Kraniocerebralni traumata

z pohledu neurochirurga

Jancalek R.1:2

1 Neurochirurgicka klinika LF MU a FN u sv. Anny v Brné
2 Zdravotnick& zachranna sluzba Jihomoravského kraje
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THE COST OF

Traumatic Brain Injury

TBI COSTS
11 Indirect and direct
1 |7m | “lon medical costs

PEOPLE EACH YEAR C
seek medical care $77b||||0n
for TBI in the U.S. yearly in the U.S.

TOP 4 CAUSES OF TBI
1- Fa"s = 3502%

2. Motor vehicle -
traffic - 17.3% 1 / 3
3. Struck by/against of all injury
events - 16.5% related deaths

is cause by TBI
4. Assaults - 10% 4

THE NIH HAS AWARDED $1 8.8 million

over 5 years to U.S. researchers in an international collaboration.

INTERNATIONALLY

more than
MORETHAN 63 8,000 patients
Institutions worldwide are will be enrolled in
participating in the international ~ studies as part of the
consortium to fight TBI. consortium research.

e & o s & &

ELEREL)

Source: UCSF and Centers for Disease Control and Prevention
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Kraniocerebralni poranéeni

primé poskozeni nervove tkané

poruseni autoregulace mozkovych cév a jejich
reaktivity na pCO, = zakladni mechanismy
udrzeni adekvatniho CBF pfi kolisani
systémoveho TK @

snizena schopnost zvysit prutok krve mozkovym
recistem v reakci na hypotenzi, hypoxii nebo
akutni anemii — sekundarni mozkove postizeni

A

CBF (ml/g/min)




Sekundarni mozkové
postizeni/poraneni

-+ vnimavost mozku k sekundarnimu

i postizeni

— sekundarni mozkové postizeni je

mnohem castgjSi u tezkych nez stredne
tézkych nebo lehkych stupriu KCP




Prednemocnicni péce

r * PNP
© —zamerena predevsim na ty inzulty, ktere
maji negativni vliv na progndzu a které

|ze soucasné aktivne ovlivnit prostredky
PNP

"o Cil resuscitaCni pece u pacientu se
' zavaznym KCP

— zabranit rozvoji nebo zmensit rozsah a
tizi sekundarniho mozkového postizeni

— zvySit pravdepodobnost preziti
— zmensit nasledky




Intrinzické faktory

Extrinzické faktory

1ICP

| CBF/ICPP
Systémova hypotenze
Reperfuzni posSkozeni

Hypoventilace/hypoxie
Mozkovy edém a mass efekt
Mozkova herniace

Mozkoveé krvaceni
Vazospazmy mozkovych cév
Zanét

Hypertermie

Hyperglykemie

Chronicka systémova
onemocnéni

Neadekvatni [éCba systemové hypotenze
Neadekvatni IéCba hypoxie

Prilisna hyperventilace

Alkohol, drogy, ...




Systemova hypotenze

¢ * jedina epizoda systémové hypotenze

- v prubéehu PNP = dvojnasobny narust
mortality a signifikantni zvyseni
morbidity

— bez ohledu na vék zraneného, pritomnost
hypoxie nebo extrakranialniho poraneni
&« trvani a pocet epizod systémove

I hypotenze koreluje mortalitou?

1 MANLEY, G., KNUDSON, M.M., MORABITO, D., DAMRON, S., ERICKSON, V. AND PITTS, L. Hypotension, hypoxia,
and head injury: frequency, duration, and consequences. Arch Surg, Oct 2001, vol. 136, no. 10, p. 1118-1123.




Systemova hypotenze

£« STK <90mmHg

. » cca 10% pacientd s tezkym KCP ma

L systemovou hypotenzi v predhospitalizacni

vy dobe

b+ silngjSi prediktor Spatné prognézy KCP nez

E- hypoxie

— schopnost mozku udrzet dodavku O, zvysenim
jeho extrakce z krve po dobu dostatecného CPP

— redukce CBF v prubéhu prvnich 12 hod. KCP =
zvysene riziko ischémie




-« inicialni faze KCP — zvy&ena
vnimavost mozku na hypoxicko-
Ischemické epizody — sekundarni
mozkove poskozeni

\4

¥ pouziti konceptu permisivni hypotenze
t je u pacientd s KCP kontraindikovano?

