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PREVENTION OF SECONDARY BRAIN INJURY IN PATIENTSWITH SEVERE
TRAUMATIC BRAIN INJURY: EVIDENCE BASED NURSING

FLIGHT LIEUTENANT PRIJT JANSATHAIN 5337281 NSAN/M
M.N.S. (ADULT NURSING)

THEMATIC PAPER ADVISORY COMMITTEE: ORAPAN THOSINGHA,
D.N.S,, SUPORN DANAIDUTSADEEKUL, D.N.S.

ABSTRACT

This study aimed to analyze and synthesize evidence concerning the
prevention of secondary brain injury among patients sustaining severe traumatic brain
injury. The ultimate goal was to obtain nursing recommendations on prevention of
secondary brain injury. The PICO framework was utilized to identify keywords for
evidence searching which was carried out on electronic databases, i.e., CINAHL,
Cochrance, OVID, PubMed, Science Direct and SpringerLink. AACN (American
Association of Critical Care Nurses) level of evidence was employed to evaluate the
level and quality of evidence. Fifty pieces of evidence published in English and
distributed from 2006 to 2012 according to the aforementioned criteria were selected.
These included two meta analyses of randomized control trial studies, six
experimental studies, 41 descriptive and integrative reviews, and one expert opinion.
The recommendations obtained from the synthesis of evidence were 1) the risk
factors of secondary brain injury in patients with severe traumatic brain injury
comprised age, severity of brain injury, timing between onset to treatment,
physiological deterioration and abnormality of laboratory results, 2) increased oxygen
demand, increased energy demand, hypermetabolism, and increased metabolic waste
products occurred as physiological responses after the injury and, 3) prevention and
care for these patients included continuous monitoring and maintenance of respiratory
and hemodynamic status, controlling intracranial pressure by medical regimen,
surgery, positioning, and control of level of body temperature. Intensive monitoring
of vital signsaswell asevaluation of blood chemistry were also recommended.

In order to achieve quality of care among patients with severe traumatic
brain injuries, the recommendations from this study should be utilized to develop
standard practice guidelines on prevention and monitoring to reduce the severity of a
secondary brain injury.

KEY WORDS: SEVERE TRAUMATIC BRAIN INJURY/ SECONDARY BRAIN
INJURY/ EVIDENCE BASED NURSING
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(Bullock, et al., 2006; Hickey, 2009; Maas, Stocchetti, & Bullock, 2008; Rockswold, et al., 2009
A a = 9 A = a = o . .
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@ d?l o o Y a A A 4 = = Y 4 d?
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v ' Y
(inflammation response )ﬁmﬁqmitﬁwﬁwﬁmmﬁaﬂﬂﬁ’ummaum (blood brain barrier) 1
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e = o g’ A =2 1 1 A 1 9
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9 A o a A 4 L A al ° A
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Traumatic brain injury

v

uni /2

v

Activation of biomolecular

v

Cerebral vessel damage

v

v

Released EAAs

Release cytokine

\ 4

v

Y

Opening of ion chanel/ Ca influx

Damage to BBB

v

A 4

Failure of Na/K pump

Opening of BBB

v

A 4

fCellular ionic content/ f Osmolality/ f water into cell

f Interstitial fluid & tissue pressure

v

Cytotoxic edema

v

Vasogenic edema

\4

A

Hypotension

H a a a 3 {
uHuMINN 1.1 ugaswerfassine lumsifamsuiaiuindvesluszezy

» Impair cerebral auto regulation

«— Hypoxemia/ /Hypocarbia

v

¢ Cerebral blood flow

v

Secondary brain injury

v

Brain hypoxia

v

Brain death

(Pathophysiology of primary and secondary brain injury)

Abbreviation and Acronyms

BBB = Blood Brain Barrier; CBF = Cerebral Blood Flow; CPP = Cerebral Perfusion

Pressure; EAAs = Excitatory Amino Acids

(Donkin & Vink, 2010; Maas, et al., 2008; Subhas & Smith, 2011)
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4, OVID Cooper, D., Rosenfeld, V., Murray, | Prospective mﬁﬂmﬁu/
B.,Arabi, Y. M., Davies, A. R.,| randomized %R
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England Journal of Medicine
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Direct W., Liu, W., Jiang, Q., et al. (2006). | randomized R
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craniotomy. Journal of Critical
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6. Care, 22(3), 229-235.

(710)

7. PubMed Xiao, G., Wei, J., Yan, W., Wang, | Prospective m3ileaiy
W., & Lu, Z. (2008). Improved | randomized Inu
outcomes from the administration of | control trails/
progesterone for patients with acute 201 B
severe traumatic  brain  injury.

Critical Care, 12(2), 111-112.
8. Science Zhao, Q., Zhang, X., & Wang, L. |Retrospective mstleanu/
Direct (2011). Mild hypothermia therapy | cohort study/ INHN
reduces blood glucose and lactate 52U B
and improves neurologic outcomes
in patients with severe traumatic
brain injury. Journal of Critical
Care, 26(3), 311-315.
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Foarde, K., et al (2010).| 32AUC
Recombinant factor VIla for the
correction of coagulopathy before
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patients. The Journal of Trauma
Injury, Infection, & Critical Care,

68(2), 348-352.

10. OVID Caulfield, E. V., Dutton, R. P., |Retrospective ‘ﬂﬁ]%ﬂléﬁlﬁ
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Journal of Trauma, Injury, Infection
,and Critical Care, 66(6), 1577-
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11. OVID Chang, J. J., Youn, T. S., Benson, D. | Retrospective ‘ﬂﬁ]%ﬁllém
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brain injury . Critical Care Medicine,
37(1), 283-290.
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hemodynamic changes in severe C
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(919) 21(4), 339-345.
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Direct K., Peter Gruen, J. P., Demetriades,

D., & Belzberg, H. (2010).

Decompressive craniectomy:

Surgical control of  traumatic

intracranial hypertension may
improve outcome. Injury, 41(9), 894-

898.

Retrospective
cohort study/

521 C

155NN/

floafu

15. PubMed Filippo, A. D., Gonnelli, C., Perretta,
L., Zagli, G., Spina, R., Chiostri, M.,
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Emergency Medicine,17(1), 123-130.
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trauma care. The Journal of Trauma
and  Critical
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isolated traumatic brain injury.
Critical Care, 15(1), 111-117.
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injury. The Canadian Journal Of
Neurological Sciences, 37(1), 43-48.
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severe head injury. Journal of the AU
American College of Surgeons,
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22. Science Honeybul, S. (2010). Complications | Retrospective N5SAYT/
Direct of decompressive craniectomy for | cohort study/ floany
head injury. Journal of Clinical 52AU C
Neuroscience, 17(4), 430-435.
23. OVID Howard, J. L., Cipolle, M. D., |Retrospective m3tleaiy
Anderson, M., Sabella, V., | cohort study/ DM
Shollenberger, D., Li, P. M., et al. 5201 C
(2008). Outcome after
decompressive craniectomy for the
treatment of severe traumatic brain
injury. The Journal of Trauma
Injury, Infection, and Critical Care,
65(2), 380-386.
24. OVID Joosse, P., Saltzherr, T. P., Lieshout, |Retrospective | Todaidos
W. A., Exter, P., Ponsen, K. J., & | cohort study/
Vandertop, W. P. (2012). Impact of 52AU C
secondary transfer on patients with




o a

WNAINGIAY YM1INIAINTIAG

wo.u. (Mmswennaglva)) /21

d’ 9 d‘ d‘ [ 1 [ Aa [ 4
MINN 3.1 JIUVDYA  FOLID ﬂﬁ%&ﬂﬂﬂlﬁ]ﬁﬁﬁﬂi']u Lla$ﬂq3ﬁl'ﬂ\‘iﬁﬁﬂj1uvﬁﬂﬂ§$ﬁ]ﬂ‘}J

fdudud @de)
My | grudeya Fei3eq Uszinn/ NgNVRY
nangw nangw
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Nursing, 37(4), 328-333.

26. OVID Konstantinidis, A., Inaba, K., | Retrospective ‘ﬂﬁ]ffﬂ!ﬁ" N
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- AURAOUTIANTInoAARALAY  WUNTNA TAgAT A
i 9 i i
Usmandoan Inaeul1idesauos (Cerebral blood flow) Taedileniinundoussdunass

A q‘/ [ [y d’ o Y = = dy
Lﬁﬂﬂllﬂ31u5$ﬂ$ 4 G]f')IﬂJ\‘]'Wﬁ\'lﬂ']i'iﬂ‘HTV] < 65mmHg fl]?’d“l/l"lrlﬂﬂ'lillﬂﬁlﬂﬁlulﬂﬂﬂulﬂlﬂﬂﬁﬁllﬂﬁ

a a

o a 5
aﬂawﬂﬁ'mﬂmimm%uﬁuaﬂuizﬂznmﬂmmm (Henzler, et al., 2007)

U

- szaueendauluiion (O, Saturation %30 Spo,)
{ v o Jdo 1 v o . o
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ansainemsdesialudiheadonauesszauguusala (Chi, et al., 2006)
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i]gﬂ'lalﬁﬁllﬂﬂllﬂ'ﬁlw'lp\lﬁ'liylwNmua@ﬂag 10-13 ﬁﬂwaclﬁﬂﬁ]lﬁanfmm@ﬂhl‘lJmENfTiJ’ENlﬂﬂﬂm

o ! ] a2 a . . . !
mmqmﬁmmwﬁmﬂuﬁzﬂznmgu (Brain Traumatic Foundation, 2007) l!.G]Mﬂﬂﬁﬁﬂ‘lsﬂ

% [ a

Y a v JdA 3 Ay 3 A = 1 o '
ﬁﬂﬂi']ul"lﬁﬂﬁ$%ﬂ‘ﬂ Nﬂﬂﬂﬂﬁx‘iﬂﬁjﬂ]ﬂﬂ'lﬂLi]‘lﬁ/]f’fil@Qﬁgﬂ‘llﬁqL!!.LiﬂNiz@ﬂ’ﬁ]ﬂ!ﬁﬂllﬁ'lﬂﬂ'lﬂﬁ']ﬂﬁl'l
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Henzler, et al., 2007; Thompson, et al., 2010) danaliifanaansnieanssnenlua (Sacho, et
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al., 2010) GlUﬂ']ﬁﬁﬂ‘H']sU@Q Konstantinidis tsagnde (2011) WU ﬁﬂ?ﬂﬂuﬁgﬂﬂamﬂﬂ
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awesverwad neliinanzanuaulung Tnanfsvzgauazn1izauesnIua L (Caulficld,
et al., 2009)
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%30 A1lnternational normalized ratio (INR) > 1.4 uag/ %30 A1 Activated partial thromboplastin
: o Aa g 2 4 a
time (aPTT) > 36 seconds (Lustenberger, et al., 2010) szauNdolumMsuaNuaeelunsna
< a a 1 1 1
NMIVIARVTUDITSUSNAYYY 18un A platelet count < 229 x 103/LL A1 PT > 13.8 seconds
1 a ddgl 1 =
A1PTT >335 3wfuulyd uag A1INR > 1 (Salehpour, et al., 2011) lumsARBIYDS
] 9 3 A o A a A A @
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<Y A PR 3 @ a M
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v
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Snvudumamivanudoslunisianismalduayesszeznasgi lugioauinanos
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szaugus nngmamuanudsslumsidedin ddoandesiun1sANEIv09 Salim uaz
~ 1 = [ g; A ng; 1 ] I @ d
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A Aa Y1 3 A Y 2 1 = .
@330 Tug1e11AR UNaNeITTADTUUIWINTY 491 111 LAZNITANYIVOY Griesdale HAg
A r < A o Ay vo Vo o Aa o 2 &
Amz (2009) MNuNFiheaRundueIszauuLsan lasumsmidanlssaimalinfon
3 1 [l ) [ a I~ [l A Y
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1 1 A aa 1 o a [ I~ 1
Ta 139919 Taedihovzilaanzeoninnni 300 Jaddaasaed Tusaadenuiumaninnii 3
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A I~ Ly v A a I~ a a dyw [ A
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syndrome of inappropriate antidiuretic hormone (SIADH) ﬂwmqfé’mwmi T@FI LazAg
v v 4
nwwamwﬁmw’ﬁu (Fraser & Stieg, 2006; Rahman & Friedman, 2009)
1.4.5 529U PaCO, %9'1491nWARTY Arterial Blood Gas
A1 o ' A 1 IS o A A 1 a 3
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1 a 9 ¥ a Y a 9 < 42}
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et al., 2009; Warner, et al., 2008)
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wunRiheniinne laranediveuswlunedihedngauaz JuueuswluTsaneruiaunn i
oA (=} a ] A v o W an . d! d’ Y o w
ngui lilinz Tafinnsededitiodnyn1eana (Salim, et al., 2008) 39191101 INTDI 1A
Av A J o =< 9 ) Y v R A 3 9 Y 1
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A3b3g3 (ICP > 20 mmHg )1AZAIE Hypoperfusion (CPP < 60 mmHg) wanalfiiui szdy
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o [ Y] Y] . A I v d am 1A A o o Aw
al., 2011) @MTUMIIATLAD cytokine Tudoailudaudsas nunFuhuinaasaiiise
o [ a3 { @ 1 ° [ 1 qs;l
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ma TuTaguaedauminmsulasunasesauesnouszgninatsedanns yuumsithsz e
Naueelagase Taasuinsthinlslurateglsemenada i 1diun 15wl seme lne 1dun
1.5.1 M35IATLAV central venous oxygen saturation
i~ ' A = g P} A
(Sevo,) iumsdszanannuaugasznnudean liideeauesazms ldoondiouvesauns
A v Y . o SR A dy
neninialdlaoasa91n central venous line A150AAIVDITEAY SevO, aasdudoa lulides
~ o A M [ < 3 v o
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A NUTIINSIAEFINY 2.3 191 Lagmuszezna I uuou I IUICU uagduueusinly
Tsawenu1a (Filippo, et al., 2009)
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1.5.2 M3daanuausendiau luiioaues (Brain tissue
. A <3 @ @ a dy '
oxygen tension W30 BTpO,) 1unisiaanuauoongiauluioduoilasaslasnisld
) yA g \ 2 \ o a & A
Electrode 191 11/1di0oR{uanosdiugsn 23 em Feennsatisvenszaveandinuluiione
Y ] 1 A I @ o a 1 dy 9
auedlaedeaoiiios ifunisiannuangavesnisiioondau llqiloauenaznisld
a 4 ] dyﬁ a 3 a a Y ] a A
PaNFUVDUFAAANDI UeFDIMstnamsaiylusseznasgiludgile Tasanlnd Ao 35-
50 mmHg (Maloney-Wilensky et al., 2009) lunsAnEIU09 Odd Hazany (2011) NUITLAY
~A 9 1 Y I~ o 1 Y a @ o (=
BTpO, Nloond1 15 mmHg Tuiheuaiuauesszauguuss nelimanadnsn lualuszes
Y
Y] [ a o @ < [
du (Galaonuulsziiiu GOS 30 Junaunudoya) aoandoInUNITANYIYDI Maloney-
Wilendky tazame (2009)MU15291 BTpO,N110en11 20 mmHg uaasnafilelinizaves
a 1 H 1 I~ 1 o
AN FIRU g MIzAINToenI1 10 mmHe (HUNa1M1ANI 15- 30 WA AeNdINg
I o [ 1 A [ { a 3
VIR UANDITEADTULIY dzdawanemsinuiladudeslumsifanizmsmanuduees oy
a a o Y A a dy ] s 1 Y a dy
nAvgil Taeildauesnaten nazoendou liifesavesodiaiioans dawaldinaiiioanos
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1.5.3 NM3IAT¢AU Cerebral microdialysis (MD) Wuns
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ihaavzanas lunensetny seauuanan “lwgaﬂ NAKEDIDA NGATUN AZBAIIEIUVDALA
a 1 a -4 ' v o do v J {
AR m'e)"lwgamzqqsﬁu HagNUNTURUTAUNaa NS N9 DVYsEanNanas  (Haddad &
[ Jd o A o
Arabi, 2012; McLernon, 2011; Yokobori, et al., 2011; S48 YUN0T & 1N %uLLfs]}?, 2552)
1.5.4 M3IATLAD Autoregulation index ¥3® AR 910
i £ g Y A = N <
Transcranial Doppler Ultrasonography (TCD) canumi1ﬂfﬂauﬂ31uaqaiuﬂwﬁﬂszmummzia
m3 Inafeuveudoanmeluauesn lvar 1y Bilateral Middle Cerebral Artery A1 AR N11108n31
KR A a a = A L2 o 1 a 3
2.8 uaasneanuAndnalunis naneuaeanieluaues FIUWNFNITNANITUIARUTUDY
luszeznfeniiniuu (Daboussi, et al., 2009; Haddad & Arabi, 2012; Yadla, Campbell, & Jallo,

