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Thare are few surgical conditions which require fhe nicety of Judgment in
their managoment as do fractures of the skull. In writing on the subject John
“Abernathy in 1811 says '"The difficulties connected with this part of surgery are
sufficiently proved by this cdrcumstance, that notwithstanding it has at all times
‘. excitéd the attention of surgaons of the greatest talents and possessing the most '
oxtensive field of observation, much difference of opinion still subsists, and the
Dractice to be followed in particular cnses- yot remoins a matter of dispute.,” This
stat ement applies with almost equal force todaye. The ossentials in treating skull
' fractures are, first the observation of various clinical manifestations of the .
.condition, secondly their proper interpretation and thirdly the cor‘retlation_‘of‘ these
manifestations with troatment. Wo realize that each case of skull fracture 1s best
treated individuslly and that to apply "routino" treatmont is to court diszster in
. many cases; but it is our aim here to bring out as far 28 possible the relation
.betweez;_ fer;oue cliniocal aspects and therapeusis. With these ideasoin. mind we present
2 study of 223 cases of fracture of the skull which represent the cases admitted to
the Cincinnati General Hospital in 1922 and 1923, all of which with few. exceptions

have been personally observed and treated.

The procedure followsd in this Clinic is to observe the patient for Varyiug
Periods of time before any operative interference is offered, unless he presents a .
00!!:pound fzucture, o depressed fracture or signs and symptoms of an e-:tradural hemorrhage{
in which event he is operated -on 1mediately provided his condition pemits it. During
this observation period. various studies are modoe which form the basis for hia subsequent
management. Phase consist of a general physical and neurological e_xamination,‘

.chord of pulse and rospiration every 20 minutes, frequent temperature observations,

an X-roy of skull, and a spinal puncture with o rocord of tho pressure.

To our minds the most important phase of. the treatment is this o'bservation

Period when one recognizes and 1ntorprets correctly the changing traiu of signs and

Symptoms and on them bases his subsequent proceduree. Under observation the cases
\ Ml\ 2 W
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¢;ggolve themselves into gfpups,.i. 8. (1) those whose injuries are incompatible with
q;}fé*and who rapidljbdie;‘(z) those who show only mild degree of &njury and who never
Present alarming symptoms; and (3) those who stand botween groups (1) and (2), whose
vioutcome 1s problomatical and whose management 1s both difficult and fascinating.

Ago: Botwoeen 1 and 10 yrs. of age, 41 cases mortality 14465,
" 11 20 " 29 v - 13. 7%,

L ]

" 21 v 30 o " ", 31 v - " 52%_

" 31 % 40 " L 36 " - " 38, ge;.
o, ' " 41 " BO v " mo,29. n - " 68, 61.3.
l ' " g1 " g0 o LU L o5 - " 44 e

" 61 " 70 1" n 21 v - " 42, 8%.

1" 71 " 80 ” ” " ' 6 ” _‘ " 66/7.
// These figures corroborate those of other observers as to the more fzvorable
or gnosis in children as compared to sdults. This is due to several factors such as

) . .
g;gater elasticipy of bones, lack of fusion of suture lines, lack of adhorence:Pf

/ﬁ It is less often necessary to resort to decompressions in children,
Xﬁﬁhd one f£inds fewer cases with depressed fractures. It is interesting to note that
o ‘
the greater number of cases occurring in any one decade is found in the first. It

18 to be expected that after the age 0f,50 the mortality is Inoreasingly high.

t

SEX AND RACE. There were 1n the saries 183 males (mortality 35 ) and

40 females (mOrtality 37.5%)s 186 (mortality 38.2 ) were in the white rmce ‘and 57

f”(mortality 24.Sp) in the colored. There is little of significance in the sex piygﬁce p—

88 such; since the severity of the Injury is the most potent factor.

TYPE OF FRACTURE. Hore one finds a merked variation in the mortality ang

there i1s much of prognostic value in the type of fracture. Tho most -innocuous fractures

are thé.simple ones of tho vault, whereas, the most serious are the ones involving the

base,

‘ . e
Rumber of simple fractures of the vault, 59 ~ mortality 13.5%.

" " " " " Yage, B33 - mortality 42.4%.
" n w or depressed fractures of the vault and- base 107 - mortality 47.67.
" " compound fractures of the vault, 8 - mortality 12. 5ﬁo
" " compound, cormimuted depressed fraoturqs, 16 - mortality 37.5%.

Mixter in lglivreported 301 cases<9£:frgcture base of skull with:a total.
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mortality of 54.1% (but of only 36.5% in that part of the series from 1911-17). He,
however, eliminated the cases with severe associated injuries of those which died within
2 hours, whereas, our series indludes all cases. Ransohoi‘f in 1910,' reporting on 190
cases of fracture of the base of skull, shows a mortality of 65%, -and quotes Cushing
as having a mortality of 80% before he began to do decompressions. Phelps reports
570 cases of fracture of base with mortality of 54.5%, and 213 cases of fracture of
vault with 28.6%. Crandon and Wilson show 530 cases of fracture of base with 41%
mortality. The compound fractures of the vault do extremely well with immediate
operation., They rarely show marked signs of pressure as they tend to decompress them-
selves through their wounds before operation. The compound, comminuted depressed -
fractures with extensive cortical laceration and associated basilar injuries are of most
g€rave prognosis, The simple depressed fractures of the vault offer a good prognosis

and are best treated by immediate elevation of the fragments.