1 ROSSAINT, R., BOUILLON, B., CERNY, V., COATS, T.J.,, DURANTEAU, J., FERNANDEZ-MONDEJAR, E.,
HUNT, B.J., KOMADINA, R., NARDI, G., NEUGEBAUER, E., OZIER, Y., RIDDEZ, L., SCHULTZ, A., STAHEL,
P.F., VINCENT, J.L. AND SPAHN, D.R. Management of bleeding following major trauma: an updated European
guideline. Crit Care, 2010, vol. 14, no. 2, p. R52.



Hypoxie
« PNP

- —apnoe

" — cyanotza

, — Sp0O, < 90 % merené pulzni oxymetrii

i * epizody hypoxie = vyrazny nardst
mortality?

— mene vyjadreno nez u systemove hypotenze

« CAVE: epizody desaturace pfi OTI?

. o -
i 'a_‘ﬁ-l el
T 0

¥ .-l- -

y 1 CHI, J.H., KNUDSON, M.M., VASSAR, M.J., MCCARTHY, M.C., SHAPIRO, M.B., MALLET, S., HOLCROFT, J.J.,
X MONCRIEF, H., NOBLE, J., WISNER, D., KAUPS, K.L., BENNICK, L.D. AND MANLEY, G.T. Prehospital hypoxia affects
L outcome in patients with traumatic brain injury: a prospective multicenter study. J Trauma, Nov 2006, vol. 61, no. 5, p.
1134-1141.
2 WANG, H.E., PEITZMAN, A.B., CASSIDY, L.D., ADELSON, P.D. AND YEALY, D.M. Out-of-hospital endotracheal
intubation and outcome after traumatic brain injury. Ann Emerg Med, Nov 2004, vol. 44, no. 5, p. 439-450.




Hyperkapnie

':; * hyperkapnie — nitrolebni vazodilatace —
- tobjemu vaskularniho kompartmentu
nitrolebi + | compliance mozku

b/ zvy3eni ICP — negativni ovlivni CPP
¥« hyperkapnie = sekundarni inzult
i negativné ovliviujici progndzutl

1 MOPPETT, I.K. Traumatic brain injury: assessment, resuscitation and early management. Br J Anaesth, Jul 2007, vol.
99, no. 1, p. 18-31.
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Hypokapnie

¥« hypokapnie — zmensSeni objemu

.- vaskularniho nitrolebniho kompartmentu
©  — pokles ICP

t_ s riziko rozvoje mozkové ischemie

3 (spoluliCast systemove hypotenze)

g e pritok krve mozkem sam o sobé& béhem

- inicialnich hodin po KCP redukovan na méne nez
polovinu normy

¥+ — zvySeni mortality a morbidity?

1 MUIZELAAR, J.P., MARMAROU, A., WARD, J.D., KONTOS, H.A., CHOI, S.C., BECKER, D.P., GRUEMER, H. AND
YOUNG, H.F. Adverse effects of prolonged hyperventilation in patients with severe head injury: a randomized clinical
trial. J Neurosurg, Nov 1991, vol. 75, no. 5, p. 731-739.
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Dalsi faktory u KCP

* hyperglykemie
I« hypertermie

-




Hodnoceni zavaznosti KCP

¢+ hodnotici skala

[ —jednoduchost pouZiti

_ — vysoka prediktivni hodnota

i+ Glasgow coma scale

¥ _ moznost arteficialnino ovlivnéni

— KCP
 lehky stupe n GCS 13-15
o stfedné tézky stupe n GCS 9-12
o tézky stupe n GCS <8

e =

i i




Hodnoceni zavaznosti KCP

. Klinicky stav pacienta
Klasifikace traumatu

stav védom/ loZiskové neurologické priznaky
lehke KT pii védomi nebo rychlo se navracejici védomi nepfitomny
stfedné tézke KT pfi védomi pritomny

bezvédomi od okamzZiku durazu nebo progredujici porucha védomi pfitomny nebo nepfitomny