2011)

' a ] a a
2. ﬂ'lii@]@Uﬁuﬁ]\ig{'}“LJTNﬂ']fJGlUﬂ']ﬁLﬂ@ﬂ'Iﬁ‘U'I@H]‘Uﬁﬂﬂﬁﬁgﬂgﬂﬁﬂﬂuﬂ
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(O’ Phelan, et al., 2009; Stocchetti, et al., 2007) INTUATANVTUNUTTEHINAURAULTIAY
NanAlavALAg (Mean arterial pressure M50 MAP) qu‘iJfllmiQﬁuﬁW“]SW‘UGU’NﬁiJ@Q(Cerebral
perfusion pressure %30 CPP ) uazanuaulung Inandsye (Intracranial pressure %30 ICP)
CPP=MAP—-ICP lunizinasiamesziinalnon TuiifvesausarisdSuvuiaviasaiaon
' v v v
Tdndunmsnasunilasanusuasauaaniaes e lindsuanasa liassausaldineans
] <] { [ A a a [ va
Tagludihomaiuiianesszauguussazizunuanuaalnavosna lnoa Tudavesduos
a a % { [ <] 4 [
Mol 48 .. ragwuanuialnamngaluiui 3-5 a1 (Sviri, et al., 2009) HDTZAU
ANudufeauauRdsanadrsemaNuaulung Inanfsvegunuuinauseme luanse
Y
U5ud2 14 i linms Inatsuveudon liifesanssanas Tasseauanuduluns Tvanfsyy
d'd 1 U KX Y = [ = .
NUAIWINNI 20 mmHg uaanadiielnnzanuanluns TnanfAsvege (Maloney-Wilensky,

etal., 2009; O ’Phelan, et al., 2009; Stein, et al., 2011; Stocchetti, et al., 2007)
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2.2 AMIZANDINIDIVONFIIY NUT2AL BTpO, HoNI1 15 mmHg
I ~ Y Y <] o A o Y A A @ )
Wunnginulatesludihenaruanesszaugunss Sadnwuludiheniiszauanuauly
Az IManATHZUINAI 20 mmHe ANRAVLIIAUADAIADALAL 1BENI1 80 mmHg UATAILT

URIVUDIANDI WINNIT 60 mmHg (Chang, et al., 2009; Oddo, et al., 2011)
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gaungiiimengeruilunzinylatesasanielu 24 72 Frluandanauinedues
. . . 1 = [ a [ d a0 3 A PR
(Brain Traumatic Foundation, 2007) tmiﬂﬂﬂﬁﬂﬂ‘ﬂWﬁaﬂ;@m‘]ﬁﬂﬁzi}mﬂ MU@EJ?]N‘V]EJJJ’JEJ
3 A @ A ) A ° ' ° v 2 9
VAR DNANeITZAUTULTINTEAUgUHYNT19Med 1N 35°C Taonu lauindedosas 10.9
9 g A o o 4 o Yy Aa < A
nngiheuiaRunaussssauguusianue Fainnuludienimsuiaunauealsznn
. 91 A~ o A o Y A o 3 2
Penetrating fil20Niin1zanuaulariad dilenliszauanuiunssvesnsuianugs 1851
Y '
msldnesieniele saunelasumsinulaonisiide Taeszaugungiidiaziinanonis
sUnIUAsEUIUMIHIRlunzdnaluszuuaiegvessieme wu vialaazviaoaaen Aoy
1 @ a a a 1 1 a A A o 3 o
1540 d1 RanNuRalnara180819a 1NN 19U ANVRALNANEITUTZ VUM TUTIFIVD A DA
M 4 1 I ]
MINIVAVLALNITNALEDS 1uUA199 1T uAY (Konstantinidis, et al, 2011) @oAAdDINY
M3ANYI1YD9 Tokutomi LAZAME (2009) AWuHad1aREIINMsH IR Tgurgls1enIed
v Ao . . A | y A =
U32nUAI N13UILAY C reactive protein (CRP)1UIADAGIIY H952AY CRP NI LerA9D
9 ' Y
ANVAAUNAYDINTZTUIUNTONIAVAALYD N15UTEaU Inunatdeyludsadl sIuNany
) [ 3 o 4 9 1 ] a dy ]
AMzuNInFaUMeraInIsuIay 1y 3 dlaiusa 1dun nzeadnay aae niziale
Jy I
@5y lane
a A A 1) 3 o A I~
2.4 ANUAALNANEINVTLUUMTUUIAIVDLADA 1IUNITADUTUDY
1 [ 3 A A Y Y < 1]
NMesuMemeraImsanunauesiny lates ludiheuialuauoaszdujuns e (Greuters,
et al., 2011; Lustenberger, et al., 2010; Salehpour, et al., 2011) wucluuwuﬂgmﬁu%ﬂaz 24 Qg
A [~ 9 [ 3 o Y A a a
muiludosas 54 w24 wuvdanauwy Tasdnwuludihenianuralndvesssuy
= a Yo 3’ 1 =2 a 9 A a a
TrafouTarauaz Idsvasihnouundelsameialsmainn fiheniianuralndveanis
= aan 1 1 ;’,’ Y d’d 1 . o‘ = [
uﬂgﬂiﬂmmmwmgmum sawﬂugﬂaamm hemoglobin, platelet counts A1 LLAZUTEAL
£ A 4 ) o I 1
PT, aPTT g4 (Greuters, et al., 2011) BUAALIDIDINTNITHIAWVOIHITIVADAADAANT TIHD
' v
IHAANTZUIUMIDALEAY NTHAIANITAY LazMITVIARDANIAsIaYDY Tasiinthaniely 12

F2 109 UIAMENFUTITUMISNET (RAAD 23 F2119) wuilszuna 0-4.5 Ju Tagan
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International normalized ratio %30 INR dzgagailonal 6 $31u9 uag 36 3 1u9 daum
Platelet counts 92aAAININGAIND 24 32 TanAUTISUMITAE (Lustenberger, et al., 2010)
o o A 4 a A & 9
2.5 szauthamaludeags Tasanudsalumataszinanlugihe
2 o o 4 2 g Py A s 4 4
AR UNTNDITZAITULI (ANUFsaNITY 4.9 1111) AilenTony 65 Vaulil (pnu@sai
[ ' U { 4 3
Wi 3.9 ) Jiheniinzidonsenldidofuauesiigsi 150 Subdural hemorrhage (AW
A A I 1 Y A A o g} A ] 1 1w A A
@eaiily 5.5 m) wazdihoninzszauinaludoagalugeneuriida (WuawTe
a R 1 d! [ 3! A 3 a Aaana
lumsinade 4.4 11) (Pecha, et al, 2011) FeszAaIaaludeagaiufAannljnseins
v v Y
ADUAUBIVDITIINYTAUNITHAT Stress hormone NV T 1HTIMsnTzdUMTINAIRATo
@ 19 ¥ a 421 1 1 A 421 a Y A 3
mawiHaynadsnuuuy lildeendauuniu dinasemaiviuvesndanaganieindu
Y a a 1 Y a ° 4 o Y a
nsa 1dun nsauanda uaz ngln neliimamsiaemadiszam vazildifian iz aues
E4
VIAADANUALIAINU (Griesdale, et al., 2009; Liu-DeRyke, et al., 2009; Pecha, et al., 2011;
Salim, et al., 2009; Zhao, et al., 2011)
A 91 3 A = 3 1
2.6 MzinIa lugihenaldunaueaindaumgnmsialdude
1 9 A [ =
apulaaueslagasanndonssnluaueanng Aganednin azanuauluns Tnanfsye
] a 1
q9 uaz MsvmRuvesrneadeauinudonlddues wuldgeddesas 154 uaznuanu
A a 421 Y A Y] 3 [
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a A I 1
>3 AgUUU (ﬂ')'lilLfoN!.WlIL‘]Ju 2.6 1M1)
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Y A A A A I~ 1 PR A A A [
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aa { A I~ 1
A31Aa W30 Intraventricular hemorrhage (mmgﬁ BUnNyau2.18 iN1) (Hadjizacharia, et al., 2008)
v Y
2.7 a1z lydenludead (hyponatremia) Hnaliifaludiuves
2‘ . o Y a A A g} Yy 1 J dgl o Y a
1uenra (extracellular fluid) MlAanisndeunvesinigiyadaueauInyu i liine
NTAUDIVINATINNN (Fraser & Stieg, 2006; Rahman & Friedman, 2009)
] I A 2 A A [V 3 A
2.8 521 o Ta lai luiden salimsnlasuulasmevasmsuiaui
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= ] dgl £ A o v Jdo [ =
IL-8 tag TNF 9205eAUgeiy dallnnuduiusiunzanuaulung Inanfsuega (ICP >
20 mmHg ) 1tagnN1I¢ Hypoperfusion (CPP < 60 mmHg) (Stein, et al., 2011)
A = = @ <3 A
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szauilna (Yokobori, et al., 2011)
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v
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' v F
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[ ' v
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9 v Y ~ @ A ] . . A 1 a
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PR = Y ] Aa a a 1 2 3 A = A
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Y Y Y
AU NBININTY AN lHIAANILAUBIVIN HIBTUNILIADADONT (Zafar, et al., 2011)
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o a { g A Y Y
sz Towi lumsilszitiungmeszuvlszannludihomatuiaues tazszauanuauly
o & ' o 4 g ya o A & — 2
ng Inanfsyziionsassauauetazio 19iSmandea liinesanesediuiivane s
v F4
wuildiRaranmssayInavY (Arabi, et al., 2010; Brain Traumatic Foundation, 2007;
. . . PRI ( o A Y1 A 3 Y =
National Guideline, 2011)IagNdo1an Iumsi1 Ao A)reNTMIVIATDANDITEAVTULTIN
Y o 9 a o 4 a 4 A 9
amnsalimssnu Id wagasanuneFanimanmsiuenssdneuiunes auod viofile
A I o 4 a 4 Aa = 1 dyﬂ} 1
NIMIVIARVAVBITLAVTUITIHADNWTIABUNIADT TUBIUNA HANURLAFAIUBIYNINNN
= o [ =) a a l; 1 = a =) d' o d’

40 1 sgavanuauladiadaladn @nd1 90 mmHg UanuAailndmeInumsnaenlng
. . = g 1 dy o a % [ o =
(Unilateral posturing) Iagtido19321u3 ensainmsaamuiaszauanudauluns Inanfsuy

1 { a [ a [ o
18 Tagnuniivsz Tessi lumsaaauuazithsz Tamsinannuaulun: Tnandswega v ld
E4 E4
awnsoAaawassauludon liiesaues Josnumsuadon liidesaus oz 14 udie
nliensodszdivszauanuaulung Tnanfsvrgeldanmsdsadiumsnlasumlainis
1 1 o o @ 1w 4 @ LY I

szupdszam wudihesuiudesldsumsidalussuudu nieldsuesziuanuidnedis
13 9 = 1 a 9 9 1 a dy =

Juuse uannudoide 1wy MsAanzunsndon 1dun msaaie mslidensenaiudiy 3

o <3| v Jd o
2N L‘]J“LJGQI)“LJ (Brain Traumatic Foundation, 2007; Haddad & Arabi, 2012; #3248 YUNDT &
Al LA, 2552)

v o v 9

332 mﬂ%mﬁazmﬂmmmLsumuqa (Hyperosmolar)

Taem 3 1% manitol 15118 0.25-1.0 nFudenlansulumsanszavanuanlun: Tnanfsye

A < A o A i A o F ¢ )
LUfJQﬁJWﬂLﬂUﬂW'iLWEJLLNWLJ’E)’E)?(I&J@IE‘T(osmoltlc pressure) (WOANUIDDNINLEAATUDUUY

&

] 1 A 1 Y a A = Q' dgl A =\ A
%@Q’)1\11U1’iﬁ@ﬂlﬁ@ﬂﬁ\‘lWﬁiﬁﬂilﬂ@lﬁm@ﬂiuig‘ﬂUhl‘ﬁﬂli]ilulWllélJu ADAUAINNTUYIUAOAAN

a

dawalianuaulung Ivandsyzana (Oddo, et al., 2009; Wakai, et al., 2007) UNAADHAANT
[} Y ) Yo a2 Aa a . (=
naMsiny1vegihenlioninaderianasanuiinisanad (Wakai, et al., 2007) uall
v Y v
padnufesiny ldeenss Ao msiianzanuauladadl anw ldaugavesmsminaigy
1 3} A 1 d! 1 d' = [} QgJJ = (% a Qd‘
$19me @siazindens Feeredanan luddeaues asiuleaisihsyTianuialnanen
a d?l [ o a @ Y Y A . Y 1
AAIUTIWAUMIUTEIUIZAUANUTNTUYDUADA (serum osmolarity) 1 od 1ugI9 315-320
A ' Y o 2 9 1] . v =
mOsm/L uagtile ldansnanszauanuaulunz lvandsyea1on15 1% manitol 1a293inTg
' o [ I
1% Hypertonic saline A 23.4% NaCl 30 CC 96141108 15 1% maviasatioad i lesnunilu
drduda Taswphawsoaannzanuaulung Tnandsvzqald maeszan ICP anas 8.3
™ A [ Y A~ [ o' v
mmHg Turanlszina 4-5 $2Tue uszan cPP TudilreNniiszay CPP @101 70 mmHg
' v v Y v
(Taoininzo8198932AU CPP #1011 60 mmHg 1NNz 14.2 mmHg ely 1 $2luauay

