces, 1
is composed of loose connective tissue and cuntam!'. numcrous arteries and ,·eins. lt
surrounds the thyroid gland entirely, cxtcnding 1mm one side of the trachea and
csophagus to thc othcr sidc. It is only at the postcro-interna\ surface of the thyroid
that thcy come into more intimate contact. Normally, the relations between the
glandular capsule and surgical capsule are very loose. Numerous vesse ls course
hcrc from and out of the thyroid. The sur~ical spacc pl:tys an important rólc in
opt'rations on the thyroid, The carotid she.11h is cntircly inclependcnt of thc 5patts.
described. The inferior thyroid arlcry passes behind the carotid she:ilh but dots
not penetralc it.

Blood Supply. The thyroid gland rcccívcs íts blood supply from thc follow­
ing sources: superior, inferior thyroid ami thyroidea ima. The superior thyroid vein.s
one or two on each side, leave the upper pole of the thyroid bo<ly and asanJ
to join thc interna! jugular or common facial vcin, ,\ middle thyroid vein in the
average case issues from each lateral lolic of the 1hyroid, crosses thc common carotid
artery, and enters the internal jugular. This vein is extrcmely \'ariable in position·
mort.-ovcr, it may be absent or may be rcprl'Scntcd by severa) veins, Thc ínferio~
thyroid vcins are of l:uge size: thcy are formcd by branches from thc isthmus and
lateral lobcs of the thyroid. Thcir course is variable, but in general they descend
alon¡.: thc trachc:a to thc innominate trunks. ,\t times thcy form a plexus on tht
frnnt of the trachea below the isthmus of the thyroid. All these veins anastomoe
freely,

The rccurrc.nt (inferior) laryngeal nen•cs play an import..1.nt róle in operntions
on tite thyroid gland. Thcy are closely rclated to the lower posterior medial surfoces
(danger zones óf Crotti) of the respective thyroid lobes. They co urse from belowr up­
ward, lying in the groovc between thc !rachea and esophagus. They pass under thc
lowcr bordcr o( the inferior constrictor of the pharynx, and enter the larynr behind
thc articnlatíons o{ the inferior cornua of the thyroid cartilage with the cricoid. The
ncrve usually passcs bchind thc inferior thyroid artcry. This, however, is not cun­
stant; ils course varies.

Nerve Supply. The ncrvcs of the thyroid accompany and surround the blood
The apcx of thc g\and llt'S upon thc inferior constrictor of thc ph:iryn:t. Thc

isthmus connects thc anterior borders of the lateral lobes; it is inconstant, in both

ft6. 5ro, Aratomy of the anterior thyraid reion.

the cricoid carti\Jge ancl thc 5idt'S of the upper five or six rinpgs of the trachea. Its
posterior border is rounded and rests upon the pharynx, the esophaygus and the pre­
vertebral layer of the deep cervical (ascia. H enlargt-d thc lateral lobe may overlie
the carotid sheath.

L

».5,'
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sternohyoid, sternothyroid and the anterior belly of the omohyoid muscles. It is alo
overhspped by the anterior border of the steroleidomastoid muse!e._"P,"",
face is conc.1\'C ancl rcsts upon thc lower p.:trl of the thyroid cartilage, t e sic e
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ves.seis. Thcy are derived from the superior ganglion o( thc sympathetic :md from
the superior and inferior laryngea.l branches o( the pneumogastric.

The Parathyl'oids. (Fig. 512.) These hodies which are refcrred to by Kohn
as "epithelial bodies" have their origin in the br:inchial clefts. They appear as masscs
of closely connected epithelial cells on either side of the third and fourth branchial
clefts. They are gcnerally considercd to be four in numbcr although counting tbem is

dificult because of their small size , inconstant position and resemblance to thc sur­
rounding structures, These bodies are enveloped in a capsule made up oí th' fib
have a reticul.u stroma :ind are furnished with a ¡;;enerous blood-supply. 111 vers,

These lands generally appear in pairs consisting of a superior (externa!) and
an inferior internal) body. As a rule, the surerior is found close to the thyrnid on
lhe ~mdd!(• tlnrcl of 1ts back ~urface almost le\·d with the lower margin of the cricoid
cartilage. It appears postenorly and externa) to the terminal tributa.ries of the in-
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feriar thyroid artcry and recurrcnt laryngcal nervc. The inferior is gcnerally íound
on the posterior par.t o( thc lower third oí the thyroid, hence oftcn appearing in
front of the rccurrent l:iryngcal ner.·e and inferior thyroid artery ne.ar the thyroid
gland at the entrancc o{ the lower arterial branchcs. It isalso found at the inferior
pole of the thyroid or immediately undcr it. Small masses of parathyroid cells hJ,\·c
often been found bc!ow the thyroid, witllin thc thymus and even within the thyroid
(Getzowa).

The paralhyroid glands are locatc<l extcrnal to the thyroid ami are scparatcd from
it by the externa! capsule, although one or more may be found undcr the capsule but
are hardly ever found imbedded in thc Aland itseH. Their size averages abo ut 6 to 4
by! mm. (Berkeley); howcver, it varies from J mm. to IS mm. Thcy are round,
oval or reniform and gcnerally flat. Thcy ha,·e an unusual yellowish brown color.

Preopcrativc Medicadon
Emil Goctsch1 <liscusscs the correct ancl incorrcct use oí iodine particularly

in prcopcrative mcdication and summarizes bis ohscrvalions as íollows:
"lodine has an important relationship to the normal íunction oí the tbyroid

gland in which it is constantly prcscnt ami is slored as a normal conslitu,nt.
, "Simple colloid goilcr, thc inactive type of parenchymatous goiter, commonly
dcvelops whenever therc is a deftcicnt intake or a faulty metabolism of iodine i
the body. Simple colloid or endcmic goitcr may !Je prevcnted by the prophylcti
administration oí minute amounts o( iocline. Iodine, in small amounts, logethtr
with small amounts of thyroid exlract is advised in the trcatmcnt oí simple goiter.
This is the only type of oiter in which the thcrapcutic administration ~f 1~1nr
is índicated. The prolonged administration oí iodine 10 the simple collmd goi_ttr
may, however, occasionally stimulate the gland with the consequent production
r,{ hyperthyroidism. A corree! dia¡.:nosis as lo thc typc oí goiter is thereforc of
the greatest importancc in arder to institute correcl therapy.

",\ nontoxic goiter may be acth•ated and the symptoms of a toxic goiler ml)'
he exnccrbated by the indiscriminate administration o{ iodine.

''Thc administration oí iodine during pregnancy is indicated only in CJ:~
inactivity oí the thyroid gland is present. The physiologically overactive tby"",
gland in pregnancy may be slimulatcd to íurther activity resulting in a Slate 0

true clinical hyperthyroidism.
"The administration o( iodine does not prevent the growth and develop"

oí true adenoma and has no place in lhc medica! treatment oí this coo<iilt·
Nontoxice adenoma is commonly activated by indiscriminate treatmcenti""
,md thc symptoms of toxic adenoma are exacerbated by its use. The preopt' t
intcnsive. preparation of the majority of patients with tic adenoma ~oesoi~t~­
producc 1mprovcment comparable to that seen m thc C.1.SC o( exophth.:il~t Et ~
The acutely toxic adenomatous goiter particularly when the metabolic na",
high, is often favorably influenced by thc use oí iodinc, whereas those [llSt'S.

0

adenoma with les.ser dcgrees of hyperthyroidism may show rela.ti\'ely )ittl~im·
provement, An appreciable number in this groupmay bemade acutel}' wo~~fot

"The hyperplastic thyroid gland has an extraordinary aííinity for ~- \)'
whichcauses the hyperplasia to rcvert to the colloid or resting stale. A~cor irtg~
when iodine is intensively ndministercd 10 the patient with Graves' disr:.:ist,f ptbt
viously untreated with iodine, a marked clinical rcmission in the aiurse. 0 thi:5
disease is produced. Opcration should be and can be saíe1y perfonncd dunng

'Amer. Jour. Surery, 194
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eriod of remission. The mortality of resection operations done during the period
o í rem iss io n h as bee n red uced alm ost to nil, an d stage operations are rarely neces­

sary. If thyroid resection is not done at this favorable time oí rcmission thc
atient often relapses into a state of clinical exacerbation in the course of o~e 10
iwo or even thrce months . A condition of uncontrollable hyperthyroidism may
thus result. Similarly, cxacerbaoon may follow upan the administration oí iodinc
even in small doses, ovcr a prolonged pcriod.

"The hyperplastic thyroid gland in the phase of reactivation following a pre­
viou:; period of treatment with iodine becomes relatively inscnsitivc or refr.i.ctive
to the further administration of iodine. The preoperative treatment wth iodine

F1G. 5I3. Pronounced Graves' disease.

does not protect the iodized patient with toxic adenoma or Graves' disease in
any way comparable to thc protcction afforded the patient not previously so
treatcd. The patient suffering with an acute cxacerbation following prolonged
use oí iodine may be a dangerous operativc risk whcther iodine is given prcopcra­
tivcly or not. . It is particularly in thesc circumstances that rccourse must be had
to multiple operations such as prcliminary ligation and single lobcctomies to
eliminate the increased risk involved in a primary double lobectomy.

"Iodine has little cffcct in controlling postoperativc hyperthyroidism. There
is no evidence that the postoperntive administration of iodinc reduces the incidencc
of recurren! hypcrthyroidism. The spontaneous hyperthyroid crisis occurring occa­
sionally in the course of severe Graves' discase may be effectively controlled by
large doses of iodine givcn cither orally or intravenously. When the crisis occurs
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as a result oí thc incorrcct use oí iodinc, thc further administration oí iodine,
even in large amounts, is ineffectul an d a fatal outcome may cnsue."

THYROIDECTOMY
"A unifonn technic does not exist, Every surgeon puts into his work the

sea! of his own individuality; consequcntly, divergencc oí detnils will always be
found; fundamental differenccs, howcver, do not exist any Ionger." (:\ndré
Crotti.) (Figs. 513-514-515-516-517.)

Fic. 514 Fa SI
FId 54. Simple adenoma of the thyroid causing tracheal obstruction.

FiG. 5I5. Sume patient ater operation. (Author's Service, Cook County Hospital.)

Preanesthetic Medication

One-half to one hour bcforc the operation, administer subcutaneously ¾ gr.
oí morphine and 1/120 gr. of atropine sulphatc.

Local Anesthesia

In selected cases pro perly executed, local ancsthesia is exce llent. The ad­
vantages of local anesthesia are many. Among thcse may be mentioned: (a) the
dcletcrious cffects of the inhaled anesthetic on the lungs, kidneys and liver are
avoided; (b) the recurrent laryngeal nerves are safeguarded; (c) the increased
excitement, and consequently added strain, incidcnt to taking and coming out of
the anesthetic is avoided; (d ) a more leisurely preparation of the ficld of opcra­
tion and frcedom from worry about the anesthetic during the operation is pro­
vided.

Many surgeons prefer this method to others (Kocher, DeQuervain, Socin,
Rehn , Jaboulay, Crile). Numerous factors are to be considercd in the successíul
execution of local anesthesia, viz., (a) proper selection of the patient; (b) a
thorough knowledge oí the surgical anatomy of the parts concerned in the opera­
tion; (e) the personality of the surgeon and his ability to quiet the patient (think

L
Fic. 518 Fa. 519

Fc. 51. Blockinpg oí the superior laryngeal nerve: a. internal laryngeal branch, b external
laryngeal branch, c. recurrent laryngeal nerve. This nerve does not rcquire infltration.

Fic. 519. Local anesthesia in thyroidectomy. Line of infltration in making Kocher's inision
in thyroidectomy.
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oí sterile water; a little later takc him to thc operating room where a pretext at
anesthesia is made by allowing the patient to inspire a few whifís oí nitrous
oxide-o xygen.

I have experimented with other drugs recommended but always returned to
novocaine in / per cent solution. About 5 cunees can be used with safety , pro­
vided the solution is made up fresh and is thoro ughly aseptic. Some surgeons add
adrcnalin to the novocaine solution. Lct it be recalled that many thyrotoxic pa­
tients are supersensitive .to adrenalin (Goetsch test). Yet, from a practica! point
of view, the amount of adrenalin used is so small that its deleterious effects are
negligible. Its advantage is that it delays absorption of the novocaine and hence

prolongs the time of anesthesia. We n.dd four drops oí I :1000 adrena1in solu­
tion to every 100 cc. (3 oz.) of solution. Never cxceed t Gm. (15 gr.) of novocaine .
crystals in the course oí the operation. This amount oí novocainc is present
in 200 cc. (about 6 oz.) of the /per cent solution.

Prccaution: Avoid entering a vein with the injecting needle. After the
introduction oí the necdle into the tissues, draw the piston of the syringe a little
back and note if blood is aspirated into the glass barrel oí the syringc ; if none
appears, inject the anesthetic solution.

SUPERFICIAL NERVE DLOCKINO

This consists of blocking the cutaneous nerve trunks at their exit at a point
corresponding to about the middle oí the anterior border of the stcrnomastoid
muscle (Figs. 518-519-50521).

Ten to twenty ce. of /to I per cent solutíon of novocaine are injected on both
sides at the point shown in the illustration. (Fig. 519.) Here the cutaneous colli.
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Ftc, g7, Eorous thyroid fusing both lobes and isthmus into a sausage-shuped mass re­
moved en bloc. (Author's Service, Cook County Hospital.)

tion is never discussed and who is unaware oí the date set for the ordeal. Each
day for a few days prior to the operation, give the patient a hypodermic injection

Fic. Sl6. Patient, from whom thyroid (,hown in snccceding il\mtration) was removed; onc
weeck after operation.

of the unstable ncrvous mechanism oí the thyrotoxic patient), We follow the
tearhings of Crile and "steal" the thyroid from the patient before whom opera­
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• . 1 es emerge. Toe skin and subcu•"..'.3.7. .«

unaff:~~:~- a whC.'.1.1 first and successively ínliltrate thc tissues along the line in·

clicated. . 1 r · 1 thc point illustrated:
Pass the needle \'ertically through the sk_m :rn; :5cia \ has penctrated the
o o« ot res«to ag,,p%," "! ..., «se si
fascia and the surgeon has assured himsel al . thc in·ection is made.
drawing the pis1on of the syringe as ou1hned preymusly) J

Donot permit the needle to advancc furthcr lest dceper structures be jeopardized.
It is for that rcason that some surgeons limit the injection to bilateral subcula­
neous inliltration in a Jine along the posterior border oí the stemomastoid muscle.
This reacht"S the ner.·es as they emerge through the fascia, is a simplgr pro­
cedure, and is preferred by many.
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BLOCKING THE CERVICAL PLEXUS
This consists oí injccting thc points oí junction of the second, third and

fourth rools of the ccn·ical ncrves at thcir poinls of cxit from the inter\'ertebral
íoramina in front of the trans\'erse procl'sses (Figs, 5:7-528).

Haertel and Geyer's Paravertebral Nerve Block. Uraun's modification
of this met hod is as íollows:

_Draw a line extending from the anterior border or the mastoid process 10 the
clavicle. This rosses Ch•.s...,;;,:,.ignac's tul>crcle. 1Iark the point of junction oí the
first /3 with the second 1/3 of this line. Ptactically, this point corre5 nds
to the level of the upper border of the thyroid cartilage. It is at this r;int
that the needle is introduced and passed forward until the transverse process
of the thir d cervical vertebra is felt. Withdraw the needle slightlyand reintroduce
it about r cm. or more m front oí the trans\"erse proces.s (Fig. Sl9). i\Iakc sure
that no vessel has been entered. Deposit 1o c. of J/ per cent solution of n.
ca1.ne. \\ 1thdra\\ . thc.needle a;,::un lar a short distance o.mi inject lhc same
amount of novocaine in front of the transverse procc-ss oí the fourth cen·ical
vertebra. DeQuervain admonishes the exercise of the greatest possible care to
avo1d mad,·ertcntly m¡ectmg the vertebral artery or vcin which when enterf'd
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The next step is to inject the subcutaneous and subíascial arca oí the skin

incision (Figs. 53523-514-525-516).

Collar Incision
Fu::. 521. Infihration ;mnth~sb. i11 thyroi<lcctorny.

Ftc 52 Nerve bloking in thyroidectomy. Ijection oí cervical symmpthetic nres
1 . Trans erse process of third cervical vert ebra, needle passd on the posterior aspet of
thc lhird cervical nrtehr.:i; D. u.me nccd!c withdr.:iwn .1nd ¡,bccd .:ibou1 1 cm. m lron t whcre
it impinges the ncrve supply sought.

Comment. Bilateral injection of the nerve plexus produces the most
complete ancsthesia, but is attended by the risk of bilateral blocking oí the
pneumogastric, sympathetic nnd phrenic nervcs. Fntalities have been re­
ported ns the rcsult of such accidents.
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may be followed by serious consequences or cven death. If properly perform~,
complete anesthesia of both superficial and dcep tissucs result in about ten mm•

utes. Only one side should be blocked! Anesthesia on the other side is brougbl
about by peripheral blocking.
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Operation
Do not begih to operate immediately after injection of the anesthetic is made

but allow abot.it ten minutes to elapse. Keep within the limits of the infiltrated
area-where regional infiltration has been resorted to. .

Position of the Patient. Adjust the patient on the operating table in such
a manner that there is a downward incline from head to foot. This lessens con­
gestion in the field or operation, Elevate the shoulders on a sandbag. Extend
the head; this renders the operative field prominent. Separate the face of the
patient from the neck by a proper wire screen appropriately draped: Fig. s3.)
Step 1 •. (Fig. 533a.) Make a low collar incision (Kocher) slightly curved, its

concayity directed upward.. It should be I or 2 cm. above the manubrium
sterni. It varies in length with the size of the goiter. Let .the incision cor­
respond to a natural crease or the skin. H you want to avoid ugly scars,
dissect the lower skin flap free so that it can be reunited without tension.

l__,
. Fi~. SJ~. Thyroidectomy. Arrangement of patient for removal of the thyroid. Observe

bride attachment on opcr.1ti11g table which elevates the neck bringing the operative aru ne:i.rer
to lht mrgoou. ·
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not sensitive. Some degree of sensitivity is encountered at the upper and lower
poles. Painstaking injection is paramount here. Crotti injects some novocaine­
adrcnalin solution into the surgical capsule of the thyroid before the goiter is
luxa.tcd since this maneuver is very painful. This holds 'equally true for the
regions about the trachea and esophagus and posterior surface of the thyroid,
always keepirig in mind the "danger zone." The isthmus is anesthetized by _in­
jecting the solution above, below and behind it.

I

I ·-;•.. ,»5~~~-.... '
r,{'± "«o
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In this procedure after the site for the collar incision has been detetmined and
after tbe tissues have been dissected the parathyroid spaces arc infiltrated as shown
in Figs. 530531. No solution is injected into the thyroid itself because it is

Fic. 528 Fc. 529
Fie. 5-28. Ancsthesi3 {or block dissection of the neck: A. point of entry of needles for blocking

the cervica l plexus.
FIG 529 r:u·;igl3ndular infi ltration in thyrou.lectomy. A nc«! le is JJ.1s sed between the
land and the overlying muscle. According _to Hert zler (Loc :il A11esthcs13, Mo5by, 5th edi­
tion) the soft parts over which the needle is passed should be depres sed; its point may be
m:i dc to reach the 5Jl:1Ce between the ~r.i chca and superior lobe of the gland. A like man euver
nukes it possible to mfi ltr.ue the t.illl rc par:igl:indular tissue. · . ,

Fie. SJO Fie. SJI
FIG. 530. P3r2,·ertc hr:il injection (after Sch·u1t1e). 1. Second ccrvic:il roo t. :z. Tird cervica l

root. J- Fourt h cerv ic3l root . 4, Pneumogastric nerv e. s. Phrenic nerv e.
FJG.. 531. Injections o( the parathyroid spaces .
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INJECTION OP THE PARATHYROID SPACES

This is also not free from hazards and should be carried out with extreme
caution.
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Step :a. (Fig. 33b.) Divide and rclracl the subcutaneous tissues and platysma.
Dissect the upper flap :is high as the thyroid cartilage, the lower flap ~ 1,o\~
as the jugulum. Grasp and ligate small vessels as they present themsel""
Divide the median and oblique jugular ,•ems and, if necessary, treat the
ternal jugular veins similarly. Drape and retract the flaps. •

Step a. Incise the cervical fascia vertically in the midline from the thyroid
cartilage to the episternal notch, dividing the prethyroid muscles longitudi­
nally, Introduce a finger under the muscles and separate them as far as _pos­
sible in every direction from the subjacent structures. In so doin, dT
the dissecting finger against the posterior surface of the muscl es. This is
for the purpose of avoiding injury to the veins in this situation. We arc now
in the musculo-capsular space. .. e

Step4. I the gland lo be resected is of moderate size, and no operative difficul­
ties are expec:1ed at 1his st'.lgc, the prethyroid muscles arc simply separated
with the fingers through the longitudinal incision made and .ire then amply
retracted. In most instances this suffices., However, if the surgeon is not
very experienced and sufficient space is desirable, it is safest to divide the
muscles tr:msvt'rscly (Fig. 533c). While it is better to do this step through
a longitudinal opening, it is best in most cases to play safe. The muscles
arc divided at their upper entl. The branches of the ansa hypoglossi, which
supply the prethyroid muscles, enter the muscles in the lower part or the
neck, so that if the nerve supply is to be preserved, the division of the mus­
cles should be as high as possible. Another reason for dividing the muscles
high is that after they me united again, the scar lies at a higher level than
th; scar in the skin. The omohyoid and stcrnocleidomastoid muscles are
incised only when absolutely necessary.

Step 5, The surgical capsule having been divided, the glandular capsule is now
in view. It is essential to orient one's self in the proper line of cleavage.
The operation must now l>e continued in the surgical space. If this pre­
caution is not observed, bungling instead of good surgery will result. Separate
the lobe to be resected from its connections with the surgical capsule by blunt
dissection with the finger. Retract the surgical capsule thoroughly but not
too for posteriorly (parathyroid bodies). Respect the "danger zone" (region
of the lower pole; parathyroids and recurrent laryngeal nerve). The middle
thyroid veins are oftt>n encouniercd now. These must be doubly ligated and
divided. Inadvertent tearing of these veins will flood the operative field
with blood and will disturb the inexperienced considerably.

Step 6. Delivery of the thyroid lobe. Gently lift tlie lol>e forward with two
fingers introduced into the surgical space. Delivery with instruments may
injure the large veins under the glandular capsule and cause undesirable
bleeding. When by reason of inflammation or preoperative irradiations there
are adhesions between the two capsules, luxation of the lobe will be cor­
respondingly difficult. Forcible delivery may result in alarming hemorrhage.
l'nder such conditions it is safer to resect the gland in situ.

Step 7. Frr-e the upper pole from the surrounding structures. Guard the carotid
sheath in so doing. Doubly ligate and divide the superior thyroid pedicle
carrying the ,·cssels, (Fig. 533d.) For safety, place another ligature above
the first. Leave the ends of the ligatures long for the time being. Separate
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H the operation has been performed under local anesthesia, ask the
patient to cough or speak. This will disclose whether or not the recurrent
nerve has been injured or whether an insecure ligature is present. I{ the
gland surfaces have not been approximated the posterior surface of the strap
muscles may be sutured directly to the thyroid tissue.

Step 18. Close the skin with metal clips, Pagenstecher linen or horsehair. A
subcuticular suture may also be used.

Intraglandular Enucleation
This consists of the enucleation of one or more nodes or cysts from the thy­

roid substance (Fig. 534):
Step 1. The extent of the skin incision depends upon the extent of the tumor

to be enucleated. Primary ligation of principal vessels is unnecessary.
Step 2. _Blunt d1~ct1on of_ the tum?r is accomplished with the finger or with

the Kocher dissector (Fig. 535) in a cleavage line between the tumor and
thyroid tissue.

Step 3. The vessels arc ligated as encountered.
Step 4: If a cyst is inadvertently opened during enucleation, grasp the edges

of its sac with artery forceps and dissect it out thoroughly

",,""","," mo rswins tom cod««i ssis s t err«t
Be sure of hemostasis. Ahematoma in an incompletely obliterated space may

gve rise to compression of the trachea and become a source of danger. Should
the bl_eed111g become threatening during the enuclcation or, by reason or existing2,7,""<<," dado cone «mew. roasta one« to re@on ot ae r.

lf, instead of a finger, a cutting instrument is used to remove the intra­
glandular tumor, intraglandular or intrac:apsular excision is spoken of.

Resection-Enucleation

I the adenoma _is large, or there arc multiple adenomas, resection-enuclea­
tion is better than simple enucleation. Very large adenomas which occu the
greater part of one lobe are best treated by hemithyroidectomy. "

Resection-enucleation is performed as follows:
Step 1. Expose the diseased thyroid.
Step 2. _The adcnom;i ~o be remo\'ecl together with about one-quarter to one­

h,"}2",,/"e rows no@ s «or tr« «+
Step 3. Fold the remaining thyroid tissue on itself as shown in Fig. s37 and

,2,"""2,"" ieta. 1wsore heno»tasts. pro.in tor a ay or too, it i« ea

Resection

. This may be ~ithcr fr~nta~ (transglandular) or cuneiform (melon resec­
lion). The former is shown 111 F1g.s. 5138-5.39. It may be performed on one or both
lobes of the thyroid. The raw surfaces may be anchored lo the strap musc!f'S.
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the superior pole fr om its attachments to the larynx. Work your way 4
ward toward the (Fig. s3ye) inferior pole. Occasionally difficulties
countered if the upper pole extends high up into the 111:ck or encro.ich~ u tn.
the larynxandesoplaus. I must then be car efullyan d thoroughly+,]
Remember it is safer to include in the ligature of the superior thyroid«.'
a small knob of thyroid tissue than take a chance of the artery slippin

O
ls

of the ligature. Jut
Steps. Ligation of the inferior thyroid artery. This is accomplished at a J>Oint

internal to the carotid sheath. In so doing displace the thyroid 1 be .
ward and upward and the carotid sheath outward. The inferior ;h •~­
artery will usually be found about the junction of the mite wuh {,,,"
third of the lateral lobe. Only the anterior branch of the artery is I'
and divided. The posterior branch is left undisturbed for nutrition

1r'~d
remaining thyroid !issue (Fig. 533k). ott f'

Step 9. Map out the degree of resection l_o be accomplished. (Fig. 533(.) The
procedure is a transglandular one am! 1s accomplished from above downward.
1\pply hemostats lo the glandular capsule all along the lme of propo;,cd re­
section. Divide the glandular capsule and rcsccl the lobe until the regi
ot the isthmus is reached. Only a thin layer of thyroid tissue is 1n
the posterior border of the rcscctcd gland. This is to be particularly observed
in the "clanger 1.onc" (recurrent laryngeal, parathyroid). (Fig. S3Jh, i.) If
a thyroidea ima is present it is ligated. Great care is to he exercised not 1
disturb the connective tissue covering the larynx and trachea (pretuaehet
fascia) lest the sensory fibers coursing here be included in ligatures anti sub­
jected to undue irritation Fig. 33)­

Step 10. Rcsccl the isthmus. Introduce a curved artery forceps between the
isthmus and the trachea from below upward and separate these structures.
The isthmus may now he divided between two clamps. In dividing the isth­
mus and lower lobe in this situation, bleeding from the superior communicat.
ing veins may be encountered. Clampand ligate these vessels.

Step t 1. If both lobes are to be rcscctcd the procedure is to be repealed on th,
opposite side. Resection may proceed from within outward or vice versa.
(Fig. SJJg.)

Step 12. I a pyramidal lohe be present dissect it out from below upward. Re­
move it thoroughly. If not, compensatory hypertrophy may ensue and cause
a conspicuous bulge in the neck.

Step 13. Survey the field of operation. T-Icmostasis must be perfect. Redrape.
Oozing is usually controlled by hot compresses.

Step 14. Examine the superior mediastinum for the possible presence of an en­
larged thymus. H found, remove it (sec Thymectomy).

Step 15. Rcsuturc the prethyroid muscles and the cervical fascia (Fig. 533j).
Step 16. In thyrotoxic goiters drain for a. day or two with a Penrose drain.

Otherwise drainage is unnecessary.
Step 17. Reunite the platysma. U not resutured, spreading of the scar may

result by reason of traction of this muscle on the edges of the skin incision.
neforc proceeding to close the wound in the neck, flexion of the head will

often reveal the presence of bleeding. Again, hemostasis must be perfec t.
Place the head in the normal position.
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CUNEIFORM RESECTION (ZOEGE VON MANTEUFFEL) tlj,I
Step 1. Ligate the blood vessels at their proper site.
Step 2. Dislocate the goiter. Ligate the thyroidea ima.

F. SJ Fi 5J5

• I : %1%­
Step3. Resect a wedge-shaped pircc of thyroid from the respective lob or lobes

and the isthmus, if indicated. Wedge-shaped portions arc removed not un-

Fu:.. SJ6 F:ic:. SL'
Fic, 536. Unilateral resectionnucleation.

Fie. SJ7, Thyroid tissue folded on itself and ~utuml.

like slicing a segment out or a watemtelon (Figs. 540-541). The ••dllngtr
zones" must, or course, be scrupulously avoided.
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Step z. Divide lhc muscles freely, particularly on the side where the intra­
thoracic goiter is localed or "in cases of extreme gravity," says Joli, "there
can be no serious objection to division of part or the whole of the sternomastoid
muscle."

Step 3. Free the cervical portion of the goiter as thoroughly as possible.
Step 4. Ligate divided vessels as you go along. Perfect hemostasis is of utmost

importance.
Step s. Separate the substernal portion of the goiter and deliver it using the

cervical portion of the thyroid as a tractor. The critical time of the operation
is when the thyroid passes the upper opening of the thorax. Alarming hemor­
rhage and <lyspnea may now ensue. The former may he clue to injury of

Fc. 54z Displacement of the trachea as a result of substeral goiter.
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Step 4. Reunite the remaining portions of the gland with interrupted catgut
sutures (Fig. 541).

Step s. Insure absolute hemostasis. Reunite the superimposed structures as
above.

Intrathoracic (Substernal) Goiter

Thorough anatomic knowledge and considerable technical experience are
essential in attacking substernal goiter (Fig. 542).
Step 1. Incision and exposure as before.

....·
I
~, l ,.,,. .- - . \ .. , ·~ t_"

'a+ti:ft
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FIG. 540 FIc. 54
F1cs. 540-541. Cuneiform resection of the thyr oid. Lines of excision and of subsequent suture.

(After Crotti.)

F1c. 539. Transglandular (fro ntal) r c s t"Ct i o n ; t h e ra w s ur fa c e m a y b e ::an c h o r e d t o the
strap muscles,

Fie. SJ8. Tran~~l:rndul:i.r (fronl.:i.1) rcscctinn; ontli11l· o( lim• u{ t•xcisiou. (After Crotti.)
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Fic. 54 Fc. 545
F1.c. 5-H. fa·acµ:i.tiun of cysts in retroster al goiter.

Tamponing of cavity following evacuation of polycystic retrostermal goiter.Fic. 545.

Operation £or Malignancies of the Thyroid

The operation may be performed uni- or bilaterally.
Step 1. Make a. collar incision a little higher than usual. Arter dividing: the

platysma, direct the cutting instrument toward the sternomastoid freeing its
insertion over the slernum or resecting it H it is attached to the goiter.

Step 2. Divide the prethyroid muscles above and below, leaving them in contact
with the goiter.

Step 3. Doubly ligate the superior thyroid vessels on the upper pole and divide
them between ligatures.

Step 4. Raise the growth up: ascertain the location of the inferior thyroid artery ;
ignore the parathyroids aml recurrent nerve if hopelessly fused with the
growth.

Fc, s3. Dunhill's method of dividing sternum to permit removal of impacted intrathoraci
and malignant poiters.
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one or other of the large veins (internal jugular, innominate, subclavian) ; the
latter the result of flattening of the trachea from compression, at the moment
or delivery.

Step 6. In such case, replace the thyroid and allow the patient to breathe again.
Do this a number of times until the goiter is successfully delivered.
Sometimes when the usual methods of delivery or the thyroid foil, recourse

to resection of the manubrium sterni as advised by T. P . Dunhill (1922) may be
the only avenue of approach. This, of course, is to be looked upon as a last resort
and is performed as follows:

Step 7• The slcrnum is divided in the median line Fig. 543) down to or even
beyond the· junction of the manubrium with the gladiolus.

Step 8. A trnnsn•rsc incision joins the longirndinal thus creating a trap_ door.
Step • Reflect part of the clavicle ;:md the required number of costal carulaj.!tS.
Step 10. Control bleeding in the cut surface of the sternum with Horsley's wax

or muscl t· fragments. . .
Step 11. Afln rem01.:al of the thyroid the divided sternum and ribs are reuntletl

with catgut sutures.
Step 12. The oper:i.linn is completed in the usual manner. . d

Comment. Polycystic retrosternal goiter may be handled as illustrate
in Figs. 544-545.

Step 5. I the internal jugular vein is attached to the growth, re-sect it, after
ligating it; this, to preclude air embolism. H in patients under forty years
of age, the carotid is adherent to the growth, resect it: in older patients detach
it carefully.

Step 6. Elevate the lower pole of the gland: doubly ligate- the inferior thyroid
vessels and divide them between the ligatures, Free the goilt'r toward the
middle; separate it from the trachea ancl rtsect it. Ligate the antero-internal
branch of the superior thyroid artery before the isthmus is dissected.
Comment. Where the tumor involves both lobes, the procedure requires

careful study as to whether partial or complete removal of the thyroid
should be done. In some instances the superior thyroid artery cannot be
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reached at first: this necessitates approaching the tumor either through the
isthmus or by detaching first the lower pole. The growth appears much
more mobile before the operation thanduring it. A tumor fixed in the upper
aperture of the thorax should not be interfered with. In fixation caused
by neoplastic infiltration, the surgeon should hesitate before undertaking an
operation. In some types of thyroid tumor where the growth is enclosed in
the upper opening of the thorax chances of a successful operation may be
very good, provided the tumor is not fixed.

It is sometimes difficult to distinguish between a malignant goiter and
thyroiditis.

Stenosis of the trachea is treated in the same way as in non-malignant
goiter; however. tracheotomy is performed more often for malignant goiter
than £or the innocent variety.

The after treatment in this type of case consists generally of radiation,
arsenic and morphia in case of recurrence.

Injections of Boiling Water
In this procedure (Wyeth's operation) the blood and albuminoids of the tissues

are coagulated by injections of hot water kept at the boiling point by using a
Bunsen burner; the injections arc made with a needle and syringe. The tempera­
ture of the water should range from 190° to 212° F.
Step 1. Prepare the skin as usual. Anesthetize the patient. Determine before­

hand the temperature of the waler to be injected into the growth as well as
the amount and speed with which it is to be injected.

Step z, When treating arterial and venous angiomas insert the needle deeply
into the growth, injecting 3o to 60 minims of water at one location; withdraw
the needle from }1 to t inch and repeat the injection. Continue this proced­
ure until the entire tumor is made firm. Exercise care in using the needle
so that the surrounding parts do not slough. Do not inject more than two
ounces of water at one sitting.

Step 3. Dress and keep the parts quiet. H necrs.sary, rl'peat the injection after
7 or 10 days.
Comment. Based on his thorough researches and careful scrutiny De

Quervain concludes his observations as follows :1
The best immediate and lasting results are obtained in malignancies of

the thyroid by early radical operation (calculated to protect the air pas­
sages), supplemented by radium.

Cases best yielding to treatment as shown by all statistics arc those of
the proliferating type of struma of Langhans (proliferating adenoma),
papilloma and hemangio-endothelioma. The worst results are obtained in
cases of sarcoma.

Irradiations supplementing incompletely operated cases prolong life
and require further development of technic with reference to higher dosage,

Better results arc obtained when patients are referred to the surgeon
early in the disease at a time when there is a suspicion of malignancy.
Some improvement may result from radiation-methods.

Ill. Shweir. vr. f. Krebs Forch. No. 4, 1934.
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Removal of benign goiters and efforts directed toward the syste a

eradication of endemic goiters constitute' prophylactic measures.
5
emattc

Electrosurgical Thyroidcctomy

Advantages:
1. The radio knife is time-saving.
2. Hemostasis is better; fewer forceps are used.±.:....%7««­
4. More thyroid tissue c.-m be removed with less clanger to the recurrent

laryngeal nerves and the parathyroid glands than with the scalpel,
5. Less catgut is used, resulting in improved wound healing....2,:.%7«are«­
";",,,Polar vats ireseats the Merolase or eon»anteo

Disadvantages:
• The radio knife is not satisfactory for skin incision."["%;72""" ibums have rested tom cosottdotoo ear cos sots

3. All important vessels must be ligated.
4. There is a tendency to postoperative hemorrhage.
Full cooperation of the nursing staff is necessary when the surgeon is usins

the radio knife. It would facilitate matters greatly in the operating room if ~
unit were available which could be manipulated entirely by the surgeon; there
is need for much improvement on the present apparatus,

The technic may be summarized as follows:•
Step 1. The usual transverse incision is made either with a scalpel or a fine,

purely cutting current, and the bleeders clamped and coagulated, avoiding
damage to the skin margin. The scalpel gives a nicer scar.

Step 2. The usual exposure is made by dissecting the skin-platysmflaps down­
ward and upward.

Step 3. The cer\'ical fascia is incised in the midline, freed from the capsule by
blunt dissection, and retracted laterally along with the sternohyoid muscles.

Step 4. The gland is gently mobilized with a finger and clamps are placed on
the superior and inrerior thyroid arteries.

Step s. The gland is attacked in its superiolateral aspect with the combined
coagulating: and cutting current Instead of with the scalpel and hemostats.
The current is a valuable adjutant in cutting across the thyroid tissue, by con­
trolling bleeding and lessening the toxic substances liberated into the blood
and lymph streams.

Step 6. An occasional bleeding vessel will require clamping, but usually not
more than four or five arc needed on each lobe, and these, with the exception
of the superior thyroid artery, are sealed by clamp coagulation. So small

·A. S. Jackon, Annals ol Surry, June, 1931 Martin I. Tinker, S.G, O Iii, ±, A 193;
Kelly & Ward, E letrourRery, 1931.

is the amount of current necessary, that these vessels are scaled with but little
destruction of tissue.

Step 7. The wound is closed in the usual manner.

1>R0T£C1' 10N OF THE RECURRENT LARYNGEAL NERVE

The points al which the nerve may be most easily injured are (a) where it
crosses the inferior thyroid artery and where it penetrates under the crico­
pharyngeal muscle; (b) at the upper or lower pole. De Quervain says: "No
surgeon has succeeded in avoiding these perils completely ... The proposals
made for safeguarding the nerve are diametrically opposed to one another. Par,
Hildebrand, Stierlin, Enderlen, and others deliberately expose the nerve. This
anatomical dissection presupposes previous dislodgment of the goiter a manipu­
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muscle. Divide the platysma. Divide the deep cervical fascia vertically.
Retract the sternocleidomastoid muscle laterally and the omohyoid muscle
toward the midline, Palpate for pulsations and identify the vessel (Fig. 546).
If there are difficulties encountered expose the superior pole of the thyroid.
Ligate the artery with a blunt ligature carrier or with the author's olive.
pointed needle (Fig. 547).

Step 2. 1\\'oid injury to the vessel. Apply a second ligature around the upper
pole of the thyroid gland. An additional ligature or two at the upper pole
is effective in preventing return circulation through one of the anastomosing
branches, as well as cutting off the superior thyroid lymphatics and sympa­
thetic nerve fibers.

Step 3. Close the wound.

Ligation of the Inferior Thyroid Artery
This vessel is usually ligated between the carotid sheathand the symp:tthetic

trunk externally and the thyroid gland and the recurrent laryngeal nerve medially.
Step 1. :\lake ;i small collar inci­

sion dividing the skin, fascia
and platysma. Retract the ster­
nocleidomastoid outward.

Step 2. Incise vertically the fascia
covering the sternohyoid muscle.
Expose the carotid sheath. Li­
gate and divide any veins cross­
ing the field. Displace the
carotid artery laterally and the
thyroid medially. Fi s:. Author's olive-pointed needle

se 2. 1o ate the crotta iterate {:"7i.42$ %,%22"" s
(Chassaignac's) on the· trans-
verse process of the sixth cervical vertebra. The inferior thyroid artery ca n
be palpated immediately below this and to the inner side of the thyroid. Fiee
the artery. Ligate it doubly. Occasionally, anomalies are encountered
(direction, number of arteries).

Step 4. Close the wound.
Comment: Should the condition of the patient become al:irming during

a thyroid operation do not continue to operate, Leave hemostats on the
vessels, pack the wound with gauze, apply a retentive dressing to the neck
and return the patient to bed promptly. To persist in operating on a
patient who is apparently succumbing on the table is foolhardiness, The
Operation may be continued, if deemed advisable, a few days later. Many
a calamity may be averted by adopting this rule. +e

Ligation of vessels first, prevents entrance of gland secretions into
gener.il circulation, Particularly is this of value in dealing with carcinorn.:i
of the thyroid. Another reason for such ligating is that as the operation
proceeds the weight of a multitude of hemostats tugs at the trachea aod ibuS
often embarrasses respiration.

In exposing the large veins think of the possibility of air embolisrn,
To avoid this divide the veins promptly after first doubly ligating the

SURGERYOF THIE HEAD AND NECK162

a
If.\ (; f'I, \:1 Th id ­

E.Xt.CiUUL1d3..!f-~•-, .• n:i\~f~

Sup, lnyroid o.. ,. • .. .' •

• Thyroid eland

'rid heath

thyroida.

./-'. .=,>
k# E--Ai oubclavn a

EE±±EE±EE±±ES
ligature placed around upper pole of the thyroid pl,,j" ot hasanac's tubercle. Another

lation which th_c most expert cannot perform without the risk of injuriny the
nerve.by dragging on it. This anatomical dissection is, therefore, no ai:olute
guarantee of immunity--although it saves the nerve from injury by forceps, or
from being included in a ligature, or from an inadvertent cut with scissors. Per­
sonally, we think that the remedy is worse than the disease, because the nerve
is exceedingly sensitive, and practical experience supports this view. It is
hardly necessary to mention the risk to the parathyroids involved in such di
tion of the retrothyroid region." a c t$Sec-

LIGATION OF THE THYROID ARTERIES
Ligation of the Superior Thyroid Artery

Step 1. Make an in~ision about I inch in length along the inner border of the
stemocle1domasto1d muscle below the point where the hyoidbone crosses that



FiG. 548. Post operative cachexia
strumipriva after remo val of thyroid.
Patient axed 26. (Courtesy of Prof. de
Quervain.)

Complications Arising During Thyroidectomy

Dyspnea. If threatening, ascertain its cause promptly; in desperate cases
tracheotomi ze at once.

Hemorrhage from the Superior Thyroid Artery. I have learned to leave
a rather small button of superior pole tissue embraced by the ligature and place
another ligature above it instead of depending upon the latter alone for security.
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Commenting on this precaution De Quervain says: "Slipping of this artery should
never occur if the precaution is taken of preserving a small tip of the upper pole."

Hemorrhage from the Inferior Thyroid Artery. Displace the carotid
artery outward, press the lobe of the thyroid against the trachea and, simultane­
ously pulling it upward, locate the bleeding vessel and ligate it. Be cool! If a
surgeon loses his head at this point, he will lose his patient. Pack the bleeding
area for about five or ten minutes-look for the vessel again-you will find it!

Hemorrhage from the Middle Thyroid Veins. This should also be treated
by compression and ligature. If the bleeding comes from the capsular veins or
from those of the upper or lower pole, quick dislodgmcnt of the respective lobe
will lend to arrest the bleeding; greater opportunity is thus offered the surgeon
to search for the bleeding point and control it. If the field of operation is sud­
denly flooded with blood, pack promptly and properly; wait a few minutes and
proceed as suggested above.

Injury to the Esophagus. While rare, I have injured the esophagus once
in extirpating a large goiter which embraced the retrotracheal space for a con­
siderable distance. Fortunately, the opening was small and in the upper part of
the esophagus. The patient was fed through a tube for a fortnight and the
fistulous tract closed spontaneously.

Perithyroiditis Causing Adhesions. ThL'SC ohcn render the operation dif­
ficult and usually result from previously given x-ray or radium treatments or
antecedent operations on the thyroid. Radium and x-ray-therapy obliterates the
cleavage planes, and only meticulous and painstaking work will circumvent the
constantly lurking dangers in these cases.

Should drainage be instituted after thyroidectomy? I always drain
every toxic goiter. I never drain goiters of the non-toxic variety provided the
operation has proceeded smoothly with no operative complications and one is
reasonably sure or thorough hemostasis.

Tracheal Collapse and Conditions Which Simulate It. According to Cecil
A. Joll' the term tracheal collapse is used to describe certain rare cases of acute
respiratory distress occurring during or immediately after thyroidectomy. The
theories advanced to explain its production arc: ( 1) that the walls or the trachea
arc softened by the long-continued pressure or the goiter and, the latter being
removed, there is not sufiicient rigidity remaining in the tracheal wall which is
therefore sucked in at each inspiratory movement and acts as an obstructive
valve; (a) that although there is no actual softening of the wall of the trachea
(a point emphasized by Berry), the peculiar physical characters or the cart ilage­
ringed walls of the trachea render it liable to collapse after removal or the tissues
which surround its walls and, to some extent, hold them apart.

The dirliculty Joli finds in accepting either or these explanations as invariably
applicable is that he has met with three cases in which sudden respiratory distress
occurred during thyroidectomy, the whole length or the cervical trachea being
under direct observation, yet no trace of collapse or its walls or of any serious
kink or stenosis was visible. The passage of a large intratracheal tube from
above temporarily overcame the respiratory difficulty, but a.s soon as the tube
was removed the dyspnea recurred. In each case tracheotomy cured the condi­
tion. It is difficult to resist the conclusion that some or the cases designated

' Dieaes of the Thyroid. Wm Heinemann, London, 191
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Practice ligations of the external carotid on the cadaver; it will fortf
your confidence in doing thyroid surgery. y

Avoid injuring the trach_ea during the separation of the thyroid from
it. If the trachea is opened inadvertently, repair it at once. A thin layer

of thyroid tissue left on the trachea in­
sures against its accidental opening. A
collapsed trachea must be combated
promptly with tracheotomy.

If hoarseness develops on the day fol­
lowing thyroidectomy, do not conclude
that there is an injury to the recurrent
laryngeal nerve. Postoperative edema is
usually responsible for hoarseness. With
the recession of the edema, the patient's
voice will return.

It is better not to remove the isthmus
completely, unless it causes definite
symptoms of compression of the trachea.
Have a competent laryngologist ascertain
the condition of the vocal cords prior to
thyroidectomy. This is good insurance
to your reputation and the patient's wel­
fare. Unilateral or bilateral operation?
The consensus of opinion is in favor of
the latter. How much thyroid should be
removed? That depends upon the case.
Too little is just as had as too much
(hypothyroidism, myxedema, etc., Fig.
548).