MODE OF INJURY. One hundred and eleven of the 233 cases were caueed‘by
automobilesl,“ 1. e. about one-half of all our cases; and of the 80 cases in the series
that died 52% were due to the automobile. This emphasizes first the importance of the
automobile as a factor ln producing skull fractures and, secondly, the seriousness of the
injuries thts sustaineds The injuries caused by the automobile are usually very
°xtensive ones and are so often assocliated with fractures of other bones, stove-~in chests
Or intra-abdominal injury that the prognosis is apt to be poor. One particularly fatal
form of injury_as noted by us are those cases which receive a very forcible blow on the’

- Polnt of the jaw with a fracture of the Jaw and a fracture from indirect violence to

the basge of the skull. Of these we have had 6 cases all of which died within a few

hours, »

STATE OF CONSCIOUSNESS., Much stress was laid on the state of consciousness

as Of value in prognosis and as a guide in treatment by early writers, such as Hippocrates
Pare Quesnay, Potts and A'bernathy. (_)f our cases 47 were fully conscious on admission
and of these 5 died - a mortality of 6.3%. Sixty—-six were semi-conscious, of whom 5
died -a mortality of 5,9. As against these two classes of cases was tha.t in which the

patients Were unconscious on admission and remained so for a varying period of time, of
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..v‘vhom‘ther'e ‘were 197wi'ch a mortality 0f 6643%e Phelpe‘repor'ts t}mt of ceses‘,
of fz_'aeture of theb‘:eléall with unconsciousness 318 died, of 76 practically conscious
/1'30 diefl, of 289 who”‘ were conscious 80 clied.. ln Ronsohoff's casos of fracture of °
base 957 showed some change in state of consciousnoss, of 98 cases in deep coma 70%
died, of the conscious casos only 3 died. The state of .cdnsciousness_ influences
ﬁs-greatly in the '_treatment. If consciousnesss iu retained at the same level we
are inclined.to:wait longer bvefore decompree ing (even if the pulse is slow 'but regular
and respirations are quite slow but not varying in depth) than we would be in an
unconscious patient with the same degree of slowing of the pulse and respirat‘ion. ‘A_
steedily \inc'reasing state of consciousness wo feel to be & good omen even if some ef the
Other findings are not so encouraging; whersas, & deepen.".ng. state of unconsciousnoss
causes us, consideradlo alarm and demonds urgently reliex of pressure.’“ The clessical
DPicture oi‘ ‘an immediate loss of consciousness, followed by a’ clear interval, which is
in turn followed by 2 seeontl loss of consciousness, calls for eﬁ immediate :operation'
wliich nea.rly always ‘discloses'en'extradural hemorrhage. To recapitulate, a_. persisteut'
-”deep co»maimeahs serious intraoraziial damage and grave prognosis (665 mortality in our
:_°3538). retention of consciousness ie quite favorable; a returning consciousness even
in the'pfesence of unfavoreble symptoms is most encouraging, dbut a tleenening eome. is

g
indicative that the cese is progressing unfavorably and measures for relief of pressure

ehduld ba. vstituted..

"'EHI’I‘F.ATUI" Pationts having normal tomperatwre oxj‘abvove nor;zal on admis sion; =
82" with 17 m'crtality. Patients having su‘b-norml ‘tomporature on admiseion, 138 witli, , |
mortality 4.:"%. Pat ients pre.,enting a sub-normal tewperature on admisrion are those
»with the moat sevore injuries anl assocliated shock for *vhioh raasons the mortality is
especially high. In the individual case the temperature on admission means little, _

) unless it is extranely hir_m or utxduly low, in either event offering a poor prognoeie. '
On the other hand the course tha.t the tempemture takes later on does have a definite
meaning. Cases with a st‘eadily.mounting temperature _reaching‘ 104 - 106 rarely
Tecover for this is associated so often with deep coma, Cheyns-Stokes respirat:ion,‘