A 9

nilu 15.8 mmHg o1yl 6 $1Tu9) iuszdn MAP lunquiilinl MAP eani 80
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v P4 v ' P4
mmHg 1A852AD MAP AU 12 Hadwasdson melu 4 -5 92 Tue waziiuszan Pbto, YU
[ [ ) A Y 1 Aax o Y A
3.1 mmHg Menainssnulugalued 1,3 uag 4 uaaalimunismssnugieniinig
o = 9 . . Y aas Y o v w
anuaulunz InanAsyydie  Hypertonic  saline 1JuaTNa1w1satlosdunaziiiasnu
3 a a 9 3 A 1 Y 1w 19 @
AMgMIUIaRUaNesszzasgil Tugihoinadunauesszauguuselduainwoai dilein
a 9 = [ [ 9 1 a a g = 1 [ =) 1
Nanat1fsInenaImsine laun anuralnavesszaumnaons wazszaumiilusienme
3 ' ' & aaa
nanal¥siu31n5 1% Hyperosmolar @A Hypertonic saline 1182 mannitol 11135 neu150ly
o w w a < a a PR 3 = o Y
Miasneimsnamsuiauduesszeznaogiludiemanunauosszaugunsela
' A @ ~ @ 9L A
nafo @wsnaanIzaNuaulung Inandsyege (53au ICP > 20mmHg ) 1@%99zl
UszA@nsnmgaganiondanissnu 30-60 Wi uazdannnludilen1dns5nu142e manitol
Y o = 1 vdd? Yo @ k4 . . S|
udanzanuauluns Tnandsvzgaeda luasu ms1dumsinuIdie Hypertonic saline 1111
drauaon mwnsoanszauanuanlung Inanfsue Iduazdiamsomuszau Pbio, szAU
. 4
CPP U182 Cardiac out put 14 (Oddo, et al., 2009)
9 o ! 9 .
3.3.3 M3 lFenszdvdszamuazensie iy (Sedative
U [ T A I { a‘{u’/j
and Palalytic agent) 323 1un355n11 Tagmn1z081989 Propofol tHuenieengnidu 14 1dnad
v v = Qafl = wva
Tumssnwinnzanuanlung nanfsvege saunsdiguantialumsdnilesszuvlszam
(Neuroprotective properties) LANUNIZUNIAFOUIINMS W ILvIANGIazUIY Tdua N1z
o I
Propofol infusion syndrome (PRIS) 81A150aas Ao #alududn nneideaiilunsa (metabolic
v Y
acidosis)3ZAY creatinine N A1 rhabdomyolysis (Subhas & Smith, 2011; Yadla, Campbell,
[ 3 =\ a 9 1 [ d‘ Y ] J
& Jallo, 2011) atiuadsiimsusmisnludileedianingay Tavsas 1l luarsuinna 4
o ' a o . Jo A da v
un/n.n/Tue luaisuiumnu 48 ¥ 109 (Subhas & Smith, 2011) WennHgtioNtioy s
1 . . < £y ' 9 = A Y a o &
1%U midazolam , fentanyl, morphine 1JuAU uanuNad1Ase UG IANUAU TaTAAT F9010
M ldawesnadoauazdawaldszauanuidnatanas oreh ldmsdszduszuulszam
Aanaala (Roberts, et al., 2011; Yadla, et al., 2011)
334 msiidaanz Ivanfsue ( Decompresssive
. IS @ IS a 9 A 9 @
craniectomy)  tHumsaans Inaneeniiluusnunhaie Mauosveiedioonienns Ivan
=t o ¥ = A ¥ A o a o
Ay Taee1aihnuAeInIodoIny meaan1zanuauluns Inanfsyege ( szau ICP >
91 A L . A v 3
20 mmHg )“luggﬂaﬂmmasﬁummwm (midline shift > 5 mm Qg n3enalumu Basal
cisterns 910 CT scan ) #30n1ona991nfgile linsuauesren1ssny1A1001 (Daboussi, et al.,
&L o { a < a a
2009; Eberle, et al., 2010) 331 UM135NHINANNTOAANTINANMIVIARUANDITZEZNABNT 1Y

1 I @ U o
Ao uauesszAUULSe naIfe dImnsnaan1zAuau lung TnanAsyzga (Cooper,
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[~ A
et al., 2011; Daboussi, et al., 2009; Eberle et al., 2010; Howard et al., 2008) sazduilumsimy
M3 Inaeuvouionluanes (Daboussi, ct al., 2009) aas1uniunousiulunedileings

o [ (I 1 13 o T W $
wazd T lanesieriala'ld (Cooper, et al., 2011) UANWUAIZUNTAFOUNAINTHIAA F
3 Aa o v 1w 1 4 % < cf‘ M)
ﬁﬂﬁlﬂﬂﬂu‘ﬁﬂﬁﬂﬂTﬂﬂ ulﬁallllﬂ N173% Subdural effusion mazﬁumgﬁﬁm N1IVNINTI Llﬁ&’UTﬂ\ﬂu
dyw ) A’ a dy 9 1 a Ay a dy
IWiQﬁﬂJ’EN HUHINVINUIINWUNIISHUNTNBDULIDINTTAALYD ‘lﬂllﬂ ‘]J’f]ﬂﬁﬂﬂf’f) mmm%aﬁlu
a 3’ [ [ a dy a A A o [ 9J
ﬂTQLﬂHﬁNﬂQLLﬁﬁUWqﬂJﬁU‘WﬁQ fﬂﬁG]ﬂl%ﬂllﬂﬂmliﬂﬁluﬂizllﬁmﬂﬂ ﬂTJZWWEJGlﬁ]ﬂTUTﬂ L']JL!G]‘L!
Y
(Cooper, et al., 2011; Eberle ,et al., 2010; Howard, et al., 2008) dnnadainnzunsndeuluszes
gmenasnsiiraaleng lvandsye (cranioplasty) 152n9UA2Y Bone flap resorption 173
Y
Ao MIUNYANTIUAALNATA9INNTIo 1N THanATHE 00N LAZNUEIDATINTITITINAR
I
Wufowaz 2.5 (Honeybul, 2010)
3.3.5 A5 0@ external ventricular drain (EVD) RIRYEATRL
31 v 1% [ 93 a [ [ 4 <3|
umaaammaz"lmﬁu‘wmuazmmmsammmzﬂumwmu‘luﬂzTwaﬂﬁwmﬁmﬂumﬁa@

a a [

a ]
ﬂ'lﬁlﬂ@ﬂ'lﬁﬂ'l@ti]ﬂﬁm@\‘ﬁgﬂgnG]fJﬂﬂJEl]'lﬂﬂ'ljgﬂUWNﬂuiuﬂgjﬁﬁﬂaﬁﬂgqxi Glumﬁﬁﬂmsum

£l
]

= o

[V 4 T @ 1
Griesdale lagAMy  (2010) tWoANBIANNTUWNTIZHI19M35n1 Laen15]d external
. . [ A Aan R 3 A [ '
ventricular drain (EVD) 1agdn31m91@er3a ludiiemianunaueassdugunss Wy
~ [ A o o 9 1 [~ A A
szozina1nld EVD magilszunm 8 u wazmssnmiatenisld EVD lidlumsiiuanudes
Tumsi@edialu 28 Tuuazlulsanenaludiheninzuuuces < 6 azuun ualunieas
9 [ A A 1 A Aa Y 1 oAa o Y
DunuIdumsinuanudssdeniadedia ludienguiniissduazunu GCs > 6 uaaeli

Y =\ a

= ] o Y 3 A 1 Qs}l 9 ] dy o
muaﬂumﬁ3ﬂ‘m@ﬂaﬂmm%mﬂﬁumiﬂﬂmﬂﬁ EVD uummmiWmﬁﬂmmfuwﬁlumi‘m
! o R R Y A Y A oAA o A g
BYNIDUNDY Tﬂﬁlmiﬂmmw’aﬂ matﬁﬂiﬂﬂmw1$1uﬂquwmmUﬂ$LLuu GCS> 6 L‘W@Lﬂu

d' a 9 d' ) 1 a A
ﬂ'lﬁﬁﬂﬂ')']llLﬁﬁl\‘iEluﬂTﬂﬂﬂﬂ”I'JZLWlﬁﬂ"]f@uVlu"Iﬂ,ﬂQfﬂWiLﬁEJGH’JG]
o . & g A
3.3.6 7391 Hypothermia ¥uilunisangmuuigniisieanie

o aa o A o ' =2 A o A a 9
aﬂﬂﬂuﬂmqm‘mw 35 C 31N ﬁnﬂﬂﬁﬁﬂ‘ﬂ%ﬂﬂ’)ﬂﬂliﬂﬁﬂﬁﬁﬂqmﬂﬁmiu@ﬂ’)ﬂ

u

[

mm%uﬁﬁumimuquuﬂ Tﬂﬂm3mqmwgﬁiwmaﬁﬁzﬁuﬁmdw 35 °C WU @150
Unflosaues ldauesfimswinargyiitosas aunsaniuauanuduluns Tnandsys 19
198n31 20 mmHg (Qiu, et al., 2007; Tokutomi, et al., 2009; Zhao, et al., 2011) ¥IVAATEAL
shaaluden uazszduuaninludon (Zhao, et al., 2011) KANSZHY Superoxide dismutase
(SOD) #5261 SOD AdrFanunaremsiuszdusendnusaszamiadadaduues
199 (Blood brain barrier) daranemin/asuntasvesanuannialumssenldasriuuos

A . d o J A A \
ﬁﬁﬁ]ﬂlﬂ@ﬂiuﬂu@ﬂ (permeablhty) UNITTIVOIUTIDDNVINYIADALADA Iﬂﬁ@]uua%ﬁauﬂﬁ%ﬂﬂﬂ
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9
1 ] o a o [ 4
a1 voudoaruen lduileaue iNadunsedeaddudATABAIAAANBY (Tokutomi,
et al., 2009) LADIIWUNIZUNINFOUNBHAINTANGUUANI 19N w1 eadnay n1Izas
dy o Yy A ] 3| Y .
o nazialadusa lane nnzieasendiengain 1udu (Qiu, et al., 2007; Thompson, et
& 1

al., 2010; Tokutomi, et al., 2009) 91ANIANYIVDI Clifton agAME (2011) FudumsAnyIngy

1 3 { ) 1 1 1 [ 4
dievianunszauguessauesnInats 1sane11a lNUANUIANAIITZNIHA NS

[ 1 FYRl d' a a =) ~ [ QJ d‘ [ o
“VlW\‘]ﬂTiiﬂ“H']iZ‘W'31\1Ej‘ﬂ'JEJ“I/I’Q‘EL!‘H{]11‘]Jﬂ@Lﬂiﬂﬂlﬂﬂﬂﬂﬂqmﬂ{]ﬂﬁTﬂi%ﬂU 35 C ﬂTEJGlL!
a @ o o ] @ < 2 3 a 9 A
JTYTUIN UAZAIRUNYNITEAY 33 C e 48 1 Tuanaemsuiaiy E]ﬂ“l/NilLLlJ’JIL!iILWﬂJ

v

a a @ & A 1 @ 1 1 a a a
TomalumsideFiauazmananaansn ia venaintdanundiwaliinanuiailng
~ [ Y a A 9 1 [ = A o' U = .
MernuraasIaneiesl§ians 1dun szauTnunadonludondias Aunfe  partial

g 1 { @ 4 4 ° 1
thromboplastin time qﬁu LLﬁZﬂ']maEJLL?Q@uﬂ'lﬁ‘ll@uq@@ﬁ]ﬂll"ﬁﬂﬁﬂﬁﬂ (11n731 30 mmHg) Lo

o [

Faildinannzunsadeundirgnieszuvlszam wu mamnanganuaulung Tvan

=y 1 VoA a a o ng A Y a v d [ a0 9 =
ﬂﬁyzqmmmmqumqmwgwﬂﬂm mumwaimmwaawwwﬂﬁﬁﬂmmmwﬂaammim

U

v
a o

gangiieglunizlnd ieflosiunsiaduasionnmsiiguvgigansoguugid1 (Brain
Traumatic Foundation, 2007; Clifton, et al., 2011; Sacho, et al., 2010; Subhas & Smith, 2011)
3.3.7 M3A93EAY PaCO, 34-38 mmHg 11 24 %2 Tuausn
@ 3 Y q’/} @ @
MAI9INIARY MENAINNTUINGINDINT BIMSuaaIveIn1zaNyaulung Inanfsye
ga1300 1T TUDAAOUNIITVIAIAT PaCO, 30 -34 mmHg (Brain Traumatic Foundation, 2007 )
33.8 misamueudile Tasmsisvszauindedn
= Y 1 [ P ] 1 a ..
ATz eeggInINuUIUlszINm 30 0ar uazda liAsyzeglu/nd (Neutral position )
=S d' w A a =S =S d‘ 1 A o 1
MaNAeaNIINY 98 130 UABIRATHE 1HI91NITIeTUNITIZII8R0ARDBNIINANBIDEIY
wnzay Freaamsinanzanuauluns Tnanfsvegalalae liaaussiuhenuauonas
a4 A a 4 v ' & ) 4
ANy IALIaNe HaneInIsIedeas Tnawnndl 90 edrtiiodnindoas InnnaeuIng 9y
= o A 1 v o q ¥ o 1 1 v 4 o Y
nmyasvesdoalureaiesiliuseduluresenuas ¥eaneageuuiav1ans Inanduves
AeaMNaueInaugala (Venous return) 1hungnisnaveudon luauesniuu (Arabi, et
al., 2010; Brain Traumatic Foundation, 2007; Liao, 2009)
Y

3.4 ﬂ'liﬂ’J‘]Jﬂilﬁ%@‘]Ju']WIaiLuﬁ’ﬂﬂ

v

arssnwiszaiiiaialudenlnedluszavina (lugaar2-150

Y
(% ] o

I a a
mg/dL) (Brain Traumatic Foundation, 2007)&&?]3141ﬂﬁ§$ﬂﬂu1ﬂ1ﬁq33ﬂﬂ mgﬂuﬁaﬂ%@uqau

Y
1umimuamzﬁuﬁwmaﬁmﬁ'aa (Brain Traumatic Foundation, 2007) Ltﬁligllﬁlﬂ‘flﬂﬁﬂ@ﬂnl
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Y ]
szavihaaludoanerdimslgougamiotlesiusunsieninanzunsndousinszay

£4
o

A A ° .
ienaludonnandiag (Salim, et al., 2009)
) a A A o 3 o
3.5 MISNEIANURALNANEINVILUUNMTUTIAIVDAUADA
arstleatunazithszSamainaniizanuinalnmnerduszuy
3 o A a o Y Aa wa A A Y Y ] a Y
MIUAIAIveRon TasAamuszauransInerelliianmsnineidedlieglualng 1n
m3snuullofil oo neliszAl Platelet count <229 x 103/UL 1150 521 PT > 13.8 seconds
30 52AU PTT > 33.5 seconds 118 INR> 1  (Salehpour, et al., 2011) Tagilagiiunissny
a A A [ 3 o A o Y
ANUAALUNAINEINDTEUUNTUTIAIVOILADA (coagulopathy) 11 1aens 1 a1ulsenouves
1 13
iBoanauny Taun Packed red blood cells A% Fresh Frozen Plasma UAANLNIIZUNTNFOU
v Y
Moraan s Id laomnizeg19ganitzunindouluszuumuduniels taznisaayo
Y
(Lustenberger, et al., 2010; Salim, et al., 2011) UDNINLINMITANEIVDI Brown UaaAtuy
' I { o o o [ Y .
(2010 ) Tugiheviaunauesszauguuswazsuiludes1d5un3H1dA Craniotomy Tun1az
a o ' . £ g
RANRU UIY 28 318 “W‘]J’ﬂﬂﬁcl‘lgf} Recombinant Factor VIIa (rFVIIa ) cmﬂumﬁllﬁ'mmﬂmi
@ o o A 9 3 o A = Y] 3 o o a’/’
duasznilaven s lumsutdveadsa (FactorVIl ) 921wa lunsdudanisvinatemiiaars 1y
A a ~ Yo 3 o 9 [ a a 3 o
VoIvaoAlanaus AN lasuIany ausninulesnssruianuralndlunsudedives
A 1 1 T Y d' 1 Yo [ 1
1199 (coagulopathy) Iagn131A1 INR - aaasu1nn@1e9 161450 FVila uazdariean
P
YF1auaza15n 19103 19 packed red blood cells 1ag Fresh Frozen Plasma 53331484 Tsiww
9 A ] a a Y] A a9 £ A I ax [ ~
AMzunIndouneInuaNuEalnalumsgaduvesriaoaiondndle FedolulITNIsTnYIN
Tnunazdinadoaiinisnaasaaznisdsamonnsinatoauazdvordslunisimn sy
Athe
dyw a [ a 1] P o
HONIINUTINNANT 1B 52TnENNNITIT  progesterone 11
= Aav [ Y <] = o A A 1 1 o
AnvelumsshegheadvauedlussezReunaY 11199910 119319195I8AN15111018
I’ o { ' { Aa
IFAATUDININNITHAL  Excitotoxicity Nanad lagnuNa1uisnannnudsslunisinanimy
NNMILazMIdedIa tazdimunsoaaszau ICP 1d Tag lunun1izunsndgouannssnu ue

Yaow o W Y o K Ay 9 3 a o A
W')ﬁ]EJENﬁTl]llﬂJ"lﬂ'l']ﬂ']iﬁﬂcﬂWdﬂ?ﬂﬂquuﬂ?ﬂﬂ’]ﬁiﬁ progesterone %glﬂU'Jﬁﬂ']ﬁﬁﬂE'WllﬂﬁJ']gﬁu

q

e

P

d‘ Y o w av T 9 =1 o = 1 1 Y ] d' =
mawmmmmmmwm%mmzmummemmimmsﬁnmm"lﬂiuﬂqum@mwmnmu