In hyperthyroidism only an amount
of thyroid tissue sufficient to carry on
normal function should be left behind.

It is safer to resect from the inside
outward (less danger of injuring the
parathyroids).

Asepsis in thyroid operations is of
vital importance. Do not be alarmed by a
transitory rise in temperature following
thyroidectomy. It is a common occur­

rence. In preparing thyrotoxic patients for thyroidectomy do not use
iodine on the skin.

tracheal collapse may be due lo laryngeal spasm. It has been suggested that
sudden onset of dyspnea during thyroid operations is due to bilateral injuries
to the recurrent nerves; but in the cases to which Jolt referred, the fact that the
tracheotomy tube was removed within a week and that no subsequent trace of
laryngeal paralysis could be found makes this explanation untenable.

Air Embolism in Thyroidectomy was first seen by Donald Guthrie• in 19o7,
while he was an assistant at the Mayo Clinic. A. Kocher was present and assured
Guthrie that no ill effects would ensue. Kocher was right. Guthrie points out that
arterial air embolism which may occur in any thoracic operation, beginning with
pleural paracenthesis, is far more dangerous than the venous type, because it can
lead to embolism to the brain or coronary arteries. He considers "pleural epilepsy"
not as a pleural reflex, but as a consequence of arterial embolism. The entrance
of larger amounts of air into the veins leads to exitus, In the seventeenth century,
horses and cattle were killed by blowing air into their veins. The first case in the
literature of a fatal air embolism in man was reported in 1818. In abortions and
confinements, air embolism can lead to death, especially in placenta praevia. Post­
mortem examinations in these cases show foamy blood in a dilated right ventricle
and in the large veins. Death occurs only if the amount of air reaches a certain
maximum. Death is caused by mechanical and biologic changes. Anemia of the
center of the fourth ventricle through primary cessation of breathing leads to
death. Timely artificial respiration may sustain life. I after the heart has con­
tinued to function for a certain length of time, and breathing has stopped a second
time, death will result. Small amounts or air compressed into the circulation cause
shortness of breath and lower blood pressure; injection or large amounts can also
result in heart palpitation. Patients having hyperthyroidism, with resultant
cardiac changes, arc in greater peril if an air embolus occurs than arc patients
with other diseases. Because of the typical hissing noise, followed by "bruit de
soufflement" of the French, a whirring, splashing sound which can be heard even
at a distance of 1 or 2 meters from the operating table, diagnosis is not difficult.
Sometimes vision is impaired; in some instances one may even sec gas bubbles in

the retinal vessels. Guthrie has seen, since 193:, four air emboli in goiter cases,
three being secondary operations, one of which was fatal. In one case, the p?­
tient developed a postoperative paralysis on one leg without losing sensibility.
The best method of prophylaxis consists of curtailing the collection of too
many clamps in the thyroid bed before ligation. In shock, resort to art ificial
respiration supplemented by the administration of salt solution because heart­
paralysis precedes paralysis of respirat ion; intracardiac injection of adrenalin
should be used.

Denk; reported one fatal and two mild air embolisms in 378 goiter cases during
the last four years and believes they can be prevented by ligation of the veins before
Separating them and that air embolism may occur even after closure of the wound.
It is recognized by the cessation of breathing. The suggestion of Claremont to
draw out the foamy hlood may perhaps succeed by introduction or a urethral
catheter into the right ventricle through the cubital vein. A research worker
demonstrated the possibility of reaching the right ventricle by a catheter intro­
duced into the cubital vein on his own person. 'on Eiselsberg believes that with
accurate hemostasis, air embolus, of which he has seen a great number as a stu­
dent, has become much more rare. He has observed, during a secondary lami­

Guthrie, Donald: Wiener kliniche Worchenshrift. Vienna, 5o:166; (Dec. 10) 19M7

466 SURGERY 01' THE HEAD AND NECK SUIIGEIIY OF THE NECK A:-.D CERVICAL E:SDOCRINE GLA1'DS ·IG7

nectomy, a fatal air embolus, into the coronary artery as a result of a congenital
communication of both ventricles in a case of a war injury. Finsterer (a9t4) ob­
served an air embolism in a sixty year old woman, in two separate instances. At
first, during the development of a retrosternal struma, a hissing noise was heard
for a minute or two !rom which the patient recovered quickly. That same after­
noon she vomited, became cyanotic and unconscious. The chest was opened, and
the heart incised. Artificial respiration brought relief after several minutes. Since
that time, Finsterer operates goiters in Trendelenburg's posit ion, which he con·
siders the best preventive. Sternberg saw embolism twice. The vein was im­
mediately compressed with the finger. Ranzi calls attention to the fact that most
of the emboli are not fatal. He saw an exitus only once. Since the air enters
in consequence or negative pressure the patient should immediately have the head
lowered and the field of operation covered with moist gauze. In severe goiter cases
the positive pressure apparatus should be ready, because positive pressure pre­
vents entrance or air into the veins, while Schnitzler emphasizes that the lower­

ing of the head diminishes the danger, hut does not prevent it, especially in tracheal
stenosis. Albert in all his lectures advises removal or blood from the heart by
suction. Werkgartner examined the records or the Institute or Forensic Medicine
since 1919 and found fifty cases of death from air embolism, more than half of
these followed operation. Next in frequency to this, arc abortions and puncture
wounds. Several times emboli occurred in operations (or injuries, four times in
goiters. once in an operation for lymphoma. At postmortem the point or entrance
is hard to find. One would have to fill the pericardium with salt solution,
puncture the right ventricle and, if necessary, pre5s out the blood from the
pulmonary veins. Radical procedures should be used, because these cases invari­
ably terminate fatally when less radical measures arc employed.

COMPLICATIONS FOLLOWING THYROIDECTOMY

Hyperthyroidism
Comment: My experiences coincide with the subjoined conclusions of

Donald Guthrie who emphasizes that:
Severe postoperative hyperthyroidism may be largely prevented by the

proper preoperative treatment. It is important to consider each patient with
hyperthyroidism as a separate problem and not to apply set rules or standard­
ized methods of preparation. The cooperation of an experienced internist
is invaluable in this work.

It is important to appreciate the disturbed psychic state of the patient
and to understand how proper forms of suggestion will be of benefit. It
is equally important to appreciate the deleterious effects of fear upon bodily
physiology and to understand how easily disturbed mental states will ag­
gravate toxic symptoms.

Anoci-association and general anesthesia are both important safeguards
against the development of severe postoperative hyperthyroid reactions.

Safe thyroid surgery demands the services of a skilled anesthetist and
of a well-trained goiter team.

The condition of a large group of former hyperthyroid patients, not
weeks or months, but years after operation, should be the gauge by which a



4G8 SUllGEHY OF THE HEAD AND NECK SUHGEllY OF THE NECK AND CEHVIC,\I. E'.\)lOClll:\"!•; Gl.,\XI>s ·l!i
9

pronounced. If not relieved, the symptoms (lacrimation epiph
iterationsan4 oph«hat»its) msy ts-come so mart«et that oy in,,"",""
relieves the patient from a pitiable existence. The «disease is one of m+,,""
<in;..:m, \' IZ., thl• result of a pronounced swelling of tht• l'Xlr;i-ocul:ir m . I . cal
o re i@mes 0sir norat vii.. c. xtor test«t a a.,,,"""
the relief of this condition which is indicated in progressive exophth«hi ,+, ""
inthyroid«ectoy d which has yielded hiaid oihers raiti~""$$""o­

The rationale of the operation is a decompression of the orbit amt 1he ;
foramen to afford adequate space (or the increased orbital content and an,,',""
optic nerve broughtabout by reflecting bilateral frontal tap-, elevating +}'".7"2",2""«o«arrrs«as&
the orbital fascia a.nd 1hc \.,~
ring of Zinn (Fi.t.:. 549). ,' _,..,._,.......1...,..,• ..,_ .........-""'-.

,L~ ! · '.uv·,~--,,•••• -i

studi~=r~~:~~er:i
1i1~.'u~~r~~ '-~~'-

74?11

A( ~~~~ioa1..±± ,Zr)}
t»» 0e projection of he ' ',<4 ·:J) or
frontal and ethmoid sinuses '..~N·-·'\'•~ ~
into the orbital plate and '· ~ 0 111 \ t
(c) views or the optic fora- LA T. AtCT. 'e @ ~
men showing the imme- MF.nter,

diate relationship or thr \/
sphenoid sinus to it. These /
roentgenologic studies will i
point the way to avoid

res » e ±Eh±±?EE3,$ .#£:sinuses during the opera- a ­

tion.
Anesthesia. Avertin 8s mm. per k;..:m. of lmcly Wt·i;tl1t and o.5 per cent

procaine hydrochloride for local anesthesia.
Step 1. Expose the frontalbone by a transverse incision from the temporalf4

on one side, across (he frontoparietal re;.:ion, im111edi:1telr hrhind the hair
line, to the temporal fossa on lhe other sidc. (Fi;.:. 550.) ni~sect the scalp
from the pericranium and reflect it forward thus exposing the frontal 1.Jom•
on both sides down lo the frontal ~inus. JJilatt"tal frontal flaps an• fa~hionrcl.
the hinge of each being the temporal muscle. A small ricl;.:c of bone is left
in the midline for the purpose of staLilizin;.: these R,1ps whrn repbcecl.

Step :z. Separate the dura from the floor of the anterior fossa. Carry this strip­
pingof the dura back to the sphenoi1l ri1l;.:e and the base of thr anterior clinoid
process. Mesially, it is continued almost to the cribriform platr. The roof
of the orbit is then opened (Fi;:::. 551 ). Carefully separate the orbital fascia.

Step 3. Remove the roof of the orhit with ron)(~•ur forITps. Carry the opening
in the bone forward, anteriorly, to the frontal sinus and laterally to :i point
where the orbital roof merges into the lateral wall of the skull and posteriorly
to the sphcnoidal ridge. Leave only a thin line of bone attached to the small
sinus which is to be found in the dural reflection. Remove the roof of the

method of preparing and operating upon these patients should be judged,
No set rules can. be applied to suit all cases. Every patient is a separate

problem.
Crotti uses, with success, diaspora!, a colloidal iodine preparation, pre­

and postoperatively in hyperthyroid states and to frustrate postoperative
thyrotoxic crises. Cole uses sodium iodide, intravenously, fo r- the same
purpo<se.

MORTALITY FOLLOWING THYROIDECTOMY
Emil Goetsch,• analyzing 3,61o operations on 31311 palients performed be­

tween 1920 and 1934, found that there were forty-two fatalities: operative mor­
tality, 1.16 per cent; patient mortality, 1.16 per cent. Of these fatalities, seven­
teen (4o per cent) were due to postoperative crisis with secondary cardiac failure
an d seven (a7 per cent) to primary cardiac failure unassociated with severe post­
operative crisis. Five were due to pneumonia, five to embolism, and one to tetany
whichcould have been obviated. The remaining seven fatalities were mostly acci­
dental, of the type which do not now occur with refinement in technic.

TRANSPLANTATION OF THYROID TISSUE
Historical Notes. To Schiff is givt'n crtdit for first transplanting the thyroid

in animals; Kocher receives credit for the first attempt in man in a case o( cachexi;1
strumipri\'a in 1883. In both cases, the functional re.suits Wt'r C only temporary.
Dircht'r and otht'rs met with the same re.suits when attempting transplantation o
the thyroid for myxedema. v. Eiselsberg and Christiani seem to have met with the
first success with this operation both as regards lire and function of the transplanted
thyroid ll.<,sue. tinusual results have been reported by Payr in both animal and
human expcrimt'nts. A large piece of thyroid tissue from a mother was transplanted
into the spleen of her child, who was a victim of congenital my:xcderna, with very
favorable results.

Serge Voronofl describes his results followed up twenty years after grafting thy­
roid tissue in cases of myxedema.

Kocher met with a cert.'lin drgree of succt'SS by trnnsplanling thyroid tissue into
the medulla of the tibia. He employed the following procedure.
Step 1. Form an osteoperiosteal flap in the diaphysis of the tibia. Make a pocket

near the epiphyseal line where the blood supply is adequate, and in the
medulla.

Step a. Introduce into the opening a silver ball about I cm. in diameter and
clo.se the bone and skin Rap over it.

Step 3. A few days later reopen the incision after granulation has taken place,
remove the ball, irrigate the wound with normal saline solution and place the
implant, which is of the same size as the ball, in the blood-free pocket. Use
normal or hyperplastic thyroid tissue from which the capsule has been dis­
sected.

ANCILLARY THYROID OPERATIONS
The Surgical Relic£ 0£ Progressive Exophthalmos

NAFPZtc;ER OPERATION
While, after thyroidectomy, exophthalmos usually recedes, in certain indi­

viduals the exophthalmos not only does not recede but becomes progressively
'Criteria of Operability for Goiter, Minnesota Medicine, Ot., 1915.
• Bull. Soc. P2th. Comp. No. -49J , O,t. l')J7.
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optic foramen and its superolateral margin (Fig. 552). X-rays or the optic
foramen will show its relation to the sphenoidal sinus. The orbital contents
will bulge into the opening as it is enlarged.

Step 'I· Open the orbital fascia. Avoid the frontal branches of the firth nerve,
working by blunt dissection. Expose the levator superioris and superior
rectus muscles. Avoid the nerve supply, which enters from below.

Step 5. Expose the internal and external recti similarly. The muscles are usu­
ally enormously enlarged Fig. s53). In some patients, Naffziger carr ied the
dissection down to expose the capsule of Tenon and !he optic nerve as it
enters the globe. Ordinarily this is unnecessary, the orbital fascia being
open in all directions. The zonulc of Zinn surrounding- the orbital fissure
:ind the optic foramen may l>e slit, usually at the outer margin or the supe­
rior rectus muscle.

Step 6. Hemostasis. Allow the dura to come down and rest directly on the
orbital content. Carry out a similar procedure on the opposite side. Replace
the bone flaps and iasten them toether across the ridge of Lone in the midline.
Replace and suture the scalp in position. Suture the galea and skin separately.
Fill the openings in the bone with bone dust. Protect the cornea carefully.
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OPERATIONS ON THE PARATHYROID GLANDS

"Hyperparathyroidism' is a distinct disease-entity associated with a definite
train of symptoms and a characteristic disturbance of calcium and phosph orus
metabolism. It is constantly associated with a demonstrable adenoma usually ofr . ---

' .-.· "-·

I

Fu. 55t. Iutraeranial approach to the orbit. Pant oi the orbital plte_i removed, a"
the lascia of the orbit. (Courtesy oi Dr, Hlowunl •Nfin4f.

gross size of one or more parathyroid bodies. Following the total or subtotl~
1
3~~

section of the tumor lhe calcium and phosphorous mt>labolism returns to nor
usually after a more or less prolonged period of tctany. 1 para·
Te beneficial effects said to follow the removal of one or more ""%"","";a.

thyroids in certain cases of arthritis or in Paget's disease are, to sa}

,27,2"inr»root- « ««««« so». aw
'Churchill, E. D., and O. Cope, Sur. Gynec. and 0bt, 58:355 19+
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supply when operating with a definite diagnosis of hyperparathyroidism is abso­
lutely contra-indicated.

"Subtotal resection of a parathyroid tumor is advisable when normal glands
have been removed o r dama~cd at a p rev io u s operation. Su b to tal resection may

also prove to be the operation of election in a very sick patient to lessen the
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Step 3. After ligating and dividing the middle thyroid vein, rota le thL· corrc:ipond­
ing lobe mcsially and complete the separation of the thyroid fascia from the
capsule covering the posterior surface of the lol,c. The existing tumor of the
superior or inferior parathyroid body is now expose-cl. The tumor may ht
found on cir-her side or the trachea or in the superior mediastinum.

Ft.. 552. Naffziger operatiuu. The lase of the skull showinr the area of bone removed from
the orbital plate and from the optic canal. lCuurh.."i)" Ur. 1-luward C. Naffziger.)

dangers of se\'cre tetnny. It has been done in one such case. The fate of the
residual tissue being unknown at the present time, complete resection is the opera­
tion of choice.

Felix Mandl pioneered, in 19161 in parathyroidectomy as a means of cure in
von Recklinghausen's disease. Others veri fied Mandl's findings.

PARATHYROIDECTOMY

Removal of a parathyroid tumor is sometimes called for in cases of generalized
osteitis fibrosa. Parathyroids are seldom palpable; therefore, free excision is
essential.
Step r. ~lake a wide collar incision as for thyroidectomy. Divide the depressor

muscles transversely.
Step 2. Expose the whole thyroid gland thoroughly. Incise the thyroid sheath

over each lobe.
• M, ChHo '.i:a u :and A. Amdirt', .lour. Chir. J8, No\', 1931.

Ftc. 553. Naffziger upr atiwu. Eulargel laor superiuris anl superiur oblique muscles.
totesy Dr . Howard C. N a f f z i g e r .

Step 4. Remove the tumor. This is usually not difficult. Walton calls attention
to the fact that when the parathyroid tumor cannot be found in any or these
situations it is probable that it involves one or other or the inferior para­
thyroid glands which may lie behind the thyroid sheath. It is necessary,
therefore, in such instances to incise the thyroid sheath on one or both sides
immediately above the level of the inferior thyroid artc-ry and to search
for the tumor alongside the csophag:us, or within the thorax, where it may
have passed down behind the esophagus to rest upon the bodies of the upper
thoracic vertebrae.
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SECONDARY OPERATION

Churchill follows lh<• principlrs nf \ lull' for :-t·co1Hlary nrwr:11ions on the para­
thyroid (Fig. 561).

Fie. 536. P.:ir:ithyroi,I tu·
m o r s associated with lyper
parathyroidism, Sketch frurn
actual autopsy dissection (by
R. U. Lintun). The infrriur
thyroid art('r)' ma,· h<- ,Ji\·i,\nl
at a point betwen the artery
to the parathyroid and the cap­
sule uf the thyr oid land. Tb­
tchic has bcnu useful in com­
plete thyroidectomy. A secund
parathyroid body is shown on

t±' 7' #:%hurchill and Oliver Cope, and
Surer. Gynecoloy and Oh ­
stetris.)

collar incision: section the pretracheal muscles and dissect the middle cervical
fascia from the surface of the thyroid. Look for any indications of tumor
behind the thyroid.

· Step 3. Identify tl1e carotid sheaths and cut the lateral thyroid \'tfins l>ctw<.'t'n
ligatures. Palpate the posterolateral aspects or the thyroid and examine them
directly. Continue the dissection downward on one side until the recurrent
laryngeal nerve is identified and the region of the terminal divisions of the
inferior thyroid artery exposed. Repeat this
on the opposite side.

Step 4. Expose the trachea and esophagus and
carry dissection upward to the larynx and
downward into the superior mediastinum
(Figs 554·555). Sever the branches of the in­
ferior thyroid artery individually as they en­
ter the capsule of the thyroid, making sure
the blood supply of any normal parathyroid
body is left intact (Fig. 556).

Step s. Insert the finger back of the sternal notch
deep to the middle cervical fascia: explore
the anterior mecliastinum. Insert the finger
into the posterior mediastinum behind the
trachea and esophagus. At the same time
introduce a finger of the other hand into the
posterior mediastinum on the other side. Pal­
pate the structures of the mediastinum be­
tween the two fingers. If a substernal tumor
is identified, deliver it into the operating-field
with gentle traction. Do not remove normal
parathyroid bodies if no tumor is found.
If no tumor is found after complete dissection

of the neck and palpation of the mediastinal struc­
tures, recheck the diagnosis during convalescence.
At the conclusion of an unsucces..,,£ul operation re­
move a small button or bone from the sternum if
that has not already been clone. If the diagnosis
is confirmed, explore the mediastinum under direct
vision by section of the strrnum. l'ncler positive pressure-i\nt>Stht~ia make a mid­
line incision downward from tht' sternal notch swttping: to the right at the level
of the third costal cartilage. Insert .1 finger into the mediastinum and direct it
upward behind the sternum pushing: the great vessels backward to avoid injury.
Split the sternum with a Lebsche sternum knife and retract the two halves bring­
ing the anterior me<liastinum into virw (Figs. 557-55R-55:)-5fiol.

Tn a final nltempt to locate a tumor umlrrtnla• block clissrclion of tlu• rwrk
above the larynx.

Fc. 5s4 Fc. s55
Fie. 55◄- P:i.r :i.lhyroid l\lmors :usoci:atcd with h)'perp:ar:athyroidism. A parathyroid tumor

expo sed by elevating lobe of thyroid. The inferior thyroid artery formed a sling which "PP
have prevented this tumor from descending into the posterior mediastinum, as it lay on t
d eep cerv ica l fascia. O n l y t h e upper t h i r d o f t h e t u m o r is s h o w n m the c u l . •

Fu;, 535. Par:athyro1d tumor situated between ~racht:t .;iml csnph:i.i:us p0s1cr_1nr. IO l~c
rtturrent 11cr\'e. Insert :.hows the tumor when delivered. (Courtesy ol Ors. Ed,\ard ·
Churchill and Oliver Cope and Surry, Gynecology and Obstetrics.)

following an injury to the parathyroid body. A parathyroid with a hemorrhage
in its tissue resembles a ripe currant. If this is present there is d:mger of post­
operative tetany. •

Do not cut into the thyroid gland, as the resultant hemorrhage will obscure
the operative field. l'se traction stitches of fine silk instead of double hooks to
retract the thyroid. After hyperparathyroidism has been established proceed as
follows:
Step I. Try to locate the tumor Uy means of an x-ray. Take films lo outline the

trachea and penetrate the superior mediastinum. Look for a calcified capsule
or clisplacl'd trachea. ese a swallow of thick barium to outlinr thr f'5.npha;.:~is
in hoth anterior and lateral views. A fillin~ defrct or displacement of t e
esoph:11,!ns may indicate the position of the tumor. .

Step a. After anesthetizing the patient, preferably with ether, make a wide

, .. :.•

Churchill's and Cope's Operation for Parathyroid Tumors
Associated with Hyperparathyroidism

It is best to locate a small parathyroid adenoma in the first surgical explora­
tion of the neck. Strict attention should be paid to hemostasis, as the staining
of the tissue with blood makes it difficult to identify the parathyroid tissue. Doubly
ligate even the smallest vessels before sectioning. It is imperative that all tissues
be carefully handled by sharp dissection, as a hematoma may quickly develop
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Fc. s;. Parathyroid tumors as ited with hyperparathyroilismn. First step in anterior
mediatinotony (after Sauerbruch). (Courtesy of Drs. Edward D, Churchill and Oliver Cope
and Surgery, Gynecology and Obstetrics .)

Ft¢, 558. Parathyroid tumor exposed by retraction ot the two halves of the sternum. The
\'a1culJr µct!iclc cxkmlcd dowm\'Jrd from 1hc n«k. the tumor lying below the left umomm:itc
vein. (Courtesy of Drs. Edward " Churchill and Oliver Cope and Surgery, Gynecology and
Ohstctrin.)
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Ftc. 56o. Fix:iticm of rcs idu:il tumor tissue in the sternal uotth with \'l \.(11b r p,:tlic!c inlacL
(Courtesy of Drs Edward D Churchill and Oliver Cope and Sur gery , Gynecoloy and
Obstetrics.)
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notably lacking in the reported cases of Paget's disease and arthritis. Fol­
lowing removal of the tumor in true hyperparathyroidism the serum-calcium
values fall with dramatic rapidity. Symptoms and signs of tetany may ap­
pear even with a serum-calcium above the normal level when hypercalcemia
has been present for a long time. The tetany is controlled by high calcium
diet, administration of calcium gluconate, irradiated ergosterol and para­
thormonc.

Improvement in many of the symptoms of hyperparathyroidism may be
expected within a few days. In several instances the patient has only been
made conscious of certain long standing but ill defined symptoms such as
loss of energy, constipation or fatigue by their abrupt cessation following
operation. These symptoms are then recognized in retrospect as manifesta­
tions of the disease. The muscle and joint pains as well as bony tenderness
arc promptly relieved. The replacement of calcium in the bones takes a
longer time and many months may elapse before any change becomes ap
parent by x-ray. The bone tumors being osteoclastomata, may be expected
to disappear, but the bone cysts formed by fibrous replacement of bone sub
stance persist. .

"How far the kidney damage may be repaired is not known. In certain
cases some improvement in renal function has been observed. The only
fatality in the 11 cases here presented occurred following the removal of!
ureteral stone several weeks after the resection of a parathyroid adenora

a a..".1172.%a«»"
Glands Harvl'y H. Stone1 concludes:

"In dogs , certain endocrine tissues may be transpi.lnttd success fully fr_om r:
ind ividual @ another. Factors of success in such_ transplants inlude he.PP"[.
proper site for the graft, proper size and form of the graft, ad iochemic, 3 hould
lion of the graft to the host. The axilla and groin are proptr sites. T~e gr] ts~ in a
be tiny fragments or tissue cultures. The grafts should be gr?wn m c~ tu
medium containing the blood fluids of the host to adaptit before _1mpl:r.nta\lon. usin j!'.

"In human beings , ten cases have been submitted to g:-aftmg treatmtnr(hyioid
the methods developed by experiments on dogs. Five of these were graftsJ° two :ire
I issue and five were grafts of parathyroid tissue. Of these ten cases, on Yrirnenl­
of sufficiently long standing to permit an opinion as to the succtSS of th~P; we arr
both of them being parathyroid tetany cases . In both of them we JC\e
justified in assuming that the grafts were succcs.<;ful."

Tissues chosen to receive this implant should have a generous blood 1:!
lymph supply; the subcutaneous tissues, properitoneal tissue, omentum, SP
and bone marrow have all I.wen recomml'nded. . . t who is
Step r. Selcel a parathyroid in a location fr ee from blood in a pJhtn ~boutd

undergoing a goiter operation but is otherwise he;ilthy. The. surg~: · p.:i ra·
make sure that the patient will suffer no ill eHects from parti~g wild :rpt ;ii
thyroid. The removed parathyroid is placed in Locke's solu~ion .an ediltrl)"
body temperature until implantation takes place; implantation imm

.,%%±2, .rr« -""
Annals of Surgery, October, 1934.

Step 1. Section the pretracheal muscles; enter the deep areas of lhe neck on
both sides through the ca ro tid sheaths.

Step 2 , Identify and retract the great vessels and the vagus nerves laterally;
find the trunks of the cervical sympathetics marking the deep cervica l fascia.
Isolate the recurrent nerves as low as possible and trace these upward toward
the larynx. Identify the thoracic duct.

Step 3. Explore the sca r-tissue around the thyroid only after the exploration
has been carried "far afield." Normal parathyroids or their vascular pedicles
may he injured here, but a tumor would likely have been identified by the
first surgeon.

Ee.Eztz.r.Te " N'Churchill and Oliver Cope and Surgery, Gynecology and Obstetrics.)
SUDTOTAL PAkATIIYkOIOECTOMY

This operation is indicated where damage has been done to normal glands or
their blood supply. The capsule is resutured to form a compactbody and its loca ­
lion clearly marked. In the case of mediastinal tumors, trans fer the residual tis­
sue, with its vascular pedicle intact, lo the neck. The cases operated on showed
marked tetany even with subtotal resection.

In some advanced cases accompanied by extensive decalcification of the
bones, subtotal resection is indicated even if the normal parathyroids are intact.
Severe tetany sometimes follows the removal of a large adenoma even when a
limited dissection made damage to other parathyroids impossible. Death has been
known to follow from uncontrollable metabolic disturbance caused by total resec­
tion of a tumor.

Comment. In speaking of the results of the operation, Churchill and
Cope state: "The immediate result in the cases from which a parathyroid
tumor has been removed either completely or by subtotal resection, has been
a correction of the disturbance in calcium and phosphorus metabolism. In
fact, postoperative studies showing the return to normal constitute the final
step in establishing the diagnosis and efficacy of the treatment. They arc
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under the rectus abdomini s muscle. Local anesthesia is best avoided as it
may interfere with the transplant.

Step 3. Split the parathyroid without taking it out of the solution or incise it so
that there are tn·o raw surfaces; the procedure varies according: to the size
of the organ. P lace the implant in the pocket made for it with as litt le han-

dling and exposure to the air as possible. Check bleeding and close the in­
cision without drainage.
Frugoni and Binde reported a case (II Policlinico, Sezione Pratica, 44, 1937)

in which a graft from a simian gland persisted for eight years in a patient twenty­
one years of age. The operation was performed by Serge Voronoff.

OPERATIONS ON THE THYMUS
THYMECTOMY

Anatomic Considerations. To all appearances, the thymus seems to be asso­
ciated wi th the nourishment of the unborn child and infant ( Fig. 561). It increases
in size in proportion to the rest of the body until the child is about two years o1d.
After that it grows larger in some parts, diminishes in other parts, adipose formations
appear followed by degeneration of the gland. Before degeneration takes place, it
is firm and pink in color; later it is similar in appearance to adipose and areolar
tissue and is very easily torn.

The thymus is enveloped in a capsule of fibers from which branches project
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among the lobules. It is found behind the upper part of the sternum and when it
reaches its greatest size it projects for a short distance into the neck and extends down
to about the fourth costal cartilage and in unusual cases as far as the diaphragm.
The thickest part of the thymus rests on the pericardium, emerging from here into
two flat lobes which become thinner and more divergent as they descend. The left
lobe overlaps the right and is separated by a tissue of fibers. The left lobe is gen­
erally the larger of the two. Irregularities of the fibrous septa sometimes result in the
fusion or the two lobes so that a third one.appears between them.

The thymus is in touch with most of the aortic arch while the innominate veins
and superior vena cava form a furrow on its posterior surface. It extends into the

Frc. so3. Thymectomy . Transverse incision over manubrium. The superficial fascia of the
neck is shown dividd . The veins overlying this fascia are ligated.

space between the pericardium and pleura on either side. Before atrophy takes
place, the thymus resembles a thick crescent, The suspensory ligaments connect the
thymus capsule to the thyroid. The internal mammary vessels follow their course
in front or it. Authorities differ widely concerning the weight of this body at birth;
3 gm., 5 gm. and 13.75 gm. being given as average figures. It is heaviest at puberty
after which it becomes thinner and softer being replaced by fat and areolar tissue
but rarely disappears completely although after zo years of age it is not easily dis­
cerned as a rule. The internal mammary, thyroid and pericardial arteries furnish
the blood supply for the thymus through capillaries at the junction or the medulla
and cortex. The veins join together forming larger trunks, the left innominate being
the most important. There arc many large lymphatics which empty into the nodes
behind the sternum and form a plexus around the lobes.

Anesthesia. Crotti admonishes that "in chi ldren, especially in the new­
born, the dyspnea may be so intense that anesthesia, no matter what form, may
only increase the dyspnea, consequent ly in such conditions the operation may
have to be performed under local anesthesia or with no anesthesia at all as in
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when the tumor docs not extend too far beyond the borders or the sternum is by
Milton's operation (Chap. i9) or one of its modifica tions. The thymic arteries are
small in size and should not add greatly to the clangers, but means for differential
pressure must be ready with an anesthetist skilled in their use in case one or
both pleurae arc wounded. \\'hen it is obvious that we are dealing: with an in­
operable condition some relief may be secured by the decompression afforded
by a longitudinal division of the sternum and its posterior periosteum. Large
mediastinal tumors spreading laterally need not of necessity cause distress by
pressure upon the trachea as do those confined to the mediastinum itself."

the-newborn for instance. ·. . In small children chloroform seems to be preferable
to ether."

The patient's position is the same as in classical thyroidectomy.
Step 1. l\lake a transverse incision above the manubrium of the sternum. Re­

tract the lips Qf the wound. Divide the cervical fascia in the median line
Fig. 563).

Step. 2. Separate the pret hyroid-muscles in the midline. Retract them laterally.
Look for the upper limit of the thymus, which will ascend and descend dur­
ing the respiratory excursions.

Step 3. Deliver the thymus into the wound Uy gentle traction on its upper pole.
Attend to hemostasis during delivery (F ig. 564).

Fi. 64.
Fi¢. s6s.

Fi.. 564 Fc. 565
Tbymectomy . The capsule of the thymus is rasped with a pair of forceps, pulled

7»»sos. m. ,%%."2%2.%1%a0- st sos» is non+
to the fascia and sternum

Step 4. Crotti counsels cxtracapsular resection or the thymus, stating: that "usu­
ally the thymus is easily loosened from the surrounding structures. When­
ever, however, there is some perithyroiditis and consequently there is some
difficulty in gett ing the thymus up, it is bett er then to perform an intracap­
sular thymectomy." Under such circumstances the capsule of the thymus
is opened, permitting the parenchyma of the gland to protrude during the
respiratory excursions (expiration). Shell out the gland digitally with care
(Fig. 565).

Step s. Ligate the base of the thymus snugly. Ablate it sufficiently above the
ligated base to avoid slipping of the ligature. In an emergency (hemor­
rhage) tight packing should be resorted to.

Step 6. Attend to hemostasis. Reunite the prethyroicl muscles. Suture the
platysma. Close the skin. Dress.

TUMORS OF THE THYMUS
This surgery is of a very different type.
Lilienthal says: "Greater progress would be made if it were possible to per­

form more exploratory operations for suspected tumors in this region before such
proportions have been reached that a transpleural operation with its added dangers
has become necessary. Also, there would be less embarrassment from the greatly
dilated veins which are present later on in the disease. The method of approach



CHAPTER 18

PRINCIPLES OF PLASTIC SURGERY AND
SKIN GRAFTING

ore o.. n- moos es««tsg@pg; 2" ?",".
two thousand years ago. A customary form of punishmer skilled in
nose: men belonging o the «le-makers caste cons!Y """"arr it
grafting on noses formed from the skin of the glulc,1I ~rgaon. 1. I f
ir roes«u- to« o ««s ow o9,, 232,""" ""
the exact technic employed by these operators. It was be c 11 f the
th e raft atrophied o r prew health y in accor dance with the state o C hca I I o

""",,'"""~mwte r«cont «ea co«er depro±res ot 0ts ar «tori« de
middle ages. Toward the encl o f the eighteenth century Inchan methods of graft­
in weetraduced into Europe. At about this time Tagliacoza, a famous
Bologna surgeon, is given c.rcclit for some very fine work in rhinoplasty.

RECONSTRUCTIVE AND AESTHETIC PLASTIC SURGERY
Plastic surgery designates that branch of general surgery which deals par­

ticularly with repair and reconstruction in connection with defects and mal forma­
tions, whether these may be congenital or acquired; it includes not only the im­
provement of appearance but, so far as possible, the restoration of function.
Plastic reconstructive work may, and generally does, consist in building up local
defects with tissue obtained from the immediate vicinity or even from a consid­
erablc distance from the defect; but it also often includes removal of the localized
redundant tissues and remodelingwhat is ldt so as toproduce a normal or approx­
matcly normal appearance. This type of plastic rcconslructiv~ work and all
operations which are undertaken principally for the removal of uns11-:htly 1hsfigurc­
ments mayin a general sense be described as aesthetic plastic surgery; but many
of these operations have not merely an aesthetic but also an economic and thera­
peutic value, (See Surgeryof the llreast, etc.) Aesthetic plastic work, at present,
is to a great extent confined to the facial and other exposed regions, but in the
case of women, it may include the breasts, abdomen am\ other parts which have
become unsi;.:htly mu! burdensome. Gt•neral plastic work not only includes the
aesthetic typebut also work on bones, joints, tendons, etc., so as lo eliminate pain
and restore function. This type of plastic work may he called for in any region
of the body following the healing of lraumatisms or to remedy such congenital
defects as webbed fingers, deformed feet or the like. Thl• plaslic work may require
manipulationof bone, muscle, fascia, fat and skin, either in situ or trnnsposed from
a distance, By ll1e term "t:1ke·• we mean that !he entire graft has healed in its
new position. Hy a "partial take" we mean that the tissue transplanted has only
partially healed.

The surgeon who undertakes plastic work should, therefore, be thoroughly
familiar with the behavior of such tis..'-UC'S under all conditions and very particu­
larly with their mode of healing when tr:mmatizcd. He should also be conversant
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wilh the possibilities of tissuc•t~anspl:intation an d the use of free and pedieta
flaps an d grafts. Iy a "hap" is meant a segment of tissue detached from ,
naturalbed for the greater partof its extent. The part bywhich it is left attahq
to its original surroundings (pedicle) carr ies blood Vc-$.Sl'ls, thus supplying nour.
ishment to the detached part of the flap. The detached part may be apply
to a raw, granulating surface and, if this latter is well vascularized, the lbp
will. as a gt>nernl rule, soon become itself vascularized and when this occurs
the flap may be entirely detached from its nutrient base. A "graft" may 1

entirely detached from its surroundings and connections and transferred t£
place for which il is intended, wbere m clue time It may become vasculatizrd
and live incorporated in its new s11rroundin1,<s. Bone, cnrtila~e, skin and pcrh:ip.>
oilier tissues may be freely grafted or transplanll'd and 11n1ler cerlain conditimt,
will permanently live in the new site: other tissues and even parls of internal
or,-,.:ans rnn be trnnsplanled, become v.1scularizc1l and live for a greater or lesser
time in 1hl'ir new environment (Alexis Carrel). 'The free ends of the same or dif.
fercnt tendons may be sutured to~ethcr and will in time become integrate,

It will be seen that the operntions of plastic surgery arc manifold and the
knowledge of tcchnic demanded from the plastic surgeon is extcnsi\'e if he covers
all the fields embraced in this type of surgical work. Many procedures, such for
instance as arthroplasty, are undertaken by the genera.I surgeon as a part of his
general work.

TWO MAIN PRINCIPLES OF PLASTIC REPAIR
1. The proper preparation or vivification of the surface or site of the pl:istic

work;
1• Complete al,sencc of tension when and after flaps or grafls are applied.

These principles are perhaps more applicable to superficial than to deep plastic
work and in this chapter, we will confmc our attention principally lo superficial
plastic work.

The first of the main principles just referred lo must of nec~ity presuppo.~
some general conditions in regard to the patient; he should he fr ee from all ac­
tive disease such as syphilis, tuberculosis or suppur:lli\'c disc.1SC of any kind:
he should not be aged or keble ancl his general health should be good. In the case
where a plastic operation is being performed to remccly defects due to traumatism,
such as n bum, the healing procrss should be complete and !he patient in ~00<1
1,:encral condition. All scar tissues must be completely removed from !he super­
ficit'S and all bleeding arrested before a flap or graft is ,1pp\ied lo it.

METHODS OF PLASTIC REPAIR
When a superficial dl'fect has to be rrp:tire,I by a plastic operation which in­

cludes a skin covering, the following methods may be employed: (a) Skin graft­
ing; (b) The French Method (gliding 1he cdgL'S together and suturing). This
method was originally devised by Celsus. ·In such cases of tension, the skin may
be mobilized lo a reat extent by undercutting; in this manner large areas of
skin may be :,;hiftcd without impairing the vitality of the transplanl. (c) The
Indian °'Jcthucl. which consists of using pedunculatt'fl flaps from tis.sue in the
immediate neighborhood with more or less lorsion of the pedicle. (d) The I1albn
or Tagliacotian Method: the use of pedunculated flaps from distant parts, as

for instance when a nasal defect is to be repaired by a flap of tissue frorn the arm.
While the method is inconn·ni~·nt for the patient requiring immobilization of the
arm for a long period, lhc procedure assures nourishment of the !lap. (e) The
Gillies Tul>ed-Pedicle Flap: In treating soldiers who had been wounded during
the World War, it often happened that no local flaps were availaUlc to fill in de­
feels where something more than epi1hclial co\'erin;.; was needed and it became
necessary to obtain flaps from a distance; thus Gillies tubed-pediclc flap was
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It is not within the province of this chapter to describe the many types ol
defects for which flaps may be employed nor the manner in which they may be
utilii•:ed. Each type of defect will
have to be handled according lo its
own particular circumstances and
the judgment of the surgeon. There
are, however, certain generalities
which apply to flnps of all kinds.
When a flap is obtained from the
vicinity of a defect it may he ;.;licled
inlo its new position and fixed there
by sutures. In the case, for in­
stance, of :in external wound left
following amputation of the brcasl,
when the edges cannot be approxi­
mated, a flap may he obtained from
the axillary or shoulder rcgfon ;uul
slicl into the defect (sliding flaps).
There is more danger of necrosis
when such a flap is transplanted.

Davis and Traut have ably il­
lustrated and described the various
types or flap;; used in modern plas­
tic work. A study of the illustra­
tions and legends (Figs. 567-8;
incl.) will do more to elucidate the
factors under consideration than
:my amount of text.

According to circumstances, a
flap in plastic work may be used
in different ways. There is the re­
versed flap in which the cuticle is
directed inward, the outer surface
being later covered by a skin graft,
This may be indicated in repairing
defects in the check or other re­
ions having a mucous lining. In
the superimpost•d flnp, the firsl re­
versed flap is itself covered by a
second flap with its cuticle out•
ward, or the first reversed flap m.i)'
be folded on itself., A granulating
flap is a double pedicled one in
which !he suprrlici:d :issm•s are
dissected up but the extremities left intact, The isolated part fors a kind ol
bridge, the undersurract' of which is prevented [rom uniting lo its surrounclinP by
some protective material and then allowed to granulate for from ten to fourt"
days. Experience has shown that the vitality of such a flap in its new position"
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fore, that may when put in appc.•.1r,. sl.1ck1 will soon tighten up: too much tension
may ocur with the apprarancc of a zone of inflamm:ition which, if not corrected
in time, may be followed by sloughing.

Different modes have been devised for the closure or filling of deformity
:,:aps or varyin;.: shapes. Triangular-shaped gaps, if !'-rnnll, may have the edges
brought inlo apposition by simple unclerminin;.: of the subcutaneous tissues ancl
suturing the skin ctl;.:l'S IO;.!l'llwr. \\"hen :-uch ;.:ap:: are or a lar;.:er size. an incision
is made continuous with one side of lhc trian;.:le; the subcutaneous tissues beneath
1he etl;.:e of this incision aml of the side of the triangle next to it arc umlcrmine,I
hy clis:-C'ction: the loosened-up skin may then be sutured over the rfefrct. I neces­
sary, the original incision may be co111inu(·,I on both sides continuous with one
siclt• of the triangular gap ancl the same procedure fnllowe,t on each side. Quad­

Fu;. _;(ic-J. lllu!>lt:iting :i. method n( for111inJ,: :t tluuhli:-facl,I 0:ip hr utilizini: purliuns o( two

• A ±a ,sos e om, ["{",,"; a e «uh s4 ot we «it«a
length, both having their pedicles above.

2. Shows the flap A r:iiSt"tt :i.m.J turned U(l\\':trd :iml its lower lhird pl:accd under the
lower third of flap B and sutured raw surface lo r:aw surface. Note the roll of gauze tn
prevent kinking of the pedicle of fl::ap ,\. Alsn note the outline o( the lateral triangular flaps
whkh will be advanced to close the defect rn:uk by raising flap A.

J, ,\her he:ilin i:: h :i!i taken place the dnuhk-fac,~I purtiun is S('Ji.'lr:atcd from 0:ap A, and
on the pedicle of fl:i.p_ JJ is !-hih c.,1 whnc nect·s~,ry. !\oil' 1he clo$11re of the defect lt"h hy
raising the flaps. This procedure may be used very advantaoudy in certain situations and
has been utilized in 111:al..i111-: c111u11oun1I fbfH. fur i11,1;1.11n•. whm inrlmlin,: ::i 1,nr1inn of the
cLwiclc in the section to be lined. (Davis and Traut in Lewi:-' Pnctice of Sur,:cry.)
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made to obt ain good apposition between the edges of the Hap and those or the
prepared bed. Catgut may he used for buried sutures if they arc necessary, or
for the union or mucous surfaces. Fine horse-hair is employed where the situation
calls for lhe avoidance of stitch marks.

The management or lension is a delicate matler: there shoulcl be enough
hut not too much: the condition or the sutured edges should he constantly in­
spcctecl and any clraggin1,t 5titches rcmo\·ed. l"sually after suturing: there is al­
ways some swelling or the nap and of the tissues surrounding it; a stitch, there­

' al;

A

"£!

\Vhen a flap has been used for fil lin;.:: up a <lcfrcl or othrr plastic proccclurC'.
it wi11, of cour.;e, be necessary to fil and trim it so as to leave no projections over
the contiguous lis...'iucs. \\'hen ils exact figuration has been accomplished, it shnulcl
be suturccl in place. The suturing of a plastic Oap in place is a most important
proccclurc. Silkworm gut or fine linen is commonly usecl, every rffort being

D

SURGERY OF THE HEAD AND l\"ECK

more assured aher the pedicles have lx-en divided if the deeper parts are granu­
lated. Moreover, such a flap can he cu! much lon,-:er in proportion to its width
than a free flap without fear of sloughing: the length may be three times the
breadth.

3
Far.. 568. JllmtratillJt n ml·th1~l uf lininJ! the rlcsirc-d_portion nf :t flap by the use of a lateral

flap adjacent to the lower pedicle (Lauenstein).
1. The clotted line,; :.ml. illc_i!oiuus in ,\ mark out what will l.'\'l'lllltnlty he lhc- lnw<'r cn,t

of the pedunculated flap which is to be lined. This area is completely undercut. B inulicates
the lnlcrnl Jl .:111 wl11ch "' ra1~('(1 \nth its p!.•d 1cll· :ulpccnt In A am! which will 11<· ltm1r1I 11\ 'er

5%57¢.2: 27 2: 5%$7:z
situations.

::. ~huws the fa!N'ill Rap B clram1 11111ler the udercut arca A :i111I :i-uturNI ~ 1h:it the
r.aw i-urf:ic,: o f 11 i!i in dnse rnnt.,ct with 1hc raw !iurfarc nf ,\.

.l. After hc:ilin,:: i-. rn11111leh• hd\\'l·en A :incl D, the len1-:th of tlw future ,.h :mk I) j.._ out•
linr•d with incisions and may be undercut, leaving it :a1t.ichc1l :it earh t'lld, :rnrl either he
n.·plart'fl for delayed transfer or tubed. The pedicle of n is thni 1lh·itJr1I aml lhl· T:I \\ ' m:iri;:in,:
of ll :i.ml on that side are sul11rC1l The «deired portion of tlw Ra11 i:- nu\\' lim·d .11111 consi-.tc
of a double thickness of subcutaneous tissue with whole-thickness skin on both sides, After
gradual division of the lower pedicle of A, this lined area ca be ·lifted into au position to
which the length of its pedicle will r.irn· it.

4. Shows the lined p ortion uf the flap after division of the lower pedicle ls been com­
ple!rd. AhC"C' lhc linl."fl Jlnrli"n h:ts hl'("fl ~rn\\'11 inlo it" m·w pu.,ilion. 1hr 1w.·tlich• is either
divided luse and the shank returned to its led, or the shank nv le utilized. The defects
left by the removal uf the flap should he grafted with <kin, Ti sngetin may be very
advantages in varistts ways, (D)is and Traut in laws' Pratice of Surgery.)
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3
Fie. s;r. lllu1,tr::iting ::i method o( lining the lower partion of a pedunculated flap by infolding

two lateral rectangular sections (;1,fter <.:oh:).
1. Shows lhc: outline o( the flap cut in the shape of ::i T. The dotted lines indicate the

width of the portion C to be lined. The ~«lions A .1ml ll arc uch one•h:i.U the width of the
tl:a11 ihcU.