cyanosis and weak, rapid pulse and with them means ‘that.the stage of cerebral
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decompensation has been reached. In cases where the temperature remains subnormal
the danger from shock is of paramount importance. In favorable cases the temperature
rises promptly after shock subsides but does not usually go higher than 102 falliﬁé by
rocessions a degree or so a daye The onset of meningitis is usually indicated by a2 "
sudden rise of sovoral degreos. Braln abscess is associated with nommsl or subnormal
temperature. We do not'boliove a decompression advisable in 2 patient whose temperature
15 102 and steadily mounting. Wilensky has called attention to the prevalence of fever
in skull fractures and cttempts to oxplain it in one of three ways, i. e. (1) upset of
the heat conter, (2) meningitis or (3) the escspe of ceiebro-spinal fluid through tears
in the pia which in the presence of a bacterinemia gives a temporary mild meningitis.
Courtney statos that the temporature stands supreme in scale of importance among the
valuable prognosfic and disgnostic signs. He feels that contusions of the brain are
associated with temperature arpund 102 and if the case is progressing favorebly it falls
gradually, but if unfavoradbly, it mounts steadlly; laceratlonsof the dbrain give an
lmmediate upward trend with infrequent and slight recessions. Hichols states that the
t&ﬁberatura is low in simple edema but high with lacerations of the brain. Pheips feols

that with s primary temporature of 102 or a subsequent one of 105 there are no recoveries. :

| THE PULSE. Much information of value may be derived from the pulse, On
. admigsion the pulse has significance only if it 1s very slow 30-40 or very fast 120-160,.
Rates between these céhvey little of immediate prognostic or diagnostic value. It 1is -
What happens to the pulse later that is of sipgmificance. Our rocords sﬂow 82 cases
mittodlwijiﬁ a pulse of 90 or over with o mortality of 39%; 83 cases with a pulse of .
70-80"with o mortelity of 31%, and 54 with a pulse of 70 or beolav with a mortalit& of
37%e A steadily diminishing pulse rate means a stoadily inoreasing intracranial p_'z;“essu’rer i
,am indicates that the pressure rmust immediately be relieved. ~ In addition to the ° »
actuai slowingvbf the pulso, ono notes a slight irregularity in the cases who are
bordering on decompensaﬁon. This is apt to be an irregularity' in rate first' - tlﬁué,
if one holds the pulse a full mimute or two he will count it 50 for one Qﬁnfter and say
9 for the mext. When this is noted we feel that uxiles‘s-ur{;e.ntA steps are taken for the
relia:nof('presshrexthe case will soon pass over into”that place where therapy will be of -
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no aveil. When a pulse that 1s steadlly rising goes over 120 we feel'thet operative
1,!;terference is not -indicated. On the other hand, & elowly incressing pulse rate
that does not go over 90 or__loo is 2 gnod omome. One too often saes a pulse going from
"SQ,vper mimite yo 140 in o veory short space of time and if this occurs tho prognosis
i_vs absolutely ‘ead. Tho most important features of the pulse in skull froectures are .
(1) ﬁgt a stondily slowing rate or the same slow rate associated with a slight |

' irregule.;'itg calls for relief of prossure, (2) a weak, rapid pulse is ‘of poox prognosis :
and contra-indicates operation. No definite lower limit to the pulse rate canfbe set
when oporation is indicated but ono must comsider the other aspects of the oase in
conjunction with the pulse. A case with a consistent pulse of 50 or below usually
comes to operation. A comparison of both radisl pulses was not done regularly so we
’are not prepared to corment on tho asymmetry of the pulses on the 2 sides as described
b:‘f P_helps, and which he ascribes to an interference with the correlation of the

Sympaflxetic and central nervous systems.

BLOOD PRESSURE. - Unfortunately, our o‘beervations on this phenomenon are not
accurate or sufficient onough to justify any report. From the literature it seems
' ‘ - of

Conceded the blood pressure changes ars not consistentlgnough to be unifo'mly ‘much

value as a sign on which prognosis may be dbaseds

" RESPIRATION, Iumbor of cases with respirat:lon over 12, 192 with 33% mortality. .
. " roon " v 12 or less, 16 with 435, mott.
" oo "  Cheyne-Stokes, 59 with 807 mortality.
~(Note - Death over-laps in those cases, i, e, one doath may be counted under 2 headings‘.o

o If when one first sees a case it presents Cheyne~Stokes respiration, the prognosis
is utterly md, or ir thds type of respiration appoars lator in the course of the dise“se

3 the hope of recovery is slight. In oithor ovent we foel that little will be accogm;lished
by opere.tiva interference. Ve aro particularly careful to pgy tho closest attent.i":im
to.the respiraf ion combined-mith_rapld,-werk-pulse-aui-cemitdon moons increasing p"r;essure_,'
(2) frank Cheyno~Stokes respiration combinod with rapid, wouk pulse and coma-contra-

indicate operation, (3) slight early irregularity in depth of rospiration is most

‘ important as a positive sign of impending decompensation. It is necessary to watch the

respirations for several minutes with a. (;oocl view of chest and abdomen 1n order to
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appreciate the. first appearance of irregularity. We have noted in sovéral cases a
peculiar sigh intersporsed at intorvals in otherwise regular respiration and have come

/

to *eganl this as a particularly 11l omen.