(Junpeng & Qin, 2011; Xiao, et al., 2008)
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@ 9 [ Y1 g A A o Y
ﬂ'lfJ‘ViENfl]']ﬂclﬁﬂ'ﬁ@'l,!,aﬁﬂ']el'I@‘IJ’JfJ‘lJ'I@Li]‘]J‘ﬂﬁllﬂﬂ5$ﬂU§uLL§QLW@§ﬂ‘H']{IﬁNﬂuﬂ']§

a 3 a a g A I a Y P4
NANITUIRUTNDITSYSNAYYULAN L'wauJumﬁﬂﬁzmuwaclumﬂﬁmﬁwEnma Llazuﬂ]lell

4 a v Ja I o ' a v A d
HYanuieliifanadnsnialszasanudilie weruiansinslszdiveadns iiluanesgiu

U



w3303 Jumsiades WaMIANUUMS / 72

o Y 1 o Y dyw o 9 @ ! 4
uazdana lned gy gnAsatazmingdy uenanidsainsmiveyadanad 114 lums
eI ne1ua laod19iilse@n5n1w (Shukla, Devia, & Agrawalb, 2011) §1%51

a v o PR 3 A S 9y A Yy A oA A o Ao A
lumsilsziiiunadnsvesdiheaunaneaiudeslinig lHaIesiionioa 1y Ianmungay
=< ] a @ 4 3 dy (=Y a 9 o 4 3
NAMISANEIMANg T szIndaTiinuNIMsUssiiuaunadnivateglunuiianis
a v an v JY o 9 A [ ] dy
UsSUUNAANTNAALN HAANTAIUMTHIMTUINUDI519018 A9
A I A A o v o A
- Glasgow Outcome Score 1170 GOS Wunsesliadanaaninessuulseanni
5 5201 (1-5) uAazszaunaaItnNuase lumsiinenssy msswnnssuludny msf
a A lay o Jdo A Y Y A K Y1 =3
aa uagmstUgduiusiudunedonvedilie azuuungs vunededielinnuamnsaly

o A [ U = Y d'r; 2K Y =\ o
MsmAInssuaInaIun luvaz@ernuasuuundawaaidagirslanuainsalunmsi
Aangsudananluszduntdes (Oddo, et al., 2011; Xiao, et al., 2008; Zhao, et al., 2011)

I 4 [ v d
- Extended Glasgow Outcome Score 50 GOSE (Juin3osiioianaaninieszuy
d‘ A a =S a =\ z [ 1 [ =
UseanNNNIANI19a210ea1nUVYT NN GOS UNINNA 8 52A1 (1-8) LARZTZALLAAINT
o Aa ' a o a A v W Jd o
anuawsalunsiinenssy mssaunenssuludean msifa nazmsilfduiusny
A Y 91 ~ =2 Y A o a o 1
dunadenyeadilie azuuungs vuedagirelianuainsalunsiininisuaInaIn
TuvagiRernuazuuudmansdsdihoiinnuansalumsinenssuadenanluszdun
9
1198 (Cooper, et al., 2011; Howard, et al., 2008)
{ I 4 { a 1]
- Disability Rating Scale Score 1130 DRS #aiiluinsosiionlalsziiiuszauniy
#N3 na1Re ANuaIo lumsnngsua1ea LazANAeINITNSFIOMADIINYARDDY
[ 3 { o 1 4 o ] A 1
voafilreniaunaues dnazdaiiedviieainIsame1ia T919nzuun 0- 29 AZLUUGS
=< Y = o a v A 1 ay v Y 9J @
wuede Aiellszauanuinisge anvasalunsnauauganimind ladeedesede
ANuFerdenInyanadu lunmsiinenssuaee luvagnazuuund ninededieiisza
ANUAMIA Asanduauganiwilnd ldun mserdoyanadulumsininssuaisana
(Clifton, et al., 2011; Shukla, et al., 2011)
. . . A I A oA a ° Y A
- Functional Status Examination %138 FSE 11/11A509001520umMsmuunnves
o A w o w Av o Jdou o 1 ] )
szuulszannlumsiinedasdsedriu uazmsdfduiusnudeay neutaznasaInms 195

3 A L2 o Y} Y ' A !
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3. Fouuziihlumsngiasien

Y 3 A @ Yo a 1 1 4

Athenalunanesssauguuse A3 lasumsszidivaningeamesdieauysol
Usznoudle msdsziiuszavanuidndrnnuuuilsziliu Ges Sawnumstszdiueints
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a wa { g
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4.3 MIATINALAAAIUMIINANIZILIIA  (Hadjizacharia, et al.,
2008)
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mmol/L (Fraser & Stieg, 2006)
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AT0UAQU (Joosse, et al., 2012)
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FOHINYIUIANATITT NATIND EJ‘]_I”JEJ‘V]1%&3?1']11!?7']51!']?{@Tiﬁﬂﬂ']ﬁlﬂﬂﬂ'lﬂlﬁ]ﬂu']u mmmﬂﬂu

'
a a a

a 3 ' 1 ! o @ ' ]
msnam s uduesluszeznasgivzmuganigihendrFunssny1ed1959a152
. 1 ] ! ! o Y
(Henzler, ct al., 2007; Joosse, et al., 2012; Kim, 2011) giletnaiunduesidessoninsmian
Tudeaamuunnil 4 v.u.eganudesmadedin uazszeznariuueusinlulsane1uia

i v v 9
wnandihenlasumsiidalu 4 2 lueandsandnsumssnviniesnnay wonvndid

A o [

KX Y ~ Yo 1 1 A A 1 o Y I A
i’)iJﬂ\‘]PQJJ‘]J’JEI“V]ulﬂi‘UﬂWiﬁx‘lGl@%']ﬂIﬁﬁWﬂTU"lﬂ’E‘)HLW ﬂ1ﬂ1iiﬂy1ﬂliﬁﬂ’3uﬂ11ﬁLﬂUﬂ1§LW3J

v
= 1 % a

52o2190194120095 1d5umsineuinnngui ldsumsdedimninganame lasasa
(Joosse, et al., 2012)
1 9 a [ Y R o

1.3 MIAT29319M8 Uszneuale Msdszsiiuszaunnuiandiain
puvilszdiu Ges Tawmnumsilsziiineinsoimsudasvesnizanuauluns TnanAsuega
TagmmizedganmalasuuasvesgiiuanuazUgasoaeudegiuaveis vy wag 1l

Y
aaa 1 ] @ <
Ufnsedouds Y9215 maruan (Hickey, 2009) NMIATINTLAVANUTULTIVOINTUIARDY
4 @ ] ! ) A o ! 1
111999710 5TAVANFUUITWOINMTIARIUNGS W1NFImssunaumstminuesszuuaeg
1 1 a v [ { 1 [ [ a

TusramedanaliinanadnsnansSnyn lua (Franschman, et al., 2011) szauaNuauTaia
Nalnd laamnizod1agamsinan1IzaNuau lanaNA1sanoan < 90 mmHg LAZTLALAINY
aulariadanodn > 140 mmHg S2AUAURNAVUTIAUNADADDALAIN < 65 mmHg luszos 4
2 TN aINIsneT szAveendauluden (0, Saturation 1150 Spo,) NATEINT1 92 % 2
o Y a = A Aa a Yy =\ [ 4 [ A
mldiRans Inaouvesnasaidenluauesndailng dawalidiolnadnsnianissnyin
1yia (Franschman, et al., 2011; Henzler, et al., 2007;Yang, et al., 2011; Zafar, et al., 2011) 52U
QUHNNININAINT 35°C 109910 DHasuNIUNszUIUMIMOUlunznAvesszunae

Tusrame (Brain Traumatic Foundation, 2007; Henzler, et al., 2007; Thompson, et al., 2010)
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A wua { A o a 3
1.4 Waﬂiﬁ%ﬂ’]Qﬁ!@flﬂQ‘U55]ﬂ’]ﬁﬁLﬁEJ'JGIBJIENﬂ‘UﬂWﬁLﬂﬂﬂ”ﬁ‘U”lﬂﬁ]‘Uﬁll@Q

a [

a PR 3 A 9 =1 Aa A A [
3358351@55]ﬂ@lifluEjﬂ?ﬁl‘ﬂ"lﬂﬁ]Uﬂﬁu@\‘lﬁzﬂﬂﬁqullﬁx‘] ﬂﬁ%ﬂi’]‘ﬂﬂﬂ]ﬂ ﬂ']ﬂJﬂ'J']lJWﬂ‘l]ﬂ@LﬂﬁJ'Jﬂ‘Uﬁg‘UU
3 o o o
MIUTVIAIVD9LADA (coagulopathy) Taell 52AU platelet count < 229 x 103/UL 5gAlU PT >
4
13.8 seconds A1 PTT > 33.5 317U 11) tiag A1 INR > 1 (Salehpour, et al., 2011) A15HFEAL

Y
= o o

Y Y v
hanaludoageaas 160 mg/dLlu 24 F1luausanaadsumssne nieliszauiimialy

@

A 3 [ ) I~ @ 4 Y 3 A A Yo ] A A
0AAILA 150 mg/dL nmmﬂunm 1 ﬁﬂﬂﬂ’i Llﬁgﬁluﬁjﬂ’)ﬂUWQL%UﬂﬁﬂJﬂﬁﬂvlﬂi‘Uﬂ?iNW@ﬂ“VlﬂJ

14
o o

Y
@ 1 1 o o a 5
iﬁﬂUUTQWﬁiulﬁﬂﬂ@\‘iLm 200 mg/chlqu% 10 MUUTNNYIUAINITNANITUIAY (Griesdale, et

al., 2009) N15AAN1ILILIAA (Hadjizacharia, et al., 2008)n13Hn1e Iaaenluidon
v [ v F
@1 (hyponatremia) Ni3za 1 TaaonluAoAAINI1 135 mmol/L. NN UNAVDI Cerebral salt
wasting syndrome (CSW) 4182 Syndrome of inappropriate antidiuretic hormone (STADH) (Fraser
& Stieg, 2006) UAZIZAY PaCO, NUAIAINI1 30 mmHg 30 gan3139 mmHg 130 32A1
H 1 5 1 o o
ETCO, N1f1@1n71 29 mmHg (Caulfield,et al., 2009; Warner, et al., 2008) 5za 1 a5 Ta lnilu
A Y 1 w d%‘ .
iaoa laun s2AY IL-8 1ag TNF g (Stein, et al., 2011)
d‘ aa U d! Y % = a =)
1.5 m3asaunensIiene s luilagiuiinmslsslunazmsaaaiy
@ a a3 a a 9 = 1 9
Whszlamsinanizmsuiauluszeznavgiilaonisldma TuTaduigredauning
nasunaswesauosnonazgniatsedien1s GulimsihnldluraenUszmeuadalyla
) oA @ { I o o { Aa a3 {
1l lulseme'lne Tasan ldninmsiandeiluiladadeslumsfanisuiadunauseluy
a a [ o { ] o o I
szoznAenl 1N 5381 Scvo, Noon1 65 % 11 24 ¥ TuausNN1eNAINITUIARY (Filippo,
et al., 2009)52A1 BTpO, Neoni 15 mmHg (Maloney-Wilendky, et al.,2009; Odd, et al.,2011)
v
52AUY0NINIIZAAAY TEALUAAAR TWIA NALEEIDE NYATUN LAZBAIIAIUYDIUAAAN
F
1 a ) J o
ma"lwgamzqagﬁu (Haddad & Arabi, 2012; McLernon, 2011; Yokobori, et al., 2011; f384e) UUN
913 & 10741 JuNAD, 2552) A1 AR N11EN71 2.8 (Daboussi, et al., 2009; Haddad & Arabi,
2012)
1 a 3 a a
2. m3npuauaIdIuInelumsRamMs AR UaNDITE Iz NAYYT
[ [ = a' 421 é 1 1T v 9
2.1 szauanuaulung TnanAsuzmiuaiu sedulnadany ldun

Tu 72 $2 739 u5n1a910 185U11a31 (O’ Phelan et al., 2009; Stocchetti, et al., 2007) Iaga

v
a

FunuaNuAalndvesnalnda Tudavesaweniolu 48 42 1ue uaznuanuralndngalu
o A [ ] .. o o 2 Aa 1

U 3-5 NAWIAAY (Svird, et al.,2009) lagszavanuaulung lnanfsyenTA1110nI1 20
mmHg ueaaaneilelinnganuanlunz Tnanfsbzge (Maloney-Wilensky, et al., 2009; O’

Phelan, et al., 2009; Stein, et al., 2011; Stocchetti, et al., 2007)
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2.2 AN AUDING DIVONTFIVU NA1IAD 524U BTpO, 1ounii 15
£ Y 9 < [ A A [ ] =y
mmHg Sanu ldvesTudihemianuauesssduguuse nlssavanvauluns Tnanfsye
PIANI 20 mmHg TAURAYUIIA U ADAIADALAL 1DINI1 80 mmHg LAZAMTIAUMBIVYDS
AUDI VINNI 60 mmHg (Chang, et al., 2009; Oddo, et al., 2011)
i 9 Y
2.3 szaugungisemenAnlnAnguu gy tagszaUgMnYil
319M87A104 (Brain Traumatic Foundation, 2007) Tagia#12 0819893 A@HANNAINTT 35°C
Y] =2 v PR 3 A o o ..
wu'lauindedosas 109 ndileiaRunaueIszAI U INIUA (Konstantinidis, et al.,
2011)
a aa @ 3 o A a
2.4 anuAaladineanuszuuMIuiveuasn wuluuwungnauy
Y A g v o ] £ a
Jovazr 24 waziuuiosas 54 1124 ¥.0.MANWIAIUNY (Greuters, et al., 2011) Funa
y o o <3 ' a o M a
iesnniimsiimevosnisnasaidenany danaldinanszuIumsoniay Msnasasny
E4 v
uazmIvIaeaNIALIaNes Tnednmaniely 12 $21us usnaendudisums wivilszna
0-4.5 1 TagaA1 International normalized ratio ¥30 INR vzgagallonal 6 51143 uag 36
3109 #2UAN Platelet counts 9AAAININALLD 24 52 Tuandud5uUMs5nY (Lustenberger,
etal., 2010)
v 31 A d’ a a‘ d?l Y
2.5 szauthaalwdeags Tasanudsalunmsifassinynlugihe
' Y v v v
niieng 65 Yl dilenlinnzidenoen 1A uaue g1 150 Subdural hemorrhage 1Az

v

alu

Y
[ o

91 d‘d A 1 1 1T o d! [
g«jﬂa&muﬂnzizmmmm”lumaﬂqﬂumaﬂaumm (Pecha, et al., 2011) %3958R

be T

9 v v
oAgiunAINI§5e1M IR UAU09909519M18 TABNITHAY Stress hormone AW 117
P4
sumenszqumsinalgnsoimsmnaignasauuny lildeendaumndu huigniie
AUDIVIAADAAINN (Griesdale, et al., 2009; Liu-DeRyke, et al., 2009; Pecha, et al., 2011;

Salim, et al., 2009; Zhao, et al., 2011)

2K 9

2.6 71221 W‘]J‘lg]}ﬁﬁf]\‘]iﬂﬁlﬁg 15.4 uagwuanudselunisinae

U

d%l Y A A ] 3 Y] Y ~A A
1J1ﬂ5UuGluquj‘iJ’)El‘V]iJﬂTﬁi%ﬂﬂﬂ’ﬂiﬁuuiﬂﬂmﬁﬂﬁ‘UW]L%‘U?N ’JﬂIﬂEJ GCS < 9 AZUUU quj‘iJ’)El‘V]ll
A

u

P d‘d 91 d‘d A 1 a A
AlS,p,p > 3 Azuuy giheniinnzauesudn waggiheniinizieasen lugoaiuasiaa 13o
Intraventricular hemorrhage (Hadjizacharia, et al., 2008)
[ Y
2.7 Mz Tasiaenludead (hyponatremia) dinaliiineluaiuves
H . ° Y a A A T o 2, Y a
1UBNIYA (extracellular fluid) lviAamsdouNvoRiNgyadaueInyy i lina