Zajisteni krcni patere a dychacich
cest

-+ cca 10% pacientd se stfedné tézkym

-~ az tezkym KCP ma poranéni kréni

patere

— az 50% ma soucasné poranéni misnil

— priblizné 1/3 pacientu s poranénim kréni
patefe ma stiredné tézké az tézké KCP?

Lo 1 HOLLY, L.T., KELLY, D.F., COUNELIS, G.J., BLINMAN, T., MCARTHUR, D.L. AND CRYER, H.G. Cervical spine
trauma associated with moderate and severe head injury: incidence, risk factors, and injury characteristics. J
Neurosurg, Apr 2002, vol. 96, no. 3 Suppl, p. 285-291.

2 1IDA, H., TACHIBANA, S., KITAHARA, T., HORIIKE, S., OHWADA, T. AND FUJII, K. Association of head trauma with
cervical spine injury, spinal cord injury, or both. J Trauma, Mar 1999, vol. 46, no. 3, p. 450-452.




Zajisteni krcni patere a dychacich
cest

“-j * riziko poranéeni krcni patere

[ — stoupa se zvysuijici se tizi KCP

— je ovlivnéno mechanismem urazu

e polytrumata, poranéni nad urovni klicni kosti,
akceleraéné-deceleracni nebo rotacéni typu
poranéni, pad z vysky prevysujici télesnou
vysku, skoky do vody

\4




Zajisteni krcni patere a dychacich
cest

\4

pece o krcni pater je dulezita pro
vSechny pacienty k KCP
— in-line stabilizaci kréni patere pri
zajistovani dychacich cest
— kréni limec (?)




Stabilizace/fixace krcni patere
Evidence-based medicine

'.'_': 1. pacienti s traumatem mohou mit

’ nestabilni poran éni Cp

— poraneni Cp = nestabilni poranéni ?

— pacienti pri védomi, bez neurologickych
obtizi maji riziko signifikantniho poranéni
Cp minimalnit

— selektivni imobilizace — 50% pokles
Imobilizaci ... 1 pfehlédnuty pacient s

nestabilnim poranenim Cp z celkového
poctu 32,000 pacientu oSetfenych v PNP?

® 1. Hoffman JR, Wolfson AB, Todd K, et al. Selective cervical spine radiography in blunt trauma: Methodology
-~ of the National Emergency X-Radiography Utilization Study (NEXUS). Ann Emerg Med. 1998;32(4):461-469.

g 2. Burton JH, Dunn MG, Harmon NR, et al. A statewide, prehospital emergency medical service selective

of ~ patient spine immobilization protocol. J Trauma. 2006;61(1):161-167.




Stabilizace/fixace krcni patere
Evidence-based medicine

¢ 2. nekontrolovany pohyb Cp  muze vést
' k dalSimu misnimu poran éni
— chybi statisticka datal

— sila primarniho inzultu X omezené pohyby
Cp pri PNP a transportu

— trauma Cp — bolest a spazmus Sijoveho
svalstva — prirozené omezeni pohyblivosti
Cp

& 1. Manoach S, Paladino L. Manual in-line stabilization for acute airway management of suspected cervical
®. - spine injury: Historical review and current questions. Ann Emerg Med. 2007;50(3):236—245.