BLEEDING., Number of patients bleediné from nose or mouth, 59, mortality 47%.
nooooe " " "  ear, 84, mortality 50%.

o n " " not bleeding, 80, mortality 1‘_.5,3. -,
Phelps states that of 285 of his cases that bled from the ear 119 died', and of 90
that bled from nose or mouth, 51 died. Crandon and Wilson report 396 coses with
bleedtng- from ear, nosa or mouth with 181 deaths; thoy advise agai-nst irrigationv of

8ars or nosés Ransohoff emphasizes the seriousness of hleeding from-nose as in 19

’0: such' cases only 4 recoveored. Bleedihg ears, nose or mouth'_mean usually more }
ext’ensi;e injury to tiae base of the skull and a resuititzgly high mortality. At:this'
' pdiot wo would .1ike to emphasize the importance of caring properly for & bleeding ear
or- nose.\ 'Negligence 15 this precaution is sure to loo.gl to a cortain mmber of cases:
..01 meningitis. Cleanli»ness and avoidaece of introducing fluld .’mto tho ear or nose
'are the 'e_ssontia],'s. Ve are in theo hadbit of cleansing tho external ear or nares with
fauze moistensd_ in’peroxids not irrigeting and applying aA large sterils dressing to the ;
eéar, This is changod a8 ofteo a8 necessary. Under this regime we have he.d only '2>
cases of meningitis which is & bit lower than one finds in other series published.
Thus, Mixter reports 8 cases ine ssriss of 301; Wilensky 4 in 75, LeCount 39 in 504,

Phelps no cuses in 2000, Rzmsohoff 4 in 190. We have seen brain substame in the

,external auditory canal in 3 cuses, two of whom promptly died. and ong reccvered. without

' °Peratton but was mentally deficient when last heard from. ~ Phelps reports 3 similar

cases with the same rosult.

EXAMINATIO‘I or "‘H:‘ "UII‘)US. This me have not found to be particularly

uueml as an ald in diagnosis, QXuBPt in the later stages of the disease w‘wn one
. 8Suspects paohymeninpitis hevnorrhagica or other causes of lonb contimed pressure.. In
“the ucute stages the 4‘und1 mrelj, in our oxperience, g:.ve any 1nfomution other thzm

‘what - ope, can glean frcm other sources. Kearney rsports constant "1nd1ngs of 'blurring'
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© of disc edges with some edema, Wilensky agrees with tﬁi§,~ *but other observers fail
to c01-1joboz'ate;:£hué, Cohen in 75 cascs never saw a choked disc or doubts if they
occur, though he finds frequently a fulr;ess of the vessels and slight blurring of.tha_
disc edges, Jackson does not i‘eel'that ‘the fundi show much _ohange- early and does ﬁot

rely on them.

PUPIIS. Cases with pupil dilated on side of losion in skull, 48, mortality 52%.
woom " w n  opposite losion, 20, mortallty 95%.

" " no pupillary change, 155, mortality 237,

The pupillary changes we feel are rather good indications o»f‘the amount of intracraniali
damage., 4n extrere amount is associated often with fixed dilated pupils and_here\ the
‘mortality is frightfully high, in our sories 1007.. This seems‘univezv'sally true, thus,
‘Cohen galls attontion to the poor pfognosis_ agsocioted with fixed dilated p\}gﬂg,
Nip_‘go;s_. advises agninst oporation when they aro prosent, Crandon and Wilson show 131
death;; in 142 casos, Ransohoff 42 cases vy’ith 41 .de'aths. The Qilatad_pupil is most
oi"ton on the .side _of the injury for there tho‘damé.ge is sevore, S0 ‘much 80, agitq
cause 52;-97 X;Qrtalnirty in_ our geriesy when, however, {the pupil on the ,oppositie »sida is
dilated jve'varg_ inclined to feel thet tho contre-cou/pldamago is more severe than’ that
; - on. the side of the injury and that tho sum total of tho injury is such tl{at an éxtremely 3
poor prognosis is offerods Then a pupil which was large on admisSioh ‘c.on'x'eé'dm;m to
nolmal size the prognosia 1s apt to be favorable; but when a “pupil \vhich vias aqua.l to
its mgte on admission luter becomes dilated we feel that the 1ntra—cr§n1a1 damage is ,'
._ Prbgrassing and become suspicious of en extra or intra~dural he:nprfhaé;e. . waltonA fe:;o'ls B
‘that the pupillafy changes are due to injury to the celio-spinal tract. - Pheips states
’that a single dilatod pupil Wss found in 11 out of 30 cases of e}.tra-dural hmorrhage,
" both pupils woro dilated in 7 cases, normol in 3y ‘and’ contracted in 5- and quotes ,
Hutchinson as sayin{; that a sinp‘le dilated pupil meant an o*itm-lural hemorrhage ir;
middle fossa on ,.ho same side. ' Crandon and Wilson show that In 155 cases with uneoual

pupils 90 died~ Ho]mun (A4, 84, 18, 1333) emphasizes the valuo of unilataral dilata- :

tion as a,localizing sign and cautiof# &Pansitory character
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CONXVULSIONS., Ozses presenting focal convulsions, 7.)
: ( mortality 66%.

noo genoral ™ s 20)

Gon_vulsivo seizures ordinarily mean extensive cortical damage rather than extra-dural
hemorrhage for in the ;attar case one more frequently finds paralysis rather than an
irritative lesion. When a focal convulsion is repeated two or three times over an
inteljval of an hour or so we are in the hobit of operating as much for, the possibility
of correcting damcge which may later loaé to epllepsy as for irmediate results. We
do not bolieve thut one focal attack particularly in children calls for operative

interference, as we have two cases who rocovored gpontansously.