NNITAUDIVINAINN (Fraser & Stieg, 2006; Rahman & Friedman, 2009)
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o 4 A 2 A A @ a3
2.8 szav oy la’la Twdea Falinisasuutasnerasnsuiany
Nauee laoNaINNTLUIUMTABUAUDIADNITONIAY (inflammation response ) IASNUINTEAL
F4
IL-8 wag TNF zil52A1gadu (Stein, et al., 2011)
A ~ a Yy v J
2.9 msilasundasmeyuailuauss Tasanududuvosiaa
J @ [ 1 a 1 A -4
AMOUDNFAAIZANAL TTAUNABOTON NQANUN 1AL BATIAIUVBUANARAD IHFINANTU 92

A o 1 v o A o 4 R A A A Y}
Wllﬂ’]ﬁlfﬂﬁﬂu&LﬂﬁQﬂQﬂﬁ’]’Jﬁ]uﬂigmﬂjum 4 ﬂ’]ﬁlﬂaQﬂ'ﬁ‘U']ﬂlfﬂ‘]_]fﬂﬂlﬁumﬂ’]ﬁlﬂaﬂuuﬂaﬁﬂl’]ﬁ

U

2AU1nA (Yokobori, et al., 2011)
o v w [ a3 a a
3. msthiiasnyuazmsileatumsmiaRvauesszeznaogil
3.1 msquamaaurielwazmsmiely Tasmwiz ludilonog o 9a
a 9 = a [ B ] Y 3 dd'dsl ] d’l
g doslimsszdunazansalanesionielaldedesing lunsdiniidon s Tasns
A93A1 Spo,> 92 % (Chi et al., 2006) LaZIZAVAN End tidal carbon dioxide (ETCO, ) ¥10N71

o 1

. 49 w4 dae
29 mmHg (Caulfield, et al., 2009) tazinsthaalsaneianlndnganidnaninlums
[ VR dysl = 1 1 d’d a A Y o w U 1
Snymenagiie uenaniidesiszuudsdontlsz@nimwamnsaldmsihiasznineds
aonauna lsanetnaldedramunzay (Joosse, et al., 2012)

3.2 msquaszuy nadeuTaia arsaiuguanuau Tadaganedn
1%110N91 90 mmHg AIUANAUNALUTIAUNADAHDALAIIRNINNIT 65 mmHg  (Henzler,
Cooper, Tremayne, Rossaint, & Higgins, 2007) tioa@aa3un1s Maleuvoadanazeongay

e ' ~ IS v A e ~
liidssauosearaiioans lasnaszauaussauiaon lideeaues (CPP ) 150 - 60 mmig
(Brain Traumatic Foundation, 2007; Haddad & Arabi, 2012; Subhas & Smith, 2011)

o = 9
3.3 Myaaanuau luns Tvandsye Uszneudie
a [ [ a . . I ax

- mMsAnmusEauaNuaUlung IvandAsye (ICP monitoring) 1TUIT
Aq Y 1 ] = I~ Aa va Y o o w A . .
nlFosnaunsnarsuazimasguiununliauazdouuz1hd 140N 2 Y09 Brain Traumatic
Foundation (2007) ¥ 1dsawnumssnwnnuanluns Tnanfisue g

Y Y . a o

- 1139 Hyperosmolar 1815 1% manitol 151194 0.25-1.0 nSuAD
ATansy lunsaaszaunnuauluns Tnanfsye (Oddo, et al., 2009; Wakai, et al., 2007)
1 [ (% a Qd’ a dgl a [ . Y 1
sawnumathszTannuralndnerunadulaon1siseitiuszan seum  osmolarity  1¥og
Tuaaa 315-320 mOosm/L  waztide luausaanszauanudulung Tvanfsvedronmsla
manitol 1t&292 M5 19 Hypertonic saline (HS) (23.4% NaCl 30 CC Drip 98191108 15 mﬁ) U

[ <3| o K% [ [ . . a a
1¥Snpuilududauainazunsndouniendans 185y Hypertonic saline o A1uAALAA

v
YoITTAUINADNT tazszALnl1us19n10 (Rockwold, et al.,2010) A9 UADITNTAIVANTZAU
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Tasaenlwdon l3Ay 160 mmol/L uagsEdy serum osmolarity 15itAn 325 mOsm/L (Oddo, et
al., 2009)
9 [} 1 Y . .
- M5 lpensedvlseanuazensieliaey (Sedative and Palalytic
1 A I A Q(gll I Y = [ ]
agent) 1AUIAN1ZD81984 Propofol (Huenneengniau 1% lawaalumssavinzanuauly
= 3 = wa . . !
ﬂ&’TﬂﬁﬂﬁﬁHzQﬁ ’i’Jil‘VNllﬂﬂlﬁiJUﬁlﬁlumﬁﬂﬂ‘ﬁmﬁz‘uuﬂﬁzﬁi‘ﬂ (Neuroprotective properties) 54§l
WUAMZUNsNFou M3 W TuvuangeuazuIy (Subhas & Smith, 2011; Yadla ct al., 2011)
(%3 2}1 = a Y 1 [ d’ Y 1 1 q‘;
asiunsimsvsmsonludiheediamingay Tavdasn1d luaisunndt 4 unsn.n/a Tu
v Y v
lyiaa5u1uny 48 21149 (Subhas & Smith, 201 1)uenNHEINeNHeu 1Y 19U midazolam |
. <3| Y ' 9y = A [ a o £ o 9
fentanyl, morphine (Judu uanurat1ufoeluGenuaulariad seoraim liaussvia
eauazdinalnszauanuidnalanas oo ldmsdsadiuszuulseamianaiald
(Roberts et al., 2011; Yadla, et al.,2011)
- mymaalang InanAsTye (Decompresssive craniectomy) 11150
aan1zANNAuluns THanAs ¥ (Cooper et al., 2011; Daboussi et al., 2009; Eberle et al.,
v A 13
2010; Howard et al., 2008) tazdanums lvaBeuveudonluanes uadnunzunsndou
% ) % é g/l = (%3 % T %4 1 4 %4
NaIMsHIda Fainunaunnaardida 18un 132 subdural effusion AIZANDIADY MIFD
< 31 M y‘u 4 a
39 wazthfaluInssaued (Honeybul, 2010) HonnHdinuazunsadouluisesnsan
dy 9 1 a dy a dy a 2} [ (% a Ay a A
Wo laun Ueaaaae nisaaelunmuduayeanaziir ludunas nsaadenuaiGely
o I
Aszuaden aznieladgiun Wudu (Cooper, et al., 2011; Eberle, et al., 2010; Howard, et al.,
A 3;, v A Y] ~ o o 1 W = .
2008) DNNIGINNITUNINFOUNNUNEaIN1THINIAAlene TanAsye  (cranioplasty )
F
152n9UAIY bone flap resorption AITAATD BINMITAALNANGIINATEINE IHanATHL RN
v W a Aa A I~ 9
HazNUdOnsIMsIFeTInAausouas 2.5 (Honeybul, 2010)
] I [ {
- m51d external ventricular drain (EVD) @umssnunlylunis
3’ 1 19 o @ a o 1 4 I
szineiviaeauetas lvdundazdamusadaauszaunnueu luns Tvanfsyzinely

a a [

a < (S
ﬂ']iﬁﬂﬂ']ﬁlﬂﬂﬂ']iﬂ"lﬂﬁ]llﬁﬂ@ﬁﬁgﬂgn@Elﬂllﬁ]"lﬂﬂ']'Jgﬂ'J"liJﬂull‘!fWIWﬁﬂ?ﬁﬁgqfl Iﬂﬁlllillfﬂu

U

A A A AAa o K A A
mamuanudsslumadesIalu 28 Juuazlulsaneraludgiheniiazuun Ges < 6

1 T A A 1 A Aaa 9 T A [
Azuuy wawuIudumsiuanudsenemsdedialugihonguinlissAuazuunces > 6

(Griesdale, et al., 2010)
o . [ a v 9y Ao o 9

- 713971 Hypothermia 91n%ang uiFi)szinsnudoagindatauds

[ a

WNEINUNAYDINITANUN YNNI HA1BMTANEINYIINTAIgUHTT 1IN 1eNTZAY

De

o 1 o = a0 Y Y] = Y Y 1
A1n91 35 °C Uwadaete lasaunsanduguanuaulung Ivanfsye 1niloand1 20 mmHg
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(Qiu, et al., 2009; Tokutomi, et al., 2009; Zhao, et al., 2011) Gﬁaﬂamzﬁuﬁwmaﬁlmﬁaﬂ uag
seavuananludon'ld (Zhao, Zhang, & Wang, 2011) Lﬁ'mzﬁu Superoxide dismutase (SOD)
(Tokutomi, et al., 2009) ugio1atnanIzUNI NG 1dun Ueadniay AzAase n1ziledy
52 1a1e anzideanendievgaen 1iudu (Qiu, et al, 2009; Thompson, et al, 2010;
Tokutomi, et al., 2009) ualuviandang i lunuaNuLANA1TEH AN NIINTTNIN

£4
2 4

[ 9 ~ a a =1 =} o Ao = Y Y a o 4
53514'J'NPQ‘JJ‘]_]'JEJ“I/]Q'EL!'W{]Nﬂﬂﬂlﬂﬁﬂﬂlﬂﬂﬂﬂﬂqmﬂ{]u@'] ’aﬂ‘mmm’ﬂmﬂﬂLﬂﬂwaa‘W‘ﬁmama

d‘dv 9

o Ay 1 . o & A Y a o o ! =
ﬁﬂ‘lsl'lcl’]'ljJﬂ (Chfton, et al., 2011) ﬂﬁuun"l@ﬁlﬂlﬂﬂWaﬂW‘ﬁﬂ’Nﬂ'ﬁﬁﬂH'Wlﬂ@@Wﬂjﬁl%\?ﬂ?ﬁﬂ\‘i

U
v

gangiieglun1izlnd etlostumsifaduasiennmsiigungiigeniogungiid1 (Brain
Traumatic Foundation, 2007; Clifton, et al., 2011; Sacho , et al., 2010; Subhas & Smith, 2011)
o M @ <
- MINITLAY PaCO, 34-38 mmHg 11 24 F2 TUAUINUAIDINVIATY
k2

MENAIINIUHINGIN0IMS 0IMIUEAIvIN1IzANUAL U InanATyegInTon1IzaNes
1ADUNIITMUINIA1 PaCO, 30 -34 mmHg (Brain Traumatic Foundation, 2007 )

- msvamueulihe Taensdsuszauiufeddsuedivogga

[ Y 1 v a .. = d' @
MNuUIUszam 30 pen uazdalvsyzogluning (Neutral position )Han@eaN1swy
30 Y150 VADEIATHY (Arabi, et al., 2010; Brain Traumatic Foundation, 2007; Liao, 2009)
@ oy = Y J a

3.4 myauquszavihamaluden  alsadugulveglunailng
f10 72-150 mg/dL (Brain Traumatic Foundation, 2007) Tagn1s 14 dug@ulumsairuquszau
v Y 1
haa uadeslinsAamuszavihaalufeanendims lddugauietlesiuduasigan

Y [ '
Azunsngeunnseavihalufeanandiag (Salim, et al., 2008)

o a a 3 o

3.5 MSIAEIANNAALNAYEITLUUMSUTIAIYDUADA 1ABNIS
a [ Y a wva d' d' 9 Y 1 1 a =\
aamuszaunansniealfliansninerteslneglumilnd (Salehpour etal., 2011) tagil
mM3sn lasns Iavusenevveadoanauny 1aun packed red blood cells LAy Fresh

] @ 1 A

Frozen Plasma LANNUAIZUNTNGOUN8H NS IH Iagninzoe1agan1izunsndgon luszuy

F 9
mauaun1ale uazn13Aare (Lustenberger, et al., 2010; Salim, et al., 2008) WaNINHUT9gTTUTY
~ = ° . ] PR 3 A A A
UNIIANEINITUT Recombinant Factor VIla (rFVIla) llﬂslfcluejﬂ’JEJ‘UML%]‘]J‘VIET&JEN‘V]EJWJHJ
a A A o 3 o A £ (L A ~ " Yo
AnnAMeINDszUDMIHIIRIVEURPATFIND A1 INR anasuinnfien 136145 Fvia

nazdarivantsunanaza15ny191an13 19 packed red blood cells 1Az Fresh Frozen Plasma

Y
U

= 1 9 A [ a a Y A a2 g
NN fNhlll‘W‘]JﬂT’lelﬂﬁﬂcﬁﬁ)ulﬂﬂﬁﬂﬂﬂﬂ'lilNﬂﬂﬂﬁiuﬂ'ﬁ@q@ﬁuﬂl’ﬂﬁ‘ﬁﬁﬁ]ﬂmﬁlﬂﬂﬂﬂlﬂ (Brown et

v

£ A I ax [ ~ 1 Y] 9 = A a 1 o [ ~ 142)
al., 2010) Gﬁﬂﬂﬁllﬂuﬁ‘ﬁﬂ']ﬁﬁﬂ‘]el'lﬂiﬁulmzEJ\‘iﬂ\W]@Q?fﬂ']el'IL‘WllW]Miﬂﬂ@ﬂ@]?ﬁ]ﬂﬁ%iﬁﬂﬁluﬂﬂu

o

o Y a
1 1%959
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£4
=) (%

A o a v dAa o Y [
u@ﬂﬁ]’]ﬂuﬂﬂuﬂﬁﬂi’]uL%Qﬂigﬂﬂy‘ﬂuﬂ'ﬁuT progesterone NTi%iuﬂTﬁﬁﬂB’]
1 < [ @ 1 { a
P:J:ﬂﬁﬁmmmuﬁumizﬂuquuiﬂuizﬂmﬁﬂ‘uwau W‘U'ﬂﬁ']iJ']ﬁﬂﬁﬂﬂ??ulﬁﬂﬁiuﬂTﬁlﬂﬂﬂ?’]u
A A Aa o Yy Y A =2 Aau A 9 a A
WNITLAZNITITYBIN aATEAl ICP ‘lﬂ Llﬁﬁﬂﬁuﬂ'ﬁﬁﬂ‘ﬂ']'Jﬁ]flLW@W"IsUﬂﬁﬁ;ﬂ WﬁﬂWﬂLﬁﬂiuﬂ’lﬁ

hunldsanunquiiliens 'y (Junpeng & Qin, 2011; Xiao, et al., 2008)

Y
UslaHalUS
A A d @ J v a o A A 9 @
1NNITIIVIIY ﬂﬁgluu 'Jl,ﬂ3’]314Llﬂgﬁ\uﬂﬁ'1314Waﬂi’]ulsﬁﬁﬂigﬂﬂyﬂlﬂﬂgmﬂﬁﬂﬂ
9 a 3 a A Y 3 A o
ﬂ’]ﬁ‘ﬂ@ﬁﬂuﬂ’]ﬁlﬂﬂﬂTJgfnﬁ‘U']ﬂléﬂ‘Uﬁll@\?ﬁgﬂgn@lﬂﬁuiuEJTJ'JEI‘U’]@W‘UW?[N@Q?gﬂ‘lﬁqu&ﬁ\‘]iu
s & A o Jdaa Y1 < A a a o Y= 2
AIIU lW@WaﬂWﬁV]ﬂsUf]QE\IJ'IJ?ﬂllﬁgLﬂuﬂﬁlﬁlwuﬂﬁgﬁm‘ﬁﬂ']wbluﬂ’]iiﬂ‘ﬂ’]‘WU’]‘U’]a E\ij"fﬂ:ﬂ']u
9 A a A PR ) Al o &
Forauouuzmuanite Indunuamalumsiannnszuums luguangudile dail
o a v FIRl A A 1 a
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a A A Y
nagny Nﬂ]uﬂ’ﬂuﬂﬁ&’ﬂ@‘ﬂﬂﬂ]ﬁl
1.1 19n39V¥03 PICO (Melnyk & Fineout- Overholt, 2005) %
= U dy
TYaTIDYAAIU
P (population) = Severe traumatic brain injury