2. The entire flap is 1hc11 unt.lrrcut :am! r::iisctl.
J. The sections A :ind U .ire turned inw:i.rtJ :and the margins are suturctl thus lining the

section C. It is :i.dvinblc for healing to be complete before attempting to shift the nap thus
lined to its new loc:ation. The unu5ed portion of the pedicle should be returned to its bed,
and the rest of the defect left by r::iising the flap should be skin grafted. (D:avis and Traut
in Lewis' Puc1icc o{ Suficcry,)

lb.
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tlir sit11atiou of 1hr dr/ut oud 1l1t' tissues l1n1ilabl.-.

Fm. Sil, Illmtnting ::i method of lining a flap by folding it on itself.
1. Note the outline u{ the flap. The section ,\ is the portion to be turned under to line a

!limilar siictJ )cction o( U. The dotted line CD intJicates the extent of the undtrcut.
.t. The flap being raised.
J. The )t-cliun A has been folded undrr B ::iml sutured so th:at raw surfac-c is to raw sur­

.2£ 25%%".422 3:23. 2
the arm, it may be carried to the face: or ehe.,...-hrre b)· the lt::i.li.m method. The .lttJ, from
which the lbp \lr,'.J.J. raised m:ay be snugged by sutures an,l skin ~n.ftcd. (Davis ::ind Tuut in
f.('v,:i\' Prac-1ict· u{ Surgery)

In the French melho,J of cutting flaps ror plastic work the skin edges, both
or the Hap anrl its hrrl, are undermined and the subcutaneous tissue pads removed.
This enables lhe surgeon to bring the skin edges into better apposition and to
avoid undue tension. Anolhrr mrthoci is 10 incise the edge o( the Hap on the slant
~ .is lo prmluce a bevel edge. This .ipp<•ars to give a larger area of rpitht•lial :-ur­
foce for union, while the thin edge having the character or an epithelial gr;ift ·:.·111:·
to fuse wilh the opposite skin ancl to produce a rapidly fading scar. H tlm,
ntl'thocl he t·mployt.•d, it seems best to USl' a srmi-suUcutaneous mattrrss suturt·
with .i ft.•w interruptt.'11 ecl1,tt'-lo-<·d;.::t• sutun-s. Tension sutures may be inserted occa­
sionally along the united edges, care being taken to prevent cutting by tying: thl'111
over strips or rubher.

-::, _ i-:=:
.' 5

rilatcral and elliptical gaps may be dealt with in a similar manner by under­
mining the subcutaneous tissues around them.

The most satisfactory method or suturing skin edges in plastic work is the
single on-end or vertical matlrcss suture as it prevents overlapping or the edges.
This suture may also he used for coapting: mucous membranes. .-\ continuous mat­
tress suture may also be cmployecl.
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ANCHORtNO OP FLAPS
Some surgeons doing plastic work have found it advanlagcous to appro xi­

mate divided edges without suturing them together. This is accomplished in
different ways. Strips of muslin to which hooks have been sewn may be glued

Fie. 5;J . lllustr:ttini; the closure o{ ;,, ddect with a pedunculated flap having a very narrow
pedicle.

1. The defect with the outline of the mc;ourcd O;,,p. It ,,ill be noted th:tt the pedicle is

mt.tkz7%e2.5%
was resorted to

:i. The flap bing raised. Note the direct ion of the twist ol the pcdick Before inserting
the flap the 1hsues :,,<lj:tcent to point C were undercut.

J . The flap sutured into the d~frcl. The ;,,re.:,, from which it was r.i iscd \\'lS closed by 511•
tures, Note the position of the points F and C :u c-omp:,,rcd with th:tt in 2. (D;wis and Tr.ml
in Lewis ' Practice Qf Suri:ery.)

to the shaved and cleaned skin-surfaces and the edges of the gap approximated
by lacing up the hooks. Huessner's glue is one of the many similar preparations
used for keeping the strips in place. It is composed of resin, zs Gm.; alcohol
(90%) 25 cc.; Venetian turpentine, 0.5 cc.: benzene 5.o cc. There are various
other non-suture methods such as the use of metal clips (Michel).
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. One th ing to be borne in mind in connection with plas tic work is that .
finite patience both on the part of the operator and patient is called for. Th in.1""",""?"asssroosor«or«i voes sou.C

After-Care

Where there are no infective complications. the pan should be imt b ili
and soft, non-irritant, dressings applied with even pressure. rr the drC:? ,,1_,zed
tight, the blood supply may be interfered with an d a slnu~h result.

10
"" ar~

Fc, s74. Illustrating the closing of a defect with a single peduneulated flp from adjacent
t1Huc with twisting of 1hc pc_dide by the Indian method..±,1$2 2321±23./.4 #%.%.

this area in order to 111Jke a better closure.
2. The nap turned down with a partial twist of the pedide and sutured into poiition. Nae

the closure of the area from winch the flJ J> WJS rJiied. \Vim, c]Qsurc c:irrncl be rr.adc it i

15.2.5'%£.4%.IE: 7$1.£1 5%.1.±/527
Massage, or passive movement, is or great value both before and after opera­

lion. Before operation, scars may be made movable and the circulation in the
region improved. Following operation, massage helps in restoring lost function;
areas that have been grafted may be loosened up a bit and the color and circula­
tion in the grafts impro ved. But massage should not be commenced until at least
three weeks following operation.

In speaking of the Treatment of Superficial Granulating- Wounds, John E.
Cannaday' points out that Sir Walter Scott tells of the old belief among the
Highland clansmen that a wound heals better if the first dressing is not chang ed
for a long time and that the dried blood in the dressing was beneficial and pro ­
•noted healing. Chutro, of Buenos Aires, in dealing with war wounded in Paris

'Am. Jour, Sur,:;., Vol. XXV, No, 1, 1934.

during the World War, strongly stressed the great value of infrequent dressings
and non-interference with wounds during the process of healing. He did not dis-

turb the dressing for from two to three weeks or longer. Orr popularized a some­
what similar method. He packs the wound with vaseline gauze, applies a plaster
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cast over this and not infrequently docs not disturb the dressing for a full month ,
the odor often being the indication for a change of dressing.

Wounds of the face that have not been dressed, apparently heal in a much
more kindly and prompt manner than those that arc covered with dressings.
As far as the wound 's healing is concerned, dressings are, as a rule, of no value

l
l
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Fi s;5 Illustrating a method f closing a circular-shaped defect by the removal of four
tr i:ingl,·s of ,kin. tlm~ c!uni:in;.: the ddect from :,, circle rntu :i ,(111:irr. L:ittral ~11uarc flaps ;,,re
undercut and advanced, and the closure is in the ~lup.: u{ :in H (SiyTT'.:mows1.:i).

1 . Show$ the circu!:tr dcfc-ct with the triangles outlined and the incisions made to form the
l:itcr:il !bps . . . . . . .z. Shows the removal of the triangles converting the circle into a square, Alo the raising
o[ the latnal Hap!.

g. The lateral flaps have been advand to meet each other and have been s utured. Sty­
mJnnw,ki ba~e(1 1he dMure 0£ :,,11 of thr!C circular ,kkcu on. llumw ~ method nl r,o;cumg
triang-les of ti1111c, combined with other well known f'~>t·edurr.'i .u~cd for du,ini:: ~11 e!!ip,c, _a
tri angle and a quure. In other words, he ued combinations of different procedures. In plastic
suri,:n)" romliirution.'i mll.'il be- frequently made 111 r.rckr to meet $!IUJ\lons wl11ch uncxr,c-ctc~1y
;,,rhc Fnr thi.'i rcJ.wn. ii is essential for the opt-r:t.1or to h:t.\"e nJJ.~ltted 1hc methods of closm11:
defects of var inus shapes, (Davis and Traut in Lewis' Practice of Surer.)
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Fe.. 577. Illustrating a method of closing either a large or a small rectangular defect by
means of triangular flaps raised from opposite sides of the defect and advanced to meet each
other.

1. Shows flaps formed by two incisions carried outward from diagonal corners of the shorter
ends of the rectangle. Each of these incisions should equal in length the shorter side of the
rectangle.

2. Shows the raising of a flap. The dotted line, indicate the size o[ each flap when com•
pleted.

3. Shows the flaps sh ifted inward and sutured, the final closure being in the shape of a
reversed Z. This is an old procedure and a uscCul one. (Davis and Traut in Lewis' Practice
of Surgery .)

Fi¢. 5;8 . Illustrating the simplest method of losing a circular defect which is too large
to be drawn together by a purse-string suture. Two triangles of skin are removed and the
defect is thus changed from a circle into an ellipse. The closure is in a lie taiter Szymanowski)

t. Shows the defect and the outline of the triangles of skin on each side which are to be
excised.

2. The line closure made possible by the removal of the triangles, It may be necessary
to undercut the margins considerably before the cedes can be approximated if the defect is lare
or if the tissues are not freely movable. (Davis and Traut in Lewis' Practice of Surgery .)
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He points out that the contact of dressings of the usual type with any granulat ing
surface causes a free outpouring of serum, the so-called foreign-body reaction.
This reaction is most strikingly seen in the response caused by a drain; the pro.
fuse discharge provoked usually disappears for the mos t part soon after the re­
moval of the offending body.

Mouse-proof mesh and adhesive plaster is used to construct a screen or
framework to be applied about the wound. The screen-wire is cut to the
requisite size necessary to make an adequate shield over the wound. The edges
are bound with strips of adhesive plaster and shaped so as to fit about the wound.
(Fig. 588.) In many instances raw areas thus treated will heal in contradistinction
to others that have been assiduously dressed day after day without apparent
diminution in the size of the wound. I the wound is deep, as a rule, this form
of treatment is supplemented by the application of heat, as by sunshine or lamp,
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growth thrown out for repair. Granulation tissue constituting the ulcer base be­
comes infiltrated with fibrous scar tissue, circulation suffers and the processes of
repair are put to disadvantage.

Cannaday treats certain types or wounds, particularly those of a superficial
nature, showing a tendency to delay in healing, by exposure to open air and
sunlight; and, if the latter was not available, to the various types of electric light.
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which promotes healing by improvement or circulation as well as by the drying
or the skin.

The position of the part involved often plays an important part in the healing
process. If the wound is deep this form of treatment is not begun until the
granulations are nearly flush with the surface. I the wound is superficial, such

- ss %2.%22 .#2.» «
A. Shows the defect_with the sutures which are fr,e led in the four corners
B. After these are tied, the other sutures are inserted in such a way as to entirely close

the defect in the shape of a double Y, Tis is a useful procedure and can often be advanta­
geously employed. (Davis and Traut in Lewis' Practice of Surgery.)

Vegetable grafting although appearing somewhat similar to skin grafting
is really quite different. Vegetable grafts grow more as parasites while skin
grafts become a part of the tissue into which they are transplanted.

Autodermic grafts arc those obtained from the patient himself. Those ob­
tained from another individual are called hetero-, homo-, or isodermic; zooder­
mic is the term applied to grafts taken from animals.

If zoodermic grafts were successful, they would be classed as the favorite
method. However, results arc rather uncertain following this procedure. Reclus
classes it as a "laboratory experiment ." Colrat contends they arc absorbed and
that even though they appear to be successful at first, granulations are sure to
appear later. Nevertheless many cases have been reported where the procedure
was followed by iratifying results.

signifies the use of dead organic or inorganic substances. The word "graft" should
Uc used in describing: transplantation procedures while the word "lap" should
be used in connection with plastic surgery.

Epidermal grafts are made up of epithelium alone in either large or small
pieces; dermo-epidermal grafts consist of epidermis and a part of the true derm;
total cutaneous or whole-thickness grafts arc made up or the whole thickness
of tile skin and in some instances including the subcutaneous connective tissue.

f
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as that produced by removal of skin grafts for use elsewhere, the treatment can
well be begun al once.

Skin Grafting
Skin grafting consists in completely removing a portion of skin or epithelium

from one part of the body and transferring it to another part to correct a defect.
It differs from plastic surgery in that the transplant used in plastic work is fur­
nished with a pedicle through which it is nourished while uniting with the sur­
rounding: structures.

Skin grafting is often called "transplantation." The term "implantation"



Out or 165 transplnnt:i.tions obtained horn frogs, chickens. guinea ss am4
rabbits, Cousin had 1s successes; out or uz human grahs he reports successru
results in 11 5 cases.

F.. 8t. Hlustrates a procedure for closing a quare defect by means of advancwy a
btcr:,,l lfap :iml :it the ~an1c tim,: rcn11.1\m;: two 1n:i.111:lc$ .,f ll,su,· lo fac1ht:ill° 1h1· advanc,·,m·nt,
accurding to Burows method.

1. s·hnw~ 1hc ,k/c-,;:t aml the outline uf the Oap. :ibu 1hc l" ';iliun uf the trfaul!k:<..
± Show« the flanbing raised and the triangles being excised

Shows the closure. This is a rn"rc cuniplic:itc,I uwthu,I but iii oft rn mclul in rdas it1i::
the shad of the tlap. (Davis and Traut in Lewis' Practice of Surgery.)

There is a wide variation in the results obtained by the different surgeons
in their e,:pcrimenls-some l:tml it highly: others condemn it.
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tury a surgeon plan•cl a skin•pl'rjusteum-Lione graft from a dog in a defect in the
scalp and skull of a human: after it had grown in place, he was forced 10 remove
it, unrler threat of excommunciation from the Church.

Fir.. 5,1!2. lllustr:itn a simple method of closint; a )ljU.uc defect by ll1<e 11,,. u{ :a b1tr~I !up
which is advanced and sutured. T l,is i• 1n,ic:1l uf 1ht French 1neth0tl and there :arc num
modit'icalium UM-<I. dq,cndiur: ,111 ti«· ,·,,11,!tti,,n n( 1hr surroundins: ~kin aud 1u1 the sitw.tion .i f
1hc lniuu.

1. The defect wilh the Oa1, 11111lin,·,l.
2 . The 11:ip l•:lfli~lly rai•rd. Th<: dultcd li,w imlicatrs the <'U!l°r limit u{ 1hc 11.i.p.
3. Tht lbµ ad\·a11cnl i11 Ilic ,1in-ct1u11 ul the :irruw :111,J ~uturcd. (llavili and Tr.ml in l.n,;i,'

Practice ui Sun;cn·.)

PRINCIPLES OF PLASTIC SURGF.RY AND SKIN GRAl-'TING GO!

Medieval history records an instance concerning the _transplanting of a graft
from on animal to man which lS quite remarkable. Dunng the seventetnth cen-
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Skin from the fro;.: furnishc-s pcrhap;, the most successful zoogrnh. The skin
from any portion of the fro;.:·s body may l.Jc 11Scd ahhou;.:h that from the abdomen
is u~u:illy t·mployt'1l. In !SS-1, Alll'II performed operations using this kind of
graft; Laratoux and Dubousquet-Laborderie employed the mNhod a few ycnrs
later.

The nc \\' skin bccomt'S translucent :mcl piok, appcarin;.: as a film 1hrou;!h
which the red'surface beneath can be discerned. The pigmentation disappears
in a few days but the new skin still seems to be slightly tlarkt·r thJn the surrouncl­
in,:: skin.

Frog's sin must be given caret@l attention tor at test «0we mo"";";'
tho11;.:h 1t makC'S a soft, pliable covering. it h:,s a tendency to ulcerate an,__ from
\certain degree of success was attained by Redard by using the "

the unlersurface of :i chichn's wing. ·

The frog isprepared as fnll~ws: :ifter scrubhini:: it is immetsecl as far 115 till'
neck for five minutes in a solution of corrosive sublimate or pcrmiued lo swim
m :1 hone acid solution for some tune.

(irafts may be wrapped in waterproof tis-ue with moist ;:auzc ancl pn-st•r\'l"il
for several hours.

C D
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An ulcer wa~ successfully grafted with pieces of cock's wattle by Altamirano,
Mi les of Edinburgh grafted successfully the skin of a greyhound whil V

Meter of Colorado employed the cuticle from a Mexican hairless puppy. r.{],
of a young pig was satisfactorily used by Raven and Hubscher.

Miles also used the skin ol rabbits and kittens, after shaving the abdom
or flanks of the animals, he removed the skin in strips ranging from 1 to 6 inchen
long and from one-half to one inch wide. The edges of the grafts were plac:~

PRINCIPLES OF PLASTIC Sl:IIGEIIY AS!> SKIS GIIAFTl:',G ooo

Venable has reported excellent results using thin layers of skin from the
shaved thigh of a young pig. Usually the skin is taken above the bristle layrr;
should a few bristles appear they are or no consequence, since the follicles in the
graft soon atrophy. He reports 85 to 100 per cent or takes as against 30 to 7S
per cent with other heterografts.
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Transmission of Disease

Diseases of different varieties may be transmitted in skin grafting from one
person to another. Syphilis, tuberculosis, small pox and even cancer are said to
have been transmitted in this manner. .

Fu:. 5&:i 11. lllustr.:l.1cs the simples! method of clmins;:, ~m:,lt triangular tkfc..:t by undercutting
the margins and approximat ing the edges with sutures.

A. The defect, with the sutures which are first placed across the C'1rr.crs of the he uf
the triangle.

B. The clusurt i11 the shape of an clon~:tlt'd Y. (Da\·is and Tr.i.ut in Lewis' Practice of
Surgery.)

Ft., 5k6 I Illustrating a method of closing an elliptical-shaped defect by the formation of two
triangular flaps from the same side which are advanced and sutured (Lisfranc),

• The defect. Note the vertical incision made from the ce ntral pormn of the defect margin
on the elected side.

2. 5hows the formation and extent of the flaps which extend utward to the «dotted line.

11, The clc..,urt· in the shape of a llallt'm:d T. The princi11lc uf thh 11rocc:durc will be found
helpful in may instances.

A

together and pressed down firmly being held in place by a dressing for forty-eight
to seventy-two hours, alter which it was carefully removed. If pustules have
formed they should be opened. Granulations growing through the new skin
which would seem lo injure or destroy ii should be removed with a sharp spoon.
Out of 10 cases Miles reports 4 successes; only z were complete failures.

Based upon the idea that the testicle possesses a greater degree of cellular
activity than other parts of the body, E. Aievoli used thin pieces of the testes
of rabbits for grafting purposes with good results.

The lining membrane of an egg has been used advantageously for grafting
purposes in the case of extensive burns, injuries to the tympanum, conjunctiva
or pterygium.

C

Where the patient has liel'll suricrinJ! from erysipelas, grafts should not be
undertaken until the disease has disappeared at least six weeks, for the streptococci

General Condition of the Patient

It is not necessary for the patient to be in an extremely vigorous state or health
before a skin graft is applied but he should be free from toxicity.
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Surgeons do not agree as to whether rafts can be satisfactorily implanted in
the presence of syphilis. A great deal depends on the stage or the disease and
whether the area to receive the graft is syphilitic. A skin graft should not be
placed over a syphilitic ulcer. There arc cases recorded where grafts have been
known to grow and heal where the patient was afflicted with syphilis.

REVERDIN GRAFTS

When J. L.. Reverdin,an intern or La Charite, in Paris, on Dec. 8, 1869, made
his famous report on the subject of skin;grafting to the Socil'tl' de Chirurgic, he
instigated new interest in this phase or surgery when he informed his hearers that

Sl,;IIGJ.::IIY OF TIIE HE.ID .\Sil :SECK50G

are likely to cause dissolution or the warts before or even ahcr adhesions have
taken place.

Successful grafts have been made in the presence o nephritis and diabetes
although they exert an unfavorable influence.

FIc. 5S. Wire mesh and adhesive plaster used as a protection for wound. (Courtesy Dr, Joh
E Canady.)

pieces or skin, removed from their original connections would adhere and grow
on granulating surfaces.

Preparation of the Surface to be Grafted
Vhen the gr:rnulatinl,!: surface is healthy and the wounds fresh, little prepara­

tion is necC'ssary. If, however, conditions arc not so favorable mor e prccautiqrl:­
should be taken.

It is quite possible for epithelium to grow on an unhealthy granulating sur­
face, according to Bryarll: many Reverdin grafts are applied in the presence of
pus and some have been known to grow on cancerous surfaces. Naturally, a
healthy g:rattulating surface is to he- preferred.

Granulations should be or medium size, vascular, and or a fresh red color:
not large and flabby. One or the best indications of fitness for the reception of
grafts is the formation of a pellicle of new skin around the borders of an ulcer.

Excavated ulcers shouhl be curetted. Cicatricial tissue often surrounds
the margins of old ulcers, interfering with the vascular supply and rendering- skin
rafting difficult if not impossible.

Ir the circulation is irnpairrcl by varicosities or scar tissue. or if in1lamm;11ions
or complications are present, the patient should remain in Ot·d a few days or weeks
until the part returns to normal. Moderate pressure, evenly applied with a sea­
sponge, is or great value.



When acute inflammation has been allayed, the granulations should be pre­
pared for reception of the grafts. This may be accomplished by cauterization
and compression (stick nitrate of silver or tincture of iodine). Cauterization
should he done every two or three days. Jodoform gauze saturated with balsam
of Peru sometimes does good service (Freeman).

Induration and fibrous thickening of the borders arc treated by making a
few radiating incisions through the ring of callus down lo the softer tissues:
this relieves tension and promotes vascularity. Heliotherapy is sometimes of
value.

In order not to injure the vitality of the grafts, any strong antiseptics which
have been used for cleansing should be washed away before transplantation is
done.

Grafts
The inside of the mm or thigh, or the side of the chest or bend of the elbow

is considered best. In these situations the skin is thin and soft and comparnth-ely
free from hairs or glands.

Lucas considers that "the prepuce of a child possesses a germinal vitality
which renders it peculiarly serviceable for graf,ling," in addition to suppleness, thin­
ness, and vascularity. He claims that preputial grafts will adhere when those
from other parts fail, even on unhealthy granulating surfaces.

Rc\'crdin rccomrnemlecl ori~inally that the grafts should be small, that is,
about the size of a grain of wheat, thus reducing to a minimum the pain and the
scars occasioned.

The removal of grafts from the donor is most easily done by raising a
small fold of skin with a pair of mousetooth forceps and dividing it with a scis­
sors, knife or razor. Jridectomy scissors are useful. Obtain all of the epithelium
and part of the corium. Include no subcutaneous cellular tissue or fat. The
epidermis is all that is really necessary although it is well lo include part of the
corium, Reverdin employed the term "greffe dermique," which Ponccl changed
to "reffe dermoepidermique" thus more correctly expressing what is really
meant, A small .imount of blood issues.

The skin may he partially frozen with ethyl chloride or anesthetized with
novocaine, although the pain is very slight. In case the skin is partly frozen, the
rafts may be all cut at once and placed in warm salt solution until required;
or they may he pn:sc·rvcd on ;1 w:1rm piece of glass, raw side clown. The small
elliptical wounds heal quickly. No sutures are necessary. An ordinary aseptic
or :mtisl'plic dre~sin;.: may be applied, dry or moist, which serves to prevent the
development of infections.

Marcy has shown that satisfactory grafts may often be cul by pressing a
pair of curved scissors firmly against the skin and snipping off the portion which
protrudes between the blades. Some prefer to elevate a fold of skin by transfixion
with a fine needle, but this oficrs no advantage over forceps.

Souchon has recently emphasized an old and useful method of obtaining: small
grafts by cutting them with scissors from the thin, new epithelium as it "floats"
out from the skin-edges of a healthy granulating surface which is beginning to
heal.
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Grafting

After being cut the grafts arc immediately placed upon the surf
grafted with a forceps or needle with their raw sides down. Curled :~~~o be
carefully straightened with a probe. If no blood or other fluid is presea" are
ment immediately takes place; slight pressure with a 11.impcned gau 'a:t~ch.
is helpful. Roberts and others claim that exposure of the Ulcer lo the ~ P_ e gel
before an d after operating is helpful by causing it to become sit,, 4,""""P?Te
ing adherence. ' aci llat.

Each graft is capable of some expansion but it cannot stimulate th 1
of the ulcer cffcctuall>• farther than half an inch. If a single graft is \ lOrtrs
the center ot a very hare ulcer i wit tor a island ot siin1. 4.~~,"
the transplants should not be more than half an inch apart. They need
placed in rows or geometrical figures. If only a few grafts are a\'ailab]:

0i\ ~
heller thoroughly to cover a small area than lo scatter the pieces 100 f 13

(Figs. 589, 590, 591.) Har apart,

DRESSINGS
Place rubber protccth·c next_ to the grafts, thus preventing: their adherence

and displacement when the dressings are changed. This should be cut · .
halt an inch wide which are placed side by side, or criss-r o-sd, i.~.,",'
or punched full of holes which serve as outlets for ~ecrctions. Strips or Iran:
parent gutta-percha are useful here; their ends should project onto the sou4
skin; adhesion will take place if they are dampened with chloroform. If the
gutta-percha is not available, gold·beater's skin, oiled silk, isinglass plaster, tin or
silver foil, etc., may be used. Ordinary adhesive plaster is preferred by Marcy.

Any of the above methods may jeopardize the vitality of the new skin by
causingmaceration. ,\ superior method which is much simpler consists in spread-razz2rt7.rs­

If a dusting powder is used, care must be taken that it does not form a
crust, beneathwhich pus mayaccumulate and destroy the grafts. If a wet dressin"
is used, omit the powder or salve; use a pad saturated with boric acid solut
or normal snit solution (warm) instead. If a covering of oiled silk is placed over,"",""""i wit teunecessary to moisten i oftener its one es«rs wo o­

It would be unnecessary to change the dressing: during the healing process
if the operative field were always aseptic. Since there is always a certain amount
or suppuration, it is advisable to change the dressing every 14 to 48 hours. The
wound may l;e gently irrigated but never rubbed for fear of injuring the trans­
planted skin.

Ir the discharge has been prcfusc and protective has been used it should
also be frequently changed; if little suppuration is present, however, it may be
left in place for 5 or 1o days.

Bud/Ills pyocya11cm sometimes caU5l'S the dressings to become green; this,
combined with the unpleasant odor which is often present may necdlesslv occas ion
some alarm. ·

The "open method" may be used in place of the different dressings. This
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Fi. 9. Skin grafting with ReVerdin raft s , which are obtained with curved scissors and
tissue forceps, {Km,dmcr, Opn-;i.tn·c Surgery.)

consists in rxposing the graft to the air beneath a protecting: wire-gauze cage.
If a :.:n·at (k;d of suppuralinn is present, the formation of thick crusts is likely to
rc111lcr this proce1lure unsatisfactory.

,.·.,

Process of Healing
The grafts appear to swell, becoming: whiter, thicker and softer during the

first z4 hours; in two or three days those which adhere become pink and sur­
rounded by a reddish areola. Following: this a gray epithelial pellicle emerges
Crom their margins and the connecting borders of the ulcer. The pieces of skin
which turn brown are dead while those which turn a yellowish white lose their
superficial layers of epidermis; as the deeper layers rcmnin that which is lost is
soon reproduced,
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Fi¢. 9o. Reverdin pinch rafts.

hen grafting is done near a joint, especially in children, the part should be
immobilized by the application of a splint. The lower extremity should be ele­
vated to promote circulation.

At first, the new epithelial pellicle is not fastened o the granulations",",",
ply rests like tissue-paper upon the surface from which it may e raised. "",
a time roots grow down into the granulations, securing the t•pithl'lium and conn
ing the grafts together and to the edges of the ulcer. . triz.Jtion
The part must be carefully protected for several weeks after """,Me

until a certain amount of resistance has been attained, as ulcers thus trea



a tendency to break down upon the slightest provocation. A soothing ointment
may be used to combat any tendency to dryness or exfoliation.

The new skin is quit e inferior to normal skin although it is bet ter than scar
tissue. It is without hair bulbs, sweat glands or sebaceous follicles. In time
a certain amount or sensation is regained.

THIERSCH GRAFTS
As regards priori ty, Ollier' was in the habit of cutt ing grails 10 to 15 mm.

wide and z to 4 cm. long, resembl ing in every way Thiersch grafts; but unlike
Thiersch, he did not scrape away the granulations before making the trans 1 t _
don. Fischer" also shaved from the surface ot a limb, thin strips ot Ma {]
with those used by Th!crsch.

This superior method of skin grafting has never received the recognition to
which it is entitled. Fresh wounds or granulating surfaces of almost any size may
be covered wi th epi thelium in from ten days to three weeks; scar contractions
prevented; infections are avoided and the cosmetic result cannot be to »i
praised.

Preparation of the Surface to be Grafted

Scrub the skin. Remove the debris (crusts) and surrounding hairs and irrj­
gate with normal salt solution. Anesthetize the patient. Curet the surface.
Check oozing with firm pressure.

Grafts

The grails arc best obtained from the anterior surface ol the thigh. Cut
them with a sharp razor. An assistant renders the surface tense by means of a
hand on each side ol the limb or by grasping the thigh from below, while the
surgeon, taking his position with his back to the patient's feet, cuts toward him­
sell while his Jell hand is used to stretch the skin in front ol the razor toward
the knee. Pieces ol gauze beneath the hand help in obtaining a firm grip. Thin
pieces of epidermis arc removed by means of a side-to-side sawing motion. The
pieces may be several inches long and range from one-half to one inch wide.
Keep the skin and razor wet with salt solution. Fig. 592).

It is unnecessary to remove the whole thickness of skin: all that is required
is a paper-like layer with several bleeding points caused by dividing the capillary
vessels in the papillary ends. Beginners will do well to practice skin grafting· on
the cadaver first, before attempting it on a patient.

As the strips ol skin are cut they fold up on the razor and when sufficient
length has been obtained, slightly inclihe the instrument away from the thigh
thus severing the graft from its connection.

Grafting

Place the grails on the surface prepared for them shingle-wise-that is, over­
lapping each other as well as the wound edges. II the pieces arc large they may
be buttonholed with a scissors or perforated with a punch for drainage purposes.
JI there is a redundancy ol skin the extra portions may be replaced upon the sur­
face from which they were taken.
'Bu!l. de l'aad de Med., 1872.
' Zit. f. Chir. Bd. 11, 1880, p. 193.
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BLEEDING
In controlling the bleeding which often follows the curetting, Thiersch first

used an Esmarch constrictor, leaving it in situ until grafts and dressings were
applied, but later considered this procedure injurious. Others, however, have used
it extensively. There seems lo be no logical objection to the use of a constrictor
although its removal is usually followed by an undesirable oozing.

Pressure with gauze pledgetsmoistened with peroxide of hydrogen or adrenalin
solution is useful for controlling bleeding, particularly if the part is elevated; or
pressure is applied over a piece or rubber protective thus avoiding tearing the clots
from the mouths of the small vessels when the dressing is removed. Rushmore
recommended the use or a high-frequency electric current for coagulating the blood
and promoting the adherence of the graft; this has not proved very popular,
however. It is better to twist a vessel than lo ligate it. A dry surface should be
maintained in order to promote the growth of the new skin.

CURETTING
Curetting was one of the principal features of Thiersch's original procedure.

It was his idea that the large, soft, superficial granulations, during their trans.
formation into connective tissues, were the cause or scar contraction which could
be avoided by curetting down to the firmer tissue. Schmitzler and Ewald proved
it was unnecessary lo remove healthy granulations and that the graft may be
placed on the unaltered surfaces without fear of any great amount of contraction.
Reliable results have been obtained without curctting but diseased tissues should
always be removed. In any case, results arc likely better when the granulations
are removed.

Sick rubs the granulations away with gauze instead or using a curct. Hal•
sted, McBurney and others preferred to shave the surface with a scalpel or an
amputating knife. In this way a smoother surface is obtained thus promoting the
vitality ol the transplant.

Irrigations of warm salt solution or sterilized water are advisable <luring and
following the operation.

Thiersch and others advise against using antiseptics after curetting, stating
that the resulting necrosis interferes greatly with the anchoring of the grafts; how­
ever, they may be used both before and after curetting if they are washed away
with a neutral solution. Their value is doubtful.

After-Treatment

Grails become firmly fixed in from 7 to 10 days. The lowermost layer ol
dressing material may be left in place for two weeks under ordinary conditions.
The coverings should be soaked oli with warm salt solution to avoid injuring the
grafts, although in some instances this is not necessary as the dressings slide off
very easily.

The part receiving the grail should be protected from injury and sudden
temperature changes for several weeks, especially in the case of ulcers which
have a tendency to recur after grafting. Some mild soothing ointment should be
applied to the part to prevent dryness and cracking.

In many cases, especially where wet dressings are employed, the external
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Ft, 59:. Tlirsch graft: A. granulation tissue formed in scar after breast amputation, B, thin
Layer of skin removed from thigh, C. placing the graft in wound, D, wire basket protects wound.
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layers of epidermis atrophy and become macerated and seem to come away with
the dressing when it is removed leaving a grayish, sodden surface behind. This
is not always indicative of failure for in a short time the epithelium will be re­
placed from the remaining rete Malpighii.

Schmicden and others arc of the opinion that scarlet-red ointment promotes
the growth ol epithelium greatly. It may be employed advantageously in Thiersch
graft ing where the whole area has not been covered by skin. It is recommended
that the ointment does not come in contact with the graft unnecessarily as it is
likely to destroy it.

THE WOLFE-KRAUSE METHOD
J. R. \Volfe, an oculist of Glasgow, introduced the method of using grafts

to fill the entire defect in the skin including the whole thickness or the skin but
without adipose or cellular tissue (Figs. 593-594). He first experimented with the
conjunctiva, shifting parts of it from one part of the eye to the other without
pedicles. Later (872) he employed the conjunctiva of rabbits in treating defects
in the human eye. Three years Inter he made public his experiments in skin graft­
in~ for cctropion. In a short time Wadsworth introduced the method in America.
Von Esmarch was the first to use the procedure extensively in general surgery.

Grafts comprising the whole thickness of skin had been used often before the
time of Wolfe but in nearly all instances, the subcutaneous tissues were also in­
duded. Jaccnko may have been the first to use grafts without fat sat isfactorily ;
in 1872 Le Fort reported success in treating a case of ectropion.

Wolle contended that the fat should not be included in the graft on the basis
that it was likely to undergo necrosis and interfere with nutrition, and he was
doubtless correct. Hirschbergand Taylor as well as many others do not conform
with this belief since transplants of fat alone have been grafted from one place 1o
another to fill in depressions or as a substitute for the mammary gland. The orig•·
nal method of Wolfe has been modified and improved upon by Fedor Krause to
such an extent that it is generally called the Wolfe-Krause method.

Grafts
The grafts may be cut in the form ol an oval or round so that the defect left

may be closed by suture. The arm, thigh or buttocks may be chosen. It is o'
little moment where the grafts arc obtained. Davis suggests usmg skin from
the abdomen in the course of a laparotomy. . .

Outline the graft Ly an incision. Dissect the whole flap with a knife, the
edge of which is turned toward the surface so as to remove the fat. Allow at
least one-third for shrinkage: this is always great (elasticity of the skin).

Young advocates the removal or the subcutaneous fat with the grafts, trim­
ming it off later with curved scissors while the flap is spread on the palm of the
hand or is curled over a finger. He contends this is a quicker, easier method
and the remaining defect is more readily closed.,

According to Krause, absolute dryness is an important factor in Pr9"""%""""
quick healing. The hands and instruments should be kept dry and no irriga'
should be done. Others do not agree with him. ,,,

The entire wound should be completely covered with as large sections 0

skin as it is possible to obtain, because where there is an open space a scar
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results. It may be necessary to complete the operation with Thiersch grafts.
Originally, artifi cial heat was used lo keep the new skin warm; this was db ­

continued when it was found 10 promoll' decomposition,
A dry ~:mze dressing is applied,
Arter three or lour days it is advisable to soak the gauze olf with boric acid

solution, examine the graft and open any blisters which may be present. Apply
sterilized borated vaseline.

SIEVE GRAFT
Beverly Douglas describes a "sieve raft" for covering large skin defects'

as follows:
"This large praft has bctn called the 'sieve graft method' bec.::iusc the graft

is uniformly perforated with small round openings . The method provides firm,
safe healing without contracture in a defect upon any portion of the body. The
cosmetic result accomplished is very nearly as good as that obtained by the
Wolfe-Krause graft."

Prepare the wound to be grafted in accordance with Bl.iir's method.: Out•
line a pattern on transp ::irent cellophane with a pen on the day before the opera­
tion. This should be about one-fourth larger than the wound to be covered:
transfer to tinfoil and punch the letter "E" near the lower border for the purpose
of orientation. The usual antiseptic preparation is made at time of the operation.
General anesthesia is recommended although local analgesia may be employed.
As a rule, four lines of intraclcrmal inhltration arc made enclosing the pattern:
Ibis is supplemented by an injection of J cc: of the anesthetizing solulion sub­
cutaneously at eight points equally spaced within the area to be lifted. In the
presence or small varicose venules, more infiltration is necessary.

The "sieve graft" technic takes no longer than an ordinary full th ickness
graft, if the closure of the excision wound is included with which the "sieve''
method entirely dispenses.
Step t. Place the foil pattern upon the donor skin site. Follow its periphery

wilh a scalpel cutting through the skin just to the fat. Use a steel die
similar to that illustrated in Fig. 595.
'S. C. 0, June-, 1930, Vol. 50.
'. P Blair, Ann. Sur. 194.

PRl:SCIPLES Of l'LAS'l'IC SUHGEltY AXD .SKIS Glt,\FTIXG n;
Step :a. Twist the steel die with the thumb and index finger borin .

of skin equidistant from each other over the graft area. Th g ~~t ,ts lanch
tourh ot anieh in diameter and its name is one-site«nM i, .","
The surro unding skin is tensed while each island i~ hein t" horecl l cep.
the openings one and one-half cm. :ip:u t. , · · lake..tE:'±.:
made by_the pun«eh for each island Fi. , g ~,,,"; ".i
so6). a, kepijust the ton Mites Gt d }'». i • ;
the skin until its pomt com£'S out through the punch incision to th I f •
but over the op oft the corresponding islan d. ». ih a sawnki,{"
advanced to islands, c and d, the skin surround ing which is similarly undn.

cut. Reverse the blade 4a
; complete the +so degrees at
g the circle from b toe tclg.@.} worse », Ao.
ii: scalpel enters each circular

,',,b,,..,,,.,~,. "V ~ a p_unch incision, have an as-

oo3 trs::
e suitable instrument to pre.
() vent its injury. When each

Ftr. s96 Umkrcu11111.: •k,11 111 <1cH ,::r~ft (Cllur- ~peni.ng is undermined, u.
tesy, Sur., Gynee. and Obst, vol. 5o, 1930) 1ermine the peripheral

· edges of the graft in the
usual manner and cut !hro~gh a fc \\ strands of tissue previously overlooked
thus liberatin g the entire sieve graft. The donor site will still possess small

tr:r¢%%"
Step 4. Remove nil fat from

the graft with curved sci:.- ~ -
sors and suture ii inlo the i
wound with interrupted 1 ·
stitches of silkworm-gut or
horsehair. Approximate the
edges accurately (Fig. 598).
Dress the grafted area in ac- I
cordance with Blair's sea '
sponge lechnic. Press the , ~ i'\ I
graft into contact thus ex­
pressing· all scrum and • /
blo od clot. Cover with a Fic.so. Sutt it3nds of kin tit he a,
layer of xerotorm vaselin 2";·2",,Jg?' (cony. sore., Go«« ad o»s,
gauze -mesh or ordinary
vaselin gauze wiped until very little vase lin remains on it. Over four layers
of dry rial gauze apply large, flat sea sponges which have been steriliwl in
bichloride ancl wrung out in dry towels just before using. If possible, one
sponge should cover the entire nrea cxlcndin i::: well over the sulure lines, thus

A D C
Fi¢. 98, Te ulcer prepared: the raft in place: znd the raft healed. (Courtesy, Surg.,

Gynee. and Obst., vol. so, 1930.)

even pressure will be exerted. If oniy part of the wound has been grafted,
treat the other part with the Carrel technic 48 hours later without fear of
injury.
Douglas removes the sponge only after ten days, provided infection is not

indicnted by loca l signs or fe\·er. At this time he inspects the graft, removes
stitches, trims away any necrotic portions an d reapplies the pre-s.sure dressings.
Within I.? 10 18 days the perforations will have been found to be epithelialized and
pressure may be discontinued.

A longer time is required hy thl' islanils for !waling but they heal with cer­
tainty and a pigmented epithelium will result. These islands have the appear:rnce
of small deep grafts but should nol be confused with them, as they have not hl't'll

undercut and bold their position strongly. The epithelium from lhcm has great
healing power. It is not necessary to attempt closure by undermining the edges
of the wound, etc., as satisfactory healing with almost full pigme111ation is bound
lo take place.

Comment. According to Douglas, the ideal graft for filling large skin
defects must possess the following properties:

1. It must be capable of being so cut that its removal will leave behind
a wound which will heal rapidly without further grafting and with
only slight scarring.

a. It must be able to take hold and grow upon a moderately infected
surface. ·

3. It must provide complete healing in a reasonably short time.
4, It must inhibit scar formation and subsequent contracture-a point

especially important in defects over joints.
s. It must produce a skin surface so pliable that healing is stable and

resistant to minor injuries.
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6. Jt must effect a good, though not necessarily an excellent, cosmetic
result.

Weighing each. of the types of grafts in general on the basis of these points, ·
Do uglas' experience is as follows:

J. The Ollicr-Thiersch graft fails from the standpoint of resisting infection
and of preventing contracture, and 1hc surface hc.,led by its employment
is· easily eroded.

z. The small deep graft is ideal from every standpoint liut two, viz.: it fails
to prevent contracture and often fails to give a good cosmetic effect.

3. The Wolfe-Krause or full thickness grafts arc excellent from fi;e st:iml•
points of stable healing, cosmetic effect, and prevention of conlraclurl'.
However, if lhe graft is large, a defect is left behind at the donor-site
which will require further ;..:raflin;.:- a distinct disadvanta~c. Funhcrmorc,
infection may readily cause its total loss.

The sieve raft satisfied all of the demands enumerated. Two valuable prop
erties possessed by none of the :i!JOVl· varil'tit's desen ·e c~pccial mention: (!)
!he perforations, by providing adequate drainage, make it resistant to infrctlon,
thus insuring a very high percentage of takes: (b) the donor site requires no
further grafting and heals with a goocJ cosmetic. result.

Dragstedt .ind Wilson 's Modification of the Douglas Sieve Graft
L. R. Drastedt and H. \\'ilson• point out that the Douglas method of pbcin~

the graft was so devised as to leave l>ehind numerous small islands of sl.:in from
which regeneration could occur making it unnecessary to treat further the donor:
site, In other words, it retained the advantages of the \\'olfc-Kra1t-.c fu ll thik
ness graft in preventing contracture and providing a new skin surface rrs 1m'.11

to minor injuries wh iTe also affording a higher incidence of takt•s, t•sprciall}' 111

the presence of mild infections.
The Dragstedt andWilson pro cedure retains the advantages of thc pafor.iirtl

full thickness graft of Douglas while it greatly facilitates healing ol the dono r­
sitc. llesidt-s, the graft is easier to prepare, docs not rl'quirl' any special i
slruments and the procedure consumes much less time.
Step 1. Prepare the wound 10 l,e graftecl in the usual mamwr. . . _ af the
Step 2. · Secure an oval shaped transplant (Fig. 599) tht· full th rcknr55 h !I

skiwith none of the siesta«ous tat. Ti e loa sis of he"""
be about one-third longer than the long axis of 1he wound_ to li~crcut1ln;.:
The graft is taken from the lax skin of the abdomen wall. No un

.,",,". a sa- doss. o+
physiological salt solution. ., ,, :.qas (Fi.

Step 4. With a sharpscalp el make numerous sho rt longitudinal "",eud
6oo). These incisions should be overlapp ing . When this step pruc
it permits the graft to be stretched into any desired shape. Fi. %", l
tically, the graft need not be more than oue•third to one-half the \II

the defcct to be covered.

·Sung. Gyn. K OMt, Vol. 65, No. 1, July, 1937.
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Step 5. Suture the transplant into place and press it firm! • .
underlying raw surface. (Fig. 602.) ymn contact with the

Step 6. Cover the graft with vaselinized gauze which is covered with flat ±au
and sea sponges. ( Blair s method of sea-sponge compression.) a1ze
Comment. Remove the sponges on the seventh day. Inspect the

Remove the stitches. Reapply the compression dressin, f graft.
Fo1tow thi s y ordinary dressings. The donor-ste $3,,""her week.
week or ten days. Y cals wathm a

SKIN-PERIOSTEUM-BONE GRAFTS (HIRSCHBERG)

In employing grafts which include the skin, subcutaneous tissues, periosteum
and bone, strict asepsis is imperative. There are not many conditions calling for
this type of graft mg; 11 IS. generally used in connection with filling in defects
of the skull and scalp and in certain rhinoplastic operations.

The graft is usually obtained from the front surface of the tibia; the in­
cision is made down to the bone, a thin layer of which is removed with a shar
chisel without interfering with its connection with the periosteum and skin 1 in~
over it. The remaining wound is closed by undermining and suturing the i.
ment around 1t. Success is usually more certain when a portion of bone is included
than when the periostcum alone is used.

MUCOUS MEMBRANE (WoLFLER) GRAFTS

6lfler was the first to methodically graft mucous membrane other than the
conjunctiva; he grafted urethras, after removing strictures, with sections of
mucosa from a prolapsed rectum, from the cervix or a prolapsed uterus or a
uterus which was excised. He performed successful experiments later, using the
stomach of a frog, esophagus of a rabbit, etc. An autopsy, made 6 months after
his operation on a patient, revealed the new urethra in perfect condition. Beigel
did some very fine work in this line; Fenwick repaired a defect in a human
urethra with a section of sheep's urethra.

Recently the urethra has been successfully replaced with parts of the internal
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saphenous vein as well as the ureter and the vermiform appendix removed from
other patients.

According to \VOlfler, mucous membrane adheres as well as skin· others do
not agree with this idea. It may be shaved off or stripped. '

In 1874, Hirschberg made the first buccal mucous membrane transplantation
to the conjunctiva. This has been clone repeatedly since. In 187? \Volfc trans­
planted the conjunctiva of animals to man thus popularizing: the procedure.
. Czerny demonstrated that mucous membrane from the mouth with flat epithe­
hum, and from the nose with cylindrical or ciliated epithelium readily takes on
the appearance of epidermis when grafted on a raw skin surface. Sick noted that
this also occurred in connection with vaginal mucosa.

Virchow and his followers maintain that skin grafted on a mucous
surface turns into mucous membrane. It is true that in most cases the skin
conforms to its surroundings. Thiersch claims this is not pure and backs his
statement up by citing a case where a skin flap was used in repairing a soft
palate and so much hair grew that the patient had to shave the inside or his
mouth.

Thiersch grafts have been successfully employed in operations for hypo­
spadias. They arc used to line the new urethra by wrapping them around a
catheter which is left in place until adhesion takes place. They have also been
use d within the larynx after excision of a stricture.