/

) PARALYSIS, In our opinion & definite, porsistont, paralysis or weakness
of an extromdly in a patient with o skull fracture is on obsolute indication for
operation. A hemiplegia, if one can rule out an apopletic stroke and coincident
skull frtzcture, is an wrgent indication for operation for 1t is so frequently associated |
with extra~dural hemoxrhsge, Facinl paralysis 1s most often due to injury to the |
’_ierVe_ _1n the canal and scarcely falls in the samo category 25 paralysis of an extremity.

In owr geriss 25 potients presented exidence .of paralysis with o mortality‘ of 48§, Ve \

have not encowntored a case of longitudingl sinus syndrome of Holmes and Sargent,.

REFIEXES. Not many cases in this sories sh(.)w changes in the reflexes,.
About nll one learns of value as to reflexes is that absont refloxe.s cre of very grave
Progan;;g, any real chengs in refloxes moans moye damag;o within the cranium and nore
serious.prognosis thun if the reflexes were unchanged. Our records show normzl
rei‘lewes in 185 cases with a mortality of 28.4%, absent in 17 with 1009 mortality,
incroased on side of lesion 10 with 5053 mortality, incroased on side opposite lesio‘n,'(
13 vith a mortality of 467« Tho impression geineld from the literature 1s that chazi;;eé
in refloxos are apt to be transitory and are of little value both in prognosis g;a'_d )

ind.tcat ion for operative interforsnce.

A - SPINAL PUNCTURE. Reports as to the use of lumbor puncture in the treatment

of fractures of the skull bogin to appoar in the litoratwro about 1905,  From that
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time until about 1922 most of the adl.vocates were among the French and Italians.
Jackson in 1522 strongly advocated its use and seems to have stimﬁlated interest in it
as a diagnostic and therapeutic agent. Until 3 years ago we had boen fearful of.
berforming spinal puncturg on patients with s}{tﬁll fractures on account of the supposed

'damage of meduldary jamming into t}ze‘ foramen magnum. Ve have been using it as a
routine measure in the series of cases ﬁerewith presented and now feel that not only

. is it not dangerous but is frequently of real value either therap_euticgliy or from &
diagnostic viewpoint. One hundred and seventy-eight of our patiéﬁts had one or more
lumbar punctures and of this number only one showed ill effects attributable to the
pimcture. This occurred in a patient who later was found to have a large extra-dural
hemorrhage. The 111 effects manifested were a focal convulsion becoming generalized,
Weak -rapid pulse, irregular respiration and coma. He rallied, however, and was later
Operated on. Itore will be said later of the use of lumbar puncture in extra-dural
hemorrhageq In doing a puncture one should proceed ceutiously, allowing the fluid
to escape very slowly and allow the pationt to get quiet bafore meiking o reading of the
Pressure, . Our readings are made with a vertical manometer graduated in centimeters of
water, taiing 5-10 cm. as nbrmal. We do not feel that any reading is absolutely
correct in that it gives the exact amount of intracranial pressure, but tha.t one can
&rrive‘at fairly definite conclusions evon thmigh there 1s some degree of error. In
~ our opinion cpinal puncture cannot bo used alone as a means of rolieving intracranial
bressure in overy. caso,' but must be combined with a decompression in the higher degree_s/

- of sustained pressurs. It seems of undoubted value as a means of lowering the intra-
cranial tension andl 1 feel sure that due to its use we are doing fower decomprassions.
than formerly. We are in the hablt of performing punotures as frequently as 1nd§oated
and withdraw the fluid until the pressure is normal. Not all cases admitted with

: Blmll fractures receive punotm'es- those who are only mildly affected 'by their injuries '
and show no evidenoe of pressure by sifrn or symptom are not punctured; compound fractures '
are not punctured for fear of producing a mening.itis; patients with marked bleeding from
the ear, espocizlly 1f cerebro-spinal fluid escapes at the -smne t ime, are not punctured,

- unless it is urgently required, for ths same reason; obvicus extradural hamorrhage
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: _,cases are never punctured. Viewed from the standpoint of spinal puncture ons can

: al‘bitrarily group cases as followss

1. Cases with definite evidence of skull fracture but a normal pressure, and no
alarming symptoms. Here the fikid is pinkish or clear, One puncture suffices. UL

the pressure is normal, no fluld is withdrawn, ' -,

2; Cases with evidence of increased intracranial tension of severe or moderate degraee
and on whonm punc'cur.e shows & high pressure (20-30 cm.). Follawing one Or rore punctures
\the sie:ns of pressure diminish and succeedins punctures show a falling pressure. The ;‘
fluid here 15 apt to be quite bloody. . Punctures are dono at intervals until preesﬁre
is normal or »the sjhgns no longor are alarming. It is in this class thet the punctufe

finds its greatest therapeutic usefulness and obviates many decompressive operatiohs.