I (intervention) = Risk factors, early detection, physiologic,

response treatment, prevention, therapeutic, management, clinical practice

C (comparison) = TugimsnlSeuiey

O (outcome) Cerebral ischemia, intracranial pressure
,cerebral perfusion pressure , cerebral edema
a A k4 A 9 A a
1.2 YUUeNITaUAU AD Gl‘lnﬁ5ﬂ!ﬂﬁﬁﬂJﬁﬁ'E]L'E]ﬂff'lﬁﬂ'N'J"lf'lﬂ'lﬁ‘V!ﬂ

! [ a 4 @ ' [ !
Usziani 185umsanud dronedengy senine d ae. 2006 — 2012 Tagldwdngiund
; <3 ] £ o dy U v A A A 1 a ]
LUE]“H'Iﬂﬁﬁ]ﬂﬂQil‘]_ligmuiﬂﬂﬁmﬂlllﬁu\‘iﬂﬂﬁ@llﬂu 'ﬂi]i]EJLfTEN‘VIlINﬁ@]ﬁlﬂ']ilﬂ@ﬂ']ﬁ‘ﬁ']ﬂﬁ]‘u

v Y

szoznAgll Mineuauesmsasunlasdiuiiene saunwuanumssnflesiunisna

3 a a 1 a3 [
MIARVANITZozNAeN IudT oA UANEITTATTUISS
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1.3 AmuamidrnglumsduAn Usenoudae Traumatic brain injury
AND Secondary brain injury, Traumatic brain injury AND Outcome , Traumatic brain injury
AND Physiologic , Traumatic brain injury AND Management, Traumatic brain injury AND
Clinical practice, Traumatic brain injury AND Intracranial pressure, Traumatic brain injury
AND Cerebral edema, Secondary brain injury AND Response, Secondary brain injury AND

Risk factors, Secondary brain injury = AND  Prevention, Secondary brain injury = AND

Therapeutic

a Y

14 gudeyamudsilddudulasiinsdudulrssunssuon
ad a 4 a ] a
9 udeyadiaAnsolind (Electronic database) ¥0IMMIINGIAVNTAA Usznoudlegudoya

CINAHL , Cochrance, OVID, Pubmed , Science Direct {01 SpringerLink
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2. 3 msilflunsdszfiunuamuasssfuveandng s sny Tao ldinast
M31sEiumNIzUMIUTZIIUNANTINUEI AACN  (Armola et al., 2009) fail

LAY A U104 wﬁﬂgmﬁHmmmﬁmiwﬁaﬁmu (meta-analyses) Y04
NuiteFmanosainauise uie ndnguitldnnnsdanssinuiTugeqann (meta-
synthesis of qualitative studies) THamsAnTaNUToARdB Az ATUAYUMITABT M3

WeIIa ©IoMIUUANINTTURNIZAI

Y
%

5¥AU B viNede vangiud laninauidasinaassnsniimsguilsouievny
AAUAIVANAIUAN (randomized controlled trials: RCTs) tag lilinmsguilieuiiounungy
{ av g 1
AIUANAIVAN ( Non randomized controlled trials: RCTs) NUIMIDDNUVLNIUITOIT WD 9ALDE
HAMSANEINIANUTOANADIAZ AU DAYUNITINYT NMINGIVIA UToMTUHUANINTTURANIE
A199)
o =2 [ Ay v Qv A . . .
52AY C HU18D9 WangI1un 1891nu3901F 99NN (Qualitative  studies )
Ay a L. . aw { v o d . .
NUIVUYIUT T8 ( descriptive studies ) NIDNUININMIANUTUNUT ( correlational studies )
! . . . ] I
MINUNIUITTUNTINBENYIWUING ( integrative review ) NMINUNIUITIUNTINDE10T]UY
52U (systematic reviews )30 11UIVeFINAanInHamsany liaiuayuauyag
@ = [ A 3 A J a = ~
szaU D nuede vangiuniduniasgiundsznalagosnniniaanswn
A v o A v ad A A v o A
NEIVRY NANFTIUNHIUMTNUNIUATIVADUIINANITIAMNIATINANNFIIWIY VOLULIIN
avud ‘Lguiﬂﬁlﬂi AANBINNYIVDY (clinical studies to support recommendations)
] =< [ Ay Y @ = @ A g Y
52AU E nunede vangiui ldanmsadvayuveamgu) vangiuniludodue
SId' .. A [ ~ Y R 1 R .
YDIRITYIBIY (expert opinion ) HIOWANTIUN IAINATAANYININNI 1 AFAANYI (multiple
case reports)
@ = [ A 3 9 o Aa o a @ Jd
FLAU MUN18D vang UM udouuziinvedusynHanA u @139
. 1 a o J J ao <3|
(Manufacturer’s recommendation) [¥H NAANUNNIINITUNNY VIENYT zﬂuéfu
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NAAYDdUIIN (Isolated traumatic brain injury) LIDE g«j‘ﬂa&mmmu‘ﬂﬁuawumsmm%mm

[

v ) $ o . L. . . C Y ! ! 1S
9381 1AIUT IV (Traumatic brain injury with associated injuries) ﬂQiJGI’JfJEJNﬁ?uﬁlﬂiUULﬂu
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1. mytsziuiladodeagienianunauedss AU UIIINTNIIENITUIATY

ANBITTITNAYNN

a v A 9y 9 3 A A g a
1.1 ﬂmJ5zmui’jmﬂmmmumqmm;ﬂmmmu Luaqmmm@ﬂaﬂu

v 4
Aa <K ) Y

] 9
mm‘wmumﬁwmmﬁmmﬁzuummGlmnma%zﬁﬂﬁzﬁmmwaﬂm FAUTINTADVAUDY

L]

o A 1 [ 9 = 3 9 A g 9 = Ay [
yoerialanaznasadoadensinyiaseianas annedthendludgeeigini lsniioss uas
9 [ o dy o ] 1 A =\ Y 3 A 4?
Apeiuilsgmunsnui lsaiesiodiederiies UnaliAuguLIIv0INITUIAR UINNAY

{ o a < a a e
mitgnhldinamsiadnluszezynaenii 1aun (Filippo, ct al., 2009; Franschman, et al., 2011;
Greuters, et al., 2011; Kim, 2011; Liu-DeRyke, et al., 2009; Pecha, et al., 2011; Tasaki, et al.,
2009; Yang, et al., 2011)

12 msdsziiusgeziial o gaufamgne1sane1u1a uay
19 1 A Y Aq ¥ ) 1 o a 3
NIEUIUMITNEINGIVIa na1fe gilrenldnarlunsidimdinmsifauiadvuiy
ATTVIUMISAVINGIVIANAIT 16U NTTBNANITATIVUIY TORIFALIY 1A5UMTAIADIN
1 1 A { a 3
Tsaneraduniaani drudnaaenstuanudeslunsinanisuiadvauesluszey

a

a o J dgl o VY A o a Aa dgl
naggil nmMImasadaueannIy M lngiheldasnadedIngaiy (Henzleret al.,
2007; Joosse, et al., 2012; Kim, 2011)

1 A 3 a o Y A [}

1.3 M375993519Me ielunsisziiunmsiminhnlussuuaee
' a v 3 A v 3 A v

YBITNNYBNLATAUHINTVIARVNNUIWAUMTUIAR DN szneuaiy

131 A15A52931umeneszuulszain 1aun ns
Usziiiuszauanuidndninuuuilszdu Ges Swnumslszidiueimsenmsuaauenig

anuaulung lvanfsve g (Hickey, 2009) Tagmwiz msulasuilasveaginuainazalgnsen
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Aoueregiuavenelvgaosdng waz lufiugaseneonds fatszamannaw (papillary edema)
Faweraadafiheianzanudulung Tnanfsseqei 18 umsud lvedammnzey nio i
mmaauﬁ’"lm”lﬁ'mawm%ﬁmwﬁﬁqumq (Franschman, et al., 2011; Greuters, et al, 2011;
Tasaki, et al., 2009)

132 m3asesameiall) wuihdihedszduan
quusqmimm%uﬁqq 1AuA 1SS > 29 AgUUY (Franschman et al., 2011) AIS .., >4 AZLUY
SAPS II > 45 AZUUY 1AL Marshall > 2 AgiuY (Filippo et al., 2009) N13NILTAUANINAY
FANOAN < 90 mmHg LALTLAVANUAU laNAFANDAN > 140 mmHg (Zafar, et al., 2011)
AURAGUTITUNADARDANAL < 65 mmHg 1 4 §2 Tuandan1s$nET (Henzler et al, 2007)

a

v v
szaveendauludon <92 % (Chi, et al, 2006) IV ZAUQUNUYNINMENAAYNA
Tagmn1ee8198952AUNAINI 35C (Sacho, etal, 2010) 32AUAT End tidal carbon dioxide

£ g 1 4 o ' 1 1
(ETCO,) Fadumanududuvosmivoulavon laansaumelaneundileszinmisniela
a2 0 9 U A d'a ay 9 ng; = u’/’
20N UAMOENI1 29 mmHg (Caulfield, et al., 2009) Li1p331AAINHAYNAY1IAUTY Tnat
neasaazmedenluszuums lnafeuveudonluaues ingnngauesiaaoaniuun
Y a va A A 9 @ a <
1.4 Han32IN IRl iianmsniheIdeeiumsnam IR UaNea

a a

PR 3 A o 9 a A A o
igﬂg‘ﬂﬂﬂﬂlﬂu@‘]J”JEJ‘]J']@W“U‘V]ET?Jﬂﬂﬁg’lﬂﬂzulﬁﬂ 1szneuale aNuRaUnANeINUTTUUNIS

Q a

<3 o A

HUINIVDAUADA (coagulopathy) Taefinn Platelet count < 100,000/ mm’ 1182/ ¥30 International
normalized ratio (INR) > 1.4 uag/ N30 Activated partial thromboplastin time (aPTT) > 36
seconds (Lustenberger, et al., 2010) NMIANYIVD Lustenberger tiag AU (2011) NUN P:jl‘ﬂﬂﬂ
3 A A a A A ] 3 o A A ~ a
PIARUNANBINTNILANUAALNANEINUTTVUM VIRV Ud AN UANUTI TUNTINA
9 [ a 49/ = o o A I '

ANMIZUNTNGOU (U A1IZAATD IMNeRsunay Azieladiuin azwnda Wi 10.99 1w
A A A Aa ' g A o o

muaNudeslumsideF Ity 5.03 m1 sauneuIRINLeusIn Iy IcU Tulsaweuia
wazduuiulaniessieniala (Salehpour, Bazzazi, Porhomayon, & Nader, 2011) n15%

Y Y v
seaviiaaludendaug 160 mg/dLlu 24 F2TuausnHa15UNITAYT (Liu-DeRyke et al.,
A 1Y oy A qs.l} ' [~ o J .
2009) 130 szAUaludeadd 150 mg/dL NaTuiurnar 1 dJaH ( Salim, et al., 2009)
1 < { { o Y { [ oy 3 T [

uazludihoadviauesn lasunmsidaniiszaimaludeanaus 200 me/dLTugg 10
@ o a <3 @ 31 ! 4 o 1
TUUTANENAINIIAANTUIAY (Griesdale, et al.2009) 5zAUTAIANGITUAINA1IAIUTIHE
AOMINUANNTIIUNTITIFINA NN (Griesdale, et al, 2009; Liu-DeRyke, et al., 2009;
Salim, et al., 2009) MstAANIZILNIA naRedi ez ilaanzeonuinnil 300 Hadansao

) a T @ I 1 o =} [ =) A 1 =
%7 Tnedadeiuiuna1nnnnd 3 53 1us Bszau laheylu@engandn 150 mmol/L waziin1ig
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& I A { a
hyperosmolarity %49 011U suANNANUFTs IuMTINA1IzUNInFau TaginIz a1

° = Y o A = A Aa dgl .. .
wwladunmoundutazdadumsimuanudoslumsideriaunniu (Hadjizacharia, et al.,

1Y

2008) M3tz TasdonTuiAead (hyponatremia) N1 08A31 135 mmol/L ﬁqunmm@mm
cerebral salt wasting syndrome (CSW) 8% syndrome of inappropriate antidiuretic hormone
(SIADH) 1innamsifian1igauesuindinasemsiiunmsidedia uaza1aznnanin
(Fraser & Stieg, 2006; Rahman & Friedman, 2009) SRERVERLRT PaCO, Youni 30 mmHg N30
QQﬂﬁW 39 mmHg (Warner, et al., 2008) NnIDITAY ETCO, < 29 mmHg (Caulfield, et al., 2009)

£ = Y a @ A o Y A A dy a a ~
"INilzllwﬁeh/iLﬂﬂﬂ'liﬁ@G]’Jﬂlﬁ]ﬂﬁﬁﬁ]ﬂlﬁﬁ]ﬂﬁuﬁlﬁ ‘VIﬂ‘lriLﬂﬂﬂ‘ﬂhlﬂlﬁﬂﬂﬁllﬁ)ﬂllﬂiiﬂﬂ!”ﬂﬂﬂﬂﬂ

4
=R A v o

09/1 o Y] I( A £ 1 @ A d o
sawnamsiaszan lalalailuden Fanuszdn IL-8 uaz TNF Agevuilanuduiusiy
nzanuaulung IManAs ¥ e uazn1Ie Hypoperfusion (Stein, et al., 2011)

] Y] o 4 a { o a
Tumsanu luwuanudusiusueaniog lanananseaud TuIndu
1 [ a < 4 a a 1
(hemoglobin ¥30 HB) 1108n11 10 mg/dL. AuMsaMIIaRURauesluszeznasgil ualy
Y 3 A 1] A a ~ Yo A = 9
Aiheuanunauesszauguussiiiniieg Tainaei lasvideanaunuiniininzunsndou
1 ] Q' Y a a dy a A
a1 lagmnzedegeannzunsnsoulussuumuaumele vazmsaade lagdSuiaaen
a aa d'9}| Yo a' d' a2 Aa d?l 1 Q'

N9 1,000 Hadaasndie1dsvezmuanudeslunmsd@edTanindu.os i uaziuay
v Y
@ luNMSINANIZUNTAFDULINUY 1.76 1911 (Salim, et al., 2008)

1.5 m3asraiemsadene luilgiuiimsdsziivuaznsanniy

a a

o a < 9 ) ! Y
Lé]’]i3')\‘]ﬂ’]3lﬂﬂﬂ']’33ﬂ1ﬁ‘lnﬂlﬂ‘ll1u33831’]@ElﬂlliﬂﬂﬂﬂliﬁlslﬂﬂﬂIu1ﬁﬂm1%?ﬂﬂuﬂ’]ﬂ’]ﬁ

Qq U

= [ o (] £ 2 v A A A
nasuulasvesauosnsuszgnitiaisedien1ns suilumsithsz Janaveslaonss Taoisull
M5 lslunateadsemeuadalaldiun s luilssmelng 1aua 1) A159A326D central

. I~ oA ~ g
venous oxygen saturation (ScvO,) uJumﬁﬂ3zaJmmmaw@a3zmmaaw"lﬂmmﬁmmaz

a 1 { ] o o <
M3 1509NFUVDIAUDI 5EAU ScvO, NTIBEAI 65 % 1 24 F21UUTNNBHAINTUIARNY

a

33 o o { a 3 a ' A {
lﬂu%:lfi]Fi]811/]'lu'lElﬂ'3']NlﬁﬂqGluﬂ’]3Lﬂﬂﬂ']ﬁcllﬁlﬂléﬂllﬁllﬂ\‘iﬁgﬂgnﬁﬂﬂll ﬁqwaﬁliv!ﬂ'lﬁlwuﬂﬂ'lillﬁﬂq

U

a I 1 o o a d
M3deF 3Tl 2.3 1 (Filippo, et al., 2009) 2) M3IAANNAUBENFIIU I UIOAUDY (Brain
I~ o ) a 1 1
tissue oxygen tension #30 BTpO,) iumsiaanuaugavesmsthoendion lilgileaueuas