GRAFTING IN X-RAY BURNS
X-ray burns cause a stubborn form of chronic dermatitis where different com­

ponents of the true derm atrophy and is often characterized by areas of epithelial
proliferation having a tendency to ulceration, infection and malignancy. Spon­
taneous healing hardly ever takes place and in case a malignancy is suspected the
area should be excised. Skin grafting by either the 'Thiersch or Wolfe-Krause
method may then be necessary. Transplantation including the whole thickness
of skin seems lo be advisable. Wolfe-Krause grafts are preferable around the
knuckles, wrists and fingertips. All of the burned area should be removed so
that recurrence will not take place.

According to Porter hemostasis should be absolute, moderate pressure should
be employed in applying the dressing and the affected part (usually the hand) is
kept raised. The borders of the wound should be beveled and cul to fit the
defect exactly-the edges should be thinner than the centers lo correspond lo the
bevel.

Rubber protective, when employed, should be removed in from 24 to 36
hours; if scrum or blood is present the grafts should be incised and the fluid
expressed; lanolin is then applied to the edges of the graft.

It is doubtful if this procedure has any advantages over the others. If the
affected area is completely removed, as it should be, the transplanted surface is
the same as an ordinary wound. It is difficult to check oozing about the hands.
In this case the grafts are preserved on a rubber protective in an asepti J
containing a piece of moist gauze and applied the following day with no antiseP·
If there is very little oozing, it may be checked by placing the grafts in position
and applying slight pressure.
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TREATMENT OF BURNS

The causes or fatalities in burns and scalds arc:
( 1) Shock which is often accompanied by pulmonary congestion and suffo­

cation resulting from exposure to the smoke of the fire.
(2) Collapse which may prove fatal and
(a) Toxemia resulting from sepsis.
Collapse becomes manifest very rapidly. It is due partly to absorption of

histamine bodies from the damaged tissues, but largely, in the earlier stages par­
ticularly, to loss of scrum from the burnt surface. In order to give some idea
of the amount of fluid lost, where in a man weighing 65 kilograms one-sixth of
the body surface is burnt, it is estimated that in the first twelve hours after injury
he will lose 3,500 c.c. serum from a total blood volume of 5,coo cc.! (Mitchiner).
This loss must be replaced promptly by giving fluids in large quantities. We
must prevent this drain by coagulation of the damaged vessels and their contents.
The coagulant must he capable of penetration through all damaged tissues and
not only the surface of the injured area. Tannie acid in weak solution is ideal as
a penetrating coagulant (Mitchiner). The coagulant must be applied at once as
a first-aid measure. The patient must be kept warm and fluids administered.

Toxic Symptoms occurring Crom forty-eight hours to ten days later, usually
arc the result of septic absorption.

While scarring cannot be entirely prevented in deep burns, the prevention of
sepsis docs much to diminish the amount of scar tissue; prompt suitable splint­
ing is also helpful. Thorough preliminary cleansing of the burn and surrounding
tissues is essential. In cases of severe scarring (sec chapter on Neck) plastic
surgery, radium or x-ray may be used.

First Aid

WVrap the patient in a blanket. Immediately thereafter apply a coagulant
to the burnt area to stop collapse and to relieve pain. According to Mitchiner,
by far the best solution lo use is 2 to 2/ per cent tannic acid in sterile water.
Strong solutions of tannic acid or tannic-acid powder at once coagulate only
the surface protein: thus the deeper parts or the injured area arc not penetrated
or coagulated. Absorption of histamine and loss of fluid will therefore, con­
tinue and produce collapse inspite of the surface coagulation. Administer mor­
phine to relieve the pain.

Scalds are treated similarly. Defore applying the tannic-acid solution to a
greasy surface, the latter must be removed. Efficient cleaning or the affected
area must be done under an anesthetic. General anesthesia, however, is not with­
out risk (pulmonary complications). "Twilight sleep" (scopolamine-morphine
anesthesia, which sec) serves here well. Upon thorough cleansing or the area de­
pends the whole success of the coagulativc treatment and the prevention of future
sepsis. (Mitchiner). Open all blisters. Remove dead skin and charred tissue
thoroughly. Wash the area and surrounding skin with soap and warm water. Dry
with a sterile towel. Sponge with ether. Apply coagulant dressing.

In case of sepsis, anesthetize the patient, remove the dressing, reclean the
area and reapply the coagulant dressing. Exsanguinat ion transfusion is valu­
able where a measured quantity of the patient's toxic blood is withdrawn and
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replaced by double the amount of a cloner's blood. Venoclysis of normal saline
and hot drinks arc also a great aid. ·

Coagulant
Mitchiner advises in order to prevent the growth of molds in the tannic­

acid solution, to add very weak perchloride of mercury; the molds then gradually
decompose tooxide of mercury. No solution should be more than two months old.

Tannic acid powder is only slightly antiseptic. It will not deteriorate ii
kept in the dark. In watery solutions molds rapidly appear unless an antiseptic
be added to the solutions. The antiseptic used must be nontoxic and produce no
pain to the patient; it must not interfere with the coagulative action of the tannic
acid but must stop the growth of the mold. Mitchiner states :

"Many antiseptics have been tried, and personally we favour perchloride of
mercury, in itself a coagulant and used in treating bums by Lord Lister. Added
in such a strengthas togive a solution of t/2,000 it is harmless to the patient, and
allows solutions of tannic acid to keep free from moulds for at least two months,
and usually three; the perchloride slowly decomposes lo yellow oxide of mer­
cury, which is deposited out of solution. In conjunction with tannic acid powder
the perchloride of mercury keeps indefinitely. Many coal-tar antiseptics have
been tried but most of these are painful lo the patient in a greater or less degree,
and in addition may interfere with the formation of a firm coagulum. Acriflavine
and dettol have both been used successfully, though in both cases slight pain is
often experienced. A new compound combining euflavine and zinc phenolsul­
phonate is,however, quite painless and gives a good coagulum; it has, however,
the disadvantage of all flavine compounds that it stains everything bright yellow.
These solutions appear to keep indefinitely and are quite harmless. Tannie acid
should, therefore, be combined with an antiseptic, and may be kept in a solid
form or in solution."

The Tannie Acid Compress
Five or six layers of sterile gauze are cut to the required size and should over­

lap the apparent limits of the bum by at least3 inches. If the bum involves
flexurcs between fingers, etc., the dressing mtist be shaped carefully to fit closely
to these.

Soak the dressing in a 2 per cent tannic acid solution. Apply the dripping
dressing evenly to the whole affected area, great care being taken to see that
accurate apposition is accomplished. Fixation is now applied; bandage the dress­
ings gently but firmly into position. Pu t a cradle over the burnt area; an electric
lamp will assist drying. Keep the temperature of the room around 105° F. or
4o°Cc. The dressing should be bard in z4 hours. Inspect the dressing but do not
touch it unless indicated (pyrexia, toxemia, etc.), then reclean and redress the
affected area. Slight exudation of serum or sero-pus around the edges of the
dressing is no indication for redressing. The dressing is not to be touched until
the coagulum separates from' the injured area. This usually takes about 12 days
in small burns and z8 in large ones.

Most persons suffering from severe burns are in a state of shock which should
be combated first.
lfodem Treatment of Burs , Wm. Wood, 1935.

PRINCIPLES OF PLASTIC SURGEIY AND SKI GIAFTIG ,,

Intravenous injections of saline are often effectual in coun . ,
toxemia caused by burs. Sponge the uninjured skin wit ota ,,"""" he
os, alkaline preparations to relieve acidity which often accompanies "Ve per

In the extreme cases where it becomes imperative immediately ~Vere bur?5,
the toxin in the blood stream, exsanguination-transfusion is rcsorte~ neutrah~
procedure consists of first bleeding the patient and then perton,," Thi«
fusion from a donor correctly ypea. Tie quantity ot blood wa4,,,"""
lrom 120 cc. in infants to H pint m adults; while the amount of blood ,, vanes
ranges from 15o cc. in the infant to a pint in the adult. ransfUstd

Tannic acid has been widely used for the local treatment of burns sine is #
lroduclion m 1925 by E. C. Davidson. It forms a very fine protectior "
injured area and prevents toxemia. The coag~lum C0\'ers the exposed ne~\'eo:n~e
thus preventing pain. Tannic acid fixes proteins and their metabolites th · i . '
ingin the coagulum those which wouldotherwise find their way into lhe ci ~ ~k­
In other words toxemia, the "bite noir" of burs, is much less Iii,, ,""""""%
when tannie acid treatmentis instituted. This treatment may e ""","
as seventy-two hours after the bum has been sustained. le

It is important that no water comes in contact with the tanried (I th
coagulum which forms when tannic acid is applied to the burned area.calf 't ·
precaution is not observed, toxins will be liberated which may result in a
Bailey records such a catastrophe.a..2,"2\.2.7.± «@ -vs »

PREPARATION OP Tl!& TANNIC ACID SOLUTION
A 4per cent solution of tannic acid in 1 :1000 acriflavinc seems to be bes

Dissolve about a teaspoonful (a ounces) of tannic acid in five ounces of 1 :00o aer::
flavine in water.

The Tannie Acid Treatment is carried out as follows:
Step 1. Puncture the blisters and trim away the loose epithelium.
Step a, Render the burnt area aseptic by scrubbing it as well as the adjacent

region with liquid green soap.
"3,,,"," ,2Piros seeds«detee»rent ore,do,st»n,
Step 4. With a sponge or brush apply the 4 per cent tannic acid solution; dry

it by fanning. An electric hair drier may be useful here.
Step 5. Cease giving the anesthetic after the injured region turns a golden

brown. However, apply three or four more coats after this, drying each one'
separately.
The patient is now placed in bed on a sterile sheet and the burnt area is

covered with a sterile towel over which a cradle is placed. Great care should be
taken to sec that the area is kept dry at all times.

Further coats of tannic acid are applied daily until the coagulum becomes
hard and black. Dressings arc then discontinued. Healing takes place under
these coats of Lannie acid and they arc left in place until they peel off spon­
taneously which in the usual case is from 10 to 14 days, After the covering
is removed, apply vaselinized gauze and bandage: Skin grahing is necessar y in
some cases.

SURGERY OF THE HEAD AND NECK

Figures 603-604 depict the treatment of ah extensive burn of the shoulder
treated by skin grafting with superimposed pressure and body cast spica.

Comment. Donald B. Wells' submerges the burned patient in a large
tub of tannic acid solution which is renewed when fouled; it is kept at a
temperature comfortable to the patient. All dCbris, blisters, etc., are care­
fully washed away, the analgesic effects of the tannic acid rendering this
painless. After about three hours, when the entire burned area is clean
and a slight tan has already fanned, the patient is transferred to bed and
kept absolutely dry by the air from one or more large, commercial hair

Fe. 6o3 Fe. 6a4
Fc. 6o3. Extens ive bum of the shoulder and back treated by skin rafting with super­

imposed pressure and body cast spica . Plaster of Paris immobilization for purposes of rest and

2"2" $.,7222%a« ea« st o« er srot co«
ranulating. (Surgi ca l Service, Cook County Hospital.)

driers. A 2 to 5 per cent solution of tannic acid is-now sprayed on, a small
area at a time so that each isdry before ,mother is started. All blisters are
broken. After a thick coagulum is formed the spraying is stopped, but the
driers are continued so that not evenperspiration can soften the precipitate.
The author has never had to follow this treatment by skin grafting nor has
he had any infection as Jong as the coagulum was kept perfectly dry.

In the treatment of burns about the head and face, evipan (see under
anesthesia) or ether may be advantageously used. Eye· pads and,nasal plugs of
cotton soaked with saline are employed and the face is rendered antiseptic in
the manner described above.

Wells, Donald B, Jour . Amer. Med. Ao, 1or136, 193t.



LIST OF AUTHORS
(Pages in bold-face type denote pages on which an author's operative technic is described.)

Abbe, 220
Abel, 79
Agnew, 328, 337
Aievoli, E., 504
Albert, 467
Allen, 502
Altamirano, 5o4
Anderson, Ernest . R., 86
Antone, I71
Arlt, 334
Amold, 98
Arnold, Charles Harrison; 97 ·
Ashhurst, A. P. C., 382
Auer, 66
Aufricht, 366

Bailey, Hamilton, 118, 375, 376, 381, 382, 525
Balfour, vii, 352
Ballance, 297
Ballinger, 366
Baratoux, 502
Bardeleben, 312
Barraquer, 351
Baudoin, 206
Beck, Carl, 352
Beck, Joseph, 358
Beer, 340
Beige!, 520
Benedictus, 352
Berkeley, 439
Berndt, 297
Berry, 315, 317, 465
Billroth, 405, 435
Binde, 480
Binnie, 150, 157, 313, 424
Bircher, 468
Blair, 288, 292, 306, 516, 517, 520
Blandin, 312, 352
Bouchet, 395
Bozer, 352
Branower, 66
Braun, 97, 210, 278, 280, 446
Brophy, 306, 313, 314
Bruns, 416
Bryant, 110, 238, 507
Buck, 352
Burghard, 199
Butlin, 254

Caldwell-Luc, 227
Cannaday, John E., 493, 497
Carp, L., 378
Carpeie, 352
Carrel, Alexis, 485, 518
Celsus, 485
Cheyne, 199
Chipault, 125
Christiani, 468
Churchill, 474, 475, 478
Chutro, 493

Claiborne, 331, 334
Claremont, 466
Clute, 475
Codirilla, 313
Coleman, 420
Coley, 317, 319
Colrat, 499
Cope, 474, 478
Costello, 382
Cousin, 500
Crile, 9, 1I, 220, 441, 442
Crotti, Andre, 441, 449, 468, 481, 482
Crouse, 280
Cuneo, 302
Cushing, Harvey, 148, 149, 150, 158, 220, 297

420
Czerny, 522

Dandy, I70, I71, 172, 173, 176, 222
Davidson, E. C., 525
Davis, 317, 319, 487, 514
Denk, 466
De Quervain, 437, 441, 446, 460, 462, 465
Dequise, 277, 278
Desmarres, 334
Deupes, 276
Dieffenbach, 282, 305, 312, 331, 352
Dieulafe, 276
Digby, 376, 391
Dilpech, 352
Dogliotti, 93, 94
Douglas, Beverly, 516, 517, 518
Doyen, 3, 243, 312, 344, 387
Dragstedt, L. R., 519
Dubois, 352
Dubousquet-Labordiere, 502
Duisberg, 77
Dunhill, T. P., 458

Ecker, E. E., 5o
von Eiselsberg, 150, 466, 468
Enderlen, 462
Ermitsch, 402
von Esmarch; 514
Ewald, 513

Fabrici, 359
Farr, 210
Faure, 297
Federoff, 402
Fenger, Christian, 426
Fenwick, 520
Fergusson, 281, 282, 312
Ferrarini, 28o
Fincher, 171 . · ·
Finney, John M. T., 415, 416, 417, 419, 420, 422
Finsterer, 93, 98, 467
Fischer, 512
Fisher, 100
Flagg, Pauel, 68, 72, 73

I



II LIST OF AUTHORS

Fowler, G. R., 220
Franke, 320, 378
Frazier, Charles H., 153, 300
Freeman, 508, 509
Friedl, 302
Friedrich, 167
Frugoni, 480

Gersury, 352
Getzowa, 439
Geyer, 446
Gilmer, Dr. Thomas L., 291
Goetsch, Emil, 439, 443, 468
Goff, 34
Goldstein, 179
Graefe, 352
von Graefe, 312
Gregoire, 75
Gross, Wm. A., 45
Grunwald, 402
Gussenbauer, 203
Guthrie, 339
Guthrie, Donald, 466, 467
Gutierrez, Albert, 273
Gwathmey, J. T., 61, 81, 82

Haertel, 446
Hahn, 203
Halsted, 366, 513
Handley, 255
Hans, 404
Hartley, 217
Hazelton, 82

Heidenhain, 127
Hertzler, 102
Horsley, 128

Hildebrand, 462
Hilton, 380
Hippocrates, 173
Hirschbery, 514, 520, 522
Hibscher, 5o4
Hughson, Walter, 416, 420
Hyndman, Olan R., 245, 4:\l

Ianni, 276
Imperatori, 353
faracl, Prince, 200, :1!/1., 360, a65

Jaboulay, 44 r
Jaccnko, Sl4
Jackson, 39
Jarman, 79
Jelsma, 420, 422
Jentzer, o, 132, 133, 135, 136, 1949
Jianu, 300, 302
J ol,crf., 35?.
Joli, C<:dl A., '1.'i'l, ,i6:;, 4tj(;
Joncr;, Wharf.on, aar.
Jone:co, 30, 302, 412
Jo:eph, 302

Kappir;, 95
Katzew;tcin, 303
Kaufman, 278

Keegan, 353, 355
Keen, W. W., 167, 217, 420
Kennedy, 244, 297
Killian, 78, 224
King, Joseph E. J ., 121
Knapp, 334, 340
Koch, Robert, 46
Kocher, 4, 33, 281, 282, 415, 435, 437, 441, 449.

468
Kocher, A., 466
Kocher, Theodore, 167
Konig, 112, 150, 153, 310, 352
Kohn, 438
Kolle, 178, 352, 365
Krause, 162, 163, 170, 217, 218_, 352

1
514, s16.

519, 522
Krimcr, 313
Kronlein, 120, 320
Kimmel, 25
Kuttner, 171, 278

Labat, 95
Lane, Sir Arbuthnot, 306, 313, 319
von Langcnbcck, 277, i;S, 31.3, 316, 352
Lapat, 352
Lauber, 351
Lcccne, 425
Lee, Ferdinand C., JII
Le Fort, 514
Legg, 315, :II7
Leb, 351.
Lcisnick, 352
Lcjan;, JJ9
Lcl'ichc, Rene, J. ,G
Levy, 20Ci
Lexer, ~oJ, ,JoJ., JoJ, .PJ, J5).
Li!)ht, Gl'urgc, ,1,1 t
Lillcnllrnl, ,1t11
Lister, Lord, 46, 524
J.uiurau, .195
Lui'c111.1 Jl,l, ,tlti
Luf.lu'op, :..1011, .wj
Lawns, o'/

Me'om, 1!i0
Mn«wen, 'tr WIIliam, M, v0, w1, 0 .193
Mnckzi, 'hr Inns,
Mill, '7
Mnliy, 4'
M 11lno11, , , '/

Mlllnll, J1'11lil1, ·I'/ i
Vpil M10Jl1<11l/,,i, Y.t111l1,1' , /Jtl •
M1t1'l·y, :/•I'/, HUI!
Mrlun, 99
MeIirnvy, 1
M'+thy, 09
Mfrenul, 4
MIeyolds, 'y+'f
/VI t<I;) 11/ 1 I IJ'/
JVJ,,11;1,.r, /Jll
Mikuliez, $it, 4+4, 410, 41%
Miles, 04
MiJf•lrl, ;tltl
Mirrizl, 11, J ,,1 ii 11



LIST OF AUTHORS III
Mitchiner, 523, 524
Morestin, 276, 280
Moskowitz, 313
Moynihan, Lord, 3, 5, 25
Muller, 112, 150, 153
Mule, 351
Muni, Paul, 46
Murphy, 207, 285, 286
Murphy, John B., 423

Naffziger, H. C., 468, 46,9, 470
Nelaton, Ch., 352, 356, 363
Neuber, 38
Nugent, 348

O'Dwyer, 395
Offerhaus, 210, 211

Ollier, 352, 512, 519
Oltamare, So
Oppenheim, 162

Palmer, Don H., 178
Pancoast, 352
Parkhill, I79
Partsch, 297
Pasteur, 46, 53
Pauchet, 97
Payr, 462, 468
Perthes, 244
Pfeiffer, 171
Pietri, 276
Pirogoff, 81, 67
Poncet, 80, 508
Porter, 525
Post, Joseph, 352
Purves, 297
Pussep,_ 218

Ranzi, 467
Raven, 504
Redus, 499
Redard, 503
Rehn, 441
Reverdin, J. L., 352, 437, 507, 508
Roberts, 352, 509
Rochet, 288
Roe, 352
Rose, 239, 306, 312
Rosenstein, 352 ·
Rosenthal, 304
Roux, 312, 352
Rushmore, 513

Saemisch, 339
Schiff, 468
Schleich, 103
Schmieden, 514
Schmitzler, 513
Schnitzler, 467
Scott, Sir Walter, 493
Sedillot, 358
Serre, 352
Shoemaker, 313

Sistrunk, Walter E., 272, 273, 429
Slayton, 39
Sluder, 236
Smith, 345, 352, 355
Socin, 435, 441
Souchon, 508
Spiller, 217, 300
Spurling, R. Glenn, 420, 422
St. Jacques, Eugene, 25
Sternburg, 467
Stevens, 244
Stieda, 150
Stierlin, 462
Stone, Harvey, B., 479
Streissler, 411
Sutton, Bland, 429
Syme, 359
Szymanowski, 367

Tagliacozzi, Gaspard, 352, 359, 360, 484
Taylor, 514
Thiersch, 353, 512, 513, 514, 516, 519, 522
Thomas, Thclwell, 416
Thomas, 418
Thomson, St. Clair, 393
Thorek, Max, 80
Thorek, Phil, 85
Tillman, 171
Todd, Hunter F., 190
Traut, 487
Trendelenburg, 467
Tromp, 276
Tygat, 119

Underwood, Weeden B., 47

Vail, 226
Vallas, 399
Van Meter, 504
Van Wagner, 382
Venable, 505
Virchow, 522
Voronoff, Serge, 468, 480

Wadsworth, 514
Walsh, Dr. Wm. H., 18
Waring, 244, 245
Warren, 352
Watson, 4
Weber, 337
Werkgartner, 467
Weils, Donald B., 526
Whitehead, 258
Willstaetter, 77
Wilson, H., 519
W6lfler, 520, 522
Wolfe, J. R., 514, 516, 522
Wolfler, 520
Wolkowitsch, 361
Wredes, 302
Wyeth, 460

Zarraga, 272



SUBJECT INDEX
Abscess of brain, 121. See Brain abscess.

of sebaceous cyst, 108
of tongue, 25o
peritonsillar, 241
retropharyngeal, 241 (Fig. 268)
stitch, 13

Absorbable drains, 38
Acoustic nerve, 222
Meniere's disease, 222 (Fig. 237)
neurectomy for, 222 Fig. 237)
effect of, on vertigo and tinnitus, 223

Actinomycosis of face, 198 (Figs. 203, 204)
Adenitis, tuberculous cervical, 427 (Fig. 499)
Adenoidectomy, 238 (Figs. 264-267)

complications 0f, 239
Adenoids, 238
anatomi c considerations, 238 (Rigs. 264, 265)
removal of, 238 (Figs. 266, 267)

Adhesions, 34
Air embolism in thyroidectomy, 466
Air sterilization, 31 Fig. 16)
Alcohol injections of trigeminal nerve, 205

(Figs. 218-233)
Anastomosis, nerve, for facial paralysis, 297
anatomic considerations, 298

· historical notes, 297
of facial nerve, 298 (Figs. 345, 346)
with hypoglossal nerve, 300 Fig. 346)
with spinal accessory nerve, 298 (Fig. 345)

Anchoring of flaps, 495
Anesthesia, 54
anesthetic mixtures, 7 5
avertin, 77, r2r
basal anesthetics, 76
chloroform, 74
cocaine. See Cocaine.
di-vinyl-ether, 76
ether, 57. See Ether.
ether-colonic, 8r
ethyl chloride, 75
evipan, 78 (Figs. 63, 64)
for bronchoscopy and csophagoscopy, 353
for operations on eye, 325, 337

on skull and brain, 126
on tongue, 250, 254
on tonsils, 232 (Fig. 256)

for thyroidectomy, 441
general, 54. See General anesthesia.
Gwathmey's ether-colonic, 8r
Hazelton's ether-colonic, 82
intrapharyngeal insufflation, 64, 67 (Figs.

. 54, 55) .
intratracheal insufflation, 64. See bttratracheal

insujfiation anesthesia.
laryngoscopy in, 83 (Fig. 65)
local, 100. See Local anesthesia.
nitrous oxide, 64, 75
parasacral nerve block, 90
paravertebral, 93 (Figs. 75, 76)
pemocton, 77 · '
regional, 84. See Regional anesthesia.
resuscitation, emergency, in, 83

Anesthesia-(Continued)
sacral, 89 (Figs. 71, 72)
scopolamine-morphine, 8o
sodium amytal, 77
spinal, 84. See Spinal anesthesia.
splanchnic, 95. See Splanclmic anesthesia.
threatening death in, 83
trans-sacral nerve block, 91 (Fig. 73)

Anesthetic mixtures, 75 ·
Anesthetized patient, the, 3o (Fig. 18)
Aneurysm, cirsoid, 109

operation for, no Fig. 96)
Angioma, cavernous, 109

electrocoagulation of, 109
of brain, 162
of conjunctiva, 328
of scalp, 109
of tongue, 25o
radical operation for, I09
radium treatment of, I09

Anoci-association in thyroidectomy, 467
to prevent postpperative shock, II

Antitetanus serum in scalp wounds, 113
Arlt's operation for symblepharon, 334
Artery or arteries, ligation of,

inferior thyroid, 463 (Fig. 546)
middle meningeal, in intracranial hemorrhage,

12o (Fig. 1o7)
superior thyroid, 462 (Fig. 546)

Artificial respiration, 55 (Figs. 41-44)
Aseptic technic, 25 (Figs. 11-15)
Attitude, mental, of patient and surgeon, 9
Auditory canal, external,

exostoses 0f, 181
foreign bodies in, 179
furuncle 0f, 180
polyps of, 181

Aufricht's operation for hump nose, 366 (Fig.
437)

Autodermic grafts, 499
Autogenous cranial transplants, 153 (Figs. 16o­

166)
Frazier technic, 153

Avertin anesthesia, 77
in brain abscess in children, 121

Avulsion of scalp, 1o; (Fig. 92)
Azachloramid solution in brain abscess, 122

Ballenger's chisel for nasal septum, 3 70
swivel knife, 369, 37o (Figs. 443, 444)

Barton bandage in dislocation of jaw, 290
Basal anesthetics, 76
avertin, 77

equipment necessary for,
evipan, 78 (Figs. 63, 64)

Dickson-Wright splint for Fig. 63)
pernocton, 77
scopolamine-morphine, So
advantages of, 81

sodium amytal, 77
Basal skull fractures, 119

V



VI SUBJECT INDEX

Beer knife in keratectomy, 340
Ben Morgan anesthesia apparatus, 63 (Figs.

48-53)
Bemay's compressed cotton sponges for nose ·

bleed, 354
Berry and Legg's operation for cleft palate, 315

(Figs. 382-385)
Blepharoplasty, 332 (Figs. 403-404)
Blepharoptosis, 330 (Fig. 399)
Blepharorrhaphy, 332
Blepharospasm, 329
Bone, depressed, skull fracture, u3 (Figs. 98_-

102)
grafts, 150, 153 (Figs. I6o-166)

Bosworth's tongue depressor, 235 Fig. 259)
Bowman's sound, in lacrimal duct operation, 338

(Fig. 310) . .
Brain, I17

abscess 0f, 121, 192
azochloramid solution in, 122
extradural, 192 Fig. 197)
king's operation for, 121
lumbar puncture in, 122
silver wire basket in, 122
temporosphenoidal, 192 Figs. 197, 198)
usual locations of, 121

anesthesia in operations for, 126
concussion of, u8
exposure of, 156 (Figs. 167, 168)
intracranial bleeding, u9 (Fig. 107)
operations on, 122

· penetrating wounds of, u7 (Figs. IOI, 102,
1o6)

tumors of, 160
ahgionias (pial), 162 .
Cargile membrane for injured ventricle, 16o
cysts and cystic collections, 162
electrocoagulation of, 159, 162 (Figs. 169,

I70)
exposure of brain, 156 (Figs. 167, 168)
fascia lata for duraldefects, 158
general principles underlying the removal of,

155
gliomas and sarcomas, 155 (Fig. 157)°
locating the tumor, 156
meningioma, 157 (Figs. 169, 171)
of convexity of hemispheres, 159 (Figs.

167, 171)
of frontal lobes, 159
of hypophysis, 163 (Figs. I75, 176)
of temporal, parietal and occipital lobes, 16o

(Figs. 167, 176)
two-stage operation for, 157, 160

wounds of, u7 (Figs. 105, xo6)
bullet, u7 (Fig. 106)
penetrating, u7 (Figs. xox, 102, 106)
removal of fragments by suction, u7 (Fig.

105)
Branchial cysts and fistulae, 430 (Fig. 505)
Branower's intrapharyngeal insufflation anes­

thesia, 64 (ig. 54)
Breathing tube in general anesthesia, 55 (Fig.

39)
Broken surgical instruments, 38 (Rigs. 21-25)

Bronchoscopy, cocaine anesthesia in, 353
Brophy s operation for cleft palate, 314 (Fig.

380, 381)
Buckhardt's operation for· retropharyngeal ab­

scess, 242
Bullet wounds of brain, u7 (Fig. 106)
Burns, coagulant in, 524
bath for, 526
fatalities in, 523
first aid in, 523
of neck, 334 (Fig. 452)
of shoulder and back, 526 (Figs. 6o3, 604)
tanmc acid compress for, 524
treatment 0f, 523
\Veil's tannic acid bath for, 526
x-ray, 522

Butlin's marginal resection of tongue, 251 (Figs.
282, 284)

"Button-hole" incision, 3

Cable graft, 538 (Fig. 612)
Calculi, salivary, 267 (Fig. 294)
Canthoplasty, 332 (Fig. 402)
Canthotomy, 331. See Cantlioplasty.
Capillary drain, 38

combined with tubal drain, 38
Capsulectomy, 531, 532 (Figs. 605-607)
Carbuncle of face,· 197 (Fig. 202)
of neck, 378 (Figs. 453, 454)
x-ray treatment of, 197

Carcinoma of conjunctiva, 328
of face, 199 (Figs. 2o7-214)
of floor of mouth, operations for, 365
of neck, 422 (Figs. 496-508)
of scalp, 1 II
Millier-Konig procedure in, 1r2

of tongue, 253 (Figs. 276, 277, 279, 280,
281, 285, 286, 29, 290)

Cardiac massage, 56 (Fig. 46)
Care, postoperative, 7. See Postoperative care.
preoperative, 14. See Preoperative care.

Cargile membrane for hemostasis of brain, 129
for injured ventricle, 16o

Carotid body tumor, 432 (Figs. 505-509)
Mirrizi operation for, 432 (Figs. 505-509)

Carrel-Dakin method of wound irrigation, 122
Cartilage, thyroid, wounds 0f, 376
Cataract, 342 (Figs. 414-418)
aspiration of lens for, 343 ·
extraction of lens for, ·

combined extraction and expression method,
345 (Fig. 418)

expression or Smith-Indian method, 34S
. (Fig. 416)
extracapsular method, 343 (Fig. 415)
traction method, 345
vacuum method, 345

senile, 343
Catharsis, in postoperative care, 14
in preoperative care, 7

Cauliflower ear, 178
Cavernous angioma of scalp, 109
Cellulitis of neck, 379
Cerebral hemorrhage, ug (Fig. 107)



SUBJECT -INDEX VII
Cerebral puncture, dangers of, 171
Cervical adenitis, tuberculous, 427 (Fig. 499)
Cervical rib, 410 Figs. 486, 487)

anterior operation, 410
posterior operation, 4u
Streisscr's operation, 4Ir

sympathetic, 412 (Fig. 488)
anatomic and practical considerations, 412

sympathectomy, 414
Chalazion, Agnew's operation for, 328

operations on, 328 (Figs. 297, 298)
Desmarres' forceps in, 329 Figs. 397, 398)

Cheek, 199
Cheyne and Burghard's operation, 199
defects with cicafricial · maxillary occlusion,

199
defects without cicatricial maxilla_ry occlusion,

199
Gussenbauer's operation, 203
Israel's operation, 200 (Figs. 215-217)
plastic operations on, 199 (Figs. 209-217)

Cheyne and Burghard's operation on cheek, 199
Children, avertin anesthesia in brain abscess, 121

ether anesthesia in, 62
Chipault's craniocerebral topography, 125 (Figs.

110-III)
Chloroform, 74
Cigarette drains, 26
Circsoid aneurysm of scalp, 109 Fig. 96)

operation for, no (Fig. 96)
Cisterna puncture, I7I
Cleft palate, 305 (Figs. 354-358, 380-389)

Berry and Legg operation, 315 (Figs. 382-
385)

Brophy's operation, 314 (Rigs. 380, 381)
Davis-Colley operation, 317 Figs. 388, 389)
historical notes, 312
operations for, 312 (Figs. 380-389)
Sir Arbuthnot Lane's operation, 319
von La,ngenbeck's operation, 316 (Figs. 386,

387)
Closure of abdominal incision, author's method,

5 (Fig. 19)
of cranial defects, 150. (Figs. 160-166)

Coagulant in burns, 527
Cocaine in bronchoscopy, 353

in esophagoscopy, 353
in nose operations, 352

Collodion in umbilical pit, in preoperative prep-
aration, 9

Concussion of brain, u8
Cone .method of ether anesthesia, 62
Conjunctiva, anatomy 0f, 324
foreign bodies in, 325
operation 0n, 327
pterygium, 327 (Fig. 326)
tumors 0f, 327

Connell's anesthetometer, 69 Fig. 56)
Cornea, foreign bodies in, 325
keratectomy, 340
keratotomy, 339
Knapp's operation for staphyloma, 340
operations on, 339
paracentesis of, 339 (Fig. 411)

Cornea-(Continued)
transplantation of, 340
.ulcer, operations for, 339
wounds of, 339

Cranial defects, 15o (Figs. 160-166)
closure 0f, 150
Millier-Konig method, 150
Steida's rules for handling, 150

Cranial transplants, autogenous, 153 (Figs.
160-166)

vault, injuries of, II3 (Figs. 97-100)
Craniocerebral topography, 124 (Figs. no,

III)
Craniotomy, 131. See Treplzining of Skull and

Cerebral Decompression.
for intracranial bleeding, II9

Crystalline lens, cataract of, 342 (Figs. 414-
417)

Cullom's tonsil forceps, 238 (Fig. 263)
Cushing's decompression operation, 149 (Fig.

159)
modification of subtemporal decompression,

148 (Figs. 154-158)
tripod incision, u6 (Figs. 103, 104)

Cut throat, 375 (Figs. 449, 450)
Cysts, dermoid, of tongue, 252

of brain, 162
of neck, 427

branchial cysts and fistulas, 430 (Fig. 505)
etiology of, 431

thyroglossal cysts and sinuses, 427 (Figs.
500-504)

Sistrunk's techni c, 429 (Figs. 500-504)

Dandy's operation for hydrocephalus, 172 (Figs.
184-188)

Davis-Colley operation for cleft palate, 317
(Figs. 288, 289)

Decompression, Cushing's operation over cere­
bellum, 149 (Fig. 159)

in intracranial hemorrhage, 120
subtemporal, Cushing's modification, 148

(Figs. 154-158)
Defects of cheek, repair of, 199 (Figs. 2o7-209)
Denker's operation for tumor of nose, 37I
Depressed skull fracture, II3 (Figs. 98-102)
De Quervain's skull cutting forceps, 135 (Fig.

128, a)
Dermoid cysts of tongue, 252
Desmarres' forceps for operation on eyelid, 329

(Figs. 397, 398)
DeVilbiss cranial forceps, 148 (Fig. 151)
Dickson-Wright splint in evipan anesthesia, 79

Fig. 63)
Dieffenbach's incision for removal of upper jaw,

282 (Fig. 313)
operation for ectropion, 331 Fig. 4o1)

for upper lip, 305 (Fig. 352)
Diet, postoperative, 16
Digby's tracheotomy technic, 391 (Figs. 469,

470)
Dislocation of lower jaw, 289 (Fig. 329)
Dissection of lymph nodes of neck, 426 (Figs.

497, 498)
Di-vinyl-ether, 76
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Double-faced flap (Figs. 569-572)
Douglas method of skin grafting, 521
_Doyen perforator and burr, 144, 150 (Figs.

147, 153)
Dragstedt graft, 521 (Figs. 600-602)
Dragstedt-Wilson modification skin graft, 519

(Fig. 599)
Drainage, indications for, 36
in operations, 36
of floor of mouth, 381 (Figs. 455-457)

Drains, absorbable, 38
capillary, 38
and tubal combined, 38

cigarette, 36
gauze drains, 36
Mikulicz pack, 38
rubber tubes, 38
Wetherill's drain, 38

Drop method of ether anesthesia, 61 (Figs. 47.
48)

Duct, lacrimonasal, 336 (Figs. 409, 410)
incising of, 337 (Fig. 410)
probing of, 336 (Fig. 409)
salivary. See Stcnscn's duct.

Dunhill's method of dividing sterum in thy­
roidectomy, 458 (Fig. 543)

Dura mater, injurie; of, n3
repair of defects of, 114
fascia lata for, 158

tumors of, 159 (Figs. I6g-171)

Ear, 178
auditory canal, external, 179
cxostoses 0f, 181
foreign bodies in, 179
furuncle of, 180
polyps 0f, 181

cauliflower, 178
external, operations on, 178
Goldstein's operation, 179
hematoma auris, 178
macrotia (large cars), 179 Fig. 189)
middle ear, 181. See Middle ear.
Palmer operation, 178
Pa_rkhill's operation, 179 (Fig. Igo)
prominent ears, 178 (ig. 189)
Pynchon pump in operation for, 178

Ectropion, 331 (Figs. 400, 401)
atonic, Dieffenbach's operation for, 331 (Fig.

401)
cicatricial, Wharton Jones' operation for, 331

(Fig. 400)
Electric saws and drills, 148 (Figs. 147, 149,

153)
Electrocoagulation in brain abscess, 122

of angioma, 109
of meningioma (Figs. 169, I71)

Electrosurgery, 44
Electrosurgicai hcmostasis of dura, 129
short-wave apparatus, 42 (Figs. 26-32)
thyroidectomy, advar,tages and disadvantages,

0f, 461
Embolism, air, in thyroidectomy, 466
Encephalocele, Io7

Entropion, 331
Enucleation of eyeball, 350 (Fig. 424)
artificial globe in scleral sac, 351
Barraquez-Lauber method, 351
modifications of operation for, 351
Mule's operation for, 351
technic of, 350

Epidermal grafts, 499
Epilepsy, 166 (Figs. 177-180)
causes 0f, 166
of failure after trephining, 167

decompression for, 156 (Fig. 180)
drainage of lateral ventricle for, 167 (Figs,

181-183)
excision of dura mater for, 167

of scar for, 166 (Fig. 179)
focal or Jacksonian, 166 (Figs. 177-180).
idiopathic, 167
traumatic, 167 (Figs. 177-180)

Epithclioma of conjunctiva, 328
Equipment for operating room, 24 (Figs, 7-17)
Ermold-O'Dwyer's intubation set (Fig. 474)
Esophagoscopy, anatomic notes, 386
cocaine anesthesia in, 353

Esophagotomy, external, 4o2 (Figs. 482, 483)
dangers 0f, 4o4
indications for, 402

Esophagus. See also Surgery of Esophagus in
chapter on Surgery of Chest.

divcrticulum of (Figs. 479-481)
esophagoscopy, 386 (Fig. 460)
esophagotomy, external, 4o2 (Figs. 482, 483)
foreign bodies in,. 377 (Fig. 451)
injury to, in thyroidectomy, 465
periesophageal suppuration, 383
stricture 0f, 402

Ethyl chloride anesthesia, 75
Ether, 57 (Figs. 47-51)
closed methods, 63 (Figs. 49-51)
cone method, 62
drop method, 61 (Figs. 47, 48)
mask, Ochsner's, 61 (Fig. 47)
open methods, 61 (Figs. 47, 48)
vapor methods, 64

Ether-colonic anesthesia, Sr
advantages 0f, 83
dangers of, 81
Gwathmey's method, 81
Hazelton's method, 82

Ethmoid sinus, 228 (Figs. 249, 250)
external operation for, 229
intranasal operation for, 22S (Figs. 249, 250)

Evipan anesthesia, 78 (Figs. 63, 64)
advantages of, So
strychnine as antidote, 80 ,

Excision of cervical rib, 41o (Figs. 486, 487)
of choroid plexus for hydrocephalus, 176
of dura mater for epilepsy, 167
of scar for epilepsy, 166 (Fig. 17s)
of tongue (half of), 255 (Fig. 28s)
(whole), 258, 259, 263 (Fig. 286)

of uvula, 310 (Fig. 390)
Exophthalmos, 468 (Fig. 513)
Naffziger operation for, 468 (Figs. 549-553)
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Exposure of brain, 156 (Figs. 167, 168)
Exostoses of external auditory canal, ~81
External carotid artery ligation in operation on

Gasserian ganglion, 220
External ear, 178. See Ear.
Eye, 321 (Gigs. 393-424)
anatomy of, 321 (Figs. 393, 394)
anesthesia in operations for, 325, 337
cataract, 342. See Cataract.
conjunctiva, 327 (ig. 306)
anatomy 0f, 324
foreign bodies in, 325
operations 0n, 327
pterygium, 327 (Fig. 326)
tumors 0f, 327

cornea, 339. See Cornea.
enucleation of eyeball, 350 (Fig. 424)
eyelids, 328. See Eyelids.
foreign bodies in, 325
intraocular tension, operation for reducing,

342 (Fig. 414)
iris, 342 (Figs. 414-417)

extraction of lens, 342 (Figs. 414-419)
injuries to, 342
iridectomy, 342
operations on, 342 (Figs. 414-417)

lacrimal apparatus, 336. See Lacrimal appar­
atus.

magnet for removing foreign bodies from,
326 (Fig. 395)

operations on, 321
sclera, 341. See Sclera.
tumors 0f, 327

Eyeball, enucleation of, 350 (Fig. 424)
Eyelids, 328.

Agnew's operation for chalazion, 328
blepharcpl asty, 332 (Figs. 403, 404)
blepharoptosis, 330 Fig. 399)
blepharospasm, 329
canthoplasty, 332 (Fig. 402)
canthotomy, 331. See Cant/ioplasty.
chalazion, 328
ectropion, 33I
entropion, 331
hordeolum, 328
Meibomian cyst, 328
operations 0n, 328
pannus, 335 (Fig. 407)
symblepharon, 334

Arlt's operation for, 334
trachoma, 334

Face, 197
actinomycosis of, 198 (Figs. 203, 204)
Cheyne and Burghard's operation, 199
defects of check, 199 (Figs. 209-217)
furuncle and carbuncle of, 197 .
ligation of angular vein for, 197 (Fig. 202)
.x-ray treatment of, 197

Gussenbauer's operation, 203
infections of, 197 (Figs. 202404)
Israel's operation, 200

ch k 199 (Figs. 209-plastic operations on ee ,
217)

Face(Continued)
surgery of, 197 (Figs. 202, 209-217)
tumors <if, 199
radium treatment of hemangioma, 199

of epithclioma, 199
Facial nerve, 297
anastomosis of, for facial paralysis, 297
anatomic considerations, 298
historical notes, 297
with hypoglossal nerve, 300 (Fig. 246)
with spinal accessory nerve, 298 (Fig. 345)

injury to, in parotid gland operation, 273
(Fig. 298)

Katzenstein's operation, 303 (Fig. 350)
Lexner's operation, 302 (Fig. 347)
muscle transplantation for paralysis of, 300

(Figs. 347-352)
paralysis of, 1o7 (Figs. 345-352)
Rosenthal's operation, 304 (Fig. 351)

Faraboef's forceps for upper jaw resection, 283
(Fig. 318)

Farr's method of injecting mandibular nerve,
210

Fergusson's operation for upper jaw, 281 (Figs.
313, 314)

Field of operation, preparation of, 7
Finncy's operation for spasmodic torticollis, 416

(Figs. 491-494)
Finsterer splanchnic needle, 98
Fischer short wave apparatus, 42 (Figs. 26-32)
Fisher solution for ·local anesthesia, 100 ·
Fistulas of salivary glands and ducts, 276

fistulas of Stcnscn's duct. Sec Stensen's duct.
treatment of glandular fistulas, 276
avulsion of auriculotemporal nerve, 276
cauterization, 276
immobilization of jaws, 276

Flagg intratracheal inhalation tube, 72 (Figs.
60, 61)

Flaps, after-care, 493
anchoring 0f, 492
bone flap, 12 7
doubl e-faced (Figs. 569-572)
for plastic surgery, 486
French method, 490
lateral, 488
pedunculated (Figs. 573, 574)
square (Fig. 575)
triangular (Figs. 576, 577)

Floor of mouth, drainage of, 381 (Figs. 455·
457)

Forceps, Faraboef, for resection of upper jaw,
283 Fig. 318)

foreign body, 377 (Fig. 451)
MacManus tonsil, 236 (Fig. 260)

Foreign body, in esophagus, 377
in external auditory canal, 179
in eye, 325
in nose, 372 (Fig. 448)
in pharynx, 377 (Fig. 451)
in tongue, 252
left in abdomen, 34
magnet for removing, 326 (Fig. 395)

Foster-Ballenger forceps for nasal septum, 369
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Fractures, of bones of face, 204
of lower jaw, 29o (Figs. 330-333)
of malar bone, 204
of maxilla, 204
of skull, 113. See Skull fracture.
of upper jaw, 2o4
of zygoma, 2o5

Frontal sinus, 224 (Figs. 238-240, 242, 248)
extranasal approach to, 224 (Figs. 238-240,

242)
intranasal approach to, 228 (Figs. 242, 248)
Killian operation, 224 (Figs. 238-240)

Furuncle of external auditory canal, 18o
of face, 197 (Fig. 202)
of neck, 378
x-ray treatment 0f, 197

Galt's trephine, 132 (Fig. 121)
Ganglion, Gasserian. See Gasserian ganglion.
Gantermann's manipulation in respiratory ob-

struction, 55 (Fig. 40)
Gasserian ganglion, 217
Abbe's operation, 220
anatomic considerations, 217 (Fig. 218)
Cushing's operation, 220
Hartley-Krause operation, 217 (Fig. 235)
operations on, 217 (Figs. 235, 236)

General anesthesia, 54
anesthetic mixtures, 75
artificial respiration in, 55 (Figs. 41-44)

· asphyxia, Iaryngoscopy in, 83 (Fig. 65)
avertin, 77
basal anesthetics, 76. See Basal· anestlzetics.
breathing, types 0f, 56
carbon dioxide administration in, 64 (Figs.