3. Cases with marked evidence of intracranial tension and a high iJressure on the
Cinttigy -_puncltt'zre. - Subsequont puncturosAshow either no drop in pressure or e rising

Prfessure. Here tho puncture is of little value therapeutically as it accomplishes

no 1est1ng reduction in the tension but 1t is of much value as an indicator for some

other means ofvrelief of pressure. This is the class of ocase we treat by decompression.f |

4. Qesee with evidence of high intracranial temsion and high initial pressure in the
Bp.inal', manometer, the‘ subseqdent taps reveal a low pressure but the .severity of the. |
‘Qymptoms do not abate. -Here the symptoms seem to be due to the injury to the brain

1tseif rather than to pressure on it, = Decompressions seem of no avail, for when the

dura ig -exposed no undue tension is ‘found-and' the patients sucoumb.

5. Cases with marked evidence of pfeemre with a spinal £luid cliear. of small smount,
and under high pressure. Here we’ strongly suspact an extradurai hemorrhage, are apt
not to withdraw any fluid bdut watoh the pationt more closely and on finding localizing

signs or signa of increasing pressure we deoompress rather t‘nan toke the risk of a

Bpinal tap IS

Our views on spinal punctures; are sumarized as follows:

/
[}
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1. It is not (ia.ngerous‘ if properly usad.
2 ‘As a therapeutic measure it 1s of value in selected cases.
3« It may be used to advantage as an indicator of the intracranial pressure
and on this, subsequent therapy may be directed.
4, Vith clear fluid under high pressure we strongly suspect an extradural

hemorrhage.

Hollbrook uées lumbar puncture as a diognostic means of “determining early 1ncréased
Intracranial pressure and as & therapoutic mocsure. Fay states 1ts use to be
dangero’ﬁs, Grant uses it as does Jackson. Sachs 1s opposed to its use, having seen
"two deaths attributable to it. Wilensky in 1919 says lumbar puncture ié bf'no value
clinicai}'y’hor thorapeuticelly and in 1921 { Surg. Clin. N. A.) states that "ldmbar
Imncture 'Tliias not glven complete satisfaction as a thérapeutic measyre."  Nichols
»(Surg. éiin. . Ae.) says "high pressure of spinal fluid as shown by manometer réadings
is or éreatof valuc; than high blood presc'ure as an indication for Operation."' :Rm'zsohoff |

in 1910 prodicted that lumbar punctures would be used more widely in fractures of the

- base.

Other sta.tistics on lumbar puncture are as followsa:
Number of patients receiving punctures on admission 178 with. mortality 365
" " " not punctured on admission 45 with mortality 207.
Bloody fluid obtained in 168 cases with mortality 73%.
Clear fluid obtained in 12 cases with mortality 8 3%
Ghnructer of fluid not reported 2 ases.

A

In;tial pressure of fluid 1-10 cm. 18 mortality 44.4%.

" vm W 1p0em. 59 v 18.60
"o | " W W 20-30 cm. 49 467,
K o "o w 30040 em. 41 " 6345

~ Not‘ recorded _ | | | 11 A
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Amount of fluid withdrawn at initlal punctures .

110 ce. " 14 cases mortality 57.1%.
10-30 co. - B no. 32,
30-50 cce 46 v " 50%.
50~70 cc. 15 v n 205,
76-100 cc. 5 " " 66.6%s
;Not rocorded 14 "

Cases wj.th 1ncreésing prossure 26 died 14.

" " decreasing " 29 "o,

Apparently ‘bloody fluld is associated with ‘a higher grade of intracranial dasmage and
a necessarily higher mortality. . It is 1nteresting to speculate as to why pressure as
low as 1-10 cm. should be associated with such a high mortality as 44%. This could
conoeivably 'be due to a filling of the foramen magnum by an edematous brain stem or
'blood clot and & comsequent lack of free ccmxmnioation between 1ntracrania1 and intra-
.8pinal chambera- or to a leakage of cerebro~spinal fluid through fracture lines.
| Naturally the higher prossures are associated with higher mortality. Thera seoms to

. be no gross relation batween the smount of fluid obtained and the mo#alityl

‘

\/ The fleld of usefulness of spinal puncture may well be extended ‘to the post-
:Gperative period also. It has been of much help in this respect and we feelithat
several of our cases have survived aftor opsration due to its employment., The pressure ‘_
as shbwn by the degree .bf bﬁlging, lack of pﬁisation of £he docémpression is surely |
tempoiarily relieved following the puncture. | If onoc assumes that some of the late
, effects of skull fracture, éuch.as headache, photophoﬁia, mental Achanges, etc.,l axﬁ‘e
Q}ie to a contimed increased 1ntfébfaniai pressure, it would seem ret ional to contime
the ptfxicturas during a patient"s ¢6nvalescance until the p’resls'm-c' is found to 'bé normal.
Only recently have we insisted on thi‘sA and it will ﬁe instructive to'i’olvlo.".;- these cases