Stabilizace/fixace krcni patere
Evidence-based medicine

' 3. kréni limec je prevenci potencialn &
i rizikovych / Skodlivych pohyb G Cp

— nezajistuje stabilizaci Cp ve vSech osach
— ovlivnéni pohyby celého téla




Stabilizace/fixace krcni patere

Evidence-based medicine

¥ 4. nasazeni C limce je neSkodn& metoda a
.~ Mmuze byt Siroce pouzivana
— imobilizace ,,pro jistotu” X negativni efekt!

 ovlivnéni airway managementu (C limec omezuje
otevreni ust o0 >25%

— komprese krénich zil — ztizeni zilni drenaze —
vzestup ICP?

— C limec zvysSuje hybnost kranialnich segmentu
Cp + distrakce O-C1, C1-C2 (nejvice rizikove
etaze)

e rigidni C limec — distrakce C1-C2 0 7.3 mm + 4.0 mm?3

& 1. Swartz EE, Del Rossi G. Cervical spine alignment during on-field management of potential catastrophic

B spine injuries. Sports Health. 2009;1(3):247-252.

¥ 2. Mobbs RJ, Stoodley MA, Fuller J. Effect of cervical hard collar on intracranial pressure head injury. ANZ J

k- Surg. 2002;72(6):389-391.

g 3. Ben-Galim P, Dreiangel N, Mattox KL, et al. Extrication collars can result in abnormal separation between
+~ vertebrae in the presence of a dissociative injury. J Trauma. 2010;69(2):447-450.




Stabilizace/fixace krcni patere

Evidence-based medicine

- 4. nasazeni C limce Je neskodna metoda a
muze byt Siroce pouzivano

— C limec = diskomfort — stres: imobilizace sama
0 sobe vede K bolesti kréni krajiny* —
nadhodnoceni poranéni Cp pfi vySetreni v
nemocnici (?)

& 1. March JA, Ausband SC, Brown LH. Changes in physical examination caused by use of spinal
B~ immobilization. Prehosp Emerg Care. 2002;6(4):421-424.




Stabilizace/fixace krcni patere

Evidence-based medicine

¥ NEXUS (National Emergency X-Radiography Utilization
b Study) indika €ni kritéria

1. nepritomnost bolesti v oblasti stfredni ¢asti krku
« 2. nepritomnost loziskového neurologickeho nalezu
¢ 3. normalni stav védomi
"~ 4. nepfitomnost intoxikace
5

nepfitomnost jineého bolestivého poranéni, které muze
odvést pozornost od poraneni Cp

TRAUMA
PREHLEDOVY ¢LANEK S i
Preventivni imobilizace kréni patere oxit l
v pfednemocni¢ni neodkladné péci
. / r1..2 TIME-CRITICAL
o pacienty s urazem: aktualni pohled THREATTOLIFE? | vee |
na problematiku l o
) s Kl slarclkd ; e NEXUS
gzgsgmrlgglzlgig IIIIIII o N ltjast ﬁng"yovaBrEeha Lkekarsléer;g yyyyyyyyyyyyyyyyyyyyyyyyyyyyyy ::;::W ASSESSMENT
nest. intenziv. Med,, 27, 2016, & 6, 5. xXx-xxx Nexus
- l positive +
MINIMAL SPINAL
NO SPINAL SPINAL
STABILISATION STABILISATION g:*:,?é'g‘:ﬂg:ﬁgﬁ




Vedomi

¥« GCS pro kazdou modalitu zvIast
i — stanoveni po stabilizaci vitalnich funkci,
korekci dalSich ovlivnujicich faktoru a

pred podanim farmak s tlumivym a
myorelaxaénim pusobenim

— pokles GCS o0 2 a vice bodu =
signifikantni
* nutné vyslovit podezireni na expanzivné se
chovajici a progredujici nitrolebni proces

 vyloucit extrakranialni etiologii (systemovou
hypotenzi, ...)