52, 53)
cardiac failure in, 55 (Figs. 41-44, 48)
chloroform, 75
ether, 57. See Ether.
ether-colonic anesthesia, Sx
ethyl chloride, 7 5
evipan anesthesia, 78 (Figs. 63, 64)
Gwathmey's ether-colonic, 81
Hazelton's ether-colonic, 82
induction of, 54
intrapharyngeal insufflation anesthesia, 64, 67

(Figs. 54, 55)
intratracheal insufflation anesthesia, 64, 68

(Figs. 56-6r)
method of holding jaw forward (Fig. 45)
mouth gags in (Figs. 37, A, 38)
nitrous oxide, 76
obstruction of airways in, 55 Figs. 37, 38,

40, 45, 55)
oral screw to open mouth (Fig. 37, B)
pernocton, 77
preparation of patient, 54
resuscitation, emergency, in, 83
scopolamine-morphine anesthesia, 9o
secretions, removal of, in, 55 (Fig. 40)
sodium amytal, 77
stages of, 55

. threatening death in, 83
wire breathing tube in, 55 (Fig. 39)

Gigli wire saw, 145 (Figs. 145 146 1 )
Giimer's dentai band, zg is. ~, ],,
Glands, lacrimal, 336 (Fig. 4o8) ' 32
lymph. See Lymph nodes.
parathyroid, 471 (Figs. 554-561)
salivary, 267 (Figs. 278, 291-310)
thymus, 479 (Figs. 563-565)
thyroid, 435 (Figs. 510-548)

Glioma, 155
Gliosarcoma, 155
Glossitis, Butlin's marginal resection for

(Figs. 282-284) ' 354
chronic, 254 (Figs. 282-284)

Glossopharyngeal nerve, neurectomy of, 223
Gloves, proper way of putting on, 28 Fig. 1)
Goode rasp in sinus operations, 229
Goldstein's operation, 179 (Fig. 189)
von Graefe's_ knife for paracentesis of eye, 340

(Figs. 411, 413)
Grafting, dressings for, 509
in x-ray burns, 522
of skin, 498

Grafts, bone, 150, 153 (Figs. 160-166)
autodermic, 499
epidermal, 499
general considerations, 508
mucous membrane, 520
Reverdin, 5o7
sieve, 516
Thiersch, 512
vegetable, 499
Wolf-Krause method, 514
zoodermic, 499

Griinwald punch in sinus operations, 231
Gussenbauer's operation for cheek defects, .203
Gutierrez' operation for parotid gland, 273 (Figs.

300-303)

Hajek's chisel for nasal septum, 37o
Halsted subcuticular suture, 487
Hands, technic of scrubbing, 26
Harelip, 305 (Figs. 353-373)
anesthesia for operations on, 306
in adults, 306
in infants, 306
Konig operation for, 31o (Rigs. 364-366)
Malgaigne's double flap method, 311 (Figs.

372, 373)
</Peration for simple doub:e harelip, 3u (Figs.

369-371)
position of patient for operation, 306
preparation of part for operation, 306 .
projecting intermaxillary bone, 312 (Figs.

374-379)
varieties, 305

Hasslinger's directoscope (Fig. 459)
Hazelton's technic of ether-colonic anesthesia, 82
Heart, massage of, 46 (Fig. 56)
Heidenhain's ~ontinuous hemostatic suture for

scalp hemorrhage, 127
Heister's mouth gag (Fig. 38)
Hematoma auris, 178
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Hemorrhage, after removal of brain tumor, 131

from bone, 128 (Fig. Ir7)
from brain, 129
from dura, 128
from scalp, 127 (Figs. XIS, 116)
in thyroidectomy, 465

intracranial, 119 (Fig. Io7)
intradural clot suspected, 121
ligation of middle meningeal artery in, 120

nasal, 353 (Fig. 426)
postoperative, 13

Hemostasis, in operations on bone, 128 (Fig.
1I7)

on the brain, 129
on the dura, 128
on the scalp, 127 (Figs. IIS, u6)

in removing brain tumors, 131, 157
of scalp wounds, 107 (Fig. 90)

Hemostat, Cu!lom's tonsil, 238 (Fig. 263)
Hiccough, postoperative, II
Hirschberg grafts, 520
History taking, 6

·Hodgkin's disease, 427
Holm's scissors for maxillary sinus, 226 (Fig.

244)
Hordeolum, 328
Horsley's bone wax for bone hemostasis, 128
Hudson's rongcur forceps, 135 (Fig. 128, B)
Hurd's nasal septum forceps, 369
Hydrocephalus, I72 (Figs. 184-188)

causes of, 172
Dandy's operation for, I72 (Rigs. 184-188)
excision of choroid plexus for, 176
third ventriculostomy, r72 (Figs. 184-188)

Hyperparathyroidism, 471
Hypodermoclysis for replacing body fluids, 14

Fig. 3)
Hypoglossal nerve, anastomosis 0f, 30o (Fig.

346)

Illumination of operating room, 21 (Figs. 7-10)
Incision, "button-hole," in abdominal surgery, 32
closure of abdominal, by author's method, 35

(Fig. 19)
Cushing's tripod, u6 (Figs. 103, 104)
Dieffcnbach's, for upper jaw, 282 (Fig. 313)
Kocher's, for upper jaw, 282 (Fig. 314)

Incisions for neck operations, some Fig. 476)
in general, 32

Induction in general anesthesia, 54
Infections of face, 197 (Figs. 202-204)
•·of neck, 378
postoperative, 13

Inferior maxillary nerve, Murphy's method of
injecting, 2o7 ..

thyroid artery, ligation of, 463 (Fig. 546)
lnfraorbital nerve, anatomic considerations, 212

neurectomy of, 212 Fig. 232, B)
resection of at foramen rotundum, 214
at infraorbital foramen, 212 (Fig. 232, B)

·Injection treatment of trigeminal nerve, 2o5. See
Trigeminal nerve.

Injuries of bones of face, 204
of cranial vault, 113 (Figs. 97-100)
of neck, 375. See Neck, injuries of.
of scalp, 1o7 (Rigs. 90-92, I03, 104)

Injury of facial nerve in mastoid operation, 186
in parotid gland operation, 273 (Fig. 298)

of recurrent laryngeal nerve in thyroidectomy,
462

Instruments, broken surgical, 38 (Figs. 21-25)
sterili2ation of, 46 (Figs. 33-36)

Internal jugular vein, 195 (Figs. 200, 201)
anatomic considerations, 195 (Fig. 200)
ligation and resection of, 195 (Fig. 201)

Intracranial hemorrhage, 119 (Fig. 1o7)
intradural clot suspected, 121
ligations of middle meningeal artery, 120

tension, methods of reducing, u8
Intradural clot, 121
Intrapharyngca\ insufflation anesthesia, 64, 67

(Figs. 56-61)
Intratracheal insufflation anesthesia, 64, 68

(Figs. 56-61)
advantages and disadvantages of, 74
improved technic for, 72 (Figs. 60, 61)
.in operation on tongue, 250
intubation tcchnic in, 73

Intravenous administration of fluids, 14 (Fig. 4)
Intubation, 395 (Figs. 473, 474)
advantages of, 395
disadvantages 0f, 396
Ermold-O'Dwyer's intubation set, (Fig. 474)

Iridectomy, 342 (Fig. 414). See Cataract,
operations Ior.

Iris, extraction of lens, 342 (Figs. 414-419).
Sec Cataract, operations Ior.

injuries to, 342
iridectomy, 342
operations on, 342 (Figs. 414-417)

Irrigation of peritoneal cavity, 36
Israel's operation for saddleback nose, 365
total rhinoplasty, 360 (Fig. 433)

Jackson's csophagoscopc Fig. 460)
laryngoscope, 383
and rheostat, 69 (Fig. 58)

tracheotomy triangle (Fig. 372)
Jaw, lower. See Lower jaw.
upper. See Upper jaw.

Jcntzer trephine, 132 (Figs. 122, 123, 125,
126, 129-146)

coupled with Gigli saw, 142 (Figs. 145, 146)
Jugular vein, internal, 195 (Figs. 200, 201)
anatomic considerations, 195 (Fig. 200)
li"ation and resection of, 195 (Figs. 200,0

201)

Katzenstein's operation for facial nerve paralysis,
303 (Fig. 350)

Keegan's operation on nose, 355 (Rig. 427)
0 • • •

Kerrison's rongeurs m sinus operations, 231
Killian's method of laryngoscopy (Fig. 458)
operation for frontal sinus, 224 (Figs. 238­

240)
Knapp's operation for trachoma, 334 (Fig. 405)
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Kocher's dissector in thyroidectomy, 454 (Fig.
535)

incision for excision of mandible, 296 (Fig.
341)

for removal of upper jaw, 282 (Fig. 3I4)
Konig's operation for harelip, 310 (Figs. 364­

366)
Krause's hooks for control of bone hemorrhage,

I28 (Fig. II7)
claw forceps, I48 (Fig. I52)
operation for tumors of hypophysis, 163

(Figs. I75, I76)
Kredel plates for hemostasis of scalp, 128 (Fig.

u6)

Lacrimal apparatus, 336 (Figs. 408-410)
duct, incising of, 337 (Fig. 410)
probing of, 336 (Fig. 409)

gland, excision of orbital part, 336
resection of palpebral part, 336 (Fig. 408)

sac, extirpation of, 337
Lacrimonasal duct. See Lacrimal duct.
LaForce's adenotome, 241 Fig. 267)
Lane's operation for cleft palate, 319
von Langenbcck's operation for cleft palate, 316

Figs. 386, 387)
Laryngectomy, 4o5 (Figs. 484, 485)
direct, 383 (Fig. 459)
indirect, 383 (Fig. 458)

Larynx, cocainization of, 353
fractures 0f, 376
laryngoscopy, 383 (Fig. 459)

Lateral flap Fig. s68)
Levy-Baudoin operation on ophthalmic nerve,

206
Lexer's operation for facial nerve paralysis, 302

(Fig. 347)
Ligation of angular vein in infections of face,

197 (Fig. 202)
of external carotid artery in operations on

Gasserian ganglion, 2 20
of internal jugular vein, 195 (Figs. 200, 201)
of lingual artery in carcinoma ·of tongue, 253
of middle meningeal artery, 120 Fig. 1o7)
of Stensen's duct, 28o
of thyroid arteries, 462 (Fig. 546)

Light, surgical. See Illumination.
Lingual artery, ligation of, in carcinoma of

tongue, 253
tonsil, removal 0f, 240

Lip, lower, 243 (Figs. 269-272, 275)
anatomic considerations of, 243
carcinoma 0f, 243 (Figs. 269-272, 275)

clectrocoagulation of, 244
radium treatment of, 244 (Figs. 271,
272)

operations on, 243 (Figs. 269, 275)
plastic surgery of, 243 (Figs. 269, 275)
triangle or V-resection 0f, 243, 248 (Figs.

269, 275)
upper. See Upper lip.

Lipoma of conjunctiva, 328

Local anesthesia, 100 (Figs. 81-89)for bronchoscopy, 353
for esophagoscopy, 353
for nose operations, 352
for thyroidectomy, 441 (Figs. 518-sar)
m operations on bram abscess, 121

on eye, 325, 337
on scalp, 108, 109
on skull and brain, 126
on tonsils, 232 (Fig. 256)

solutions for, 100
Fisher solution, 100

syringe and needles (Fig. 81)
types of, ro3

cdematization (Schleich's method)
cndermic (Fig. 86)
nerve blocking Figs. 85, 87)
perineural injection
subdermic infiltration

Lower jaw, 284 (Figs. 319-344)
dislocations of, 29o (Fig. 329)

irreducible, 290
fixation, direct, in fracture of, 292 (Fig.

333)
indirect, in fracture of, 291 (Figs. 331,
332)

fracture of, 290 (Figs. 330, 344)
Gilmer's dental bands, 291 (Figs. 331, 332)
Gunning sp1int, modified, 298 (Fig. 344)
indications for resection 0f, 294
Murphy's operation for, 285 (Figs. 322,

324, 326)
complications of, 288

operations on, 284 (Figs. 319-343)
resection of, 288, 293 (Figs. 334-337, 342,

343) .
of alveolar process, 293 (Fig. 334)
of horizontal ramus, 293 (Rigs. 335-337)

Rochet's operation, 288 Fig. 327)
subluxation 0f, 290
temporomaxillary ankylosis, 285 (Figs. 322-

326)
wiring for fracture, 292 (Figs. 331, 332)

lip, 243. See Lip, lower.
Ludwig's angina, 380 (Figs. 455-457)
anesthesia for drainage 0f, 382

Lumbar puncture, in brain abscess, 122
in reducing intracranial pressure, II8
in spinal anesthesia, 84 (Figs. 68-70)

Lymphadenitis of neck, 379
Lymphatics of neck (Figs. 497, 498)
of scalp, III

Lymphnodes of neck, 246 ..
anatomic considerations of, 246 (Fig. 273)
dissection of, 426 (Figs. 497, 498)
operations on, 246, 26 (Figs. 273, 274)

Lymphoma, malignant, 427
Lynch suspension apparatus, 383

Macrotia (large ears), 17 (Fig. 19) ,aial
Magnesium sulphate for reducing intra

pressure, n8 . . (Fig.
Magnet for removing foreign bodies, 326

395)
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Malar bone, fracture .of, 204
Malgaigne's operation for harelip, · 3n (Figs.

372, 373)
Malignant encanthis, 328

lymphoma, 427
tumors of conjunctiva, 328

of scalp, 111
anatomic considerations of, n1

Mandibl e, 284. See Lower jaw.
Mandibular nerve, anatomy of, 215 (Fig. 233)

injection of, 207 (Figs. 222, 226, 229-231)
neurectomy of, 215

Massage, cardiac, 46 (Fig. 56)
Mastoiditis, 183 (Rigs. 194-196)
anatomic considerations, 186 Fig. 195)
intracranial complications, 190 (Figs. 197,

198)
operation for acute mastoiditis, 183 (Figs.

194-196)
radical mastoid operation, 186 Fig. 196)
Todd's method in, 190

Maxilla, fracture of, 204
Maxillary nerve, injection of, Murphy's method,

207 (Fig. 228)
sinus, 225 (Figs. 241-247)
Caldwell-Luc operation, 227 (Figs. 246,

247)
empyema of, 225 (Fig. 241)
Kilster's operation, 225 (Fig. 241)
nasal approach to, 225 (Fig. 242)

Mediastinitis, 383
Meniere's disease, neurectomy of acoustic nerve

in, 222 (Fig. 237)
Meningioma (Rigs. I6g-I7I)
Meningitis serosa circumscripta, 162
Meningocele and encephalocele, 107 (Figs. 93,
. . 94)
Mental attitude of patient and surgeon, 9
Middle ear, 181 (Figs. 191-193)

anatomic considerations, 181 (Figs. 191,
192)

infections of, 181 (Figs. 191-193)
intracranial complications, 181
myringotomy, 181 (Figs. 191, 192)

dangers 0f, 183
meningeal artery, ligation of, in operations of

Gasserian ganglion, 222
Mikulicz' operation for torticollis, 416
pack for draining abdomen, 38

Mirrizi's operation for carotid body tumor, 435
(Figs. 507-509)

Morphine in postoperative pain, 17
Mouth, drainage of floor of, 381 (Figs. 455-

457)
Mucous membrane grafts, 523
Milller-Konig operation for cranial defects, 150

(Figs. 16o-162)
Murphy's method of injecting inferior maxillary

nerve, 207 (Fig. 228)
Muscle for hemostasis of brain, 129, 13

lengthening in torticollis, 416 (Figs. 489,
490)

Myringotomy, 181 (Figs. I91, 192)
anesthesia for, 183
dangers 0f, 183

McManus tonsil forceps, 236 (Fig. 260)

Naffziger operation for exophthalmos, 468 (Figs.
549-553)

Nasal septum, sub.lllucous resection 0f, 368
(Figs. 440, 441, 443)

Neck, 375
burns and scars of, 377 (Fig. 542)
cellulitis of, 379
cervical rib, 10 (Figs. 486, 487)
cervical sympathetic, removal of, 412 (Fig.

488)
cysts, sinuses and fistulas of, 427 (Figs. 500-

505)
dangers of operations for tumors, 423
esophagosc0py, 386 (Fig. 460)
esophagotomy, external, 402 (Figs. 482, 483)
foreign bodies in, 3 77
furuncles and carbuncles, 378 (Figs. 453,

454)
incisions for operations on (Fig. 476)
infections of, 378
injuries of, 375 (Figs. 449, 450)
intubation 0f, 36 (Fig. 473)
laryngectomy, 4o5 (Rigs. 484, 485)
laryngoscopy, 383
laryngotomy, intercricoid, 387 (Figs. 461-

463)
Ludwig's angina, 380 (Figs. 455-457) ·
anesthesia for· drainage 0f, 382

lymph nodes, dissection of, 426 (Figs. 497,
498)

lymphadenitis of, 379
mediastinitis, 383
periesophageal suppuration, 383
pharyngotomy, 398 (Figs. 475-478)
surgical technic for removal of tumors in gen-

eral, 422
torticollis (wry neck), 415 (Figs. 489-495)
tracheotomy, 387 (Figs. 464-472)
tumors of, 422 (Figs. 496-508)
wounds of, 375 (Figs. 449-450)

Nelaton's subtotal rhinoplasty, 363 (Fig. 435)
total rhinoplasty, 356 (Figs. 428-430)

Nerve or nerves:
acoustic, 222
Meniere disease, 222 (Fig. 237)
neurectomy of, 222 Fig. 237)

effect of, on vertigo and tinnitus, 223
cervical sympathetic, 412 (Fig. 488)
facial, 297. See Facial nerve.
glossopharyngeal, neurectomy of, 223
infraorbital, 212
anatomic considerations, 212
neurectomy of, 212 (Fig. 232 B)
resection of, at foramen rotundum, 214
at infraorbital foramen 212 Fig. z32 B)

injections of, 205 (Figs. 218-233)
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Nerve or nerves--(Contillnued)
mandibular, anatomy of, 215 (Fig. 233)
injection of, 207 (Figs. 222, 226, 229-231)
ncurectomy of, 215

maxillary, injection of, 2o7 (Fig. 228)
neurectomy. Sec Neurectomy.
ophthalmic, injection of (Levy-Baudoin), 206
recurrent laryngeal, injury in thyroid surgery,

462
spinal accessory, anastomosis
for facial paralysis, 298 (Fig. 345)
for spasmodic torticollis, 416 (Figs. 491-

495)
supraorbital, injection of (Fig. 220)
neurectomy of, 212 (Fig. 232 A)

trigeminal, 2o5. See Trigeminal nerve.
Neurectomy, 212, 222 (Figs. 232-234)
acoustic nerve, 222 (Fig. 237)
glossopharyngcal nerve, 223
infraorbital nerve, 212 (Fig. 232 B)
mandibular nerve, 215 (Figs. 233, 234)
intraoral approach, 217

Nevus of scalp, 1o9
Nitrous oxide, 75
Nose, 352

cocaine for local anesthesia, 352
Denker's operation, 371
foreign bodies in, 372 (Fig. 448)
hemorrhage from, 353

Bernay's cotton sponges for, 353
postnasal tampon for, 354 (Fig. 426)

local anesthesia in, 352 Fig. 425)
operations on, 352
plastic operations· on. See Rlzilzoplastics.
polyps of, 271 (Fig. 445)
tumors of, 371
radium treatment of, 371 (Figs. 446, 447)

Nugent's forceps for extraction of lens, 345
(Figs. 417, 418)

operation for strabismus, 348 (Figs. 422,
423)

Obstruction of airways in anesthesia, 55 (Figs.
37, 38, 40, 55)

Offerhaus' method of injecting mandibular nerve,
210

Oil sterilization, 50
Opening of skull, methods 0f, 131
Operating pavilions, 18 (Figs. 5-10)
Operating room, 31 (Figs. 7-18)
air sterilization, 29 (Fig. 16)
aseptic technic, 25 (Figs. 11-15)
co:or of walls, 21
equipment for, 24 Figs. 7-17)
illumination of, 21 (Figs. 7-1o)
personnel 0f, 25
table, 23
ventilation of, 24

Operation in general, the, 25
adhesions, 34
air sterilization, 29 (Fig. 16)
ane;thctized patient, the, 30 Fig. 18)
aseptic technic, 25
broken surgical instruments, 38 (Figs. 21-25)

Operation in general-(Continued)
drainage, 36
incision, 32 (Fig. 19)
infection, 34
irrigation of peritoneal cavity, 36
personnel, 25
suction pump for (Fig. 20)
surgical instruments, 38
technic of scrubbing hands, 26

Operations on,
brain, I17
external ear, 178
eye, 321
face, 197
lips, tongue and lymph nodes, 243
lower jaw, 284
middle ear, 181
nose, 352
orbit, 320
parathyroid glands, 471
salivary glands, 267
scalp and pcricranium, 107
sinuses and tonsils, 224
thyroid gland, 435

Operative field, preparation of, 7
Ophthalmic nerve, injection of (Levy-Baudoin},

206
Oral screw in general anesthesia (Fig. 37 B)
Orbit, Kronlein's operation, 320 (Figs. 391,

392)
ostcoplastic resection of, 320

Pain, postoperative, I7
Palate, cleft, 305. Sec Cleft palate.
Palmer's operation for cauliflower ear, 178
Pannus, 335 (Fig. 407)
Paracentesis tympani, 183 (Figs. 191, 192)
Paralysis of facial nerve, 297 (Figs. 345, 352)
Parasacral nerve block, 90
Parathyroidectomy, 471 (Figs. 554-561)
Parathyroid glands, anatomy of, 438 (Fig. 512)

Churchill and Cape's operation, 474 (Figs.
554-556, 559-561)

operations on, 471
subtotal parathyroidectomy, 478
transplantation of, 479
tumors of, 471 (Figs. 554-561)

Paravcrtebral anesthesia, 93
sites of injection (Figs. 75, 76)
tcchnic of, 94 (Fig. 75)

Parkhill's operation, 179 Fig. 190)
Parotid duct, 267. See Stensen's duct.
Parotid gland, 267 (Figs. 292-310)

calculus 0f, 267 (Fig. 294)
excision of, z71 (Figs. 296-303)
fistula of, 276 (Figs. 304-310)
Gutierrez' operation, z73 (Rigs. 30-303)
infections of, 267 (Rigs. 292, 293)
tumors of, 27o (Figs. 295-303)
Zarraga's operation, 272

Patient, anesthetized, the, 30 (Fig. 18)
mental attitude of, 9
preparation of, for operation, 7

Pedunculatcd flaps (Fig. 574)



SUBJECT INDEX xv
Penetrating wounds of brain, n7 (Figs. 1011

102, 106)
Pericranium, surgery of, 1o7
Periesophageal suppuration, 383
Peritonsillar abscess, 241
Pernocton anesthesia, 77
Personnel in operating room, 25
Pharyngeal insufflation anesthesia, 67. See In­

traplzaryngeal insujfiation anesthesia.
Pharyngotomy, 398 (Figs. 475-478)

subhyoid, 398 (Figs. 476-478)
suprahyoid, 402 ·
transhyoid, 399

Pharynx, cocainization of, 353
foreign bodies in, 377 (Fig. 451)

Pinguecula, 327
Pirogoff's operation on nose, 367 (Fig. 438)
Plastic operations

on cheek, 199 (Figs. 209-217)
on ear, 178 (Figs. 189, 190)
on eye, 332 (Rigs. 402-404)
on lip, lower, 243 (Figs. 269-272, 275)

upper, 305 (Figs. 352-373)
on neck, 377 Fig. 542)
on nose, 354 (Figs. 428-443)
on skull, 150, 153 (Figs. I6o-166)
on tongue, 254 (Rigs. 280-284)

repair, methods 0f, 485
principles 0f, 485

surgery and skin grafting, 484 (Figs. 566-
602)

after-care, 493
circular defects in skin (Figs. 576, 578)
elliptical shaped defects Fig. s86)
flaps, 486
general condition of patient, 506
rectangular defects in skin (Figs. 577, 580)

undercutting of (Fig. 579)
skin grafting, 498
square defects (Fig. 581)
triangular defects (Figs. 584, 585)

Polyps of conjunctiva, 328
of external auditory canal, 181
of nose, 371 (Fig, 445)

Postnasal tampon for nose bleed, 354 (Fig.
426)

Postoperative care, 14
catharsis, 14
diet, 14
hemorrhage, 13
hiccough, II
hypodermoclysis, 14. (Fig. 3)
infection, 13
intravenous administration of fluids, 14 (Fig.

4)
pain, I7
thirst, 14

"'shock, II
vomiting, II
Wangenstein suction apparatus,. 12 (Figs.

2, 4)
Preoperative care, . 7

catharsis, 7
collodion in umbilical pit, 9 (Fig. 1)

Preoperative care-(Continued)
preparation of field, 7

of patient, 7
Preparation of field for operation, 7

of patient for operation, 7
Prominent cars, 178 (Fig. 189)
Protruding ears, 178 (Fig. 189)
Pterygium, 327 (Fig. 306)
Puncture, cisterna, I71

lumbar, 84, 118, 122
ventricular, 168 (Figs. 181-183)

Pynchon pump in ear operations, 178

Radical mastoid operation, 186 Fig. 196)
anatomic considerations, 186
intracranial complications, 190
Todd's method, 190

Radium treatment of angioma, 109, 199
of carcinoma, 199, 244, 371

Ranula, 251 (Fig. 278)
Rasp, in sinus operations, 229
Recurrent laryngeal nerve in thyroid surgery,

462
Regional anesthesia, 84 (Figs. 66-89)

local, 100 (Figs. 81-99)
parasacral nerve block, 90
paravertebral, 93 (Figs. 75, 76)

sites of injection (Figs. 75, 76)
technic of, 94 (Fig. 75)

sacral, 89 (Figs. 71, 72)
position of patient (Figs. 71, 72)
technic 0f, 90

spinal, 84. See Spillal anesthesia.
trans-sacral nerve block, 91 (Fig. 73)

Respiration, artificial, 55 (Figs. 41-44) ·
Resuscitation, emergency, in general anesthesia,

83
Rctropharyngcal abscess, 241 (Fig. 268)

Buckhardt's operation, 242
cervical approach by anterior route, 242

by posterior route, 241
operations on, 241 (Fig. 268)

Reverdin grafts, 513 (Figs. 589-59I)
Rhinophyma, 367 (Fig. 439)
Rhinoplastics, 353

Aufricht's operation for hump nose, 366 (Fig.
437)

finger method, 361 (Fig. 434)
French method, 358 (Fig. 431)
historical notes, 352
hump nose, 365 (Figs. 436, 437)
Indian method, 255 (Fig. 427)
Israel's operation for saddleback nose, 365
total rhinoplasty, 360 (Fig. 433)

Italian method, 359 (Fig. 432)
Keegan's operation, 355 (Fig. 427)
Kolle's operation, 365 (Fig. 436)
lengthening of nose, 367 (Fig. 438)
Nelaton's subtotal rhinoplasty (Fig. 435)
total rhinoplasty, 356 (Figs. 428-430)

Pirogoff's operation, 367 (Fig. 438)
Rhinophyma, 367 (Fig. 439)
Sedillot's operation, 367
shortening of nose, 367
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Rhinoplastics-(C011tim1ed)
submucous resection of septum, 368 (Figs.

440-443)
subtotal, 363
Syme's operation, 359 Fig. 431)
Szymanowski's operation, 367
Tagliacozzi operation, 359 (Fig. 432)

· total, 354
Wolkowitsch's operation, 261 (Fig. 434)

Rib, cervical, 410 .. See Cervical rib.
Room, operating. Sec Operating room.
Rosenthal's operation for facial nerve paralysis,

304 (Fig. 251)
Roscr's mouth gag (Fig. 37 A)

Sacral anesthesia, 89
position of patient (Figs. 71, 72)
technic of, go

St. Clair Thompson's tracheotomy operation,
393 (Fig. 471)

Saline solution, hypertonic, in reducing intra­
crariial tension, II8

Salivary ducts, 267
calculus of, 267 (Fig. 294)
fistulas 0f, 269, 276. See Stensen's duct.

glands, z67 (Figs. 278, 291-310)
fistulas 0f, 276 (Figs. 304-310)
infections of, 267 (Figs. 291-293)
injuries 0f, 267
parotid, 267 (Figs. 292-310)
sublingual, 267 (Fig. 278)
submaxillary, 267 (Fig. 291)
tumors of (Figs. 278, 295-303)

Sarcoma of conjunctiva, 328
Scalp, 1o7
angioma, ro9
avulsion of, 107 (Fig. 92)
carcinoma of, 1 II
cirsoid aneurysm of, 109 (Fig. 96)
control of hemorrhage of, 127 (Figs. IIS,

116)
injuries of, 107 (Figs. 90-92)
lymphatics of, lII
malignant tumors of, III
Millier-Konig procedure in carcinoma of, uz
nevus of, 109
sebaceous cysts of, 1o8 (Fig. 95)
tumors of, 107 (Figs. 93-96)
wounds of, 1o (Figs. 90-92, 104)
antitetanus scrum in, 113
Cushing tripod incision for, n6 (Figs. 103,

ro4)
hemostasis of, ro; (Fig. go)
with possible fracture of skull, II3

Scars of neck, 377 (Fig. 452)
Sclera, 341

operations on, 341
paracentesis of, 341 Fig. 413)
sclercctomy, 342
sclerotomy, anterior, 341 Fig. 413)

posterior, 342
trephining of, 342.
wounds of, 341 (Fig. 412)

Scopolamine-morphine anesthesia, 8o
advantages of, Sr

Sebaceous cyst, abscess of, 108
of scalp, 18 (Fig. 95)

Sedillot's operation on nose, 358
Semilunar ganglion. See Gasserian ganglion.
Shock, postoperative, II
Short wave apparatus, 42 (Figs. 26-32)
Sieve graft, 516 (Figs. 595-599)
Dragstedt and Wilson's modification 519

(Fig. 599) '
Simpson-Bernay cotton sponge tent for nose.

bleed, 370
Sinuses, 224 (Figs. 238-253)
anatomic considerations, 228 Fig. 248)
Caldwell-Luc operation, 227 (Figs. 246, 247)
ethmoid sinus, 228 (Figs. 249, 250)
frontal sinus, 224 (Figs. 238-240, 242)

extranasal approach to, 224 (Figs. 24a,
248)

Killian operation, 224 (igs. 238-240)
Kiister's operation, 225 (Fig. 241)
maxillary sinus, 225 (Figs. 241-247)

cmpyema of, 225 Fig. 241)
operations on, 224 (Figs. 238-253)
sphenoid, 228 (Figs. 248, 251-253)

Sinus thrombosis, operation · for, 193 (Figs.
199-201)

anatomic considerations , 193 (Figs. 199,
200)

Skin grafting, 498
bleeding in, 513
condition of patient for, 506
principles 0f, 485
process of healing in, 5II
transmission of disease by, 505
Wolf-Krause method, 514

Skin grafts compared, 519
properties of good graft, 528

Skin-periosteum-bone grafts, 520
Skull and brain, operations on, 122

anesthesia in, 126
closure of cranial defects, 150
control of hemorrhage in, 127
decompression operations, 148
diagnostic punctures, 168
epilepsy, operations for, 166
exposure of brain, 156
form of bone flap in, 127
hydrocephalus, operations for, 172 (Figs.

184-188)
methods of opening skull, 131
position of patient on table, 123 (Fig. 108)

for operation on cerebellum Fig. ro9)
preparation for operation, 123
study of patient, 12 2
tumors, principles underlying removal of,

155
fractures of, II3 ·

compound comminuted, 114 (Rigs. gg-102)
defects of dura mater in, II4
depressed, II4 (Figs. 98-100)
injuries of dura mater in, IIJ
of base of skull, ug ·
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Skull and brain-(Continued)
fractures of-(Continued)

possible fracture with scalp wound, 113
simple fracture with depressed bone, 113
treated expectantly, 113

topography of, 1 (Figs. no, III)
trephining of, 131 (Figs. II9-146)

Sluder's guillotine in tonsillectomy, 236 (Fig.
262)

Smith hook for extracting lens, 345 (Fig. 417)
Snare, Tydings' tonsil, 236 (Fig. 261)
Soap dispenser, 28 (Fig. 15)
Sodium amytal anesthesia, 77
Solutions for sterilization, 50
Spasmodic torticoEis, 416 (Figs. 491-495)
Sphenoid sinus, 228 (Figs. 248, 251-253)

operation, external, 229
internal, 228 (Figs. 251-253)

Spinal accessory nerve, anastomosis of, 298 (Fig.
345)

operations for spasmodic torticollis, 416
(Figs. 491-495)

anesthesia, 84 (Figs. 67-70)
danger signals in, 86, 89
failure to obtain anesthesia in, 86
localization of spinous interspaces, 87 (Fig.

70)
needles for (Fig. 67)
position of patient in, 87 (Figs. 68, 69)
technic of, 86

Splanchnic anesthesia, 95 (Figs. 74, 78-80)
anterior route, 96 (Fig. 74)
posterior route (Kappis), 95 Fig. 78)

Square flaps (Fig. 575)
Steam pressure sterilization, 52 (Fig. 34)
Steida's rules for handling cranial defects, 150
Stensen's duct, 267

Braun or Klittner's operation for fistula, 278
(Figs. 307-310)

calculus of, 267 (Fig. 294)
Dequise's operation for fistula, 277 (Fig. 305)
fistula 0f, 269, 276 (Figs. 304-310)
Kaufman's operation, 278
ligation of, 280
von Langenbeck's operation, 277 (Fig. 304)

Sterilization, 4 7
boiling of utensils, 47
of instruments and utensils, 47
of surgical supplies, 46 (Figs. 33-36)
oil sterilization, 50
preparation of materials for, 47
pressure steam sterilization, 52 (Fig. 34)

· solutions for, 50
sterilized water protection of, 51
water filtration, obsolete method Fig. 35)
recommended system Fig. 36)

Sternomastoid muscle, operations on, in torti-
collis, 415 (Figs. 489, 490)

Stille's trephine, 132 (Fig. x20)
Stitch abscess, 13
Stone in salivary ducts, 267 (Fig. 294)
Strabismus, 346
Nugent's operation for, 348 (Figs. 422, 423)
operations for, 346 (Figs. 419-423)

Strabismus--(Continued)
rece_ssion operation with control suture, 348

(Figs. 422, 423)
tenotomy of rectus muscles for, 346

Streissler's operation for cervical rib, 4II
Strychnine as antidote in· cvipan anesthesia, Bo
Stye, 328
Sublingual gland, 267 (Fig. 278)

calculus 0f, 267
fistula 0f, 276
infections 0f, 267
ranula of (Fig. 278)

Submaxillary gland, 267 (Figs. 278, 291)
calculus 0f, 267
fistula 0f, 276
infections of, 267 (Fig. 291)
ranula of, 251 (Fig. 278)

Submucous resection of nasal septum, 368 (Figs.
440, 441, 443)

Subtemporal decompression, 148 (Figs. 150,
154-158)

Cushing's modification of, 148 (Figs. 154-
158)

Suction apparatus for removal of brain tumors,
161 (Pigs. I72-174)

for removal of fragments from brain, II7
(Fig. 105)

in operation for brain abscess, 122
pump in operations (Fig. 20)
Pynchon, in ear operations, 178

Superior thyroid artery, ligation of, 462 (Fig.
546)

Supraorbital nerve, injection of (Fig. 220)
neurectomy of, 212 (Fig. 232 A)

Surgeon, mental attitude of, 9
and his art, 3
and the patient, 6

Surgery, of ears and adjacent structures, 178
of face, 197
of jaw, upper lip, and ·cheek, 281
of lips, tongue and lymph nodes, 243
of neck and cervical glands, 375
of nose, 352
of orbit and eye, 320
of salivary glands, 267
of scalp and pericranium, 107
of sinuses and tonsils, 224
of skull and brain, 113
plastic, and skin grafting, 487 •

Surgical instruments, broken, 38 (Figs. 21-25)
steriliiation of, 46 (Figs. 33-36)

Sylvester's· method of artificial respiration
(Figs. 41-44)

Symblepharon, 334
Arlt's operation for, 334 .

Syme's operation for nose, 359 Fig. 431)
Sympathectomy, cervical, 414 (Fig. 488)

Table, operating, 24 (Figs. 7-10, 17, 18)
Tagliacozzi operation for nose, 359 (Fig. 432)
Tampon, postnasal, for nose bleed, 254 (Fig.

426)
Tannie acid compress, 524

solution in burns, 525
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Tarsorrhaphy, 332
Technic, aseptic, 25 (Figs. n-15)

of scrubbing hands, 26
Tension, intracranial, methods of reducing, n8
Thiersch grafts, 512
after breast operation, 515 (Fig. 592)
aftertreatment 0f, 513
curetting 0f, 513
in paranasal sinus operation, 231
technic, 512

Thirst, postoperative, 14
Thymus, 480
anatomic considerations, 48o (Fig. 562)
anesthesia in thymectomy, 481
operations on, 48o (Figs. 563-565)
tumors 0f, 482 '

Thyroglossal cysts, sinuses and fistulas, 42 7
· (Figs. 500-504)

Sistrunk's operation, 429 (Figs. 500-504)
varieties, 42 7

Thyrobyoid membrane, wounds 0f, 376
Thyroid arteries, ligation of, 462 (Fig. 546)
Thyroid gland, 435 (Figs. 510-548)
anatomic considerations, 435 (Figs. 510, 5n)
exophthalmos, 468 (Figs. 549-553)
intrathoracic goiter, 457 (Figs. 542, 543)
operations on, 435 (Figs. 510-548)
related operations, 468
terminology, 435
transplantation of thyroid tissue, 468

Thyroidectomy, 441
air embolism in, 466
anoci-association in, 467
blocking cervical p!exus · for anesthesia, 446

(Figs. 427, 428)
complications arising during, 464
complications following, 467
Dunhill's method of dividing sternum in, 458

(Fig. 543)
electrosurgical, 461
injury to recurrent laryngeal nerve in, 462
intraglandular enucleation, 454 (Figs. 534,

535)
intrathoracic goiter, 457 (Figs. 542, 543)
Kocher's dissector in, 454 (Fig. 535)
ligation of thyroid arteries in, 462 (Fig. 546)
local anesthesia in, 441 (Figs. 518-531)
mortality following, 468
operations for malignancies, 459
injections of boiling water, 460

position of patient in, 449 (Fig. 532)
preoperative medication in, 439
resection (transglandular and cuneiform), 454

(Figs. 538-541)
resection-enucleation technic, 454 (Figs. 536,

537)
technic of, 449 (Figs. 533-543) .
thyroid arteries, ligation 0f, 462 (Fig. 546)

Todd's method in radical mastoid operation, 1go
Tongue, 250

abscess 0f, 250
angioma of, 250 Figs. 287, 288)
Butlin's marginal resection of, 254 (Figs.

282-284)

Tongue-(Conti11ued)
carcinoma of, 253 (Figs. 269-272, 275)
radium treatment 0f, 265

causes for excision of, 253
choice of operation for, 255
depressor, Bosworth's, 235 (Fig. 259)
dermoid cysts 0f, 252 .
excision of adjacent structures in carcinoma

0f, 265
of half of tongue, 255 (Fig. 285)
of whole of tongue, 258 (Fig. 286)

foreign bodies in, 252
general discussion of operations on, 253
Hadley's modification of Butlin's operation

255 (Figs. 282-284) '
lymphnod~ involvement in carcinoma of, 259

(Figs. 273, 274)
macroglossia, 254 (Figs. 280, 281)
operations on, 243 (Figs. 276, 279, 280, 281,

285, 286)
ranula, 251 (Fig. 278)
tongue-tie, 252

Tongue-tic, acquired, 252
fatalities in hemophiliacs, 252

Tonsillectomy, 231 (Fig. 257)
anesthesia, 235 (Fig. 256)
dangers and complications of, 237
position of patient in, 235 (Fig. 266)
Sluder's guillotine technic, 236 (Fig. 262)
technic of, 235 (Fig. 257)

Tonsils, 231 (Rigs. 254-263)
anatomic anomalies, 232
considerations, 231 (Fig. 264)

operations on, 231 (Figs. 254-263)
peritonsillar abscess, 241
tonsillectomy, 23r. See Tonsillectomy.

Topography, cerebral, 124 (Figs. no, III)
Torticollis, 415 (Figs. 489-495)
Finney operation for, 416 (Figs. 491-494)
Mikulicz' operation, 416
muscle lengthening for, 416
open tenotomy ~of sternomastoid muscle,· 415

(Figs. 489, 490)
spasmodic torticollis, 416
Spurling-Jelsma operation for, 420 (Fig. 495)

Tourniquet for scalp hemorrhage, 127
Trachea, c·ollapse of, in thyroidectomy, 465
fractures 0f, 376
rupture of, 277
wounds of, 376 (Fig. 449)

Tracheotomy, 387 (Figs. 464-472)
anatomic considerations, 387
complications of, 288
Digby's technic, 391 (Figs. 469, 470)
high, 389 (Fig. 464)
in desperate cases, 394 (Figs. 472)
Jackson's tracheotomy triangle, (Fig. 472)
low, 389 (Rig. 467)
position of patient for, 38 (Fig. 468)
St. Clair Thompson's procedure, 393 (Fig,

471)
tranquil tracheotomy, 393 (Fig. 471)
tube, 391 Fig. 465)
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Trachoma, 334
Clairborne's clamp operation, 334 (Fig. 406)
Knapp's operation, 334 (Fig. 406)

Transfusion of blood, 668
in postoperative hemorrhage, n

Transplantation of parathyroid tissue, 479
of thyroid tissue, 468

Trans-sacral nerve block, 91 (Fig. 73)
therapeutic application 0f, 92

Traumatic abscess of brain, 121, 122
epilepsy, 167 (Figs. I77-180)

Treatment of burns, 526
Trephining of sclera, 342

of skull, 13I (Figs. II9-146)
indications for, 131
Jentzer, steps of, 136 (Figs. 129-144)
technic 0f, 135

Tribromethyl alcohol, avertin, anesthesia, 77
Trigeminal nerve, 205 (Figs. 218-236)
anatomic considerations, 2o5 (Rigs. 218-233)
Farr's method of injecting mandibular nerve,

210
Gasserian ganglion. See Gasserian ganglion.
injection treatment, 205 (Figs. 218-233)
Levy-Baudoin method of injecting ophthalmic

nerve, 206
mandibular nerve, anatomy of, 215 (Fig.

233)
injection of, 207 (Figs. 222, 226, 229-

231)
neurectomy of, 215

maxillary nerve, injection of, 2o7 (Fig. 228)
neuralgia, 205 (Figs. 218-236)
neurectomy. See Neurectomy.
Offerhaus' method of injecting mandibular

nerve, 210
operations on, 205 (Figs. 218-234)

Tuberculous cervical adeniti s, 427 (Fig. 499)
Tube, tracheotomy, 391 (Fig. 465)

wire breathing, in general anesthesia, 55 (Fig.
39)

Tumors, of brain, 155. See Brain tumors of
of eye, 327
of face, 199 (Figs. 203-214)
of neck, 422 (Figs. 496-508)
of nose, 37I
of parathyroid glands, 471 (Figs. 554-561)
of salivary glands, 27o (Figs. 278, 295-303)
of scalp, 1o; (Figs. 93-96)

Tyding's tonsil snare, 236 (Fig. 261)

Upper jaw, causes for removal of, 281
dangers from operation on, 284
Dieffenbach's incision, 282 (Fig. 313)
excision of, 281 (Figs. 311, 313-318)

Upper jaw-(Continued)
Fergusson's operation, 281 (Figs. 313, 314)
fracture of, 204
operations on, 281 (Figs. 311-318)

Upper lip, Dieffenbach's operation, 305 (Fig.
352)

harelip, 305 (Figs. 353-373)
operations 0n, 305

Uvula, elongated, 319
Uvulectomy, 318 (Fig. 390)

Vaseline gauze for hemostasis of brain, 129
Vegetable grafts, 499
Velpeau's rule in neurectomy, 215
Ventricle, lateral, puncture of, 168 (Figs. 181­

183)
Ventricular puncture, 168 (Figs. 181-183)
aspiration of tumor-bearing area in, 169
cerebral pressure ascertained in, 169
dangers of, I71
puncture of fourth ventricle, 170
technic of, 168 (Rigs. 181-183)
ventriculography, 17o

Ventriculography, 17o
Vomiting, postoperative, n
Von Graefe. See Graefe.
Von Langenbeck. See Langenbeck.

Wangenstein's suction apparatus, 12 (Fig. 2)
Wagner's punch forceps, 226 (Fig. 245)
Weber's knife in lacrimal duct operation, 338

(Fig. 310)
Wen, 108. See Sebaceo1lS cyst.
Westcott's strabismus scissors, 347 (Fig. 419)
Wetherill's drain in operations, 38
Wharton's duct, calculus 0f, 268

operation for ectropion, 331 (Fig. 400)
Wolf-Krause graft, 54 (Figs. 593, 594)
Wi:ilfler grafts, 520
Wolkowitsch's operation on nose, 361 (Fig.

434)
Wounds of brain, II7

penetrating, 117 (Figs. 101, 102, 106)
of neck, 376

Wry neck, 4r (Figs. 489-495)
Wyeth's injection of boiling water for malig­

nancies of thyroid, 46o

X-ray in localization of bullets, u7 (Fig. 106)
in treatment of salivary fistulas, 270
treatment of furuncles and carbuncles, 197

Zarraga's operation for parotid gland, 272
Zoodermic grafts, 499
Zygoma, fracture 0f, 205
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ORIENTATION
The absorbing field of surgery of the peripheral nerves and the engaging

problems of the surgery of the sympathetic nervous system are taken up in·
Chapters 19 and 20, respectively. In the latter particularly many obscure problems
are gradually being clarified. Notable advances have been made, the result of
the impetus given by Royle, Jonnesco, Leriche, Adson, Cannon and others. The
surgery of the blood and lymph vascular system are discussed in Chapter 21

beginning with Lambert's arteriorrhaphy (a75o) to G. Menegaux's analysis of
the work of Rudolph Matas and that of Pierre Deibel; this, in order to evaluate
the methods used in the past in the surgery of aneurysmal dilatations and the
conclusions arrived al after many decades, yea, centuries of surgical endeavor.
The conclusions here are interesting and instructive. It is regrettable to note the
paucity of information accorded in some textbooks on surgery to the subject
of ligation of arteries.

Orthopedic surgery is taken up in Chapters 22, 23 and z4. No attempt has
been made here to present a one-sided opinion on the methods used for the
correction of muscular defects, congenital anomalies, tendon transplantation, etc.
In passing I wish to recall that if success is to be attained in tendon transplantation,
reduction of the defonnity with over-correction must be accomplished first. Many
a surgeon has suffered a blow to bis reputation and many a patient has paid with
permanent deformityor incapacity, the price of improper management of fractures.
It is, therefore, imperative that the general surgeon be conversant with modern
methods in vogue in the treatment or fractures and dislocations. Never trust lo
the fluoroscopic image to make a diagnosis I It is misleading. The greatest
pitfalls lurk in green stick fractures and subperiostcal fractures and in so-called
"sprains" which upon close examination are found to cloak unrevealed fractures.

The unrivaled use or Roentgen's discovery has revolutionized diagnosis. It
has made obscure conditions simple but it also tempts the young surgeon to place
too much confidence in the x-ray, often to the neglect of developing his own
diagnostic acumen and of his special senses. This is regrettable. The x-ray,
while having brought about greater success in the recognition or fractures and
disloca tions has also taught us that many methods of treatment heretofore
resorted lo were inadequate or imperfectly understood. Nevertheless, too many
fractures are being operated upon where proper conservative management would
yield better anatomic and functional results.