' comparing them as far as possible to these on whom it was not done.
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' e have frequently been struck by the large amount of fluld one obtains on -

Spinai puncture in 'some cases of skull fracture. - In six of our cases 75-100 cc.

were withdrawn on the initial puncture, in 15 cases 50-75 cc., in 46 cases 30-50 cce.
Subsequent punctures continue to yield large amounts until within 24 hours one may
withdraw as ruch as 600 cc. of fluide Whether this is an increased production, a8
decreased absorption or not true cerebro-spinal fluid, we have as yet found no good

- method of det ermining.

EXTRA]IIRAL }EMORRHAGE.’ Of our 223 we have only 9 cases of proven extradural

) hemorrhage, one of which was disclosed at autopsy in a patient who was not opera.ted. on.
Six recovered and S.died. Moody reports 100 cases of extradural hemorrhage in 908
cases of skull fracture, and states that 63 were not diagnosed clinically; that 37
Cases were subjected to operation and of these 26 diede Phelps (Ann. Surg. XL1V)
reports 34 cases found in a series of 200 fractures of the skull. One should always
_bel on the alert for this type of case for an early diagnosis and operation give the
Patient his only chance. The histozfy is most im'portant.if obtainable, a hemiplegia
is strongly suggestive, and a clear fluid under high pressure should serve to p'u'; one
onvhis guard at once. Many observers lay much stress on a single dilated pupil as
an excellent sig’jn of extradural hemorrhage on the side of the dilated pupil; we have
found this to be quite true. Peairs emphasizes the point that extradural hemorrhage
1s accompanied many'.times by irritative phenomena rather than by pe.rslysis - this has

not been true in our series, where we have seen paralysis nearly every time. .

- OPERATION, ‘Operations on the skull for fractures have been done for
centuries - the procedﬁre of trephining being among the oldest'oi;'operations. From
’, this through various phases of eyolution has come our Iiresent day subtemporal decom— |
pr’ession.’ ‘The first trephinings were done on account of the fracture and without ‘
regam for any secondary effect on the brain itself - if a fracture could be demonstrated
- a trephining was. done.’ A This mistaken idea of the' pathology accounting for the signs “

or symptoms held until sbout 1800, since when most observers mention at the beginning

" of their writings that "it is not the operation which needs alteration but the results

on the brain."
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The' rationale of thivs procedure seemed to be (1) that a great many of the. cases
.developed. abscesses béneq.t;h the skull at the site of fracture, and the early trephining
was a prophylactic meamg;;i.‘\f(z) that oxtradural hemorrhages could be evacuated. More
-than ‘o‘nwe,‘,‘c:apening was made 1f found necessary, the openings being made at the site of
fracture.. It was considered very dangerous to open the dura,aand this was rarely done.
The opening of dura vzaé later advised if it bulged -through the dbone defect, thus for
the first time a true decompression was offered, the procedures prior to this not really 4
affecting the intradural contents at all. The dura was closed 1f possible, thus doing
away with the decompressive effocts. Warren t.’.m 1890 adviseddraining the sub-dural
" space in fracture of the base through a trephine opening with a gouze wick. Fimliy,'

Cushing in 1908 devised the present subtemporal decompression.

'Ever since operations have been deoscribed there has been mch discussion and

dispute as tq their usefulness, the indications for then and the type of operation that
i;houlc_l bao d.o'n.a. Apparent}y the profession has grouped i1tself into 3 classes on these
c;ﬁe stions, one group advising operation on neérly all cases, another advising against |
operation, and a th}rd balievizg in operation for selected cases. At different periods

AV;-

various ones of these groups hold the field; at present the pendulum seems to be

)

swinging towards conservatism, operating rarely but relying on lumbar punctures, various

salt soibutiona,. etc., for the relief of the increased intracranial pressure.

The subtemporal decoﬁpression as described by Cushing is used in this Clinic.
Care is taken to extend the cranial defect well down to the base of' the skull; we are
in the habit of closing the temporal muscle but not the temporal fascia as we feel this
allows more room for ths bulging brain. Fine black silk is used throughout the
closures A rubber tissue drain is inserted down to the base, to act as a continuous
avenue of escape for the cerebro-spinal fluid. It is reamoved in 48 hours, Since
using the spinal puncture during the post-operative course of our ceses w_e’.ha{re only :
resorted to 2 bilateral decompression once. The depressed fractures are operated on

irmediately, simple elevation through a trephine hold adjacent. to the depression being