) 4 1 @ a 4 4 1 v 4
mﬂ%’aaﬂcﬁmumawﬁaaﬁmm ﬁ'lil'Iﬁﬂ‘ll\‘ﬁJ’E]ﬂﬁ$ﬂ‘lJ'E]@ﬂcl)'lﬁ]‘LllﬁluLﬁﬂlﬁﬁ]ﬁllﬁ]ﬂulﬁ}ﬂﬂ'lﬂﬁﬂlﬁﬂﬁ

]
=

52AUNRINTN 15 mmHg LAAIDINTILTUDINTDI00AFLU (Maloney-Wilensky, et al., 2009) 3)

a

Y v
A133ACerebral microdialysis (MD) 9103 laaeluileauesvsnalndifesduauienana

a

3 y o @ 1 1 @ g‘ { [ a
ﬂ'liTJ'lﬂH]'ULﬁ@?ﬂﬁg@‘lJff']ﬁ?‘]'N‘] WU smummmmaﬁaﬂm IeAULLanAA 11‘1/‘]17]?]

v o v

4
NAWETeA NGALNN UazdATIdIMVELaAAN AB INTINLFIIY uaznNFURUTAUNIANS
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naszuvlszannanas (Haddad & Arabi, 2012; McLernon, 2011; Yokobori , et al., 2011;
@ Jd @ a o @ o
AT uu‘waﬁ & 1onal ﬁ]ullfs{ﬂ, 2552) 4) N179ATLAU Autoregulation index ‘Vi?@ AR index
b g 4 { a

910 Transcranial Doppler Ultrasonography (TCD) ﬁqgﬂuﬂwii%’ﬂﬁuﬂawuﬁqq511;m’:‘ﬂ33mu
< { [l 1 {

ANNEIMS Maeuveudeanieluauesin lvanu Bilateral Middle Cerebral ArteryA1 AR 7

v ' 2 A A A ~ A L o ' a

HoYNI 2.8 llﬁﬂ\‘]ﬂ\‘luﬂ'ﬂuNﬂﬂﬂﬂiuﬂTﬁulﬂﬂl?ﬁlulﬂ@ﬂﬂ"lﬁlhluﬁuﬂﬁ “HQHT?J"IE:[ﬂTﬁLﬂﬂﬂ']ﬁ

a a

<
‘mmﬁ]Uﬁuaﬂuszaznmqumum (Daboussi, et al., 2009; Haddad & Arabi, 2012; Yadla, et al.,
2011)
1 a <3 a a
2. minpuauasdIusmelumsRans Il uaueITTozNAN
[ [ = a' dgl é 1 1T v Y
2.1 sgauanuaulung Ivandsuzwudu Feaulvaiinny launn
o [ % I ' U 3 (% )
Tu 72 7 Tug usanason 1d5uady ualudilheuesenaunsannldmends 72 42lua
(O’Phelan, et al., 2009; Stocchetti, et al., 2007)
1 a é v Y d’d [ (%
2.2 Mzauansesoandiau Faunwylugiheniszauanuanly
nz I1anfAsyLuINNI1 20 mmHg ANRALLTIAUNADAIADALAY 1PEAT1 80 mmig LAYALLT
AUMBIVVOITNDI UINNI 60 mmHg (Chang, et al., 2009; Oddo, et al., 2011)

[ A 1 4 a a3 ! o
2.3 ITAVYIUNHNIINNIY TﬂﬂWU?TLﬁ@Lﬂ@ﬂ']ﬁU']ﬂL‘UUﬁlel'ENi%ﬂU

Y
%

JULSI 519N TANABINITODNTIULAT WA WNITEATIMTIHIHAIYN18TuT 19
4 A g a o 1 J J
E:JNG?JEL! m@QLﬁU%WﬂﬂWﬁLNWNﬁWﬂJLWNsﬁH NABUATIIADITARTND LazlsaalseaIna1uul

a

1 @ a v d o o
(Brain Traumatic Foundation, 2007) lm%Wﬂﬂ'ﬁﬁﬂ‘ﬂ'}‘ﬁﬂﬂj;'WuLGD'Q']J'iZEDﬂH mmumazqmwgu
519MEAINI 35 °C azuNaneMsTUNIUATEUINMsIIN luazdadlussuuaegues
1 ] ) A 1 Y ] o Y a a A A ] 3 o
TNNY YU m%uazwaamam ﬂ’f]llllﬂ/l’t') A 1’]1Glfl’iLﬂﬂﬂ'NiJNﬂﬂﬂ@llﬂﬁlﬂﬂﬂi%ﬂ‘ﬂﬂ?ilwﬁﬁﬁ
M o ' S
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AIANITAVVRI MTUU laoan lva 1aan13A95ZAY Spo, > 92 % (Chi et al., 2006) HAZIZA
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o o o 9 Y A Y
Snw1 wazithszdaflesiunizunsndouainmsldluvinanguazuiu qualdmswerna
1 ' F
ietlestumsifanzunsndeumenasmsimdaieannnuaulung Inanasyznamsm
External ventricular drain 182 Decompresssive craniectomy (Cooper, et al., 2011; Daboussi, et
al., 2009; Eberle, et al., 2010; Griesdale, et al., 2010; Howard, et al., 2008) 5@1/1'11;@14@'1]’;8
Tasmstsuszauinfolidsvzdieaggennuuisivlszunm 30 o uazdalddsyzog
Tum1nf (Neutral position )1aNIABINITHY 90 30 TADeATYE HANALINITIBYOEE TNA

11NN 90 BIFN (Arabi, et al., 2010; Brain Traumatic Foundation, 2007; Liao, 2009)
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augugunniiemelieglun1izind (Brain Traumatic Foundation, 2007; Clifton et al.,
A 4 a Y o Y1 o a
2011; Sacho, et al., 2010) lunsaifunndgoraiaianlimssnudile lasmsasszaugumnnil
1 d' ) 9 a a (% Y a 9
$19meh 35°C wenadeslsziivemsuazfnnutazithszde deadumsihanzumsndou
a9 1Y sz InunaFeuliudeane19d1a9 ANRAY partial thromboplastin time
Y IR}
q WY uag PaCoO, nd1aq (Brain Traumatic Foundation, 2007; Clifton et al., 2011; Sacho, et al.,
2010; Subhas & Smith, 2011) @uiNsFnEINMIZANNaLlunz TnanfAsyzgadlon1si
. . ' o a v o T3 aa A o Y a = <3|
Hyperventilation a9 1n¥ang 1uFlseandnuandulsnmsni ldinannumdes uaziilu
9y v Y A <3| Y Y A @ £ A v
donr33z T lumsquadile Wesntunmsnszdulivooafoaradd Felinadonsua
4 Y ] I o @
oaveuwanaues Jegtudududenisszidlumsldaannuaulung Tnanfsue Taodos

4 v 4
Mmoed1ssounauLas luszezIa1dua¥IA512 191110 U  (Brain Traumatic Foundation, 2007;

McLernon, 2011; Warner, et al., 2008)
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PREVENTION OF SECONDARY BRAIN INJURY IN PATIENTS WH
SEVERE TRAUMATIC BRAIN INJURY: EVIDENCE BASED NURBIG

FLIGHT LIEUTENANT PRIJIT JANSATHAIN 5337281 NSWM

M.N.S.(ADULT NURSING)

THEMATIC PAPER ADVISORY COMMITTEE: ORAPAN THOSINGHA
D.N.S., SUPORN DANAIDUTSADEEKUL, D.N.S.

EXTENDED SUMMARY

Background and Significance of Clinical Problem

Traumatic brain injury was classified into primaapd secondary brain
injury according to its pathological progress (Sa®i& Smith, 2011). Primary injury
occurred at the time of injury as a result of medtel forces applied to the brain
while secondary injurious processes as the additidamage of brain cell. Patients at
risk of secondary brain injury were those who sffiesevere traumatic brain injury.
The pathology of secondary brain injury includedidg metabolic and inflammatory
changes (Hickey, 2009; Maas, et al., 2008; DonKifink, 2010; Stein et al., 2011).
In addition, the physiological response to brajamnsuch as hypotension, hypoxia or
hypercapnia, altered body temperature and eletéraigbalanced had an effect on
cerebral autoregulation leading to secondary brgury (Hickey, 2009; Maas, et al.,
2008; Oddo, et al., 2011; Zafar, et al., 2011). ©kerall aims of the treatment of
traumatic brain injury were to prevent or minimggzondary brain injury therefore,
continuous monitoring on early signs and symptomsisk factors related to this
problem was strongly recommended. Nurses are exgbeot serve as an important
health care personnel who provide care aiming atag@ment and prevention of
secondary brain injury among these patients. Atingrto the database of National
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Health Security Office during 2005-2010, the matyafate from severe traumatic
brain injury has gradually increased in partici@arong people in their early adult age
(Bauru of Policy and Strategy, Ministry of Publie&lth, 2010). Previous evidences
supported that people who survived from severeniedic brain injury always had
problems with impaired physical functions, disoetemental or emotional functions,
and many of them suffered with altered behaviomsequently, this problem led to a
heavy burden on their families and society.

In regard to previous literature, there was lighiteumber of studies
focusing on prevention and management of seconblia@ injury among patients
with severe traumatic brain injury. Those studaced their focuses on single
complication such as management of increased iotemial pressure. The
investigator was therefore interested in studyiegosdary brain injury prevention
among patients with severe traumatic brain injuRisk factors leading to secondary
brain injury, physiological response to secondawirbinjury as well as prevention
and care for this problem were included in the cibjes of this study. It was
expected that this study shall provide scientiBcammendations based on related
evidences which can be used as guidance to dewtdopmlard practice guidelines

among patients with severe traumatic brain injury.

Clinical problem of the study

Secondary brain injury was a major cause of catabchemia leading to
brain cell death and fatal complication. Peopleovsrvived always suffered with
long term disability and impaired physical and/arational functions. According to
these problems the investigator was therefore a@sted in reviewing the related
evidences regarding secondary brain injury amontipmts with severe traumatic
brain injury. This review would cover risk factoaffecting secondary brain injury,

physiological response, therapeutic preventionramrding care for this problem.

Objectives of the study



NudinIng1ds un1Imedaouiag wo.u. (Mmywennagvg) /109

To search, select, evaluate, analyze, and syathesidences concerning
risk factors of secondary brain injury, physiolajicchange response, including
therapeutic prevention for secondary brain injuffhe data extracted from each piece
of evidences would be summarized and the recomntiendaon practice would be

composed.

Expected Outcomes

1. To synthesize knowledge obtained from empiricatience in terms of
risk factors, physiological response, and prevendiod care of secondary brain injury
in patients with severe traumatic brain injury.

2. To summarize recommendations on prevention and afasecondary
brain injury in patients with severe traumatic braujury.

3. The results of this study can be used as guideliioesfurther

researches in neurotrauma care.

M ethodology
The study process was carried out with the foltmnsteps;
1. Searching to obtain the related evidences by uigizhese following
steps;
1.1 Using PICO framework (Melnyk&Fineout-Overholt,
2005) as follows;
P (population) = Severe traumatic brain injury
| (intervention) = Risk factors, early detection,
physiologic, response, treatment, prevention, f{erac, management, clinical
practice
C (comparison) = N/A

O (outcome) Cerebral ischemia, intra@ia
pressure,cerebral perfusion pressure , cerebrala@de
1.2 The scope of searching was identified by usingioa |

published articles which published in English anstributed on selected database
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during 2006-2012. Evidences which covered at leastof these issues; risk factors
affecting secondary brain injury, physiological pesse, prevention and care of
secondary brain injury in patient with severe tratimbrain injury were selected.

1.3 Identify searching keywords; Traumatic brain injury
AND Secondary brain injury, Traumatic brain injurAND Outcome , Traumatic
brain injury AND Physiologic , Traumatic brainjury AND Management,
Traumatic brain injury AND Clinical practice, rdumatic brain injury  AND
Intracranial pressure, Traumatic brain injury ANDCerebral edema, Secondary
brain injury AND  Response, Secondary brain ipju AND Risk factors,
Secondary brain injury AND Prevention, Secogdarain injury AND
Therapeutic

1.4 The searching was carried out mainly on electronic
database of Mahidol University comprised CINAHL ¢@mance, OVID, Pubmed ,
Science Direct and Springerlink

2. Evaluating each piece of evidence by using AACN ¢éhican
Association of Critical Care Nurses) level of ewide criteria (Armola, et al., 2009).
Level of evidence and description of each evideareeexplained as follow;

A level signifies Meta-analyses of multiple conkedl studies or meta-
synthesis of qualitative studies with results ttatsistently support a specific action,
intervention, or treatment.

B level signifies Well-designed controlled studiesth randomized and
Non-randomized, with results that consistently supp specific action, intervention,
or treatment.

C level signifies Qualitative studies, descriptime correlational studies,
integrative review, systematic reviews, or randadizcontrolled trials with
inconsistent results.

D level signifies Peer-reviewed professional orgational standards, with
clinical studies to support recommendations.

E level signifies Theory-based evidence from epeinion or multiple
case Reports.

M level signifies Manufacturer's recommendatioryon

In this study, evidences in M level were rejected.
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Results

Totally 50 pieces of evidences were selected, et@dl) analyzed, and
synthesized. Those included 2 matzalyses of randomized control trial studies, 6
experimental researches, 41 descriptive and iniggreeview, and 1 expert opinion
article. It was found that patients with severautnatic brain injury can be divided
into 2 group, patients with isolated traumatic bresjury and patients with traumatic
brain injury with associated brain injuries. Thengdes size of each study ranged from
12 to 7,238 cases with ages ranged from 15-93 yeHne majority of the sample in
each study was male. The causes of injury werdédra€cident, fall, and physical
assault. The recommendation obtained from evidesygmthesis could be divided in 3
major themes; 1) risk factors of secondary brajarynin patient with severe traumatic
brain injury 2) physiological response after thgiip, and 3) prevention and care for
secondary brain injury in patients with severe rimatic brain injury. Details of each
theme are elaborated as follow;

1. Risk factors of secondary brain injury amondiguas with severe
traumatic brain injury included patients’ ages, alion from sustaining injury to
receiving proper medical management, severity ebaated injuries, altered blood
coagulation, blood sugar, electrolyte imbalancendaynamic status, abnormal body
temperature, altered cerebral blood flow and ceteperfusion pressure as well as
increased intracranial pressurgCaulfield, et al.,2009; Filippo, et al., 2009;
Franschman, et ak011; Greuters, et al2011; Hadjizacharia, et al2008; Henzler,et
al.,2007; Joosse, et al2012; Kim, 2011; Liu-DeRyke, et al.,2009; Lustenberger, et
al., 2010 Pecha, et al2011; Salim, et al.2009Tasaki, et al.2009; Warner, et al.,
2008 Yang, et al.2011) In order to gather information on risk factotse following
measures were suggested;

1.1 Taking patient history comprising of age,talise from
injury scene to the hospital and medical treatn@emt care prior to ER arrival. Any
delayed between the injury scene to the hospitateayed appropriate medical
treatment affect the extensive brain damage whiahk the risk factor of secondary
brain injury (Henzler, et al., 2007; Joosse, et al., 2012; Kigi,1}. It was found that
patients with brain injury who waited for brain gary in ER for more than 4 hours
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had higher mortality risk and longer length of staythe hospital than those who
received brain surgery within 4 hours after sustgmjury.

1.2 Physical examination comprising of neurolagisystem
examination and examination on severity of injutyevel of consciousness and sign
and symptoms of increased intracranial pressuralghm closely monitored because
they reflected the risk for developing secondaairbmjury (Franschman et al., 2011;
Greuters et al., 2011; Tasaki et al., 2009). Pttishould be assessed on their severity
of injury using widely accepted scale and physiaagcriteria such as ISS > 29
(Franschman, et al., 2011),AlQq¢ > 4, SAPSII >45, Marshall >2 (Filippo, et al.,
2009), systolic pressure < 90 mmHg, diastolic presss140 mmHg (Nabeel, et al.,
2011), Mean Artery Pressure < 65 mmHg within 4 Boaifter treatment (Henzler,
Cooper, Tremayne, Rossaint, & Higgins, 2007), blogglgen level <92% including
irregular basal temperature especially lower th&nd8gree Celsius (Sacho, et al.,
2010) , and End tidal carbon dioxide (ET£® 29 mmHg. (Caulfield, et al., 2009).