In Chapter 23 amputations and disarticulations are discussed . The modem
views and methods of amputations and exarticulations have been pointed out
while the time-honored methods of ablating portions or all of an extremity, which
originated in the days before anesthesia and Listerism, have been given historical
consideration. Some old operations (Chopart's, Faraboeuf's, Pirogoff's, Gritti­
Stokes and others) have stood the test of time and are still resorted to by some

· excellent surgeons-hence they may be still considered modern.

CHAPTER 19

SURGERY OF THE PERIPHERAL NERVES
Exploration of peripheral nerves is or greatest importance to determine the

extent of injury or degeneration or a nerve and define indications for the proper
treatment in a given case. Various tests (motor and sensory by means of elec­
trical currents) arc used for the purpose. The function or a peripheral nerve
may be seriously interfered with or completely suspended by compress ion from
cicatrices, exuberant callus formations in fractures and various adhesive processes.
Such suspensions may be temporary (physiologic) or permanent (anatomic); in
the latter case the nerve has been divided.

OPERATIONS ON THE NERVES
NEUROLYSIS

This operation was first performed by Busch and by Ollier in 1863. The
former liberated a nerve, compressed by scar tissue, the latter freed the nerve
from compression or a callus.

The operative procedures consist of liberating a compressed or adherent
nerve and or providing a new bed for the freed nerve; and often or surrounding it
with some material for the purpose or preventing reformation or scar tissue.

Capsulectomy
When the thickened sheath of a nerve is dissected free with its scar encase­

ment , capsulectomy is spoken of. The operation consists of (Fig. 605):
Step 1. Exposure of the affected nerve above and below the point of com­

pression.
Step a. Careful dissection and liberation of the affected segment of the nerve.

Avoid injury to the nerve during the performance of this step of the opera­
tion.

Step 3. Place the liberated nerve in a newly prepared vascular bed, preferably
an intermuscular plane. If the nerve has been compressed against a bone a
layer or muscle or other soft structure is interposed between the nerve and
the bone. Some surgeons surround the nerve with avascular tissue such as
Cargile membrane, lat, blood vessels hardened in formalin (Forami tis meth­
od). This is undesirable (Babcock). "Uninjured neighboring muscle forms
the best bed for a liberated nerve and should be used whenever possible"
(Dean Lewis). Fat, when transplanted, is said to be replaced by connective
tissue that may interfere with vascularization of the nerve. On the other
hand, Rehn's experiments tend to prove the value of transplanted lat.

Step 4. Suture of the wound. No drainage.

Perineurolysis
Perineurolysis consists of dissecting the nerve from and removing the cica­

tricial tissue surrounding it (Fig. 6o6).
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Fc 68. Nerv e suture: A. mazer f #.
sertung_tension sutures , B. approximation £
epineurium by fine catgut or silk, preludz
neurofbri llae from digressing into the adj3.
ccnt tissues . (Alter Dean Le wis.)

Endoneurolysis Hersage
(Babcock)

NEURORRHAPHY
This consists of suturing divided nerves and may be primary or seco ndary

(Fig. 608).
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This consists of a combing or the
dissociation of the fibers of the periph­
eral nerves. This procedure was in­
troduced by Babcock in 19o7. It is
used when nerve-conduction is inter­
ruptcd by conditions within the nerve
sheath not Sufficiently severe to re­
quire the excision of the diseased seg­
ment with end-to-end suture. It finds
its greatest field of usefulness in thick­

·enings of the nerve sheath, intraneural exudates, limited fibrosis and in partial
neuromas. The term is applied to a variety of operations ranging fr om longi­
tudinal splitting of the epineural sheath to dissociation of its fibers so that finally
the rounded nerve is transposed into a ribbon of fr ee fibers in the nerve trunk

Dean Lewis found simple longitudinal incision of the thickened epineurium
sufficient in most of the cases in which this procedure is indicated. From three
to six longitudinal incisions may be needed, depending on the size of the nerw
(Fig. 6o7). Incise the thickened epineurium longitudinally at different points
and thus obtain a decompress ion of the- nerve, The fibers may be dissociat ed
when needed. In most cases longitudinal incis ion of the thickened epineurium
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Comment. Strict asepsis is essential for success in this form f

gical procedure. Sur.
Nerve suture done_ within one or two months after the initial in •

off ers the best prognosis (according to some authors close to 1o p,"?
After six months the prognosis is much less favorable: after a year abou~t).

!"..1'.,2;/""»res s«av or or redora2
Individual nerves differ in

their power of regeneration; thus
suture of the brachia! plexus and
of the radial nerve should, accord­
ing to Kirschner, give an average of
70 per cent good results, the me­
dian nerve 50 per cent, the ulnar
nerve 3o per cent, the sciatic and
tibial nerves 4o per cent, the pero­
neal zo per cent. Return of func­
tion may be early (usually after

·about three ·months). If after two
years there is no return of function
the prognosis is bad.
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Fc. 666. Peri neurolysis . Th e car tissue :,.round the nerve is removed exposing the

cpinwrium. Th e nerv e is pbttd on a new bed and hemorrhage <'Onlro ]kd to prevent forma tion
of scar tissue. Dissection should ht' nude :llong the intennuscu lar sept;i wli<'n possible so that a
ll<'W blood-free bed is provided for the nerv e.

F1G. 60';. Whtn the scar is endoneur;i l, the Cj'lincurium is opcoed and the fuoiculi liberated
from scar tissue. This procedure is called endoneural neurolysis or her$.;l gt. (Aft er Dean
Lewis.)
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the contused parts of the nerve. Approximate only health y neurofbrille.
In primary suture No. ooo catgut is used by preference . These are used as
cpincural sutures (4 to 6) (Fig. 609).
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should he approximated. not cru5hcd Cogcther. J.
tracted. A blood clot bt'twttn th<' ends interfcn-s
long when applied so that the nerve on be: rotated to
4. Th e epineuri um must be closed, for regenerating
will produce a dense scar about the nerv e. 5
llpproximatc the ends at'times because of extensive reactions. ,old

. . I duce<l; th ,Y
Step 3..Two lr:msfixion tension sutures or fine linen are 1? ro ]ood dot 10 rorin
· dead spaces which when not guarded against will permit a b·thout strlIISub·

which will interfere with primary union. Approximation
tion of the nerve-ends should be aimed at.

Step 4. Close the superimpos ed structures.

,l .,
Ftc. 6JO.. Ncn·c suture. The divided nerve is exposed. On th<' di5?Irs ..%25±%2±5%

be as little as possible and which are used for traction when suturinK
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Primary Neurorrhaphy
A divided nerve should be united as promptly as poss ible. Fine chromicizcd

catgut or linen sutures arc best suited for the purpose . End-to-end suture is the
method par excellence; substitute methods are doomed to failure.



Ft, 6n, Nerve suture. Illustration depicts suture of the sciatic nerve accompusned by
approximating the ends made secure by mobilizing the nerve segments and bending the knee to
a right angle. Mainta in_cast fixation for six to eight weeks after the sciatic is sutured. Cast
fixation is required for about four weeks where the ulnar or median nerve is involved.

Comment. Place. the limb in sue~ position as to relax the united nerve
ends. A cast to the limb w1ll act admirably (median or ulnar nerve-fixation
about 6 weeks, sciatic nerve about 2 months),

Secondary Neurorrhaphy

This operation varies in technical details depending upon the pathologic con­
ditions present. Neuromas are usually present.
Step x. Prepare as above. De certain that the exposed nerve segments are

notrotated during the diss ection or the suture of the nerve (Stoffel).
Step 2, Resect the neuroma or scar with a sharp scalpel. Blunt instruments

contuse the nerve-ends. Healthy neurofibrillae should be seen protruding
fr om the cut ends (Fig. 610). Mobilize the nerve-ends to assure approxima­
tion without tension. This should be aided by flexion of the corresponding
limb (Fig. 6u ).
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NERVE ANASTOMOSIS
Nerve Implantation

It has been shown that spontaneous regeneration of a nerve may ensue across
a gap without artificial intervention provided the dis tance to be bridged is not too
great(¼ inch). So -called autocable nerve transplants (Huber) arc often of use.
A cutaneous nerve is usually mustered into service to accomplish the desired end

Step 3. Suturing is accomplished as in the previous procedure (ide supra).
All manipufations must be gentle.

Step 4. Surround the sutured area, whenever possible, with healthy tiss ue.
Kirschner advises pedunculated muscle flaps from the vicinity; fr ee fat trans­
plants may be used.

Step s. Unite the superimpose d st ructures. Relax. Cast.

POSITIONS AFFORDING MAXIMUM RELAXATION OF INDI­
VIDUAL NERVE TRUNKS

Median Nerve. Place upper arm close lo chest; flex elbow and wrist.
Musculo-spiral Nerve. Place upper arm close to chest; flex elbow fully ; dorsi­

flex wrist.
Ulnar Nerve. H nerve is left behind the internal epicondyle- place upper arm

close to chest; extend elbow; flex wrist.
Ulnar Nerve. If nerve is displaced in fr ont of the epicondyle, place upper arm

close to chest; completely flex elbow and wrist.
Brachial Plexus. Approximate head to shoulder; elevate arm or place it close

lo the chest.
Sciatic Nerve and ItsMain Divisi ons. Hyperextcnd hip; completely flex knee .

Comment. Babcock estimates that the following lengths of gap may
be overcome by changes in the position of the different joints. Flexion in
the wrist alone will overcome a gap of 4 cm. in the median and ulnar nerves;
flexion of the elbow, a gap of 5 cm. in the musculospiral or median nerves.
Acute Hexion of the knee will overcome a gap of 8 cm. in the sciatic or
popliteal nerves; dorsifiexion of the foot, 4 cm. in the anterior tibial nerve.
Extension of the elbow adds I to 2 cm. to the ulnar nerve; hyperextension
of the thigh a cm. to the sciatic nerve; extension and adduction of the foot,
4cm. to the posterior tibial nerve. Babcock also found that adduction of the
shoulder alone gives sufficient slack to enable one to overcome a gap of 7
cm. in the musculospiral nerve and somewhat shorter gaps in other branches
of the brachial plexus. Rotation of the head to the opposite side gives I to
2 cm. additional slack in cords of the brachia] plexus. This may be in­
creased by raising the shoulder on the side of the operation.

Additional lengths may be gained in cases of the musculo-spiral nerve
by dissecting the nerve fr ee and changing its course to the anterior surface
of the arm beneath the muscles. The ulnar nerve may be dissected out of its
groove and placed anteriorly , increased length being then given by Hexion
of the elbow joint. Additional lengths may be gained in cases of the median
nerve by dissecting it fr om its deep position, placing it more superficial and
then flexing the wrist and elbow.
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a segment of sciatic ner,/ e or a calf embryo, the tissue having been treated with
so per cent alcohol. Figures 612-613 illus trate the use of the autocable trans­
plant and nerve grafting.

METHOD OP NERVE IMPLANTATION
Step 1. FrC'Shen tl1e central end of the nerve that is to be implanted.
Step 2. Place two epineural sutures at opposite points 2 mm. from the end or

the nerve.
Step 3. Make a longitudinal incis ion in the muscle at a point most suited for

the implantation, considering the movements of that muscle during function.
Step 4. Obtain complete hemos tasis.
Step 5. Pas.s both ends of the epineural sutures in the muscle, at the same time

pointing the end of the nerve downward in the direction of the muscle fibers.
Step 6. Close the muscular incis ion.
Step 7 Place two extra epineural sutures in such a way as lo prevent nerve

angulation.

Anastomosis Between the Facial and Spinal Accessory Nerve for
Facial Paralysis

(Sec Nerve Anastomosis for Facial Paralysis, Chapter 141 p. 297.)

Duchenne-Erb ParalysisObstetrical Palsy

This type of paralys is is usually attributed to an injury such as tearing or
stretching or pressure on the fifth and sixth cervica l nerves, during childbirth.
The muscles affected arc the deltoid, spinati, biceps, brachialis anticus , supinator
longus and brevis and the teres minor. This results in loss or the power of ab­
duction of the arm, inability or flexion at the elbow, the forea rm is pronated, and
the arm is in a position of outward rotation. Sensation in the limb is only slightly
involved. Turner Thomas states that during childbirth, pressure on the fr ont of
the shoulder resulting in a bending down of the acromium process and a posterior
subluxation of the head of the humerus is the cause of most cases of Duchenne­
Erb paralys is .

Reduction of the subluation is relatively simple soon after birth, but becomes
difficult later on.

If injury to the brachial plexus is considered to be the cause of the paralys is ,
several months of electrical treatment, massa ge, etc., may be tried. However, if
no improvement occurs, and if the reaction of degeneration appears in due course,
operation is desirable. '

There are two types or surgical procedure which may be performed:
( ) Nerve anastomos is .
(a) Muscl e transplantation.

Operations On the Brachia) Plexus

Injuries of the brachial plexus may either be infra- or supra-clavicular . The
extent or the injury should be determined by pains taking neurological examina­
tion. The degree or injury may be fr om a simple stretching of one of the nerves
to complete rupture of the plexus (Fig. 614).

(a) Where the Whole Plexus is Paralyzed- All the muscles of the fore­
arm and hand are involved. The serratus magnus and rhomboid muscles usually
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Fc 61z. The cable graft: A. ends of the nerves are exposed by reseting bulb, B. sutures

inse rt ed through the cutaneous nerve utilized froni the cable graft, C. division of the nerv e into
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(After Ebbcrg, J .A.M.A.) ' •

(internal cutaneous, radial (superficial branch), external cutaneous, in the upper
limb). Auto and homotransplants of nerves may be resorted to.

Nageotte's meth od of neuro transplantation while devotedly championed by
some is energetica lly opposed by others. It consists of bridging the defect with

. It has been shown experimentally and clinica lly by previous authors that by
implanting the central end of a motor nerve into a dencrvated muscle, motor end­
plateswill be formed and motor function will be restored. This can be done when
the nerve branch is large enough so that an adequate nerve supply may be es­
tablished.

11 C D
,_ FI6. 6rg. Diagram matic illustration of partial nerve crossing . When the point at which:#8.%±.tr .±27..%
mani pulating the nerv e ends and crushing them with fo rceps. (After Stookey.)
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escape. Occasionally, the pecto ralis major, the supra- and in fraspinatus remain
unaffected. The site of the lesion may be traced by the loss of sensation and
extent or the paralysis.

(b) Where the Inner Cord is Paralyzed.- Paralysis of the muscles sup­
plied by the ulnar nerve and or the intrinsic muscles of the hand will be observed.

(c) Upper Ann Paralysis (Erb-Duchenne Type).-This usually results
from injury of the fifth cervical anterior or primary division or a combination of
the fifth and sixth. The paralysis affects the deltoid, biceps, supra- and infra­
spinatus , brachialis anticus and the supinators.

(d) Lower Arm Paralysis.Here the lesion involves the first dorsal an­
terior primary division and affects all of the intrinsic muscles of the hand.

TREATMENT
No definite rules can be given. Many patients recover or greatly improve

under rest, massa ge and electrical stimulation. Any lesion causing pressure in
the infraclavicular cas es should be subjected to prompt surgical treatment. Also

319

where a comp lete supraclavicular lesion follows direct injury, early exploraz,
is strong ly indicated.
Step 1• l'.Iake an incision _cxtendin? from the junction of the lower and middl

third s of the sternocleidomasto id muscle to the outer end of the la#a.
Wherever necessary , divide the clavicle. e.

Step 2• Endeavor to identify the nerves; this is sometimes very difficult
ture of rootsmay be impo ssible owing to the proximity of the imer,,
foramina.

Step 3. Attemptend-to-end suture and if that is impossible, resort to nerve.
anastomos1s.

Step 4. Immobilize the arm in a position free from strain.

DIRECT NETIIOD-NERVI! ANASTOMOSIS (RODERT KENNEDY'S OPERATION

Step 1. The patient is placed on his hack with a support under his shou;ders
Rotate the head and face toward the opposite side. · ·

Step 2• l\lake an incision beginning at the junction of the middle and lower
thirds of the outer margin of the sternomastoid, passing outward and d.
ward and ending at the junction of the·ouler and middle thirds of the clavil
The fascia between the trapezius and sternoma.stoid is then divided. e.

Step 3. Expose the omohyoid, and then above it, the scalenus anticus. TM
nerve trunks arc seen coming out from beneath it. Follow them outwar~
to the junction of the filth and sixth nerves and separate them from adhesions

Step 4. The isolated nerve usually consists of scar tissue. Sever the fifth and
sixth nerves above the affected area. Then the three peripheral division.s of
the nerve are severed beyond the diseased portion.

Fine chromicized catgut is used to suture the three periph eral divisions
to the two central stumps. To relieve tension before suturing elevate the
shoulder and bend the head to the side of the operation. Place the muscle
or fasciaover the nerve suture line.

Step 5. Close_ the wound and dress. Keep the shoulder elevated and the head
inclined toward the operative side by means or a suitable apparatus , and
prevent motion of the head on the shoulders.
Remove the fixed dressings after two weeks. Kennedy advises no special

after-treatment. Some surgeons institute electrical stimulation and massa ge.
Harris and Low advise using electrical tests previous to excising parts of the nerve
to prevent destruction of healthy nerve tissue.

MUSCLE TRANSPLANTATION (TUDBY"S OPERATION)

This operation is done in two stages.
Stage 1, Restoring Flexion of Elbow.
Step 1. An incision is made from the center of the posterior aspect of the upper

arm downward and forward, for about five inches, toward the anterior aspect
of the elbow, following the musculospiral groove. The musculosp iral nerve
is exposed and drawn aside,

Step :z. Separate a wide strip of the external portion of the triceps muscle from
its tendon, leaving its upper portion attached to the rest of the muscle. Using
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the same incision, expose the inferior end of the biceps muscle. Make a
tunnel through the muscle from behind forward, two inches above the elbow.

Step 3. Relieve tension by flexing the elbow. Pull the end of the triceps flap
through the tunnel in the biceps and suture it there.
Close the wound and apply dressings . Immobilize the elbow ln flexion.

Allow no movements for four weeks .
Stage :z. Restoring Abduction of the Shoulder.
Step 1. Make an incision laterally beginning about an inch below the center of

the clavicle, to the tip of the acromion and then extending it downward for
several inches. Detach the clavicular part of the pectoralis major muscle
from the rest of the muscle and divide its insertion into the humerus. This
forms a muscular flap attached to the clavicle. The insertion of the trapezius
muscle into the clavicle isdivided. Then the corresponding portion of the
muscle is separated from the rest of the trapezius by splitting it in the course
or the fibers. This forms a second muscular flap.

Step :z. The free end of the pectoralis major flap is brought upwards over the
acromion process and fixed into the deltoid muscle. To avoid slipping, suture
several of the pectoral fibers to the tip of the acromion. Suture the end
of the trapezius -flap to the lateral part or the pectoral-flap. Close the wound
and apply dressings . Immobilize the arm in abduction without motion for
four weeks, and then slowly begin exercises .

Tubulizations

This consists of encouraging nerve regeneration to progress between the ends
of a nerve, along a tube, along which the neurofibrillae may grow. Materials used
for this are fascia and veins turn ed inside out to avoid the regenerating endo.
thelium from interfering with nerve regeneration and function. The usefulness f
the method is still sub judice . o

OPERATIONS FOR CAUSALGIA
Injection, Freezing, Crushing, Chordotomy

Weir Mitchell studied causalgia during the Civil War. He pointed out that
nerve pains may be relieved by injecting the nerve above the site of injury with
alcohol (7o to 95 per cent). The injection of I to J cc. alcohol blocks afferent
impulses for months . Some surg eons prefer the injection of absolute alcohol
(Frazier). Lesser strengths (Figs . 615-616-617-618) abolish senso ry conduction
and affect the motor paths only slightly (this is important in the treatment of
mixed nerves).

For temporary interruption of pain in a given nerve the Trendelenburg­
Perthes method for freezing the nerve is of advantage. Ethyl chloride- rs°-is
used in this method. Kirschner advocated expos ing the nerve and placing it be­
tween two cakes of ca rbon dioxide snow (8o°) from 2 to 20 minutes.

Nerve crushing with an angiotribe isused by some.
Faerster's operation for the relief of pain cons ists of, interrupting nerve con­

duction at thespinal cord (laminectomyj exposure and division cf the posterior
roots of tbe spinal cord).
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SPASTICITY (FERSTER'S OPERATION)
According to Frazier, "if we admit that spasticity or spastic muscular contrac­

tures are reflex disturbances, unrestrained by cortical impulses, one way, but not
the only way of controlling them, is to remove nt least one link in the chlin of
the reflex arc. Naturally the motor portion of the arc, the anterior horns , the
roots, or the peripheral nerves cannot be broken, otherwise the limb would be hope­
lessly paralyzed ; for the same reason the sensory nerves, many of which are ~uitd
nerves, must be left intact, so that by a process of exclusion there remam the
sensory roots." (See Fig. 631A, page 558.)

.s.mag$fj45,age
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Fic. 6r. Injection of median and ulnar nerves with 6o per cent f alcohol (aual+t

Dean Lewis,)
a; A • and is orten per·

This operation is indicated in stubborn cases of ra 1cu 1115
1 days )ltcr

formed in two stages. First, a laminectomy is performed and sevr;he posterior
the dura is opened and the work completed. Ample exposure O be eeogniitd,
surface of the cord is necess ary so that the posterior roots ~ay ~nges Jrt
Blood should be removed by irrigation with warm salt soluuon 35 5 ·ed ,,anes.
likely to injure the delicate nerves. The number of nerve roots rem0

Hoffman's Method of Performing Fc:crster's Operation be re-

Step 1. Make an incision over the spinous processes of the v=r:dt~arn irut
fleeted and free the muscle-structures from, the spinous pr~ cans of g-.iuil
on both sides, by blunt dissection. Control hemorrh :ige Y m
pressure. q ++e lmin e "

Step 2. With an osteotome held in a horizontal position, dl\' I e
either side. . . 1 either abo\"t or

Se a. Make a transverse incision i the int«rino "%,""kl ai we "
below the selected vertebrae in accordance with the I tures eithtl" up­
is to be tamed bsk. In«else any rem»iins con""%$""!'~eae
ward or downward. The dura is now exposed, but 1

is desired , pieces or bone are removed with a rongeur foretps -



NERVE STRETCHING

Fe. 6no. Stoffel's operation for relieving spasticity Individual nerve tracts are exposed as
shown in the il!ustratio11 aml di\'irl cd, tlms cuttini.: off the irmn\'atlnn uf n·rtain muscles.
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Sciatic Nerve
Step 1, Place the patient in the prone position. From a point midway

between the tuber ischii and the great trochanter make a longitudinal
incision about 4 inches long, beginning at the gluteal fold an d extending
downward.

Step 2. Incise the fascia. Retract the gluteus maximus muscle upward. Retract
the hamstring muscles outward after bending the knee to relax them.

Step 3. Hook up the nerve which is now exposed with the finger and retract it
upward and downward with a strong, steady pull.

Step 4. Replace the nerve. Close the wound.

Exposure of Internal Popliteal Nerve (Tibial Nerve)

Step 1. l\.fake an incision over the space between the two heads or the gastroc­
nemius muscle extending downward 3/ inches from the middle of the
popliteal space.

Step z, Draw back the short saphenous nerve and vein and incise the decp
fasc ia.

Step3. Bend the knee for purposes of relaxation and separate the two heads of
the pgastrocnemius muscle. The short saphenous vein upon its return to the
popliteal space goes directly to the popliteal vessels over which the nerve lies.

When a certain set or affected muscles is ascertained, the nerve supply to
the particular group is surgically exposed, its identity ascertained by electrical
stimulation and the nerve bundle supplying a given muscular group is either
divided or a portion of it rcsected (several cm.) (Fig. 619 . See also p. 555,
Ramicotomy.).

This is indicated in cases of sciatica brought about by exposure to cold and
dampness and in which the pain radiates along the nerve route.

Stoffel's Operation

Fic, 616 Fc.617 Fi¢618
Fic 6n6, Blok anesthesi a of the nervus peroneus communis for purposes of blocking

the external popliteal nerve. certain the position of the nerve by palpating the point where
it crosses the head of the fibula. Shaded area shows approximate extent of anesthesia res ulting
from hlud:in,: this nerve.

Ftc. or7. Blocking of the sciao nerve. L ine r traverses the proximal point of the rcater
trochanter of the femur, line z the posterior s uperior spine of the ilium external to the tuber.
osity of the ischim, line_3 interts lines 1 and 2 in their relation to the gluteal tubercle on
the rest of the ilium. The six dots indicate where the injections are to be made to reach the
sciatic nerve,

F1G. 618. Posterior view,
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Step 4. Make an incision in the dura longitudinally ; divide the posterior spinal
root s involved.

Step s. The edges of the dural wound arc united by continuous suture.
Step 6. The bone flap is replaced, the muscles and fascia over the spinous proc­

esses are sutured and the skin incision closed.
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METHOD OF EXPOSING NERVE IN LOWER PART OF ARM

Step 1, Make an oblique incision al>out J inches long between the supinator
longus and the brachialis anticus muscle. The incision is confined to the
lower third of the arm,

Step 2. Incise ·lhe clct·p fascia; expose the nerve which lies between the supinator
longus and the brachialis anticus, by separating these muscles (Fig. 6u ).

Step 3. Pursue the nerve in an upward direction to the point of injury; avoid

A=s
...,,.

Ulnar n.
Pranator teresm. prarimalea afmedian.

13rachialis m. !

upperhalf is in relation with the tendon while its lower half is over th~ fibu!a. J..The
skin and deep fascia. having been divided the biceps tendon is exposed. I he ;ce
should now be a title flexed an d the nerve sought,close to the joint awhi!!""""""
reaches the head or the fibula. A narrow and unduly prominent ilio-tibial an as
been mistaken for the biceps tendon."

Facial Nerve

Satisfactory results have followecl the stretching of this nerve in cases of
spasmodic tic. Kocher recommends this procedure highly. The operation for
expusing this nerve is described elsewhere.

Exposure of Musculospiral (Radial) Nerve

Injury or pressure caused by a fractured humerus arc the chief reasons for
fXPosing and treating this nerve (see also Fractures of Humerus ).

Step 4. Stretch the nerve by hooking it over the finger and applying traction
upward and downward.

Exposure of Extc.rnal Popliteal Nerve (Peroneal)

A method of exposing this nerve is described by Treves as follows:
"Anatomy. The external poplitcal or peroneal nerve follows the outer side of

the popliteal space , lying close to the biceps. Passin over the outer head of the
pastrocnemius, between it and the biceps , the nerve reaches the neck of the fibula. and
cr osses that bone beneath the fibers of the peroneus lon,::us muscle. The nerve may
be easily felt, when the knee is a little flexed, as a loose rounded cord, lying just behind
the biceps, n.s it nears the head of the fibula.

"Operation. The patient lies upon the sound side, with a sufficient tending to
the prone position to well expose the o uter aspect of the knee, The knee-joint is
extended. An incision, one inch and a haH in length, is made parallel with and im­
mediately posterior to the tendon of the biceps. The cul should be so placed that its
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puncturing its accompanying artery. If exposure of the nerve cannot be
obtained below thekite of injury, expose it above.

EXPOSURE OP THE NERVE IN THE UPPER OR MIDDLE PART OF ARM

An incision is made between the long head and the external head of the triceps
beg inning a little bel ow the posterior axillary fold and extending downward. By
blunt dissection divide the two heads of the muscle down to the bone, thus expos •
ing the nerve and profunda artery.

Schwarz and Kuss recommend the following procedure for exposing this
nerve1:
Step 1. Place the patient in the dorsal position; hold the arm vertical but in­

cline it slightly toward the center; hold the forearm at right angles to the arm
resting the hand on the chest inside the opposite axilla.

Step 2. Make a skin incision along an imaginary line drawn from the tip of the
olecranon exactly in the mi d line of the posterior surface of the arm to the
prominent posterior border of the deltoid. Begin the incision about 4 finger­
breadths below the tip of the olecranon and extend it downward to the nerve
lesion-usually fr om 12 to 18 cm.

Step 3. Incise the subcutaneous tiss ue exposing the deep fascia.
Step 4. Retract the borders of the aponeurotic wound after incising the brachial

apo neurosis for the entire length of the wound. The V-shaped tendon of the
long triceps can be seen on the ulnar side of the midline in the dis tal portion
of the wound.

Step s. Divide the fibrous tissues along the radial border of the V-shaped tendon
between it and the tendon of the external head of the triceps, This incision
reveals a muscular space between the external head of the triceps on the
radial side and the long head of the triceps on the ulnar side. The incision
of the triceps , if kept strictly to the midline, presents a yellowish-white fascia,
vary ing in thickness and cons istency. The musculospiral nerve and its ac­
compan ying vesse ls arc bound to the humerus by this fascia.

Step 6. Incise the fascia exposing the nerve from the axilla to the point where
it enters the extern al intermuscular septum.
In some cases the terminals of the divided nerves cannot be found. For

instance, after an external condyle has been fractured, there may be a quantity
of ca llus which presses on the nerve rendering the restoration of conduction out
of the question. Tendon transplantation is then resorted to.

ANTERIOR TRANS-EPITROCHLEO-MUSCULAR DISPLACEMENT
OF THE CUBITAL NERVE (GUTIERREZ TECHNIC)'

In traumatisms about the region of the elbow the cubital nerve is frequently
injured resulting in late paralyses which often ca ll for subsequent operations.
Gutierrez has evolved a method of transpos ing the nerve which he claims is free
fr om certain disadvantages observed in other current procedures for the trans-
position of the nerve. - .
Step 1. The arm is put in abduction and the forearm flexed in external rotation.

Make a curved incis ion about 18 to 20 cm. over the epitrochlea-olcc ranon
canal; about ro to rz cm. of the incis ion is on the ~rm (Fig: 6zz).
"Revue de Chi±.," No. 6, 1912.
Revit. de drug. Buenos Airs,:No. 3, Aug, 195.

Fc 628. Gutierrez tchnic of exposure of the posterior branch ef the radial rr
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Fi. 6z7. Exposure of deeper stri ctures.

Fu:. 6.26. Cutaneow incision.
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Step 2. Expose the lower part ofthe ep itro chlea. Some fibers of the internal
cutaneous brachial nerve and the cubital vein arc exposed. The continua­
tion of the cubital nerve is exposed throughout all the length of the incision
fr om one extremity to. the other. In its inferior extremity it is necessary to
section the antebrachial aponeurosis and the anterior cubital muscle for
some 8 cm., taking care not to injure nerve fibers in the lower segment
(Fig. 63).·

Step 3. The epitrochlea is mobilized in its mostsuperficial part and the inser­
tions of the epitrochlear mass in the humerus sect.ioned with chisel and mallet.

Step 4. The epllrochlea and its inserted muscles are lifted partly fr om the deep
muscle-plane and pushed backward. In the depth the median nerve is seen
reposmng on the internal part of the anterior brachial muscle, In its lowe~ seg­
ment it traverses the round pronator muscle.

Ste~ 5- . The cubital nerve is easily is olated;especially in its superior part, and
is transplanted to the anterior muscle-plane. In order that the nerve should
not be displaced post eriorly above t_he epitrochlea, a couple or catgut sutures:
a': passed through the deepe r part.of the mobilized muscles and the. super­
ficial flexor muscle outside the nerve (Fig. 6:4).

Step 6. The fragment of mobilized epitrochlea is replaced in position and ' fixed
and the wound closed (Fig. 625).
Note. If the loss of cubital nerve is so great that termino-terminal anas­

tomosis of its ends is impossible the proximate situation of the median nerve
allows an easy implantation of the cubital into it.

METHOD OF EXPOSING THE POSTERIOR INTEROSSEOUS
BRANCH OF THE RADIAL NERVE_ (GUTIERREZ TECHNIC)

Step 1. Separate the arm about 45 degrees from the thorax. The forearm is
th about 95 degrees of fleion with the arm and rests upon I bl b •1cubital edge. . a a e Y I s

Step 2. Make a vertical incision extending from about a couple of finger widths
below the epiondyle to about one or two fing er wid ths abo ve the styloid
apopbysis (Fig. 626). Inasc the skin and subjacent tissues exposing some
veins and nerve-fibers. The aponeurosis is cut about the lower half of He
incision, thus exposing the large abductor and the· short extensor muscl !S f
the wmt. The plane or separation between the second external radiata:d
the common extensor of the fingers is exposed above the superior border of
the large abductor. The short supinator muscle is seen abov th I I
ductor of the wrist (Fig. 627). \C e arge al-

Step 3. The posterior branch of the radial nerve runs at some three finer
widths ben eath the epicondyle, deeply situated and running between I q,,,,
supinator, the large abductor and short an d large extensors of the wrist ,· p
sectioning the short supmator superficially, the intramuscular part of th!
r.:id 1al nerve is exposed. The articulation of the dhow, in its humeroradial
segment, can, if necessa ry; be exposed by prolonging the incision in its upp er
part to a httle above the epicond yle and by separating the muscle (Fig. 6i8).

Revist. de Cirug. (Buenos Aires), Aug. 1915.



CHAPTER 20

SURGERY OF THE SYMPATHETIC NERVOUS
SYSTEM

Anatomic Considerations, The nerve structures of the ganglion-chain-system
are generally described as "sympathetic" while the nerve elements of the visceral
cranial and pelvic region arc referred to as "p arasympathetic" or "autonomic."

The ciliary, otic and sphcnopaJatinc ganglia belong to the cranial autonomic
system which is connected to the midbrain; the nervi erigentes, the hypogastric plexus
and the pelvic ganglia belong to the pelvic autonomic system. Two ganglionated
trunks comprise the sympathetic system proper; these trunks extend vertically through
the neck, thorax and abd omen, one on each side of the vertebral column. White and
gray rami communicantes connect the ganglions in the thoracic, lumbar and sacral re.
gions to the correspo nding spinal nerve. There are only three sympathetic ganglia in
the cervical region; their white communicantes emerge from the first and second dorsal
nerve, The white rami are medullated, mostly efferent and visceromotor in function.
They originate from the cells in the lateral horns of the gray matter of the cord and
make their exit through the anterior nerve roots from the first dorsal to the second
lumbar inclusive, ending in their corresponding ganglion from where a postganglio nic
fiber sends the nervous impulse to the involuntary muscle or gland involved. Afferent
viscerosensory fibers are contained in the white rami. These are connected to the
ce lls of the posterior root ganglion.

The gray rami communicantes emerge from their corresponding ganglia and con­
tinue uninterruptedly to the corresponding spinal nerves in the cervical, dorsal, lumbar
and sacral regions. These rami are mostly nonmedullated, running through the spinal
nerves furnishing vasomotor and vasoinhibitory fibers to the arteries and secretory
fibers to the skin. The plexus formed by the vasomotor fibers to the large arteries
of the limbs seem to arise from two sources; those located proximally seem to arise
from the sympathetic plexus around the aorta, continuing along the adventitia; those
located distally seem to be derived from the peripheral nerves and branch off at dif­
ferent planes along the limb.

The Cervical Sympathetic Trunk appears back of the carotid sheath and has
three ganglia. Jt proceeds inferiorly into the thoracic part of the sympathetic trunk
forming an intricate plexus around the internal carotid artery at the base of the
skull. In the thoracic part of the sympathetic trunk, each ganglion sends to the re­
spective intercostal nerve a gray ramus communicans and receives from the corre­
sponding spinal segment a white ramus communicans (the first dorsal is an exception).
There are no wh ite rami in the cervical sympathetic trunk, the spinal fibers being de­
rived from the upper thoracic ganglia. Terminal branches of the cervical sympathetic
furnish motor fibers to the pupil, accelerator fibers to the heart, secretory fibers to the
salivary glands, vasodilator fibers to the arteries of the head, neck and upper limbs,
and pilomotor fibers to the integument of the scalp, face and neck.

Tumors in the neck or upper part of the mediastinum may compress the sympa­
thetic trunk; irritation or stimulation is characterized by a widened palpebral fissure,
dilated pupil and exophthalmos; the sec retory functions of the sweat and salivary
glands are increased. An opposite effect follows cutting of the sympathetic.

EXCISION OF THE SYMPATHETIC NERVES
PERIARTERIAL SYMPATHECTOMY

Rene Leriche enriched the literature with his valuable contributions on sur­
gery of the sympathetic nervous system.

When the adventitia of an artery is excised for a considerable distance for
550
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the purpose of obliterating the nerve plexus contained in it as well as for the
purpose of disconnecting it from the nerves of origin and peripheral plexuses,
the procedure is called periarterial sympathectomy. Al except the very small
arteries may be treated in this manner. The name of the procedure is modified
in accordance with the position or location of the operation as, for instance,
axillary sympathectomy, humeral sympathectomy, femoral sympathectomy, etc.

Camera of Turin originated the method of injecting normal saline solution
between the media and adventitia before attempting its detachment, Following
such an injection, the adventitia bulges visibly; the cellular layer automatica lly
ruptures and separates almost entirely. A puncture is made at the proper site,
the adventitia is raised with the point of a needle which is then introduced a
short distance from and parallel to the adventitia. Should the artery be inad­
vertently punctured from inserting the needle too deeply, the needle is quickly
withdrawn and no harm will result. Leriche subscribes to Camera's procedure.

In choosing the site for a sympathectory, a portion of the artery to be
operated upon should be chosen which is easily accessible, which if ligated would
cause little difficulty and which has the fewest number of collaterals. In the case
of the femoral artery, for example, the incision should be made from the apex
of Scarpa's triangle to Hunter's canal. On the other hand, Durante recommended
attacking the arteries closest to the lesion.

In the case of a wounded artery where bleeding ceased spontaneously or
where thevessel has been ligated, such an artery no longer performs its natural
function but that of a sympathetic nerve in a strange location. Resection of
the obliterated segment is the feasible procedure and constitutes, of course, a
complete arterial sympathectomy.

The nutrition of the arterial walls is not disturbed if the endothelium is not
greatly changed. Examinations made shortly after operation disclose that most
of the nonmy elinated fibers of the adventitia are absent but the cellular fragments
of the sheath remain; the nerve fibers of the media remain stained.

It is debatable whether or not nerve fiber regeneration takes place. Wojciec­
howsky is cited by Leriche as having "found twice in thirty cases a complete re­
construction of the sympathetic path in experimental material."

Although some authors contend that sympathectomy operations are full of
surprises and dangers, the literature does not bear this out. In over zoo opera­
tions, Leriche reports only three complications: rupture of the carotid artery
at the beginning of the procedure in a patient who had previously been operated
upon; a hematoma of a spoonful of blood which was spontaneously evacuated on
the ninth day, causing neither fever nor abscess, and a suppurating wound in
a diabetic patient. who suffered from gangrene of. the foot. The patients re­
covered uneventfully in all three cases. The literature discloses the following:
complications associated with this operation: wounds to the artery, operative
rupture, secondary perforation, postoperative thrombosis and gangrene.

Periarterial sympathectomy increases sensibility, influences motor action, acts
on the adnexa of the skin, increases the reflex: mechanism, affects the osseous
system, tissue repair, infections and the glands.

Periarterial sympathectomy is indicated in causalgia, ascending traumatic
neuritis, trigeminal neuralgia, pains in amputation-stumps, pains in tabes and

syrin gomyelia, vasomotor diseases such as Raynaud's disease, acrocyanosis and
acroparesthesia, erythromelalgia, sclero derma, edemas and elephantiasis.

Leriche's Technic
Step 1, Expose the artery to be operated upon under local anesthesia. Incise

the common vascular sheath. Dissect it free from adjacent veins and
nerves.
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with a small blunt curved instrument. Continue the detachment and com­
plete it by stripping the thin tissues from the artery by cautious snipping
with a scissors, if necessary. If small arteries are encountered, exercise your
skill by stripping the adventitia with a pair or blunt-pointed scissors from
around the media without injuring them. If these sma11cr vessels are acci­
dentally ruptured, ligate them with fine catgut. Should bleeding take place
from the vasavasorum compression will stop it. Only rarely may the
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Fic. 630. Periart eri al sympathectomy. St eps in removing the adventitia. (Aft er Le ri che.)

adventitia be detached in one piece; usually it is lacerated and removed in
fragments.

Step 6. Irrigate the wound with warm normal saline solution to el iminate cellu­
lar debris.
The operation is considered finished when nil that is detachable from the

media has been removed and when the artery has become visibly contracted.
Curettage of the media, as practiced by some, is unnecessary,

CERVICOTHORACIC SYMPATHECTOMY•
Step z. Make a skin incision parallel to the posterior border of the sternomas­

toid muscle and extending from the tip of the mastoid process to the lower
border of the clavicle.

Step 2. Divide the external jugular vein between ligatures. Avoid injury to
the spinal accessory nerve. Split the muscle longitudinally near to its
posterior border thus minimizing the danger of injuring the eleventh nerve.

Step 3. Liberate the carotid-jugular-vagus bund le without opening its sheath
and retract it mesially along with the sternomastoid muscle. Follow the
normal cleavage planes; the sympathetic trunk which is on the prevertebral
fascia, back or the neuro vascular bundle, will not then be disturbed . If it
is not found here, relax on the retractor and look along the posterior wall
·Lewis Prat. Surg. W. F. Prior Co. 1931.
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tudinally and after being carefully dissected away from the_media, it is ablatea. "
maneuver, it will be observed, the vessel contracts , (After Kirschner.)

Step 2. Grasp the· artery with a smooth forceps. Release the resistant part of
the wall of the vessel in the grasp of the forceps leaving only the adventitia
in its bite. Elevate the adventitia as high as possible. 1 1Step J. With a sharp pointed scalpel make an incision for the whole engt 1

of the desired sympathectomy . With the point of the instrument draw a
semicircular mark at the beginning and the end of the incision.

Step 4. With a blunt instrument grasp one of the lips of the wound in the
adventitia and retract it as far as possible. Repeal the same procedure on

the opposite side (Figs. 619-630). sh the artery aside
Step s. In order to clear the posterior wall of the vessel, pus) t
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'bl be caught up by the retractor.

of the neurovascular sheath as it may possi r{ 1 ils diameter is unequal.
n ts sooner hon de vs mer.J""",""";la.ct«,oe aesscniins
Do not confuse the symp:i.thetic: W1th hre~ic nerves. The phrenic nerve
branch of the hypoglossal and he Ph_,,n . hr lateral to the post•
courses over the siems me d" ""! utea oe cervical
ton cot de s9«he«ice. 1Va","",, + aoi m sots«event o rs
synthetic chain, te 1"""", unity ssott ey the nerve befor
tions, At first, however, it Is, superior cervical ganglion.
cutting it by fol loirit up to the fusiform",,,or ue trunk as is neces-

Step 4. After positive identification, lbera",, entire cervical chain and
say for the completion of he one""",, +we superior cervical ganglion
stellate ganglion are 1o be remoHd;

1
f the ch:iin for traction. After

at as«« «do»oara, wsis e""""""",',ao senior action from
cutting is ta«rat ranch, """""",2a.my pear in trot of or behind
its cranial attachments. I he _ 1 Continuin" downward, the in­

or so so 4 et«i%227"en«Gaea ore frost
h·nor Cl'rv1cal µan;.dion 15 us~al :' _ ounl .~ colli muscles and just above the
rib b('tween the scaknus anticu::. .Ill'.~ i°11Jus, tl'br:il nrtcry which is usually
pkura. It is in intimate contact wth the ver
enlaccd in a ml·shwork of sympathetic hratchc\racl downward and outward

Step s. Carefully frre the ,·rr_u·hral trte?'J t i_en r:•csscls the sc.1knus antirns

±±%%.±±±e
with its conHnb. I\U r l! _ • ,.. no1lion. These two
the sympathetic trunk upward to the first thoracic ( ' "'t (used On oc­
"'lll"lions lie ,·erv dose lt>gt'lhrr and may appear a mos . "S -1
di a sall ganglion appears in what_Jonnesco has termed the al"
teuro-ver«ea»ai sir" sich rests nos«ei@sty assist he +""""$,"""""
f the scwnth cervical vertebra and the first and srcom. n ·. ,s n .
ant, while dissecting, not to break the cervical chain which acts _a°
n ote rite to the interior cervical ad rst thoracic am8lio" ""!""

n re in their cervical position. Iesides, it acts as a tractor to deliver
these ganglia from tlw lhorax. • . . I , I

Step 6. Hrmostasi:-. Close the wound with fine silk; this is also employe

"",,";" acer «shes», 1est an«es.th«stor a com»isis sf
both may be used. The principal dangers 0£ the _procedure a~e m1uries
to the following structures; vertebral artery and vem: the first mtercostal
artery or its cervical branch: the subclavian vessels; the pleura; the retro•
c)avicular venous-plexus and the thoracic: duct on the left side. . .•

To remove only the superior cervical ganglion many_ use a~ mc1s1on
anterior to the stcrnoclddomastoid muscle, opposite the bifurcation of the
common carotid artery. This incision may be transverse. The stcrno•
mastoid is disp1aced with a retractor outward, the neurovascular bundle
toward the midline. the connectingbranches of the ganglion are divided and
the ganglion is severed or nvulsed from its attachments.

•C'oruult. in 1his ccnnrction, li~:i.tinn ot the \'ttltbr:i.l :i.ttu )", p. 599, :1.nd con!lllt Figs . 6G7
and 6s.
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In cervicothoracic sympathectomy it is not_ difficult to li£t the trach,;i
and esophagus forwardanddivide the sympathetic: nerve on the opposite side.

RAi\IICOTOi\IY
(Sec also p, 541, Stoffcl"s operation)

Ramicotomywas introduced in 194 by Hunter and Royle for treating spa
paralysis; Gaza employed it for the relief of gastric pains (tabetic crisis) 44
RenC Leriche resorted to 1ts use in painful conditions of the extn·miti ,­
cordingto Leriche, ramicotomymay be performed in the ta) cervical, j
tc) lumbar or (d) sacral r('g10n. '

CERVICAL RAMICOTOMY

The superior branches in the cervical region may be exposed by making an
incision along: the posterior margin of the s1crnomas\01tl m~sclc. Care shoul!I
be taken not to go beyond the prominence of the extcrn;1l Jugular vein, below
which indicates the direction takcn by the spinal accessory nerve. ·

If it is desired to expose the inferior nerve, the following technic has proved
successful:
Step 1 . Make an oblique incision 6 cm. long between the two bellies of +Me

sternocleidomastoid and in the direction of its fibers, termmating on the supe­
rior margin of the clavicle. Retract lhc tis.sues.

Step.?. The plane of the intermediate aponeurosis is uninterrupted an(! isolalts
the stcrnocleidomastoid Urd. The omohyoid muscle is seen beneath the sheath
of the aponcurosis: a fat-pad protrudes below it. Make an incision beginni.
al the omohyoid muscle. Divide lhc muscle a short distance from th; inter:
section of its fibers. If a small artery is divided on the upper surface
ligate it. Complctdy divide the apcmeurnsis. The incision should extend
anteriorly to the neuro-vascular bundle in the neck: postcriorly, it should
extend to the scalenus muscle and the phrenic nerve ancl below to the suli­
clavianartNy. If the incision is directe.d \ow:inl 1~1c thorax, the thyroidanery,
the vertebral artery and the sympathetic nerve will be exposed.