Objektivni vysetreni

¢« orientaéni neurologické vySetfeni
[ - GCS (X-X-X)

— velikost a reakce zornic na osvit

.. —motoricka reakce a jeji pripadna
lateralizace

£/ —porucha &iti




b« sy mozkové herniace / nitrolebni

hypertenze — indikovana prechodna

akutni hyperventilace s cilovymi

hodnotami ETCO, 30 az 35 mmHg

— pretrvavani klinické symptomatologie —
ke zvazeni podani Manitolu 0,5-1 mg/kg
.v. v prubéhu 20 minut

* nebylo neprokdzano zlepseni prognozy pri
podani Manitolu v prabéhu PNP

» nedostatek dukazu vedouci k doporuceni
podavani Manitolu v PNP*

— hypertonické roztoky NacCl

1 WAKAI A, ROBERTS, I. AND SCHIERHOUT, G. Mannitol for acute traumatic brain injury. Cochrane Database Syst
Rev, 2007, no. 1, p. CD001049.




Transport

¢+ princip ,zlaté hodiny*

b+ sy mozkové herniace / nitrolebni

b hypertenze — prioritou je transport
. Kk definitivnimu oSetreni po prvotnim
k- zajiSténi pacienta

e
AT R

.




Transport

¢ » primarni transfer pacientd s KCP do
i traumacenter

. — 30% zvySeni mortality u pacientu s KCP
smerovaneé primarné do nemocnice
nizsiho typut

£ e drenazni poloha hlavy

¥ —zvySena horni polovina téla o 30%

1 BARRATT, H., WILSON, M., MOORE, F. AND RAINE, R. The implications of the NICE guidelines on neurosurgical
management for all severe head injuries: systematic review. Emerg Med J, Mar 2010, vol. 27, no. 3, p. 173-178.




Transport

- vSichni pacienti s jinym nez lehkym
i stupnem izolovaného KCP (GCS <12)
a/nebo zavaznym Ci rizikovym
charakterem Urazoveho déje jsou
indikovani k primarnimu transportu na
£ urgentni pfijem traumacentra s moznosti
neurochirurgické intervence

B r‘."' :'l ¥ :hl', -i-rl -.: o o
'a-‘ﬁﬂ , row 1 i




Compound

Fraktura
kalvy

Linear fracture

Depressed fracture

Arterial Supply of Dura
« Anterior meningeal artery /’ B —
(branches of ethmoidal Vo
arteries which are branches
of maxillary artery (ECA).

* Middle meningeal artery
and accessary meningeal
artery: branches of
Maxillary artery (ECA)

* Posterior meningeal artery! ‘s
(terminal branch of b
ascending pharyngeal
artery (ECA) & other
meningeal branches from:

1- Ascending pharyngeal artery

2- Occipital artery

3- Vertebral artery




Fraktura
baze lebni

Basilar Skull Fracture

o Eiood in 5 \
~ nididle crnmial o ~
\ racture ol .
Blasilar leactung extendhng inta rygomatic arch
sphanaid bone




baze lebni 3

Klinika
— likvorea
— periorbitalni
hematom —
B retro al rl ku I ér n II lu"r g “,, Anc il ) fractares
h e m ato m anterior basal skull fracire 1C3



Epiduralni hematom

Epidural Hematoma Subdural Hematoma
(Does Not Cross Suture Line) (Crosses Suture Line)

lEBM COE\'SULT|

Mo of Paticnts with a

, - , Cluteame®™ Hematoma Thickness of
o ko ntaktn I poranen I <10 mm 10-20 mm =20 mm
. Good (GOS score, 5) 1 19 47
2 7 Moderate (GO « 4 i [l £
e lucidni interval riancr . by~ L S SR
» Dead (GOS8 score, 1) 0 ] 1

. Total 1 19 a7
° M t | ) _ —— —
anl O . * For six patients, information about the hematoma thickness was
not available,
* G085, Glasgow Outcome Scale.