1.3 Laboratory results: comprising of malfunctioh blood
clotting system, i.e., platelet count229 x 103iL PT level> 13.8 seconds, blood
sugar level > 160 mg/dl within 24 hours after adnois (Liu-DeRyke et al., 2009) and
blood sugar level > 150 mg/dl everyday for 1 wéBklim et al., 2009), Diabetes
Insipidus which patient urinate for more than 360/hour for more than 3 hours
consecutively, blood sodium level higher than 1506notiL and present of
hyperosmolality which increase the risk in gettisgvere complication especially
acute hypoventilation and also heighten the risknoftality (Salim, et al., 2009).
The patient with PaC£x 30 mmHg or > 39 mmHg (Warner, et al., 2008) oCE} <
29 mmHg (Caulfield, et al., 2009) including bloogtokine measurement which was
found that higher IL-8 and TNF were related to @ased intracranial pressure and
brain tissue hypoperfusion (Stein, et al., 2011).

1.4 Special investigation such as Sgvfleasurement, brain
oxygen measurement and measurement of cerebrall blow. It was stated that
ScvQ < 65% in 24 hours after the onset of severe traweniagin injury is a risk
factors that predicts secondary brain injury (Fibp et al., 2009), brain oxygen
measurement BTpQ 20 mmHg signifies cerebral hypoxia especiallBiipO, < 10

mmHg for 12-30 minutes would increase risk of teeamdary brain injury as it can
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lead to cerebral ischemia and hypoxia which evdiyteuause brain damage. Thus
patients who had these risks were more likely td higher mortality rate and poor
treatment outcomes (Maloney-Wilensky, et al.,, 2009pasurement of Cerebral
mycrodialysis was recommended. When cerebral m@heccurred the blood sugar
level decreased, on the contrary, Lactic, PyruGtycerol, Glutamate, and ratio
between lactic and pyruvic increased. These phenomewere related to poor
neurological outcomes (Haddad &Arabi, 2012; Mciar, 2011; Yokobori, et al.,
2011; Saran Nuntaree & Ekkawut Chankaew, 2009adgtition, transcranial doppler
ultrasonography was used to assess the cerebiad Hmw from AR index. Is was
indicated that AR < 2.8 signified irregular AR aradlected diminished cerebral blood
flow (Daboussi, et al., 2009; Haddad &Arabi, 2012).

2. Physiological response on secondary brainynjupatient with severe
traumatic brain injury

2.1 Increased intracranial pressure. This sigis \nostly
found within the first 72 hours after injury, hovenit can be found after 72 hours in
some cases (O’Phelan, et al., 2009; Stocchettal.et2007). The deterioration of
cerebral autoregulation would be found within 4&itsoand it would be prominent in
day 3-5 post injury (Sviri, et al., 2009).

2.2 Body core temperature. It was found that libdy core
temperature of patients with severe traumatic birgury was normally higher which
frequently found within 24-72 hours after injuryré Traumatic Foundation, 2007).
Some patients may experience lower body temperaitere lower than 38C which
normally found in patients with penetrating injupatients with hypotension, severe
brain injury patients who receiving mechanical Vatdr and patients underwent
brain surgery (Konstantinidis, et al., 2011).

2.3 Blood clotting system dysfunction was a pblmsjical
response after brain injury that often found inigrats with severe traumatic brain
injury (Greuters, et al., 2011; Lustenberger, et 2010; Salehpour, et al., 2011). It
occurred from the damage of capillary wall whiclhised inflammatory process, toxin
released, and cerebral ischemia. This phenomenwnatly occurred within 12 hours

after admission (23 hours after injury in averageyl could sustain to 4.5 days in
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some case. INR reached its highest level at 6shand 36 hours and platelet count
diminished at 24 hours after the time of injury $tenberger, et al., 2010).

2.4 High blood sugar level. Hyperglycemia occdroe to
physiological response after major injury. TheYwasbuld release high level of stress
hormone which activated anaerobic metabolism andumred the acid byproduct that
damaged neuron and led to cerebral ischemia (Gleset al., 2009; Liu-DeRyke, et
al., 2009; Pecha, et al., 2011; Salim, et al., 2db@o0, et al., 2011). This problem was
most frequently found among patients with ages @%eyears old who had medical
history of high blood sugar prior to the injury (Pa, et al., 2011).

2.5 Diabetes Insipidus. Patients with severentiaic brain
injury would concurrently have pituitary gland injudue to direct impact from
hematoma, perihematomal edema, increased intratqamssure, and pituitary gland
vascular injury. About 15.4% of patients with sevetraumatic brain injury
experienced Diabetes Insipidus, in particular amomgs with GCS score < 9,
AlSheag>3 and brain edema (Hadjizacharia, et al., 2008).

2.6 Blood cytokine level. It was found that timereased IL-8
and TNF level was related to increased intracrapiassure and hypoperfusion to
cerebral tissue (Stein, et al., 2011)

2.7 Brain biochemical change after injury. Afsmvere brain
injury the biochemical agent in brain changes, itbe concentration of sugar in
extracellular fluid decreased, Glycerol, Glutamaded ratio between Lactic to
Pyruvic increased then led to damage of the netwontion. This change can be
found from the onset of injury and maintained urtie 4" days then gradually
returned to normal levelYokobori, et al.2011)

3. Therapy and prevention of secondary brain ynjur patients with
severe traumatic brain injury

3.1 Respiratory and airway care. Respirato/@rwvay care
is vital in patients with severe traumatic braijurg especially at the injury scene.
Patients required prompt and accurate assessmegather all necessary data in order
to make accurate decision on performing trachelbation as well as mechanical
ventilators. If patients had SpQ 92% (Chi, et al., 2006) and ETGO 29 mmHg

(Caulfield, et al., 2009) tracheal intubation andchmanical ventilation were required.



TUNAINGI0Y YHIINYIaINIAA wo.u, (Mawennagng) /115

In order to provide safety transfer, patients stidoé appropriately provided with
effective oxygen and ventilation therapy (Joostal.e2012).

3.2 Blood circulation control. Systolic bloodegsure should
be controlled at the level of greater than 90 mmitgle Mean Arterial Pressure
should be greater than 65 mmHg (Henzler, et al072&o0 that adequate cerebral
blood flow could be achieved. In addition, theadeerebral perfusion pressure was
50-60 mmHg (Brain Traumatic Foundation, 2007). idPa$ who experienced high
blood pressure with Mean Arterial Pressure > 120Hgrshould be controlled by anti
hypertensive drugs. However, these patients sh&admonitored for cerebral
vascular dilatation.

3.3 Intracranial pressure should be controlledhatlevel of

lesser than 20 mmHg. Followings are measuresntraantracranial pressure;

- Intracranial pressure monitoring. This is tr@ememon and
widely recognized method recommended by Brain Tatioroundation (2007). This
method is carried out concurrently with increasecdacranial pressure therapy

- Hyperosmolar treatment by using manitol at tlsade of
0.25-1.0 gm/kg to decrease intracranial pressud@Oet al., 2009; Wakai,et al.,
2007) concurrently with serum osmorality controlthin the level of 315-320
mOsm/L.

- Using tranquilizer especially Propofol which hedhort term
effect (Subhas& Smith, 2011; Yadla, et al., 20TD).obtain to best outcome the level
of Propofol should not exceed 4 mg/kg/hour and dheation of its use should not
exceed 48 hours (Subhas & Smith, 2011).

- Decompressive craniectomy should be carried tou
decrease intracranial pressure (Cooper, et all;2Ddboussi, et al., 2009; Eberle, et
al., 2010; Howard, et al., 2008) and increase caleblood flow. This surgical
procedure would be performed if patients had pesponse from medication therapy
or showed severe brain edema (Daboussi, et al9; Hiferle, et al., 2010).

- Inserting External ventricular tube to drainred®ospinal
fluid which also decreased intracranial pressureis Tprocedure was very useful
because it could be used to continuously monitdiep&’ intracranial pressure
(Griesdale, et al., 2010).
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- Hypothermia therapy. Maintaining basal tempaetiower
than 35 Celsius or hypothermia therapy provideddgootcomes in controlling
intracranial pressure < 20 mmHg (Qiu, et al., 20D8utomi, et al., 2009; Zhao, et
al., 2011), decreasing blood sugar level and lactxel (Zhao, et al., 2011), and
increasing Superoxide dismutase (SOD) (Tokutotra).e2009). This therapy should
be performed with very high consideration becauseyncomplications such as
pneumonia, infection, tachycardia, renal failunegd ddaemolysis were expected (Qiu,
et al., 2009; Thompson, et al., 2010; Tokutomalgt2009).

- Controlling PaC@level between 34-38 mmHg within 24
hours after injury. However if patients still shedvincreased intracranial pressure,
PaCQ level should be minimized to 30-35 mmHg (Brain Tmaic Foundation,
2007)

- Positioning in proper body alignment. Patiemesd should
be kept high at 30 degree. The neck should beepted from hyperextension,
hyperflexion, rotation or lateral bending becaukeseé would lead to increased
intracranial pressure. Patients’ hips and thigbush be kept in extension position at
all time to prevent increased intra thoraco abdainimessure which eventually led to
increased intracranial pressufgabi, et al.2010; Brain Traumatic Foundatio2007;
Liao, 2009)

3.4 Blood sugar level control. The optimum lewél blood
sugar level was 72-150 mg/dl (Brain Traumatic Faimeh, 2007). Insulin
administration should be considered to control 8laoigar level while continuous
monitoring should be performed to prevent adveffees (Salim, et al., 2008).

3.5 Coagulopathy. The platelet count should épt lat the
level of <229 x 1034L or PT> 13.8 seconds or PTI33.5 seconds and INghould
be kept within> 1. The level of blood coagulation aforementiorsftbuld be
maintained to prevent secondary brain injury. déMattransfusion therapy or other
related coagulation therapy should be taken placemaintain the ideal level
(Salehpour, et al., 2011; Lustenberger, et al.02&hlim, et al., 2008; Brown, et al.,
2010).

There were two pieces of evidence to support that

progesterone should be used to prevent secondairy ibjury by controlling level of
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intracranial pressure but the authors stated Heetwere no final conclusion on this
treatment modality. In addition, in Thailand thieerapy has not been introduced to
common practice so that this evidence needs fuithasstigation(Junpeng, et al.,
2011; Xiao, et al.2008).

Many evidences supported the utilization of pattic scales to measure
treatment outcomes. Those scales included Glas@otcome Scale or GOS,
ExtendedGlasgow Outcome Score or GOSE, Disability Ratingl&&core oDRS,
Functional Status Examination BSE,and Functional Independence Measur€lim.
The measurement of outcomes would reflect the sgta@ess of care process so that
this should be taken into consideration among heate personne{Shukla, et al.,
2011)

Recommendations
The recommendations to prevent and care of secgriain injury among
patients with severe traumatic brain injury arespreged as follow;

1. The recommendation on screening patient at riBlatients should be
classified by their risk level to develop secondargin injury. Patients with supreme
risk should be closely monitored. Those includktbrty patients (Filippo, et al.,
2009; Franschman et ak011; Greuters et al2011; Kim, 2011; Liu-DeRyke et al.,
2009; Pecha et al2011; Tasaki et al.2009; Yang, et al2011)

2. The recommendation on history taking related todpartation time
from the injury onset to hospital arrivalHenzler, et al.2007; Joosse, et al2012;
Kim, 2011).

3. The recommendation on physical examination.tieR& sustaining
severe traumatic brain injury should receive comensive physical examination
including general and neurological examination. dleof consciousness should be
comprehensively evaluated along with the signs a&ydptoms of increased
intracranial pressur@’Phelan et al.2009; Stocchetti et al2007). Severity of injury
should be assessed by using ISS score, AIS scARS 8 score and Marshall score.
(Filippo, et al., 2009 The simple vital signs such as systolic bloodguee and mean

arterial pressure should be accurately measuredubecthey reflect the patients’
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neurological deterioratiofFranschman, et al011;;Yang, et al.2011; Zafar, et al.,
2011

4. The recommendations on blood chemistry examinatiatients should
be monitored for blood coagulation system, platedleunt, PT, PTT, and INR
(Salehpour, et al., 2011). Blood sugar level shdanddevaluated within 24 hours after
admission (Liu-DeRyke, et al., 2009) then every ftayl week (Salim, et al., 2009)
in particular among ones who received brain sur@@nesdale,et al., 2009; Pecha, et
al., 2011).

5. The recommendations on advance investigati®atients should be
investigated by using Transcranial Doppler Ultragpaphy (TCD) to measure AR
index. The AR index level of lower than 2.8 referr® abnormality of cerebral
perfusion which led to secondary brain injgbaboussi, et al., 2009; Haddad &
Arabi, 2013

6. The recommendations on prevention and care fdllowing measures
should be conducted to prevent and care for secgnbeain injury; airway
management and oxygen therapy to keep,Sp@l for more than 92 %. Systolic
pressure should be kept at the level of greater tB& mmHg, Mean Artery Pressure
should be kept at the level of greater than 65 mr(itenzler, et al., 2007;Joosse, et
al., 2012). Intracranial pressure should be kephénlevel of lesser than 20 mmHg to
ensure adequate cerebral blood flow (O’Phelan, et 2009; Stocchetti, et al.,
2007).Using Manitol concurrently with serum osmijaranged from 315-320
mOsmol/kg (Rockswold, et al., 2010; Wakai, et a007) and using Hypertonic
Saline to control blood sodium level < 160mmol/Ldaserum osmolarity < 325
mOsmol/kg were recommended (Rockswold, et al.,0R0Tranquilizer such as
Propofal was recommended to use in a short peridine with closed monitoring
system to prevent adverse events (Brain Traumatien@ation, 2007; McLernon,
2011; Subhas & Smith, 2011; Yadla, et al.,, 201Batients’ positioning as well
hypothermia were also recommended. Hyperventilati@s not recommended for
decreasing intracranial pressure because it ledasoconstriction which caused
decreased cerebral blood flow and brain tissueersid(Arabi, et al.,2010; Brain
Traumatic Foundatior2007; Liao, 2009)
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The recommendations on prevention of secondaiiy lmaury in patients

with traumatic brain injury are illustrated in dragn 3. 2

— 1. Screening patient at risk

2 Taking patient history; distance from injyry
scene to the hospital, medical treatment ahd
care prior to ER arrival.

- Neurological examination
— 3. Physical examination - General physical examination
The
recommendations
to prevent and - Blood sugar level

- Blood clotting system level

care of secondaf :
g - Blood sodium level

brain inju.ry - 4. Laboratory test -PaCQ level
among patients - Blood cytokine leve
with severe
traumatic brain
injury
- ScvQ level
- Cerebral microdialysis level
5. Special investigation - AR index level
- BTpG; level

-Respiratory and airway care

— Blood circulation control

6. Therapy and

prevention Decreaseq | Drug
. administration
__| Intracranial__|
- Brain Surger
pressure
- Hypothermia
- Positioning

Diagram 3.2 The recommendations on prevention of secondaryn brgury in

patients with severe traumatic brain injury
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Suggestion of implementation

1. Specific patient care team should be estaldish&his team should
work as a core group to develop clinical practiceidglines based on the
recommendations of this study. This guideline #hdae implemented in clinical
practice in order to improve the care process évgmt and manage secondary brain
injury among patients with severe traumatic brajary.

2.The risk assessment tool to identify patients sk for secondary brain
injury should be developed. This tool can be usestreen and classify patients’ risk
level so that ones who are at risk for secondaainkinjury will be closely monitored
and provided with proper management.

3. Researches related to severe traumatic braienpatwith secondary
brain injury should be conducted to gain more krenlgke in caring for this group of
patients. It is expected that results from furtsierdies will fill the knowledge gap in
this research area.

4. Knowledge obtained from this study should bestritiuted among
related health care team so that the care procidissenstandardized. Integration of
this finding in to clinical practice should be stgty supported so that patients with

severe traumatic brain injury will obtain high gtatare.
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