Step 3. Expose the prcvertcUral space. Dissect the adipose tissue from it, thus
exposing anteriorly the internal jugular vein, the common caroticl artery :m il
the pncumogastric nrrvc which arc drawn to one side with a hlunt retractor.
Posteriorly, the phrenic nerve crosses the surface of the scaienus. Direct
the point of till'. instrnmcnt by visual guidance. Small tarpons immersed in
normal salt solution and a blunt instrument like a Kocher's director facilitate
the manipulations. One retractor pulls the structures gently outward anr\
the other inward.

Step 4. Isolate the inferior thyroid artery. The vessel varies in size; it is well
exposed from the snbclavian artery to the thyroid. The anterior branch of
the sympathetic aml the loop of \'icussens arc exposccl. The latter does not
always nppcar whcrc it is expected. Insert a thread under these branches
and retract them. Draw the thyroid nrtcry outward by means of a Ie­
tractor.

Step s. Expose the vertebral artery which lies deeper ancl farther back than
the thyroid (see also ligation of ,•ertebral artery, p. 598). It may be located,
unless the patient is. very fat, by pressing a damp sponge on the deep layer.
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Step 6. Exposure of the ganglion and its branches is accomplished by dissecting
the deep tissues and connecting branches under visual guidance. Bleeding
rarely follows. The subclavian artery is barely visible.
If complete sectionof the second cervical and first dorsal is nimcd at, they will
be found coursing from a\Jo\'e downward.

CERVICAL RAMISECTION•
In this. operation only the ramicommunicantes are dh·idcd. Only in approach.

ing the first thoracic nerve does the sympathetic trunk come into the operative
field. The first thoracic n<'rve itself usually has both a white and gray ramus
while the rami above it have post;ganglionic fibers. As a rule, the sympathetic
r.uni join the nerve roots of the brachia! plexus after they leave the intcn•ertcbral
foramin:i, although sometimes they enter the nerve roots within 1hc foramina
The normal site for the nerve roots of the brachia! pll·xus is between the sc.,lcnus
anterior and scalenus medius muscles, according to :rnalomists. How<.>ver. it is
much more common to find the fifth and sixth roots penetrating the scalenus
antt-rior: many times these roots appear in front of !he muscle. .-\ \iundlc of
muscle fibers oftt•n diviill'S the seventh and eighth ner\'cS. The eighth cervical
and first thoracic nerves usually appear back of the scalenus anterior, The
operation is simple if the nerves form a regular plexus; the emergence of each
nerve root separately through the scalenus amerior renders the procedurr
much more complicatecl. Fig. 631.)
Step. I. Place the patient on his back, turnhis chin away from the site of opera­

11011 and put a pillow under h,s shoulders. Make an incision from the
da\'icular insertion of the sternomasloicl hack.ward and upward across the
poslt'rior lriangle. It may he necessary in some instances to make :i sccon,I
small incision, directin;.: it upward along the posterior border of 1he sttrno­
mastoid so as to be sure of reaching the fiut'rs connecting the fifth and sixth
ner\'es.

Step :. Di\'idc the platysma and secure the exlernal jugular vrin in th r
ot the original incision. Divide ·he front tyer of cervical ta {
means of blunt dissection expose the deep layer or fascia which covers the
brachia! plexus and the scalenus muscle; the superficial cervical artery is
often encountered between the two layers; the trans\"ersus coli artery often
appears 1 a '!ttper plane between the se\'enth andeighth nerve-roots; ligate
and divide this artery. Relract the omohyoid muscle downward.

Step 3. Identify the ph_renic nerve in the upper part o( the plexus. Expose the
nerve-roots to the mtc~\'ertebral.foramina. Draw the suLdavian artery
forward exposing the eighth cervical and first thoracic nerve. The rami
commumcantes are difficult to identify; those connected with the fifth and
sixth nerves may lra\'rr.;e !he scalenus anterior in front or they may pene­
trate the muscle itself. There may be two or more brancht'S making it
necessary to exercise care to see that all of the nerve roots and their anterior
connections are sc.-parated up to the intervertebral foramina. Tn some cases
gray rami are joined to the nerve roots on_ their anlero-inferior aspects.
)ledullatt.'d muscular branches appearing on the front surface of the nerve

• Afttr Ro)k.
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roots may be con(used with the sympathetic; if there is any doubt concerning
their identity, they should be removed. If the phrenic nerve is connected
to the fifth cervical nerve, relract it. Great difficulty is likely to be ex
pcricnccd with the eighth cervical and first thoracic nerves. The lattN
should be looker! for across the neck of the first rib; the ner\'c trunk may be
traced into the thorax, The cervical sympathetic trunk is usually located

DORSAL RAMICOTOMY

Ramicotomy is a rather difficult task to accomplis~- :SZ:al .
11
,

preaching the dorsal nerve in the clet·pest part or the intc I It
made larger by resecting the corresponding transverse pr~f the dotsll nerrt,
branch is approacher! where it ends on the intercostal branc 0
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Step 1, Make a vertical incision starting 4 cm. above the highest of the inter­
vertebral spaces to be reached and extending two finger breadths from the line
of the spines.

Step a. Detach the vertical muscles from the grooves where necessary about
3 cm. outward from the costal tuberosities.

Step a. Resect the transverse processes and search for the nerve in the inter.
costal space . Retraction of the soft parts with a moist tampon is helpful.
If the nerve cannot be seen, incise the muscle fibers perpendicularly . The
endothoracic fascia will be seen to form a bed for the nerve.

SURGERY OF THE SYMPATHETIC NERVOUS SYSTEM 659

Step I. Make a vertical incision beginning at the front end of the eleventh rib
and extending downward to z cm, above the anterior superior iliac spine,
then turn making the incision parallel with the crural arch 3 cm. over it,
as far as the margin of the rectus muscle. In cases where the costo-iliac space
is extremely narrow it may be advisable to make a superior transverse in­
cision beginning at the apex of the eleventh db about 8 to 16 cm. long. The
intercostal, iliohypogastric and ilio-inguinal nerves arc not divided. The
muscles are incised in layers. It is hardly ever necessary to incise the major
oblique but the minor oblique and transversalis are cut transversely.

Fc 631A. Doral Ramicotomy. 1. Foerster's operation. Lateral exposure of dorsal
roots , T ension on the two dorsal roots by means of delicate hooks , exposes the dentate liga­
ments. Obs erv e that the anterior motor roots are visible through the dentate ligaments. z, Semi ­
diagrammatic cross-section through the lumbar spine showing opened dura and topographic
ntomy in perform ing Foerster's operation. 3. Guleke' s modifi cation of Foerster's operation.
The osseous stru ctures have been removed exposing the dura mater which is picked up with a
delicate tissue forceps and pulled to the side. This maneuver enables the surgeon to expose the
nen·e ro ots on the corresponding side. In the illustration the uppermost dorsal nerve roots arc
shown divided, the next root to undergo division is seen on a hook (After Victor Schmicden.)

Step 4. With a hook, grasp the nerve trunk, drawing it outward, backward
and upward, thus liberating the inferior connecting branches. After incising
the branch, lower the intercosta1 to make sure there is no superior connecting
bran ch as sometimes happens. (Fig. 6314.)

LUMBAR RAMICOTOMY
The best method for doing a unilateral ramisection is the procedure known

as lateral subperitoneal laparotomy.

.
Frc, 632. The second and third h:mbJr ganglia are seen with their rami communicantes .

The fourth lumbar an;lion is behind the iliac vessels. Its ramus communicans is situated
beside. the gtmtokmoral nern. 1. Common iliac ,·cm, :;: _ common iliac artery, J. second lumbar
ganglion, 4 psoas muscle, 5 penitofemoral nerve.

Step 2. Incise the transversalis fascia thus opening the subperitoneal space.
Step 3. Liberate the peritoneum by pushing the intestines inward with a sponge,

thus exposing the psoas and surrounding area as far as the iliac vessels and
spinal column.

Step 4. With a large valve retracto r, force the intestine inward toward the
midline. With another retractor displace the structures upward and out•
ward exposing the common iliac vessels, the origin of the vena cava or the
aorta (depending on the side involved) and the lateral aspect of the lumbar
column (Fig. 63). The sympathetic is found lying on the prominence
of the psoas in front of the vertebral column. The lymphatic vessels and
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nodes are see n across to the midline. The nerve-chain is generally observed
on a level with the third lumbar ganglion from' whence it is easily followed.

Step s. Exert force on the upper retractor to expose the second ganglion from
which branches emerge and disappear under the arch of the psoas muscle.

Step 6. After incising the first four branches, expose the
fifth by detaching the iliac vessels from the deep
layer and elevating them. The sacral communicat­
ing vessels arc sometimes difficult to locate but should
be searched for on the internal aspect of the common
iliac vessels above the hypogastric artery.
Comment. There seems to be a tendency toward

the formation of a neuroma on the divided sym­
pathetic nerv es. Rene Leriche is inclined toward the
belief that the reported failures of sympathetic nerve
surgery are due to the formation of such neuromas.

Ramicotomy is indicated in spastic paralysis, an­
gina pectoris, bronchial asthma, abdominal visceral
discomfort and painful conditions in the extremities
as well as abnormalities of the vasomotor system.

PRESACRAL NERVE RESECTION
Anatomic Considerations. (Fig. 633.) 1 (I} The

plexus submesentericus of Winslow; (a) the nervus uterinus
magnus of Tiedemann; (3) the plexus uterinus magnus of
Frankenhauser; (4) the pres.acral nerve of Latarjet and Bon­
net; (5) the prclumbar nerve of De Rouville; (6) the supe­
rior hypogastric plexus of Hovelacque is, according to Elaut,
made up about as follows: Beginning in the plexus situated
between the superior and inferio r mesenteric arteries, to
these nerve-elements are added the intermesenterc nerves of

brr±%e
lerk artery these nerves divide into two distinct bundles
the inferior mesenteric plexus and the superior hypogastric

P"Ruane to Hovelacque, the superior byogastrig
plexus is essentially a continuation of the in ferior mesenteric
plexus below the inferior mesenteric artery and includes the
part of the plexus that extends from the superior part of the

fourth lumbar vertebra lo the middle of the first sacral vertebra, where it divides mto
two tenninal plexuses ca lled the right and Je{t inferior hypogastric plexuses. •

Important branches to this plexus come from the lumbar sympathetic chains.
Delmas and Laux found that branches come from the firstand second lumbar ganglia,also from the third and fourth, and that the superior mesenteric plexus is made up m
similar fashion lo the splanchnic nerves and consequently these branches are oft.en
referred to as the pelvic splanchn ic nerves. About one inch below the ongm of the in­
reno.r lnescnteric artery the superio r hypogastric plexus begins. The plexus enters the
pelvis over the bifurcation of the aorta, crosses the left iliac vein, passes ove: ~"?" Promontory ad on do over its interior surface. According to the sudi, °ut, also Dobrzaniecki and Serafin, the arrangement of the plexus ts quite irregular

1 JohA E. Cannaday, ,\nub of Surgery , 19J6.



'Ftc. 635. Th e mass of the small intestine is pulled downward and to the ri ht, brininz into
vew the ldt surf:lce of the mesentry and its zone: of vari,·ta\ fi lGltion, (Gutierre~)

laminae arc formed of loose connective tissue which permit easy separation of the
fused clements. Gutierrez' method of mobilization of the root of the mesenlery
is based on the existence of these laminae.
Step 1. Place the patient in the Trendelcnburg position; open the abdomen.
Step 2. Displace and pack away the intestines to the right. The left surface

of the mescntery is thus exposed Fig. 635).

SURGICAL EXPOSURE OF THE LUMBAR SYMPATHETIC
TRUNKS BY MOBILIZATION OF THE ROOT

OF THE MESENTERY

,\lberl Gutierrez points out that in the adult the root of the mesente
sents the termination of the process of coalescence downward of the prim~;_repr'.··
with the intestinal tract. In these zones of peritoneal fusion the coal~ce~::
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andvariable, sometimes approaching a definite band and again spreading out f::mwis_c
in several branches. Generally speaking, the lower end of the superior hypogastric
plexus is about on the level of the bifurcation of the common 1h:i.c a,nery.. Si.-~ond
has shown the plexus to consist of a network of nerve-fibers closely united b) ::111,ist?­
mosing branches and connective tissue. It extends from the upper part of the lumbar
tu the middle of the first sacral vertebra. Elaborate h1stolog1c stud~es of \lie
pelvic sympathetics and their ultimate distribution have been made Uy Kuntz, aiso

y"?",ens. This procedure is indicated in cases ot dysmenorrbe where there
is no organic lesion; in cases of inoperable carcinoma of thepelvis not associated ih
bony metastases or ureteral blockage, It may in some instances be indicated in

2%..11%2. see±e
dull, deep ache in the pch'is during :md just before the menstrual period\ especially
if the pain extends toward the coccyx, the rectum and inner part of the h" _

Rozemon, Lambret andothers arc of the opm1011 that presacral nerve resection has
a tendency to regularize the 1111:nstrual function, came the absorption of pelvic ad­
hesions and to do away with parametritis and inflammatory lesions in the pouch of
Douglas.

This operation may be accomplished by resecting the superior hypo;gastric
plexus alone, or by resecting the inferior mesentenc gangha, or resectung or d1\ id­
ing the tumosacral sympathetic on both sides, or it may llc a co_111l~1~allo_n of :ill
the above-mentioned procedures. In most cases a left rectus 111c1s1011 is m::i<k·
which extends a little above the umbilicus although a Pfannenstiel incision may
also be employed. Many surgeons recommend the resection of the plexus allow
and direct the dissection of the nerve fibers downward, but Cannaday prefers to
start below. (Fig. 634.)

Dangers of Operation. In some instances. the inferior mesenteric vessels are
directly connected with the presacral nerve, especially when the pelvic mesocolon is
centrally implantedand overlaps the left iliac vessels. According to .l~laul this occurs
in about 8 per Cl'nl of cases and complicate,; the resect10n of the nerve fibers without
injuring important blood vessels. In some cases the fibers of the plexus project out­
ward under a long loosely mobile mesocolon instead of across the tngone, bounded by
the iliac vessels. A case was recorded in which there was a large anomalous vein
which passed across the interiliac trigone draining into the common iliac vein.

Results. From a total of 85 presacral neurectomies, Cannaday concludes that
the most favorable results have been with the primary type of dysmenorrhea. Thrre
have been a few rt'Currences among the first apparently successful cases. Two of the
recurrent cases have been re-operated on and in both instances it was discovered that
neuromas h:id formed on the divided ends of some o( the nerve-fibers which probably
caused the pain. Other failures were attributed to incomplete operations, abnormal
distribution of ncr\'e fibers and to improper selection of cases.

i\lany of the cases operated upon were of the most severe type, and were
associated with nausea and vomitingas well as pains radiating down the thighs at the
menstrual period so excruciating as to cause the patient to remain in bed for several
days as well as receive hypodermic injections of morphine.· Many of these patient;
staled that the operation had relieved them more than could be imagined, giving them
a new outlook on life.

fntercurrcnt infections, such as tubo-ovari::in inflammation of venereal origin is
sometimes the reason for the patient's failure lo obtain lasting relief.

According to Craig- there will probably always be as much as 10 per cent of poor
results in cases of dysmenorrhea, due to the borclcrline type of case, some of them
being the victims of a constitutionaJ biologic inferiority.
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Step 3. Trace a rectilinear incision varying in length, a little beneath and to
tbe left of the root of the mesentery (Fig. 636).

Step 4. Grasp the mesenlery with a Kocher forceps, pull it downward and to
the right. More or less abundant loose connective tissue will be found here

covering the terminal portion of the aorta and vena cava, the right common
iliac artery, the ureter and genital vessels (Figs. 637-638).

Step__ 5 •. With a Farabeuf separator the right border of 1he inferior vena cava,
is displaced toward the median line; the right lumbttr sympathetic is now
seen and by prolonging the incision a little more toward the Jell and pulli
the aorta toward the right, the left lumbar sympathetic is brought into vi:!
Figs. 637-640).

Step 6. Close the ptritoneum (Fig. 641).
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The space between the ribs and the crest of the ilium should % using tbt
possible by placing a sandbag beneath the patient or better st
adjustable support devised for opernlions on the kidney. f tht mum and
"Step 1, The incision is made from the last rib to th~ :rest ~f tht q~rJt_lP

the:nce forward to the anterior superior spine or the ,hum. ed P31' of [be in·
lumborum musle can be palpated, the downwardly dire" ,aria of tbt
cision should follow its lateral margin, but If not, the lateral
• N, D. Rayle Mi:d. J. AN.t. 19u, p. 17.
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LUMBAR SYMPATHETIC RAMISECTION
The technic of the extraperitoneal operation as described by Royle' isas ·

follows:
"The patient should be made to lie on the side opposite to that of operation

and shou1d be inclined slightly toward the surgeon who faces the patient's back.

-
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sacro-spinalis sh ould serve as a. g _uide. The forwardly directed part of the
incision should lie about one centimeter below the actual crest of the ilium
pg enables the attachment of the extern al oblique muscle to be exposed.
The flap of skin and fascia outlined by this incision is reflected forw:ird to
exp ose the attachments of the latissimus dorsi to the lumbodorsal fascia and
t the external oblique mu scle to the crest of the ilium.

"Ster a. The trigonum lumbale Petit is next defined and from this point for.
{[,a he oblique muscles are freed from the crest of the ilium to within si
or eight centimeters of the antero-superior spine of the ilium. In doing this

Fic.68 Fc. 63j
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the sympathetic trunk. The ganglionated sympathetic trunk can often def­
nitely be palpated where it lies at the medial border of the psoas muscle before
it can be seen, The psoas itself sometimes constitutes a difflculty in the
adult subject by obscuring the trunk from view and a suitable retractor is
necessary to flatten the muscle. In children and poorly developed subjects
this difficulty is not great.

it is possible in most subjects lo divide the external oblique through definite
tendinous tissue close lo its insertion and to avoid cutting the actual muscle
fibers. This gives a decided advantage in closing the wound. The internal
oblique and transversus abdominis muscles are divided through the muscle
fibers close to their attachment. The dissection is then carried upward and
the lumbodorsal fascia is divided at the lateral border of the quadratus
Jumborum. In doin g this it may be necessary to cut through the fibers of
the latissimus dorsi.

"Step 3. The abdominal wall is now free to be thrown forward and after divid­
ing the fascia transversalis the hand can be passed in front of the quadratus
lumborum and the psoas muscles until the medial border of the psoas is
palpated. Suitable retractors arc then placed in position. Care should be
taken rot to disturb the fascia covering the quaclratus lumborum and fascia
covering the psoas muscle.

"In a very fat subject, however, the approach to the sympathetic trunk
may be rendered more easy by leaving the transversalis fascia intact except
at the medial border of the psoas muscle where it must be pierced to read,

Fe 6o View of the retroperitoneal organs exposed by means of mesenteric mobiliza­
tion. (Gutierrez.)

The ganglionated sympathetic trunk will be found lying on the bodies
of the lumbar vertebrae near the medial border of the psoas muscle. The
abdominal sympathetic trunk on the left side is easy to define, if the medial
border of the psoas is sought. In this situation a thin layer of connective
tissue passes from the psoas muscles across the sympathetic trunk and great
vessels to the region of the psoas on the opposite side. 'Phis is easily slit
with a blunt dissector and the sympathetic trunk comes into view. On the
right side the trunk lies under the lateral margin of the inferior vena cava
and is. usually placed anteriorly to the lumbar vessels. On the left side this
complication has not been met, but in young subjects the lumbar arteries can
be mistaken for rami communicantes which they sometimes resemble in size
and direction.

"In defining the sympathetic trunk long blunt dissectors arc necessary .
Along probe with a flat handle and curved on its end like a strabismus hook.
is useful for lifting the sympathetic trunk when defining its branches. Long
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straight or slightly curved artery forceps, zo centimeters long, arc also essen­
tial and four should be provided. The structure of the abdominal wall and
abdominal viscera demand a large, broad and deep retractor. The sym­
pathetic trunk and the rami communicantes should be clearly defined before
section. The method of dividing the ranri communicantes is usually by

Fi¢, 6nu. Approximation of the peritoneal edges at the termination of the operation.
(Gutierrez.)

avulsion. Each ramus may be seized by a pair of artery forceps and drawn
away from its lateral connections, though in many instances it is necessary
to divide a big ramus with a long pair of blunt-pointed scisso rs. When
ramisection of the second third and fourth lumbar nerves has been effected,
he gan glionated cord is then divided al a. level corresponding in position to
the fourth lumbar nerve. The operation is then completed. The edges of the
lumbodorsal fasc ia are first· sutured in the region or the trigonum lumbale.
The oblique muscles are then sutured to the crest of the ilium and a special

point is made of suturing the tendinous portion of the external oblique to its
original attachment and to the adjacent fascia lata, When this is done care­
fully the raw area on the crest o f the ilium comes in contact with a raw area
of considerable width on the under surface of the external oblique tendon and
this facilitates adhesion. The lumbodorsal fascia and the latissimus dorsi
muscles are then sutured. The skin is closed without drainage."

SINGLE TRANSABDOMINAL INCISION FOR THE EXTRA­
PERITONEAL APPROACH TO THE LUMBAR GANGLIA

C. E. Rccs1 approaches thelumbar ganglia through a single transabdominal
extraperitoneal incision as follows:
Step 1. Make a midline incision through skin and fat extending from the sym­

physis pubis to one inch below the umbilicus .
Step 2. Develop the incision into a Y with its upper limbs extending on each

side of the umbilicus over the inner one-third of the rectus muscle to a point
midway between the xyphoid and the umbilicus (Fig. 642 A).

Step 3. Separate the superficial fasc ia from the inner halves of the rectus sheaths
on each side, in the lower part or the incision, to a point in the same lateral
plane as the upper limbs of the incision.

Step 4. Make a longitudinal incision in each rectus sheath so that one-third
of the muscle lies medial and two-thirds lateral to each incision.

Step s. Incise the rectus muscle in the same plane, ca rrying · the exposure to the
posterior sheath of the rectus in the upper three-fourths and to the peri­
toneum in the lower one~fourth of the incision (Fig. 641 B).

Step 6. Separate the posterior sheath from the peritoneum by inserting a finger -
between these structures lateral to the outer border of the rectus muscle. The
separation is carried inward toward the midline by digital dissection. (This
approach is necessary for the development or this plane) (Fig. 643 A).

Step 7. Incise tli~ posterior sheath, not the peritoneum, lateral to the deep
epigastric artery leaving the artery on the medial side or the incision (Fig.
643 B).

Step 8. Place the patient in the low Trendelenburg position.
Step g. Sep3rate the peritoneum laterally from the abdominal fascia and re­

tract the abdominal contents toward the opposite side exposing the aorta and
iliac vessels on the left and the vena cava and iliac vessels on the right (Figs.
643 C and D).

Step 1o. Close in layers with single continu ous chromic catgut sutures the
posterior sheath and muscle and single interrupted chromic catgut sutures
with simple square knots the anterior sheath, the latter is reinforced with
flgure--of-cight silkworm-gut sutures.

Step 11. Insert figure-of-eight sutures in the branching limbs of the i1icision;
the lower loops of these sutures alternate ·on opposite sides of the fascia!
incisions, one suture passing through skin and fat and looping through the
right rectus sheath to exit through the fat and skin on the opposite side, the
next suture passing through the skin and fat and looping the left rectus
sheath to emerge through to the fat and skin. One end of each superficial
loop of the figure-of-eight sutures, after emerging from the skin, is passe d
Am. Jour, of Surgery, May, 1916.
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Y'risen through
kn ari fa!

A.

B.
Fie. 6±2. Extr1peritoneal approach to the lumbar ganglia. A. Yincision through skin and

fat. Doted lines indicate areas of separation of deep fascia irom rectus sheaths , If operation is
to be unilateral, the incision swings only to the side of the umbilicus on which the operation
is to be performed., B Incision of rectus sheath and rectus muscle on each side exposing the
peritoneum in the lower part and the posteriorheath in the ,upper part of tl1c mc1S1on. If the
operation is unilatcr:11, the rcctus sheath on that side only u opened. (Courtesy, Dr. c.E
Rees.)

A

Fic. 643. Extraperitoneal approach to the lumbar ganglia A. Incision of pos terior rtus

#t 2ts2.t. %cz<%
D. Peritoneum retracted and lhe lower lumba.r g:m;::lia c:"lposrd, kft side. (Councsy, Dr. C. E.
Rees .)
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to expose about 15 cm. of the fascia at the level of the body of the third lumbar
vertebra and in the direction of the muscular fibers Fig. 645).

Step 4. Divide the transversalis muscle and its fascia! continuation in the direc­
tion of their fibers for about rs cm., the mesial limit being at the late~I. bord~
of the rectus sheath. The retroperitoneal fat is thus exposed. In splitting this
layer, be careful not lo injure the peritoneum. (Fig. 646.)

Step 5. Free with the hand the rctroperitoneal fat containing the ureter from
the underlying tissues. Carry the dissection lo the fascia covering the qUJd·
ratus lumborum and the psoas muscles. Dissect the retroperito neal fat rnesad

+\lV
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h:u btt n exposed :ind split in the direction of its fibers III al uth.
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to the bodies of the vertebrae, cephalad to the cru_
1
peritoneum wi eJl

caudad to the brim of the pelvis. Retract the ~ne~e pSQ3S rnusde• gr
abdominal contents. Free the thin fascia cover g . of the
vessels and sympathetic chain (Fig. ~07). • • nd on the bo<fie5 647.)On the left side, the sympathetic cham 15 {ou d the aorll- (fig. t1it t.ic
vertebrae in the sulcus between the psoas mus! "",", ,0e symP
On the right side the vena cava usually hes direc Y iyin ·
chain. (Fig. 648.) . k from the JUJJlbll'

Be careful to distinguish the sympathetic trun held ill
phatic vesse ls. ,a. de retractor",use

Step 6. After the gan glionectomy and trunk _resection, line solutioD-
place while the entire field is washed with warm sa

again through the margins or the skin incision and tied to one side of the skin
incision.

Step 12. Pass rubber tubing under the silkworm loops above the skin and tic
the sutures over the rubber tubes thus obliterating dead spaces within the
incision.

Step 13. Close the skin with clips.
Royle Technic

N. D. Royle1 ( 1914) described an extraperitoneal approach to the lumbar
sympathetic ganglia. This has gradually gained favor over the trans -abdominal
route. The advantages claimed for the operation are a lower mortality and
smoother postoperative course. Its disadvantage lies in the fact that only one
side is treated at a time. It was also pointed out that in the transabd ominal
approach it is difficult sometimes to remove the second right lumbar ganglia i also
that the complications innate to intra-abdominal surgery arc eliminated through
this approach. In the Royle operation, the external and internal oblique muscles
are separated from their attachments to the iliac crest by dividing directly across
their fibers dose to their insertions . The drawbacks to such division are aug­
mented tissue reaction, accumulation of serum, difficulty to approximate retracted
ends without strangulation, additional trauma, delayed healing, possibility of in­
fection and incisional hernia.

Pearl Technic

Felix R. Pearldescribed an improved extraperitoneal approach for lumbar
ganglionectomy which he has developed since r934, and the excellent features of
which are that the entire procedure is accomplished by muscle splitting which
eliminates transecting of muscles and the undercutting of skin and subcutaneous
tissues. This technic affords prompt and easy access with exce llent exposure or
the lumbar sympathetic chain over its entire extent. The opposite side may also
be operated on without much disturbance . If the postoperative course is smooth,
the patient may be allowed up on the third <fay.

Sub.arachnoid block is preferable beca use it gives complete muscle relaxation.
Step J. Place the patient supine with the side to be operated upon slightly ele­

vated by a small pillow placed under the homolateral hip. Make a straight
incision about 18 cm. long through the skin and subcu taneous tissues in the
direction of the fibers of the external oblique muscle 4 cm. mesad to the an­
terior superior iliac spine, and extending from the lower costal margin to
midway between the anterior superior iliac spine and the pubic spine. Ex­
pose the fascia of the external oblique muscle (Fig. 644).

Step 2. Split the external oblique muscle and fascia over the full extent of the
incision in the direction of their fibers. Dissect the muscle carefully from the
underlying internal oblique muscle, being careful to undercut only as much as
necessary to expose the line of sp lit in the internal oblique. Use retractors
to expose the interna l oblique. where desired.

Step 3. Splitthe init! rnal ob1ique muscle in the direc tion or its fibers so that the
line of split poi nts to the body of the second lumbar vertebra. Free the flaps
from the underlying trans versalis muscle and fascia; place retractors so as

1Med. ]our. Austnll.a, 1924, p. 77.
Sung. , Gyn. and Obst., Vol. 6s , July, 19J7.
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number of fatparticleswill float in the solution and should be removed. Any
bleeding points are ligated carefully. Remove the retractors and permit the
tissues to come together.
Comment: The operation eliminates the transsecting of muscles, the

undercutting of skin and subcutaneous tissues and gives quick, easy and ex­
cellent exposure of the lumbar sympathetic chain over its entire extent wi+h.
out harsh retraction; and allows closure without tension., There is no shock,

Fi, 6j6. The external oblique and intern al oblique muscles have been retracted so as to
expose the transversalis muscle. The latter has been split along its fibers for a distance of about
15 centimeters, the separation extending anteriorly to the lateral margin of the rectus sheath.
Te retroperitoneal fat is thus,exposed. (Courtesy of Dr. Felix L. Pearl and Surg., Gynec. and
Obs t.)

and the wounds heal per primam. The patient may be discharged from the
hospital after four or five days.

CHORDOTOMY
According to Dr. Eric Oldberg , thi s operation is primarily for the relief of

pain which cannot be assuaged by a less radical method.
Historic Notes. Dorsal root-section was first suggested by Dana in 1886.

Bennett first performedthis operation in 1888. Mingazzini first proposed it for gastric
aisis in r9oo, and Kiittner performed it in 1908. Because of the mortality and in­
complete relief, posterior root section fell in esteem. Schiiller in 191o suggested the
cutting of the anterolateral tract carrying pain and temperature impulses which Mar­
tin first perfonned in 1912. Beer repeated this the following year and Souttar in
1915. Since then Frazier, Leighton, Peet and Horrax reported a large series of cases.

Theoperation consists in the removal of the laminae of two or three vertebrae
withexposureof the cord and section of theanterolateral tract. In order to expose
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the anterolateral tract it is usuaJly easiest to grasp the dentate ligament and
rotate the side of the cord upward so as to better expose the tract one expects
lo cut. The actual section may be done by means of a small sharp knife or by
hooking out the fibers with a small specially measured hook which has been de­
vised for the purpose, and then cutting them. The important precautions to
remember are, never to injureany of the tissue lying posterior to the plane joining
the two opposite dentate ligaments, and never to incise more deeply than 3 mm.

Fc. 648A. Chordotomy. (AfterVietor Schmieden.)

For lower abdominal and leg pain the site or choice is usually about the fourth
dorsal vertebra, this being the easiest place or approach because of the normal
convexity of the spine. Chordotomy can be done, theoretically, at any level except
in the Portion of the cervical cord in which the phrenic nuclei are located. If
he pain arises from bilateral sources, bilateral chordotomy is performed. If it
anses from one side only, section is made on the side opposite to which the pain­
ful area is situated. (Fig. 648A.)

SURGERY FOR VEGETATIVE PAIN (ANGINA PECTORIS,
ENDARTERITIS, ETC.)

Felix Mandi points out the following pertinent observations :1 •
The surgery of pain consists in the interruption-elimination or destruction-­

or the conduction paths of pain in some accessible place. This can be done in two
'Wier Llilhe Wohenhrift, April 24, tQJ6.

ways, viz., by the so-called paravertebral injections of alcohol, novocaine or a
similar anesthetic, or by the surgical division or exeresis of rami, ganglia, sym­
pathetic-fibers, etc.

Pains in Thoracic Organs (Angina Pectoris). By the paravertebral in­
jection of alcohol at the level of the cervical segments (qth to 3rd or 4th), pains
in the thoracicorgans, especially angina pectoris, may be relieved. In severe cases,
the treatment must be bilateral. As a rule unilateral treatment suffices. The
technic is easy to learn. Relief results in angina pectoris in about 5o per cent of
cases. Thehigh percentage of failures may be explained by the many and diverse
anatomic causes of angina pectoris. The injection, if successful, is also an indi­
cator of an eventual operation on the rami communicantes.

As to the surgical intervention in angina pectoris, this consists in the extirpa­
tion of the two cervical ganglia, with or without the first dorsal (stellate) gan­
glion. Many, in accordance with Leriche, think the extirpation of the stellate
ganglion is even more important than the exeresis of the two cervical ganglia
(see cervicothoracicsympathectomy p. 553). Reliefof pain is heremore frequently
obtained than with paravertebral injections. No matter whether the operation is
successful or unsuccessful, the heart muscle is neither. favorably nor unfavorably
influenced. The high percentage of failures can be explained by the many and
diverse basic anatomic and functional conditions of the symptom "angina pectoris"
(coronary thrombosis or stenosis, cardiac defects, anemia, blood pressure crises,
hyperthyreoses, spasms, etc.). This goes to show that we are not yet able to
determine the path of pain in an individual case, so as to decide upon a definite
causal indication, but that thereare future possibilities.

The greatest chance of a causal treatment exists in the cases in which angina
pectoris is due to spastic conditions or to a pathologic vascular tonus. In these
cases, ganglionectomy, as stated, is, at present, the method or choice. The prac­
tical value or total extirpation of the thyroid glands in selected cases remains to
be seen. If the anginapectoris is due to ablood pressure crisis in the presence of a
suprarenal tumor, suprarenalectomy is, of course, the best therapy.

Of the other thoracic pains amenable to surgical treatment, cardiac and
bronchial asthma are the most important.

Abdominal Pains. The relief of abdominal pain, on the other hand, is not
only difficult but is also dangerous. The paths of pains are better known, it is true,
and practically any pain in the region of the biliary and urogenital system can be
relieved by aparavertebral injection. But thesepains are important clinical symp­
toms, which it is dangerous to forego. In acute cases, the injection may, there­
fore, be used as ameans of differential diagnosis, but not as a therapeutic measure.
In chronic and clinically diagnosed cases, perhaps, it is also permissible as a thera­
peutic measure, if a surgical operation is contra-indicated.

Further indications for paravertebral injection and, in further consequence,
of the division or exeresis of sympathetic elements are : chronic-adhesive conditions
in the region of the gallbladder or the kidriey, tabetic crises, inoperable carcinoma
and the like. In these cases, not only is the pain relieved, but the function or the
eliminated organ is fundamentally and intrinsically changed. Over and over again
it bas been possible to relieve puzzling painful conditions (pathologic peristalsis,
chronic inflammatory changes of all kinds, nerve pains, etc.) by the means sug­

• the Extremities (Endarteritis Obliterans). As to pains in the
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extremities, it may be said that 1hc most urgent indication for their relief is
endarteritis obliterans. It should be stressed that endarteritis obliterans, also
called thrombo-angiitis obliterans, juvenile or spontaneous gangrene, etc., is an
autonomous disease, to be distinguished especially from arteriosclerotic and dia•
betic gangrene, which should never be designated loosely by any of the above
names. Pathogeneticnlly, this disease, which occurs with preference in young:
adults, is due to chronic noxae such as nicotine, lead, etc., toxic diseases, such as
typhoid fever and pneumonia, and thermic injury, such as cold and freezing. Con­
stitutional factors, for instance, narrowness of the vessels, play an important role,
of course, but arc seldom recognized before an opt•ration rc\'eals them. Contrary
to syphilitic changes, which are located in the media, the cncl:trtcritic changes, as
their name indicates, are located in the intima.

The first symptom of endarteritis obliterans manifests a lesion of the big toe.
This k-sion is often reported to have appeared after an injury from cutting a nail.
The gangrenous, as well as the pregangrenous stage, is associated with the most
excruciating pains, ,\hsencc of the podalic pulse is not p:1thog:nomonic, since
many healthy people are found without this pulse. The fact, however, that the
pulse reappears during general anesthesia speaks for a spastic component. This
might be used as a test for the selection of the therapy or operative indication.
The same is true of lumbar anesthesia, but especially of capillary microscopy.

It is a matter of fact that every endarteritis obliterans is at first treated
conservatively, but one may rightfully wonder why the most central operation­
ramisection and removal of the lumbar ganglia- is not performed immediately
after the diagnosis is made, or \'Ct)' soon, at-least before the onset of gangrene,
since gangrene is always irreparable. Internists should not demand of the surgeon
a therapeutic miracle.

Medical therapy of endarteritis obliteransmentioned for the sake of corn­
pleteness- includes lyceryl trinitrate, sodium nitrate, kallikrein, menformon,
papaverine intravenously, strychnine, diurctin, s per cent, common salt solution
intravenously, etc.; physical measures are diathermy, alternating hot and cold
baths, dry heat, oil baths, short wave, roentgen and radium,

SURGICAL TREATMENT
1. Epidural anesthesia or the roots of the sciatic nerve with novoc:iine or

alcohol.
2. Artcriography-Mandl had no results in three cases, but Sgalitzer and

Demel among others recommend the method for diagnosis as well as for
therapy.

3. Periarterial sympathectomy (Leriche) performed on the femoral artery
above the bifurcation, should be used more frequently, in early cases,
Mandi adds sympathico-diaphtheresis, that is, destruction by a chem­
ical agent, to the mechanical detachment of the arterial sheath. Inciden­
tally, Leriche's operation is also indicated in traumatic edema, trophic
disturbances, severe dermatitides, eczemas, ulcer of the lower leg, Roent­
gen-ulcer and poorly healing fractures. Jenchel has performed it with
advantage on the carotid artery in hemicrania.

4. Freezingor the exposedandexteriorized sciatic nerve according to Laewen
and Wiedhopf by means of carbonic acid or ethyl chloride. l\fandl has
treated three cases, with success in one.

SURGERY OF THE SYMPATHETIC NEHVOUS SYSTEM

.~- Artcricctomy (Leriche).
6. Lumbar ramisection (Leriche, Fontaine, Royle and Hunler) id
7, Cbordotomy. Atherosclerosis is an absolute contraindication.VI e supra).

n~ecl on favorable results _of experimental investigations of the adrenal-s
pathetic system and on conclusions drawn from operations on the thyr 'd Ym­
thetic system in cas es of hyperthyroidism, Cri le sought to control c

0
: :'Ympa.

ogous energy-transformingdiseases, par ticularly those due to pa""" anal.
of the adrenal-sympathetic system. To this end, he has performed 0i 1

cttlvlty
the adrenal-sympathetic system in u6 cases.1 ra ions on

Anatomic Considerations. The technic of adrenal dencrv·ation •
precise knowlc<l,:;c of the anatomy of the adrenal glands especially in relati rcqtres fl
nerve and blood supply, and to their position with relation to other or." o their

1 he adrenal gland 1.5 a diminutive yellow pancake, golden in color soft r .
and vascular. As indicated by its name, it is situated adjacent to #,''hble
terolateral aspect of the kidney and always close lo the vertebral column ~ pos.
piercing both adrenal glands would pass approximately through the cent«e, ,[" ow
of the body. The land is held in place by strands of the sympathede a4{"",P'
slender fibers from the neighboring fascial planes, and by its blood v«{',,""
completely embedded in lat and, on palpation, the adrenal border gives an imf) . t_ 15

unlike that of anyother organ except the external car to which it is simil.ir in r~ion
and motility. con our

Precautions. The artery may vary in direction.
The right adrenal gland lies in proximity to the diaphragm, the vena cava, th

liver, the head of the pancreas, the duodenum, the kidney and the vertebral col~ e
The left adrenal gland lies in proximity to the tail of the pancreas the spleen ~h·
aorta, the diaphragm and the spinal column. ' ' e

When the fascia! sheet which binds the kidney to its halo of fat is opened, Ion
blood vessels may be seen passing downward at the side of the kidney toward 4,
vertebral column. These vessels are arrows which mark the trail to the adrenal gbnd
Generally there is an artery at the outer border of the adrenal and one also at the
inner border, the largest artery being underneath, like the stem of a toadstool. From

et::.%%=r
In hyperthyroidism, the adrenal gland is greatly changed as to its vascularity,

its adhesion to neighboring tissue, its appearance and its texture, just as in hyper.
thyroidism the hypcrplastic thyroid gland differs from the normal gland in respect to
vascularity, adhesion, texture and appearance.

In the course of manipulation incident to lhc exposure of all aspects of the
adrenal gland and to the division of the nerves, oozing and sometimes smart bleeding
are encounte.rc<l. • In no case, however has Crile found it necessary to tic ,1 vessel be.
cause, happily, in this deep operative field clottiog is spontaneous. This may well
be accounted for by the fact that adrenalin facilitates the dolling or the blood, as
demonstrated by Cannon.

Many years ago in researches on blood pressure, Crile found that, during
manipulation of the adrenal gland, an immediate rise in the arterial blood pressure
occurred and that immediately after manipulation the arterial blood pressure fell.

Sur., Gynec., and Obt., February, 1931
·Tis was raciously demonstrated to the author by Dr Cri le in four consecutive cases
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Crile found from these researches that the only gland or tissue in the splanchnic
area, the manipulation or which caused a rise in blood pressure, was the adrenal.
The manipulation of every other gland in the splanchnic area caused either a fall in
blood pressure or produced no effect.

Crile's Technic
Except in cases of high blood pressure, spinal anesthesia is the method or

choice for denervation of the adrenal glands, since it produces complete relaxation
and lessens bleeding. The alternative to spinal anesthesia is local and regional
block anesthesia combined with analgesia or with nitrous oxide or ethylene. If
the operation is being performed under local and regional anesthesia, then the
adrenal glands, themselves, are blocked with novocaine, since, although they lie
among tissues which arc only slightly sensitive to pain, they lhemselvcs are sensi­
live.

In several cases with the patient in the prone position on the table, Crile
has made the approach along the lumbar muscles through a vertical incision,
believing that in this way he would approach the gland on its posterior aspect and
by a shorter route. The special advantage of this method was that the nerves and
blood vessels could be seen more directly, but the procedure had limitations due
to the position of the patient on the table.

Crile has also made a vertical incision toward the anterior aspect or the
adrenal along the tip or the twelfth rib but this method entailed too much contact
with the peritoneum.

Recently, Crile's method has been to make a modified kidney incision. This
incision, running from behind forward, terminating at about the middle of the
twelfth rib,and is then carried downward vertically (Fig. 649a). The incision
must be large enough to admit the hand into the renal space. Every bleeding
point must be securely lied before the deeper dissection is begun. Since good
exposure is essential, by means of a right-angled retractor, the twelfth rib is raised
and the bloodless field is disclosed. Arter the renal fascia has been adequately
incised, a long vessel may be seen in the renal fat, the vessel which, as stated
above, marks the trail to the adrenal gland. The first step is to mobilize the
upper pole of the kidney and to depress the entire kidney when usually the yel­
low curved edge of the adrenal pancake may be seen. I the adrenal is not seen,
the hand is introduced, and by palpation toward the vertebra) column and the
reat abdominal vessels, the external earlike border or the adrenal will be felt
Fig. 649b). At Ibis point special instruments arc introduced-namely, long
slender dissectors at one end of which is a dull dissecting blade and at the other
end a blunt hook. In addition, Crile uses a pair of blunt nerve hooks on a long
shaft, a pair or French intestinal forceps, a tonsil dissecting knife, a fork retractor,
and a pair of curved tonsil scissors (Fig. 650). These special instruments were
con5trucled by Mr , V. IL Seitz or the Cle\'elanrl Clinic.

The softness and brittleness or the gland precludes grasping it in an instru­
ment in order to hold it and orientate its position and also, owing to the nerve
and blood vessel attachments, the land can be moved only within a very short
radius, For these reasons the operation must be carried out essentially in situ.

Arter the gland has been ex-posed by separating the fat, the blood vessels
are identified, and then, by means of the blunt nerve hooks, tonsil scissors and

I Crile's
Denervetion
f the

Adrenal gland

I2th rib nerve
lrohypaastr:&
loiihal nn

ad
Spliftbersof
ext. oblique

FIG. 649. Crile' s d«enervation of the adrenal gland
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long-handled tonsil knife, the nerves are divided. When this procedure h
i completed, he adrenal gland will be quite mobile. I a then be raid
vertica lly from the vertebral column for a considerable distance. p

Fc. 6o, Crile's instruments for adrenal denervation.

Owing to the loose retroperitoneal tissue and the danger of oozing, Crile has
usually inserted two cigarette drains, in the lumen of which iodoform gauze bas
been placed. The iodofo rm is used to prevent the contamination of the blood
serum along the drains from a staphylococcus infection from the skin. The im­

SURGERY OF THIE SYMPATHETIC NERVOUS SYSTEM

SURGERY OF THE VASCULAR SYSTEM

8.3

585

portant point to remember is that, in approaching the glands , rigid attention
should be paid lo landmarks and the operating field should be bloodless ,

Immediate Operative Results
Crile comments:

"Since the operation is performed in a territory of meager sensory innerva­
lion, and the blood loss is slight, there is but little shock. lti. 126 cases, there have
been no deaths fr om anesthesia, pneumonia, shock or hemorrhage. There have
been two physiologic deaths, but such deaths are now easily avoidable.

"It is most important to slate again that the clinical results in cases of dis ­
eases of mental or psychic origin, which may be confused with neurocirculatory
asthenia, are negative. The differential diagnosis can be made with reasonable cer­
tainty by a careful history and physical examination.

"The first point in the diagnosis is to make certain that the mental and psychic
mechanism is normal. Then if an unstable heart is found, as manifested by
tachycardia induced by trivial causes, or by no apparent cause such as by chang­
ing posture, by turning over in bed, by standing up, by slowing of the heart
rate when the patient bends over, by any alterations in the heart beat up to and
including paroxysmal tachyca rdia; if the pupils dilate as the result of press ure
on the region of the epig ast rium; if hippus, tremors, sweating and cold hands
and feet arc present, if there arc unaccountable nervousness and tremors; if there
are intermittent nervous excitation and fatigue; if infections and heart lesions
arc excluded, then the diagnosis of neuro circulatory asthenia may safely be made.

"The heart cannot initiate tachycardia, but tachycardia is imposed upon it so
the sympathetic system cannot initiate stimulation; stimulation is imposed upon
it. Our purpose in these cases, therefore, is to interfere surgica lly with this
pathologic stimulation by dcnervating the adrenal glands , and we are finding
the clinical results comparable to the results of thyroidectomy in cases of hyper­
thyro idism. So also "soldier's heart" could have been relieved by adrenal denerva­
tion.

"The day following the first denervation the patient will notice a less ening of
consciousness of his heart; he will experience a diminution of the feeling of nervous
tension; he will observe a lessening of the cold sweat; a warming of the skin;
and the nurse will notice that the patient is less restless-a sequence similar to
that which is observed after thyroidectomy for hyperthyroidism. If the first
denervation pro duces none of these beneficial results, it will be because the diag­
nosis is incorrect; if correct the second denervation will be followed by further
improvement along the sam e lines, and the general improvement in cases con­
tinues steadily , just as in the cases of hyperthyroidism.

"Among the inconstant but frequent results is the disappearance of const ipa­
tion and indigestion.