‘the method of choice. Manf,r of these fractures cannot be eleveted as simply as this
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and‘ 1‘1;'-.;by6§omes»ﬁeoessary to ronguor away portions of the depressed fragments 1n_ order
"t.°-,; effect a sati'éfgid"tozjy elovation. If the dura is uninjured it is not opened, if
lacerated it is opened wider, and inspection made of the cortex, and tho dura closed.
If there are signs of pressure a sub~temporal docompression is combined with the elevatio_x}'.
. The compound fractures are handled by a meticulous debridement of the soft tidsues, removal
bf loose bone frogments, debridement of tho lacerated cortex and suture of the pla if
-possible. IfAthare 1s much loss of durg so that its closure is impractical .a transplont
of fascia la.t‘% is done from the thigh. The wound is closed completely without drainage.
All cases have hecled por primam save, one in which a superficial skin infection developed.
The operation is combined with o subtemporal decomprossion if necessary. This type of
case so ofton decompresses itself through the open wound that one rarely sees the
manifestations of increased intracranial pressure associated.with theme The oxtensive
cesteoplastic flap operation such as one uses for exploratory craniotomies is to our |
ninds not tho oporat:.on of choice in these acute casess for it is time consuming and
many of these patients do not tolerate }oss of blood or prolonged anaeathasia. Frequemtly |
we have encountered depressed fractures in old patients who have injurles to the chest |
and - those are easily operated on under local anacsthesia. The cases which were subjected
to operation were the most serlous ones in tho series and a fex wore done early in the
baeries in cases which in view of an inoroased experiencé would probably now be tr'eated

in other ways. Fifty-six cases were operated on as follows:

. 1, Debridemont of extonsive scalp woundsl in cases with linear fracturss and no
"--‘A:'].:prossure symptoms, 3 cases with no mortality.
2¢ - Elevation of depreésed fractures, 1l casos with 97", mortality. ( ,
3. Elevation of depressed fracturos combined with subtemporal ‘decompression, 7
cases with 28.5% mortality.

4. Subtomporal decompressions in 35 cases with 45.7% mortality.

There were two infections in the series. both in compound fraotures but

both superficial and of no real consequence.
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| \MORT!%_L'ITY.,‘ " The total mortality for the anti;'e series vhich includes all cases
Off sku;tl fmcture_z iri_espectiva of other associated injuries, length of time they survived,
stc. - Phefps reports a general mortdlity of 46.8% in 793 cases, Boesley 53’,3 in 1000 cases, |

 Harris and Nissen 51.3% in 330 cases, Brown £9.6% in 100 cages, Wilensky 31% in 75 cases.

The analysis of the deaths shows that 14 disd in 1 hour or less after admission, 24 died
in 13 hours, 5 died in from 3-6 hours, 9 died in 6-12 hours, 5 died in 12 hours - 1 day,
}1 died in 1-2 days, 7 from 2-4 days, 5 from 4-7 doys. Four cases died of pneumonia,

. One from cardiac dilatation. Thus woe find that of the 80 deaths 52 occurred in the
first 12 hours. These 52 represent that group of cases roferred to previausly as those
vho rapidly die in spite of all therapeutic measures. This loaves 171 cases group“efd

' Pny:l_er "those that rapidly recover" and "thos‘e whose outcomo is problematical." In these

tWo groups the mortality is 16.3%. In 22 of the 80 deaths thore were othor severe

associated injuries, such as stove-in chests, compound fractures, etc.

COMPLICATIO i8¢ = Of the early complications following skull fracture only three

are found 1n our series, 1. e. one case of meningitis; one of persistent faclal palsy,
&nd,‘one slight wound infection followling operation for compound depressed fracture of
Vault. We have not ssen simus thrambosis, arterio-vemous ansurysm, mastoiditis, brain

abscess, aerocele, etc.

TREATMENT. A3 noted prm}iousiy therpay was directed at first to the fracture
1tself vut later and now is directed to the results of tho injury to the brain, 1. e.
to repoiring damage ond tho brain or rolioving the increased intracranial pressuro.
This may be :done by decompression, by spinal punctures, by ;:oncentraj:ed salt solutions
or by combina;tions of the three. Remarks as to thorapy have been intorspersed with
the foregoing paragraphs and they may be surmarized as follows:

1. Depressed fractures or compound fractures, and cases suspected

Of extradural hemorrhage are operated on irmediately.

2« All cases except the very mild ones and -compound ones &are subjected

~to lmn'bar punctures and are carefully observed. for variations in pulae, respiration,
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,‘ tGmperm:ure, state of consciousness and nsurologmal sigsn if,lln spite oi\“ the'
lumbar punctures the pressure 18 found to be 1noreasine' or "to remain stationarily high
alsu'b-temporal decompression 1s _perfomeq at an earl,; dato. Those cases which respond o
to 1umbar 'poncture are ‘treated by that means. " |

3¢ The punctures are done until the prossure is found,fobe»‘no:;nsl and to |

remain so.

. The most important phase of the troatment is the period of observation

whon one views the changing train of events, weighs the mportanco of eoach, direots the

- therapy acc ordingly._ :
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