Closed Head Injuries

Hyperextension of Head and Neck Hyperflexion of Head and Neck

Sudden backward acceleration of skull creating Head recolls farward and suddenly stops
dlrermi axlension of cenical spine, Onoe the al brain impacis back of skul

skull has stopped moving, the brain Hrikes the
front of the skull

.+ akceleracné-
=  deceleracni
noranéni = kontuze
mozkova

F . DA




Kontuze mozkova




Faktory rozhodujici o leche

i« piedchorobi
— hypokoagulacni stav /Jf
e PNP

:' | || i - 7 I:
¢ —lerapie \& ;
E-  —sméfovani pacienta o

{/» stav pacienta pf
L prijeti

. contusion
e + bleeding

N . G
;‘ﬁ ® CT n al e Z brafrgwelling

out of skull

— lokalizace a rozsah
traumatickych zmen




Poraneéni kréni patere

¥« primarni poranéni — sekundarni

. poranéni

— Ischemie

— edém

— vazospazmus a tromboza

— akumulace neurotransmiteru

— uvolnéni derivatu kyseliny arachidonove

— tvorba volnych radikalu

~ —apoptodza

l- — neuroprotektivni efekt metylprednisolonu

o
M

oo B
e

prv/




vidence-based Medicine

Table

Findings of National Acute Spinal Cord Injury Studies (MNASCIS)

Study Mo, of Paticnts Dosing Major Findings

MNASCIS H 330 BAP: 1000 e 1 bolus + MP: 100 mg IV Ol Mo significant improvement in sensonymotor fumction,
4;|.|i|'!,-; o DO g, 1V Cl |;|.,til§,- AN |r|:m.i|::-|'_.' Ese e |1ij.ﬂ:| |.'|1|||.|j.'_|'| closes nod wsed

MASCIS 115 487 M 30 mgkg IV bolus + 5.4 makeiday IV Those treated with MP within 8 hours had greater mo-
Cl % 23 by o naloxone: 5.4 mpikg/day IV tor function recovery at & weeks and & months
4 mgkpiday IV Cl: or placebo

MASCTS Il-gn:'.l.r aHT Lo abowe 5ii:|‘|l|.il 104 i|:|1p:|-::|1.-|.'|1b|~:|1 In rjﬁl'll-':-:Ill"Ii MO iIIIF:-NI'.'E'-

fial bone-wiga) rvemt im 62 of 487 patients; mo significant semsony func-
FICH O 1T |rr.|||l'lu differences,

MASCIS I 494 MP: 30 matke IV bolus + 5.4 metkedday 1V Patients treated for 48 b with MEP had improved motor
Cl = 24 by oor MP; 30 mavks IV Bolus + 5.4 recovery, especially when initiated between 3-8 h
mekgfday IV O = 48 h; or tirllazad mesyl-  postinjury. Mo ditference it treated within 3 h of injury.
ate; 2.5mpke IV every 6 h % 48 b Mo chiferences in moartality, Those treated for 48 howath

MP had hipher rates of sevene sepsis and preumaonia.

MASCIS L1 -year E L] See above Mo difference in any culcome when patbents werne

folbowe-ugs)®

treatesdd within 3 bours of injury. Improved motor func-
tiewn in theoese treabed within 3-8 h postingury Bor 48 b No
difterence in tunctional or sensory function recoveny,

Abbrevienions; CF, continmons infision; [V fmtravenous; M methodprednisolone,



Metylprednisolon ANO/NE ?

¥« NASCIS Il + NASCIS Il
{ —<3hod. od poranéni — MP 24 hod.
* bolus 30 mg/kg/15 min. — 45 min. pauza —

5,4 mg/kg/h/23 hod.
¢ . —3-8hod. - MP 48 hod.
.- e bolus 30mg/kg/15min. — 45 min. pauza —

5,4 mg/kg/h/47 hod.




Metylprednisolon ANO/NE ?

¢« * NASCIS Il + NASCIS 1l

- —vedené jako prospektivni,
randomizované, kontrolované studie

— analyzy primarnich vysledku nepotvrdily
efekt podavani MP

— maly efekt (p=0.08) podavani MP
prokazan az post-hoc analyzou
(vylouCeni >70% pacientu)

— zvysene riziko infekcnich komplikaci
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