"As to the end-results in our cases, 1 patient has remained well for 14 years
after unilateral adrenal sympathectomy; 1 to 4/years after unilateral denerva­
tion; and of the z1 cases of bilateral denerv ation performed within the past 18
mon ths, 18 patients have remained well to date, in z cases the results are nega­
tive, and I patient we have been unable. to trace. The final decis ion as to the
potency of adrenal dcnervation must await the test of time."

CHAPTER 21
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OPERATIONS ON THE ARTERIES
ARTERIORRHAPY

Historical Notes. Hallowel and Lambert, in 1750, closed a small wound in the
brachial art ery by pass ing a pin through the edges of the wound and winding a thread
around it- akin to the old method of treating harelip. Nicholas Senn drew attention
to the fact that it is possible to suture a wound in the wall of an artery with the possi­
bility of maintaining the circulation through the sutured vess el unimpaired and with­
out causing subsequent aneurysm al dilatation. The old belief that a cicatrix in
the wall of an artery gives rise, soo ner or later, to an aneurysm is, in view of Senn's
st udies, a fallacious conception. ·

Indications for Arteriorrhaphy

J. Wounds or large arterial trunks .
2. The removal of an embolus .

Essentials for Successful Arteriorrhaphy
1. Perfect a.sepsis.
2. Clean cut wound.
3. Freedom from tension on the sutures.
4. Careful handling of the tissues sutured.
s. An efficient non-injurious method of obtaining temporary hem ostasis.
6. Proper suture material.

Operation
Step 1• The vess el is exposed for an inch or more on each side of the wound in

it. Clamp the vess el above and below the area to be repaired with a suitable
clamp such as Crile's or Spivack's clamp (Fig. 651). If these damps are not
available, fine linen strips thrown around the vess el and fastened with an
artery forceps (not with a knot) will form an efficient substitute. (Carrel
and Guthrie.) A tourniquet should be used whenever possible. (Figs . 652•
653).

Step 2• Gently remove all blood clots ; flush with normal saline solution or citrate
solution.

Step 3. I the edges of the wound are lacerated, trim them with a fine scissors.
Coat the vess el inside and out with sterile vase line (C arrel).

Step 4. Resect the external sheath of the vess el cautiously because ii fibers of
this sheath find their way between the edges of the wound a thrombus will
promp tly follow. Figures 651 and 654 illus trate vari ous methods used in ap­
plying provisional hemostasis .
Comment. A clam p tourniquet made of steel, strong, yet light, firm,

reliable and practical has been devised by H. Cohen (Fig. 653). It may be
sterilized where necessary, as in blood transfusions. Application is ma de
very quickly and release is instan tan eous. A fine adjustment screw regu­
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lates pressure after the clamp is applied; the pulse may be made to disappear
or to be felt by a few manipulations of this screw. Where no assistants are

F1c. 651. Methods of temporary hem0stasis. (Courtesy of Dr. R. W. MeNaly.)

available it is very helpful when injecting solutions intravenously. The
vein is made prominent by applying the clamp; the needle is then introduced
into the vein and by means of a fine adjustment screw obstruction to the
vein may Le released without disturbing the needle. The solution is then



Ftc. 652. Esnarch's tourni quet.

End-to-End Sutures
Step 1. Apply the clamps as in the

previous procedure.
Step :z. Grasp the edges of the artery

with two forceps. Introduce a
mattress suture first; pass the
needle through all the coats of the
artery from without inward. Con­
tinue the suture as a continuous
mattress suture-dropping back
half a stitch every third suture
until the starting point is reached
Fig. 656); then a half stitch is made and the suture is continued back as
a whip-stitch until it reaches the starting point. The two ends arc then
tied. The suture is started on the anterior surface near the handle of the
clamp.

Step 3. When the suture reaches the farther side of the artery the handle of the
clamps arc removed from the lower portion of the wound and placed at the
upper portion. Thus, the surface of the artery which was anterior is now
posterior; in this manner the suture line is constantly under surveillance.
(The illustrations (Figs. 657-658) depict continuous suturing instead of the
mattress suture as described).

SUltGEilY OF THIE VASCULAR SYSTEM

LIGATION OF ARTERIES

Ligation or tying of a blood vessel (artery) means the shutting off of the
arterial blood flow in the artery itself and its branches below the place where the
vessel is tied. This surgical step may be necessary on account of hemorrhage
from the vessel, which if not prevented may lead to the loss of the patient's life;
or during an amputation of the whole or part of an extremity, or the removal of
a diseased organ; also in cases of pulsating tumors, such as aneurysms or where
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only; it is brought out and tied; the free _end is left long. The needle now
penetrates the wall of the vessel, from without inward on one side a{ 4,
cut in the artery, as near the edge as possible; it 1s then made to penetrate
the walls of the vessel on the opposite side of the opening from within •
ward. The illustration depicts the progress of the suture-line in mat,
fashion throughout the length of the wound (Fig. 655). At every third 1,
carry the stitch back to add stability. At the other end, the suture is Passe~
through the twoouter coats of the vessel near the end of the incision and +q

Step :z. Reinforce by a second continuous running suture, picking u h,
edes of he incision between the loops of the mattress suture. ,"$
suture reaches the end of the suture line the two ends are knotted togeth,
The vessel thus sutured results in an approximation of the intima on bo h
sides; the suture is buried and out of the current line. l

Step 3. Remove the clamps, lirst from the distal then from the proximal end
of the repaired vessel. ?.lake sure that there is no escape of blood along the
suture line. Suture the fascia loosely over the sutured artery; close the skin.

Fi,63. Harry Cohens champ tourniquet.

Sutures may be interrupted or continuous: the latter is preferred.
The needles must be very fine, round, straightor curved (Cambric type).

Suture-material consists of very fine silk or linen run through sterile vase­
line before use; coo silk er linen swedged on a proper sized needle is excel­
lent for the purpose. Irregular wounds should be trimmed. Mattress­
sutures may be used with the edges of the wound everted.

Eversion Method-Briau, Jaboulay-DorranceDorrance's Arteriorrhaphy
Suturing Longitudinal Incisions

Step 1. The tourniquet or damps are applied as before. The needle enters close
toone end of the incision; it penetrates, if possible, the adventitia and media
Amer. Jour. Sur., May, 193.
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injected without any further assistance. It is useful in taking blood for
blood-chemistry and in controlling hemorrhage in lacerations of the radial
artery, Instruments for blood vessel surgery should be of the finest type

(Fig. 654).
Robert L. Payne has devised an im­

proved hemostatic forceps.' He points
out that hemostats as now found on the
market are manufactured with a single
ratchet catch situated only on one
shank of the instrument. No matter
how sturdy the clamp may be made, its
life depends upon the life of the ratchet.
When this is worn down. the artery for­
ceps becomes useless. Payne has de­
signed an artery forceps with three
ratchet catches on each shank of the in­
strument (Fig. 654). This feature of­
fers two factors not found in any of the
forceps now on the market. First, the
Payne forceps offers 3 times the holding
strength when applied to pedicles for

short or long time because of its 3 catches on either shank. It obviates the
necessity for tying the handles when clamps arc to be left in situ for any
lengthof time. An important feature is also the economy effected, because
the clamps of the Payne instrument will last three times as long as the
ordinary one.
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it is desired to cul off the nutrition and reduce the rate of growth of certain
types of tumors.

It goes without saying that every surgeon should be intimately acquainted
with the position, magnitude, course, connections, branches, and functions of
every importan t artery in the human body. The method of approach to an artery
and the structures immediately associated with it at every point of its course
should be matters of intimate familiarity to the surgeon. Not only that, but the
possibility of anomalies, either in the artery itself or in the structures associated

A e, C

with it are matters to be reckoned with. Much or this knowledge will be assimi­
lated in the dissecting room but the more important details and questions of
technic will properly be attained in surgical, clinical, or postgraduate courses.

Before proceedingwith the surgicl steps necessary for the ligation of a main
artery, it is often advantageous to secure temporary hemostasis by a tourniquet
applied over a towel well above the line of amputation (Figs. 659-660). When
operating in areas where such a step is impossible, secure the main vessels by
dissection before dividing them. The larger vessels arc secured by ligature;
small vessels may he picked up with forceps, and bleeding may often be arrested
by forcipressure, torsion and electrocoagulation.

Fig, 6s6._ Dora«es method, et vest ere: A. nude-4 3er,g',21,,2"..
ment of two mattres s retention sutures. B. Mattress sutures coutpued, C. nus
pleted.

I

\
I00

Ee 9. carer, mto at r e,st ±e o4, Ne,!z"" Si
pres sion forceps at a distance from the ends to be united. No tension
placement of sutures.,
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Indications.
• Wounds of the vessel.
:i . Anl.'urysm or the innominate artery or the aorta.
3. Aneurysm or the carotid trunk or its main branches.
4. Aneurysm in the orbit.
s. Temporary ligation to control bleeding during removal or tumors of
the head and race.

6. Hemorrhage (carcinoma of the face and tongue; hemorrhage after ton­
sillectomy, etc.).

Iemergencies the common carotid art ery may be compressed dizitally as hown in Fig. 669.

process and just before it enters the bone; great care must be taken not to injure
the cervical plexus, the branches of which arc in close proximity.

2. By an incision made along the lower half of the posterior border of
the sternomastoid muscle. The anterior scalenus muscle and the phrenic
nerve are exposed and the transverse process of the sixth cervical vertebra is de­
fined in the gap between this muscle and the longus coli. Just below this, the
vertebral artery will be found entering its bony canal. Avoid injury to the cervical
sympathetic and phrenic nerve.

Ligation of the Common Carotid Artery*

Digital compression of the common carotid art ery.

This vessel arises from the upper and posterior portion of the first divisio r
the subclavian artery close lo the inner border of the anterior scalcnus muscle· :
Pisses directly upward along the anterior surface of the vertebral column, a;l,,
I e foramen m the transverse process of the sixth cervical vertebra It then •
through the foramina in the transverse process of all he vertebrae abo ve ii,, ~,,,'.R.,7"77",,";,"rs roses«if is siis aid sss, ii rs o6 oi

There arc two methods of ligating this vessel:
1. By an incision made below the omohyoid muscle, which is divided

logethe_r with the fascia ; locate the inferior thyroid artery first. When this latter
artery is found 1t 1s drawn downwards and the vertebral artery is then exposed
by blunt dissection just below and behind the tubercle of the sixth transverse
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in the head and neck region are: the vertebral, the common, the external and
internal carotids and their branches, the superficial temporal artery, the occipital
art ery, the middle meningeal, the lingual and facial arteries.

Ligation of the Vertebral Artery
Anatomic Considerations. (Fig. 667.) Ligation of the vertebral artery may

be required for stab wounds or traumatic aneurysm. It is very difficult to perform on
acco unt or its deep position and the important structures that surround it .

Ramus auricularis.e

Ligation of Arteries in the Head and Neck Region

Ligatures of the arteries in the head an d neck region arc mainly indicated
for hemorr hages and for sp reading infections. The principal arteries involved

Arteries or the Neck.

Rom"' o,dp;,oJi,__ ,- -
Banh to 1hc slo:in....~ _ •••·,3.L­(venter post erior)

A. occipitalis-­
M, stemocleidomat.-- 4

A. temnoleidomat
R. desendemi + . XII--
:211

A. caroli1 inlcmo ---.;:::
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The common carotid artery ( Figs . 66S-669) enters the neck deep and projects
to the sternoclavicular joint. Between the upper border of the thyroid cartilage
and the great corn u of the hyoid bone the main vessel bifurcates into the external
and internal carotid arteries. The internal carotid may be considered as the
continuation or the common carotid artery and the external as a branch of the

common. The common carotid is usually ligated above or below the anterior
belly of the omohyoid (Figs. 670-671). It may be ligated at any part of its
course. The place of elec tion, however, is at the level of the cricoid cartilage
above the upper border or the omohyoid muscle.

Ligation of the Common Carotid Artery Above the Omohyoid
The artery is more superficial here, hence th is point is spoken or as the "point

of election." The patient is placed on his back with the shoulders slightly elevated
and the head turned to the opposite side (Fig. 672).

An incis ion about three inches long is made in the line of the artery with its

center opposite the cricoid cartilage. The skin, fascia and muscles are retracted
downward and the sheath of the artery is seen then with the descendens hypo­
glossi nerve lying upon it.

The sheath is opened; the artery is exposed and tied.

Ligation of the Common Carotid Artery Below the Omohyoid

An incision 3 inches long is made over the line of the artery and extending
up from the sternoclavicular joint The muscles are separated and the omo hyoid
identified. It may be necessa ry to tic and cut a portion of the inferior thyroid
venous plexus . The sheath of the artery should be opened on the inner side.

Precautions. The artery may bifurcate al the cricoid cartilage or even
lower; if so , both branches should be ligated. The jugular vein may be much
dilated, be superimpose d over the artery, transmitting its pulsations and thus
be mis taken for it. This mistake can be avoided by compressing the vesse l and
observing the direction of the column of blood. The thyroid gland may cover
the artery. If so, dis place it laterally; if the face of the patient be turned too
far aside, the incis ion may be made over the stemomastoid muscl e instead of
along its anterior border. It is wise lo ligate smaller vessels as encountered.
Below the omohyoid there is risk or injuring the internal jugular vein. Push
it forcibly out of the field of operation. I the vein be accidentally injured there
is danger of air embolism. If this happens flood the wound with sterile salt
solution. Apply pressure on either side of the puncture. Repair the opening
with a lateral suture. Avoid injury lo the vagus and sympathetic nerves. In
the other complica tions (ce rebral softening, coma, death zo per cent) which



may follow ligation of the common carotid artery; instead the external carotid
artery should be ligated.

Collateral Circulation, (Fig. 673.) The superior with the inferior thyroid;
the profund a cerv icis with the princeps cervicis, branches of the external carotid
and the circle or Willis.

Fa 6;3. Collateral circulation aiter !il:"J !ion of the common carotid art ery. (Dais' ,\pplied
Anatomy.)

Ligation of Both Common Carotid Arteries
The surgeon may be called upon to resort to this drastic procedure. It has

been accomplished.

Temporary Ligation of the Common Carotid Artery
This procedure has been resorted lo in order to arrest hemorrhage from

branches of the common carotid. Expo se the vessel, pass a ligature around it and
lift the vessel sufficiently to dose the lumen. The ligature may remain in place
for two or three days and then be removed.

Ligation of the External Carotid Artery

Indications.
1. Wounds.

110,1
l. Uncontrollable hemorrhage from the tonsils.
3. Aneurysm of the external carotid artery.
4. Tempo rary ligation during operations.
s. To "starve" malignant tumors.
6. Persistent middle meningeal hemorrhage.

Neither the common nor internal carotid arteries have an b
673). The external carotid, however, has several branch-art~ri ranches (Fig.
the superficial temporal, the occipital and the lingual be" , h cs'. the facial
These will be dealt with below. mg the princip al ones'.

The external carotid artery itself commences at th
thyroid cartilage. The "site of election" for its ligatio e.up~r border of the
digastric muscle and between the lingual and supe;fici ~ ~s situated below the
his arery. An incision s inches toe is made i aGk,""9"%;" "ands a
the anterior border of the sternomastoid muscle, the center or 4',""""Y along
at the level of the hyoid bone. The posterior belly of th r . ts.ion bemg
de bypostosat nerve are i ce«tea ad de ae aa {4,"""$j"""""de si
byvoid bone exp osed. The sheath of the artery is opened jst ,""of the
taking care to avoid the superior lary ngeal nerv e which lies j t bel th15 spot
Care must be exercised to avoid the external jum.ilar vei us d . ow the artery.
with the facial. The border of the sternomastoilmust ai" an ~ts_ an~tom05i,
The external carotid artery itself lies at the level of the gr::~y~ kept in view.
it and the vein. (Figs. 674-675.) corn u and between

Precautions. Doth external carotids may be ligated M k
you throw the ligature around the vesse l. that it is the extern~\ · a-~ sure before
larged_superimpo sed lymph nodes may be mistaken for i, """" 3ery. En.%2;g,z"iv iiion«diWfirsski."72;

Ligation of the Facial Artery
Anatomic Considerations. The facial artery is one of the i 1

of the external carotid; it arises just below the tip of the great co:::por ~t bran0 es
from the bifurcation of the common carotid artery. It passes throu "Ji nth ut an inch
of the submaxillary gland and enters the face at the anterior infe ~ e jub£tance
•1%is i«-is±%

The facial artery may be ligated at either of two points:
(a) Just above its origin. The vessel is the fourth branch of the ertemal

carotid artery which it leaves a shortdistance above the great corn u of the hyoid
bone; it is ligatured by an operation similar to that for tying the external carotid.

(b ) Where it crosses the mandible. The incision is horizontal and inch
long parallel lo and just below the lower jaw. The skin and muscles are
then drawn up over the bone and the artery will be found lying upon the bone
just in front of the masseter muscle.

Caution.-When ligating the facial artery at its origin do not mistake it for
the lingual artery.

Ligation of the Occipital Artery

Anatomic Considerations. The occipital artery arises from the external caro­
tid a little above the facial artery. It courses upward and outward lo the space be­
tween the transverse process of the atlas and the mastoid process. (Fig. 668.)
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Fc. 6;4. Exposure of the external, carotid artery on the stylo-mandibular ligament.

F:r.. 675- Extl<l;;urc 0£ tfa cxttrn:i.l c:irutid ;:.rt cr}' in lltc carotid triangle.

. (.a)_ In the anterior triangle at its origin. Herc the operation is similar
IO ligation of the external caro tid from which it ori,•inate:-..

(b ) In the mastoid region. An incision l in~hes Jo~g is made from the

hack of the apex of the mastoid process in the direction of the external occipital
protuberance. The posterior part of the sternomastoid and other neighboring
muscles are split and the artery is then seen emerging from the groove of the mas­
toid process in which it lies.

Ligation of the Superficial Temporal Artery (Fig. 661.)
Anatomic Considerations. The superficial temporal artery is one of tl_}e

terminal branches of the external carotid. It begins in the substance of the parotid
gland between the neck of the mandible and the external auditory meatus. It pJSSt'5
upward across the root of the zygoma. Ab out two inches above the zygomJtic proc eiS
it splits up into its terminal branches.

The artery is reached by a vertical incision r inch long between the tragus
and the condyle of the lower jaw, and is best ligated where it lies upon the
zygoma just in front or the car. The vessel is easily exposed but care should be
taken not to injure the auriculotemporal nerve.

Collateral Circulation. From the facial vessels and other arteries supplying
the scalp.

Ligation of the Lingual Artery
The lingual artery passes between the deep surface of the hyoglossU5 mus~e

and the middle constrictor or the pharynx about one-third of an inch above t.e
great cornu of the hyoid bone. The artery is deep to the hyoglossus and -~~
slightly lower level than the nerve. The lingual artery may be ligated •
of two places: (a) at its origin from the external carotid or (1: beneat ed
hyoglossus in the submaxillary triangle (Fig. 676). The whole region is_;rer it
with the submaxillary gland and the border of this gland must be ei:pos

35

is an indispensable landmark. · . the
The incision for ligation at the origin is the same as that for tym~I

external carotid, the lingual being the second branch given off by t~at ~; and
The external carotid is followed down until the lingual is seen lea"",'e
lying upon the middle constrictor. In practical surgery the artery ,s tig;iebehind
frequently proximally to the origin the dorsalis lin guae and is searched or
the posterior belly of the digastric muscle.

The incision for ligation of the lingual artery beneath the
with the patient lying on his back, with the neck ext
to the opposite side. The incision in this case is not made over ~
artery but is curved lying under the lower jaw, with its conca
begins one-half inch below and outside the symphysis men!ae This Jlnp is
to the hyoid bone and curving up again to the angle of the pw. bnd and
turned up and the muscle and fasciae separated. The submaxillary d~n of the

he two belies of the dig astrie muste are then cod "",,""" ii
digastric muscle is drawn downward while the byoglossus "",e he my
angle and the hypo glossal nerv e passing acro ss it to dis+PP ,,, ass mu"
hyoid muscle., The nerve ts drawn up and the fibers of the Y, ?cl bont'. 'fbe
divided transversely about one-quarter ot an ich above " """iaae
lingual artery will be seen lying beneath the hyoglossus upon
~trictor muscle. m••taken for +Me art

Precautions. The hypoglossal nerve may be >



/

f_­
Remember that the nerve rests on the hyoglossus, the artery runs beneath it.
Make sure that the structure in questionpulsates. Do not mistake the lingual
vein for the artery, particularly in individuals with chronic heart disease and
persons advanced in years (atheromatous thickening of the vein wall; transmis.
sion of pulsations). The artery may be absent, it may take a higher course or
it may run in the substance of the hyoglossus muscle. Search for the vessel, after
divis ion of the fibers of the hyoglossus muscle, must be conducted with great care
lest the pharynx be opened. The operation for exposure and ligation of this
vesse l is not an easv one. Avoid too short an mc1S1on. The submaxillary
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Ligation of the Middle Meningeal Artery
(Se Operatlems on the Skull, P, 1o )

After entering the skull the middle meningeal artery divides into two branches,
an anterior and posterior. The anterior branch runs in a canal or groove on
the inner surface of the antero-inferior angle of the parietal bone, upwards and
somewhat backward to the sagittal suture lying about three-quarters or an inch
behind the coronal suture. At this point the vessel is about one and a half to one
and three-quarters inches above the zygoma. The posterior branch courses up­
ward and backward along the inn er surface of the squamous portion of the
temporal bone.
Step I. Anterior Branch. A semicircular flap of about one and one-hair inches

radius is reflected downward in the temporal region so as to permit the
skull being trep hined at a point one and one-half inches behind the external
angular process of the frontal bone and one and one-half inches above the
zygoma, the intervening muscles being split vertically.

Step 2. ,\n opening: of about one and one-hair inches diameter is made in the
skull and the artery will be found either running in a groove or channel in the
bone or else lying upon the dura. In the former case the vessel should be oc­
cluded by crushing the bone in upon it or by forcing wax (Horsley's) or a
small wooden peg into the bony canal; in the latter case, the artery is oc­
cluded by undermining it with a stitch.
Posterior Branch. This may be exposed by treph ining the skull in a situa­

tion similar to the above only about one-half an inch lower. Farther back this
branch can be exposed by trephining one and one-halC inches above the center
of the base of the mastoid process.

The Main Trunk. This can be ligated by treph ining the skull at the same
point as for the anterior branch and cutting away the bone for a short distance.
It will be easier to secure the vessel if the dura mater is pushed away from the
bone for a short distance.

Ligation of Miscellaneous Arteries

Intercostal Arteries. As each of these vessels lies in a groove under cover
of a rib, except at the posterior part of an intercostal space, an incision two inches
long is made over the rib and about one and one-half inches of the rib are resected
subp eriosteally. The pcriosteum beneath the rib is then divided and the artery
exposed and ligated.

Internal Mammary Artery

Ligation of this vessel may be called for in amputation of the breast. The
artery runs parallel lo and about one and one-hall inches outside the border of
the sternum. A transverse incision one and one-half inches long is made in the
second or third intercostal space and running out from the border of the sternum.
The muscles are divided including a £cw fibers of the pectoralis major. The artery
lies upon the pleura; care must, therefore, be exercised not to injure the pleura
nor the lung beneath. If preferred, a small portion of the inner end of the second
or third costal cartilage may be resected subperiosteally and the artery exposed in
this way.
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gland should not be incised but the exposure should be rather below those struc­
tures which the surgeon should lift out from the field of operation. There is no
collateral circulation formed after ligation of the lingual artery.

Ligation of the Internal Carotid Artery

The vessel calls for ligation in
r. hemorrhage from the tongue
2. excision of the tongue
3. wounds of the vessel

The internal carotid artery lies on a deeper plane than the external carotid.
It can only be ligated at its commencement. The incision is the same as that
for ligation of the external carotid. On separating the muscles the external
carotid artery will be found lying deeply in the neck (Figs. 674-675). Care must
be taken not to injure the jugular vein, the vagus and sympathetic nerve trunks.

Precautions. The internal carotid artery may arise from the arch of the aorta,
be absent or tortuous.

Collateral Circulation. Through the circle of Willis.
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Fic. 677. Ligation of the subclavian artery, (Davis ' Applied Anatomy.)

limited by the outer border of the scalenus anticus muscle and the lower border of the
first rib.

This artery may be ligated in any of its three parts. Ligation of the first
part is practically the same operation as ligation or the innominate artery above
the clavicle. The artery is practically never lignted in its second part as it
lies under the scalenus anticus muscle Fig. 677).
Step 1. Place the patient on his back, raise the shoulders, extend and turn

the head to the opposite side, pulling the arm down and holding it by pushing
the forearm under the patient's back (Treves). This pulls down the clavicle
and affords better exposure.

Step 2. Make an incision 3 inches long over the middle third or the clavicle
and within half an inch of it. Preserve the external jugular vein if possible;
otherwise, ligate and divide it.

Onohyoid muscle

-Posterior scalene muscle

Sulseolerant«ry end vein
[avercerv ical artery and vein

/

Anterior scalene muscle-t
Subelavian Vein

Cords el brachia! plexus [
Su bclavian artery

St emomastoid muscle
prenic nerve

Step 3. Divide the muscles, incise the deep fascia and the posterior belly of the
omohyoid muscle is drawn up. Avoid the transverse cervical and supra­
scapular arteries.

Step 4. Identify the external border of the scalenus anticus muscle and follow it
down with the fin ger to the scalene tubercle on the first rib . When the finger
rests on the tubercle the subclavian vein will be in front of the finger and
farther down into the chest while the 'subclavian artery will he felt beneath
the finger lying in a gro ove in the rib and thus can be exposed. In ligating
be careful not to include the cords of the brachial plexus which pass all
around it or injure the subclavian vein. The artery lies internal to the
brachial plexus.
If the field of operation is too small, the trapezius or stcrnodeidomastoitl

muscles, or both, should be partly divided, transversely.
Collateral Circulation. The intercostals and branches of the internal mam­

mary with the thoracic branches of the axillary; other branches of the axillary
with the suprascapular and posterior scapular arteries.

Ligation of the Superior Thyroid Artery
(See Chapter on Thyroidectomy, P. 461)

The superior thyroid artery is the first branch of the external d rotid artery
and its ligation is sometimes called for in cases of exophthalmic goiter. The in­
cision is the same as that for ligation of the external carotid which must be
identified and followed down until the branch artery appears.

Ligation of the Inferior Thyroid Artery
(See Chapter en Thyroidetomy, P. 463)

As in the case of the superior thyroid artery this vessel is sometimes ligated
in cases of exophthalmic and other goiters. The incision is the same as that for
ligation of the common carotid artery below the omohyoid. The sternomastoid
and the whole of the carotid sheath arc retracted outward while it may be neces­
sary to divide the sternomastoid and sternohyoid muscles. The tubercle of the
sixth cervical vertebra should be found to the inner side of the sheath and im­
mediately below this the artery will be seen running directly inward. Great
care should be taken not to injure the recurrent laryngeal nerve which splits 'into
several branches before entering the larynx.

Ligation of the Innominate Artery
This important artery has been tied with success on several occasions (Rose

and Carless). An angular incision about 3 inches Jong is made running down
the lower third of the anterior border of the inner third of the clavicle. The
muscles are divided, the carotid sheath identified and opened and the carotid artery
expo sed and followed down to the innominate. It is not usually necessary to
remove any part of the sternum or clavicle. The important structures to look for
and c?re (or are the internal jugular vein, the two innominate veins, the inferior
thyroid plexus, the vagus nerve and the pleura.

Collateral Circulation. 1. Intercostal branches of the aorta with the supe­
rior intercostal branches of the subclavian and with the thoracic branch of the
axillary and internal mammary arteries; also with the musculophrenic branch
of the internal mammary artery;

2• The deep epigastric artery with the termination of the external mammary;
3. Between the branches of the two external carotids and also through the

circle of Willis.

Ligation of the Subclavian Artery
Historical Notes. The subclavian artery was first success fully ligated in its

third portion by Po st of New York (1817). In 18oo Sir Astley Cooper attempted
to ligate the first part of the vessel but abandoned the operation, fearing he had
wounded the thoracic duct. The first succc.55ful ligation of the first part of the vessel
was done, according to Treves, by Calles in I8t8 The patient died. Halsted suc­
cosfully ligated the first part of the artery (180:), for aneurysm on the left side.

Anatomic Considerations. On the right side, the subclavian artery anses
from the innominate op po site the junction of the right clavicle with the sternum. On
the left side it arises from the arch of the aorta. The right subclavian artery is about
three, the left about four inches in length. Each courses upward into the neck to the
level of the sixth cervical vertebra. Each vesse l is divided into three parts. The first
ll0n 1on is situated between the origin and the inner border of the scalenus anticus
muscle; the second portion lies immediately behind the muscle, while the third part is



line of the artery (Figs. 6;9:\-680). The ncurovascul:J.r bundle is exposed in
the axilla; it is covred with the median and musculocutaneous nerves which
are drawn aside leaving the artery overlapped by the vein. Do not include the
ulnar or internal cutaneous nerves in the ligature.

Collateral Circulation. If the ligation is done above the thoracic axis branch
collateral circulation takes place In the same manner as in ligation of the third par!
of the subclavian artery. If ligated Lelow, collateral circulation takes place by the
lrnml'ral branch of the thoracic axis with the anterior circumflex vessels and the
perforating intercostal arteries, also via the supr:iscapular and posterior scapular
vessels anastomosing with the subscapular and posterior circumflex arteries.

Precautions. The identity of the main vessel may confuse the surgeon because
of large branches that arc given ofi from the axillary in its third portion.

Ligation of the Brachia! Artery
Anatomic Considerations. (Fig. 681.) The brachia! nrtcry extends from the

lower border of the tendon of the tcres major muscle to about an inch below the bend
of the elbow joint. It is closely associated with the veins and nerves of the ann. The
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Step 2. The clavicular and sternal portions of the pectoralis major

from each other and the adjoining tissues arc exposed. The t~~ separate<]
memLr:me is divided, the pectoralis minor muscle is drawn do:n~~:;acoi(J.
the subclavius muscle is drawn up, the branches of the thor:i • .' d and
aside ad he sitary vein drawn iwart, he ass+, a,",""""""; "a»no
posed. Care must be taken not lo include the veins or any of th en ex.
the brachial plt·xus in the ligature. ecords of
Ligation of the third _part. In ligating the artery in this situation .

arm must be abducted to a right angle. An incision 3 inches long is made ir~ ~~~
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Ligation of the first part of the axillary artery was first performed by
Chamberlaine of Jama.-:cn in 1815. The operation is difficult and dangerous.
The axillary vein (Figs. 678-679), closely attached to the costocoracoid membrane
may be torn.
Step • The arm should be abducted; the point of the shoulder should not be

depressed. An incision 4 inches long should be made immediately below
the outer two-thirds of the clavicle, although some surgeons advise that this
incision should form a curved flap with its convexity downward, which may
be reflected up.

!
N.' ],..., .•..,;

V, breMiel

Ligation of the Axillary Artery
Anatomic: Considerations. The axillary artery begins at the lower border or

the first rib and exlemls to the lower border of the tendon of the teres major muscle.
It gives off numerous branches. It is intimately connected with the brach1:il _rlc:1:115.
It may be ligated in thrt-c silualions: (a) above the pec1oraJi5 minor; (b) behind the
same; (c) below that muscle. Only the first or lower and third p:1rts of tl11s artcrr
can be ligated.
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mistaking the basilic vein for the artery as the former is above and the latter is
below the deep fascia ( Figs. 683-684).

An alternate method of ligature consists in deliberately opening the sheath of
the biceps muscle and passing through it so as to approach the artery from the
front.

p a
I
I
I
!

( ~

. ' ~ --------M
F. 682. Emarch compres sion of the urachial artery, Note bandage tied oer t i Eur@

bandage and fastened to the opposite shoulder.

Ligation at the Bend of the Elbow. As before, the arm is abd~cted (ro:
the side to a right angle. An incision, l inches long, is.made Slart;~;I ~~ ~he
middle of the antecubital fossa and running upward and inward para , 1
inner border of the biceps muscle (Fig. 67C). The median basilic vein 15 1 rai,i

Fm 683- Arratini;" hemorrh.:igc by comprcssini;" the br.icbi:il artcO', . the
. . the fat mth .

aside, the fascia is divided and the artery is found lying 111 .d It 1r1ll
median nerve on its inner side and the biceps tendon on the ~ulSt e~uscle oD

be found immediately under the aponeurotic cxp.::msion of_t~\bi~~ veins; tbt
the same level as the main biceps-tendon and is nccomp:ini:< . Y d
structures lying behind the median nerve should never be d15place ~he 3,:j!lar)'i

Precautions. The arteries of the forearmmay spring from

brachial artery issituated 0 11 the inner side of the arm; it may be ligated in either of
two places.

Ligntion at the Middle of the Upper Ann. The arm is abducted from the
side at a right angle (Fig. 68~). The incision should he about 2½ inches long
made in the line of the vessel (Figs. 679 1-680). The basilic ,·t>in and biceps

·r:sv
B,achial a,tt'f'f 1

Fc, 68t. Liration of the brachia! artery in the middle of the arm showing the median nerve
lyin on the artery and the ulnar nerve to its inner side. (Duis' Applied Arut0my.)

muscle are moved out of the way. The artery will be found lying upon the
lrio:ps muscle with the median nerve in front of it. There is no excuse for



the head of the fibula and the outer tuberosity of the tibia to a point midway between
the two maleoli.

In its upper third. In this situation the operation is tedious and difficult.
The artery is situated here very deeply between the tibialis anterior and the ex­
tensor longus digitorum muscles. An incision four inches long is made in the line
of the artery. The intermuscular space between the tibialis anticus and the
extensor communis digitorum muscles is identified and the muscles arc separated.
The anterior tibial artery will be found lying deeply upon the interosseous mem­
brane with the nerve on its outer side and with a vein on both sides. To theouter
side or the vessel lies the extensor longus digitorum, above and lower down the
extensor longus hallucis. ( Fig. 704 D.)
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taco ««on«3,",{'7."z,jg « o. cs .« o.
Step I. Flex the knee. The surgeon stands on the opposite side or the table

(acing the inner aspect or the limb.
Step 2_ Make a curved incision, about three inches in length, with the con­

cavity uppermost and the center at a point midway between the inner m41.
leolus and the tuberosity of the os calcis. Divide the fascia and internal
annular (dancinate) ligament over a grooved director. This precaution should
not be neglected since the artery hes immediately beneath that ligament.
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F i.ya±. Dissection of inner side of right ankle, showing relation o tendons, vessels and nerves
as they pass between calcaneum and mlemal ni:illeolus. (Pienol's Hunun Anatomy.)

Ligate the vessel after having separated it from the veins, from without
inward (Fig. 702).

Collateral Circulation.. Muscular and other branches of the peroneal and
anterior tibial vesse ls.

Ligation of the Anterior Tibial Artery

The anterior tibial artery may be ligated in three places.

i. In its upper third.
z. In its middle third.
3. In its lower third.

Anatomic Considerations. (Fig. 703.) The anterior tibial artery arises from
the poplitea l just below the lower border of the popliteus muscle; it passes forward
between the bones of the leg above the interosseus membrane, then downward on the
anterior surface of that membrane to the ankle-joint where it becomes the dorsalis
pedis artery.

Surface Marking. (Fig. 704.) A line drawn from a point midway between

Fi. 703 Fc. ;04
FIG, 703. Dissection of middle third of right leg, showing relations of anterior tibial vessels

and nerves; extensor muscles have been drawn aside, (Piersol's Human Anatomy.)
Ftc. 7o4. Outline of incisions for ligating the anterior tibial and peroneal arteries.

In its middle third. (Fig. 7o4 F.) An incision three inches long is made along
the line of the artery. The intcrmuscular space as above mentioned is again found.
Upon separating the muscles the extensor longus hallucis is found and pushed
aside. The artery will be found lying upon this with the nerve lying in front of it.

In its lower third. (Fig. 704 F.,) An incision three inches long is made in
the line of the artery ending just about two finger breadths above the line of the
ankle joint. The artery will be found lying between the tendons of the tibialis
anticus and extensor hallucis muscles and rather under cover of the latter, with the
nerve on the outer side.

In ligating the anterior tibial artery it may be necessary to widen the inter­
muscular space which has been referred to. To do this it is best to introduce the
large ends of two retractors transversely and back to back at the midline of the

Po1J.1ibiol artery

Post-tibial nerv e
-Tendo Achilli1
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opening, then turn them at right angles and pull one upward and the other down­
ward; a rectangular space is thus formed and in this space the nerve is first
noticed, then the artery and its accompanying vein.

Collateral Circulation. This is formed by the muscular and other branches of
the posterior tibial and peroneal arteries. - ,
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of anteri or annular ligament still in place. (Piersors Human Anatomy.

Precautions. Do not mis take the head of the tibia for that of the fibul_a, tbe
hatteris situated more posteriorly and constitutes the most external bony promtnen~~
"s situation, Tie anterior iia! artery may be rudimentary_" 3"";; it
y be Situated more superficially than usual. Do not persist in par ",,

nae comites, they usually wil l tear; ligate them together with the artery. th:,"$,,sis fe yer iird isks iaai@iiiGr oe roperP",, Gi
e third the chief source of error is missing the septum between e

anticus (anterior) and the extensor hallucis longus.

Ligation of the Peroneal Artery •
.. This ligation is performed in exactly the same way as that of tbe posterior
hbial artery.

Ligation of the Dorsalis Pedis Artery

._ Anatomi c considerations. (Fig. 7os.) The dorsalis pedis artery is %?";
inuation of the anterior tibial artery. It begins at the ankle and continues down

between the metatarsal bones of the big and second toes passing through the inter­
osseous space into the sole or the foot. It lies between the tendon of the extensor
hallucis longus internally and the innermost tendon of the extensor dipitorum long us
externally, between which and the artery the anterior tibial (deep peroneal) nerve is
situated.

For ligating the dorsalis pedis artery the foot is flexed plantarwisc. An in­
cision is made one and one-half inches long
ending at the posterior extremity of the first
interosseous space an inch below the ankle
(Fig. 76). The artery will be lying between
the tendons or the extensor longus hallucis on
the inner side and the innermost tendon of the
extensor longus digitorum on the outer side.
The innermost tendon of the extensor brevis
dig itorum may have to be pulled aside.

Detmold's Method of Dealing with
Uncontrollable Hemorrhage

During the Civil War, when the usual
method of controlling profuse hemorrhage was
to bleed extensively, Detmold developed a
method of withdrawing blood from the general
circulation (sequestering) without loss to the
body; it could then be returned gradually when
the hemorrhage was controlled. It is still of
great value in profuse bleeding when it is im­
possible to reach the bleeding points, i.e., large
hemorrhages from the lungs , stomach and bow­
els and possibly, uterine hemorrhages. Frc. 7c6. Incision for expos­
'pert4 «tea doss o oe me. ,%2%.2

«d irowr, pressure to de wer pars ot we zg.27 z.,2.
arms and thighs, tight enough to check super• sp.1«. Th e dotted line indicates the
ficial venous circulation without affec ting the anatomical course of the artery The
deer arertat to ot osa. wen emor- ;%z.,%l.2,2.2%;
rhage has ceased the bandages are removed. I! art ery is to be made.
they must be left in place for a long time, it is
wise to release them one at a time temporarily at fifteen to thirty minute intervals.

In a personal communication, Dr. J, F. Baldwin o{ Columbus, Ohio, recom­
mends the method and states that "so far as I can recall I have never bad any
unfortunate results but have quite uniformly accomplished the desired end."

OPERATIONS FOR PULSATING TUMORS (ANEURYSM)
CIRSOID ANEURYSM

This is a condition in which a number of dilated arteries, held together by
connective tissue, form 11 tumor which is the equivalent of a venous varicocele. It
is most common on the sca lp.

According to Raymond W.McNealy "a standard procedure for managing a
moderately well-advanced cirsold aneurysm of the scalp might include (Fig. 7o7):



.I

(2)
{ition o' oeeipitl temporal aa.
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"4. These procedures will usually have reduced the tumor-mass to such 4
extent that it then becomes feasible to extirpate completely that portion cont1.
ing the abnormal arteriovenous communications. In the extremities the
plan of treatment is followed.

TRUE ANEURYSM
Palliative Measures (General, Medical, Dietetic)

Valsalva counseled rest in bed, bleeding, diet lo a point above starvation.
Tuffnell advised lowering of blood pressure by diet and rest.
Lancereaux practiced injection of gelatin at some indifferent point.
Dastres and Floresca showed (1896) that intravenous injection of gelatin

increases the coagulability of the blood.
Lancereaux and Paulesco at a later date verified the same observations with

gelatin injected at some indifferent point.
Carnot showed that the application of gelatin to a wound arrests bleeding.
Pressure by tourniquet: Signorini, Lister, Tulfnell.

Tests Prior to Operative Treatment

This has to be resorted to in the majority of cases. When an aneurysm
threatens to rupture, operation of one sort or another is immediately indic.1ted­
an emergency operation has to be performed. The condition of the collaterals in
case of aneurysm of an extremity should be determined; if these arc competent,
operate without delay. I incompetent develop them. Matas lauds the following
plan to test the efficiency of collateral circulation.'

1• The Sign of Quenu and Muret. To obtain this, the main artery of the
affected limb is compressed and, while compression is maintained, a puncture is
made at the periphery. If no bleeding follows the collaterals are regarded as
inefficient. This test Matas rejects.

• The Sign of Delbet. When an aneurysm forms on a main artery it is
often found that the pulse below it disappears abruptly or gradually. When, in
spite of absent pulse below the aneurysm, the nutrition of the part is well pre­
served, the collaterals are competent. Matas regards this sign as most valuable.

J. The Sign of Henle and Coenen. This sign becomes manifest only during
an operation, If the blood is seen to egress from the peripheral lumen or the
aneurysm when the proximal end is compressed the collaterals are competent.

a4. The Signs of Von Frisch. These signs can only be made manifest dur­
ing operat ion.

(a) When pressure is applied to the proximal side of an aneurysm the
peripheral part of the limb retains life.

(b) The sign of Henle and Coenen.
(c) When the main vein is compressed venous stasis arises below.
s. Korotkow's Test. This is made by estimating blood pressure in the

periphery while the main arterial trunk above the aneurysm is compressed. If
the blood-pressure is fairly high the collaterals arc competent.

6. Pachon's Test. This is also a blood pressure test made by means of an
oscillometer.

f
'J
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G
Reaction of scalp

F i. ;o;. CGrsoid aneurysm (court esy of Dr, R. W, MNealy).

"2. This might be followed, within a few days to a week, by independent liga­
ture of the secondary trunks involved, such as the temporal, occipital and auricular
arteries.

"J, A short time later the main vessels may be ligated at the edge of the
mass.
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111. Preliminary lii:;ation of the external carotid. If the frontal branch were
involved and the patient below fifty years or age, partial or complete occlusion of
the common carotid would become necessary .

Distal Ligation (Brasdor-Deschamps Operation)
In cases where proximal ligation was too dangerous or imp ossible, distal lisa

lion was resorted to. Brasdor in 1790 suggested this procedure, but this as
first carried out by Deschamps in 1798 and by Sir Astley Cooper about the same
time. Distal ligation obstructs the outflow of blood, the collaieral branches above
the aneurysm enlarge, the current of blood is gradually diverted and a clot may
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tor within the aneurysm Fig. 7os D). Distal r ation is reord"°",",3
aneurysms of the aorta, the iliac, inn ominate, carotid and sub""""" mon
John Chalmers DaCosta record ed two notable results by hgatmg . ominnte
carotid and subclavian artery on the right side in aneurysm •
artery, with one patient living and well over five years after the opera 10 •

Wardrop's Operation . of the pare
James Wardrop of London in 1825 ligated the main branch

II
ligated the

vessel at some distance from the sac. In 1809 Wardrop su~fu Y ysm (fig.
carotid distally for carotid aneurysm and in 18;tor sutblvis"",,
708 E). The arculat1on m Wardrop 's procedure is but parually a xirnal or

Halse4 i toss vgestd a etis4 ot «aims a"0"3,,}]. n
distal application of an aluminum band to reduce the caliber o d ._ d a set of
bands are of 3 to 36 sbeet-metal-gauge thickness. Halsted !"_',ho
instruments for tbe application of the bands to the vessel. "[xpenen
the method to be ineffective" (Wayne Babcock).

1 Sul'(, Ciyn. & Olm ,. Junt, 19 10.

SURGERY OF THE NERVES, VESSELS AND DONES

7. The Test of Tuffier and Hallion. If the main artery and vein are com­
pressed in the lower extremity for example, the veins of the foot will swell only
if a considerable amount of blood is taken to the periphery by the collaterals.

8. Stewart's Test. In this test the amount of blood passing through a part
in a definite time is estimated by a calorimeter.

9. The hyperemic reaction of Moschcowitz. This test is applied to an ex­
tremity if the main artery can be compressed. The limb is elevated. An Esmarch
bandage is applied from the periphery to the lower border of the aneurysm. An
elastic compressor is applied to the main artery above the aneurysm to cut off all
pulse below, After compression has betn acting from 6 to 10 minutes the elastic
bandage is removed while the compressor is still in place. At once a flush of
hyperemia appears below the compressor and descends the limb quickly. Even
when the collaterals are competent the digits remain of a waxy hue for some
seconds. The longer the time required for the digits to become hyperemic the
poorer is the collateral circulation. When the collaterals arc impaired 10 minutes
or more are required. In cases of great impairment 3o to 40 minutes may be
necessary.

Ir the collaterals are found inefficient they may be reactivated by pressure
excited upon the artery above the aneurysm. The pressure should not entirely
cut off the circulation; several such seances a day should be held until collateral
circulation is improved; or it becomes evident that it is not going to do so.

Operation by Ligature and Suture
Antyllus, a Roman successor to Galen practiced ligature in the third cen­

tury A.D. Matas named Antyllus' procedure Aneurysmutomy (Fig. 708 A).
Step 1. App ly an Esmarch constrictor.
Step z. Make a linear incision over the aneurysmal sac along the course of the

affected artery. The incision is carried far enough to expose the artery at its
entrance and exit from the sac. Retract the veins. Ligate the artery close
to its entrance and exit to the aneury sm. Make a small incision into the
aneurysmal sac and evacuate its contents.
Philagrius (a68o) performed aneurysmectomy {extirpation of the aneury smal

sac) after ligation of the vessels.
Preliminary hemostasis is essential in these operations.

Proximal Ligation (Anet's Method)
In 1710, Anel of Toulouse, suggested that the artery be ligated above the sac,

so close to the sac that there are no anastomotic branches between it and the liga­
ture. Anel's operation shuts off the circulation at once thus decreasing the size
of the aneurysmal sac (Fig.·708 B).

Desault-Hunter Operation
This operation was described by John Hunter and performed by him in Janu­

ary, 1786, alth ough Dcsault ligated the artery proximally in June, 1785. Hunter's
thought was lo place the ligature at some distance from the sac, in a normal seg­
ment of the artery (Fig. 7o8 C). In such instances, the circulation is not cut
off permanently, but its force and frequency are diminished sufficiently to favor
the formation of a clot within the aneurysmal sac.
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