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(1) B2

—

AFERREBRER

ATEFEARARHEI DT F QAT HIRR@H &G :

(=)

(=)

LFFHRBTRAGFIMEBH RN A ECRARLBNERE
LRSI BB E ()R IME R B B R H A A 3,804
B ORERANNGHRMEL 27 - OBFNMEEREZ LT
R HERMAMMELIBE - ARLE (1) AETHBE > FHaEsh
GREFIREABNENERMERRA LR ERGTE AR
@G TR - (2 HERA WHOQOL-BREF & # iz & 4+ 9} 58 3 515
BRAZBEGERBLELETMAZRE > $4 GOS & GOSE
BHEUREREFELRAKRERBENH » £ 259 GOSE &%
EFERBELHGERBOAZTL T RSN -

BB S ROFHIMGER AR BAFH 4 - HRRFTRANH @4
HEARHERARRIMIGRELA Z A BMAH T IR - Bif o0
HEFEHARREL T b RALESE > LRAMTLOREE
EFHMERZEA] (Guidelines) 2 3% - BB S R F R E N
BN EDEE  BEHERPT

(1) &% & & Management in ER (ER: Emergency Room)

R LBRFE2EAREIHNEERE 48— F 14—
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$ AR (a)$A#F #] (Sedation) WER(Q? : ERAES > 4
RENEBE - ORBRAENZHTC  CHEBMEL SHT
BBE - ()HBAERMERC  REBRNBA S 55845
—EATHEBAH > FTEITTIRE | @)X % o (b)ESE0
BiRRE - OR16 (MALREY  FBY) —REnE
AEE W LEREEEETH  FTHZ - 6.FEREHE
TRLZRELTH | )F RATE THRIENLE - b)IFEE
EH -SRBRB:TUESHES o
(2) gam R &2 ICP monitor :

#HILELTHAHATREABRNRENE : QB EALIES
RRETRBRERY -OREATNETHEBBREEY 50
AT =Rtk 140 R E  HEBHERAE MR SR 2 5
ABBRAXEATBERMN RKHEE OmmHg X F - (08 &
RAENMERTEAFNMMETRAR S 2@ L BERAFENE
ERC-2ENRGHNE  RRRAFL NGB REHE T
8% 20-25mmHg - /LB B2 FaN R e B HAR A
20mmHg - 3.EAN B E A E2EE  FRE2BENREAFiE

HIEERBEH A BRNRBRER -
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(3) REEF R ABZ2 BRI CPPand Fluid management :
#IlLERFRBGERE © £ 60-70mmHg - 2.k A% A
B 60mmHE THEA E -3 LXK BARSBaey LT
% BR A Lo BAE ABGHE TR AR 7T0mmHg 3] f2 E A+ B Fia
HE1%2 (ARDS) ¢h# €3 % - 2% 1.Lund concept & EBIC
(European brain injury consortium ) 3% % CPP ###
60-70mmHg © 239 - 2. AR A ERAES e K BT - A M
T Bom BB KB H R 435 ARG B A% 7T0mmHg & 3,
AR AR A E R B 2 M RORBG E UR  T0mmHg 2 55
EHS54E-
(4) SAX B2 1EA Sedation :
BB (@HHERERIS S BFNEBRRFEZHIAEH OB
A BRETE PN A iAo B 40 C 48 Fu S04 B 8915 A 5 B s6
HEZ— ()RR GREHISSHIBA EHALENITE
BATE RS ZE - |
(5) # 4% Nutrition :
#3ERTHBBIERZRE  FEHASEHEENH#EZ

100%  ERBZBBILCRLIAL  BHASEEE N E2
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140% - (D) &My iE R EFFRE T2 B UBBEF : BN LHR T
RRETEED 15% ROHZHERR > NGH{T4H -2
HCOERHM At wWELt o BN - R HE A A
EEMEWERRAEHE -

(6) BAM /R k4 2 & # Management of intracranial hypertension:
3 QFAZBRERA R HBEREECRENEADS - O)F
RBERBESAHRBENERSLE -

(7) MMZ AR &#& Seizure Prophylaxis :

RERF  BEMBMAEHALRENRT - R H R
#.#r : Phenytoin #v Carbamazepine &% 278 /5 8 M 5
B TREXLEZABRBAETEB -EANOERERLH
R TR MEE » TURERFMMEHEESTHE -

(8) —## % Second tier therapy:

ZEC ()BHRERBATREEEENE > REARERERN
BRARREBREY > EMAMRAKEAR - BATHEHYES
B—1EA (D)8 &k TR RAABE BV RIS -
MERFRMERG B - ERAMBAEESR  AEBAED

ARBPBREZAER  ARARTOHE - QBEHRE ()
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TEHR B B RE > ShiEe 8 iz Bl
Bl g R ERAS R Y B 69 - Q) H PaCO, /i
30mmHg > AAARIWREKELY HABMESE - (d)
S RE : BATERAR L4 ST A - ()MEE : HE
BT I8 BB U AT 3| e X B KBS - M RERN B B
B A RBREARRKS - RAHBRE SR EEE MG A
Sl fKRE AEMmBREZE  BRAHXFE > Bk
FEBHTEA -
MRAER  CARRBILEBRAERASNGREZFNIMGEHE L
B-HARRRELIRBEERNARNZIEE B AhtHz
MAER ERIALARARLEAER RUEBANSEBHEAL -
RER-—BREBASRBAPNMZ LB ER - G BARBEE
RIMGRERER P HERBARERSIME A EREBERNA
AR HEGAFRRD AR T ARG EXTRH -
(Z) REHFESFREZANNMEAETH  £AF LW ERBA B
EHMERRARER  BAAETHRBASN  RALRERY
%ﬁiﬁﬁi%ﬁ&?ﬁ$z$ﬁ;

(w) BRBARAE  ABRCEZS L% #4478 TANHSE
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HIERABZITIL ) BRAGHRAMBER » RO LA NHITHE
N GERABIARBARNEB L REANBLREAERY

BHTRE REBNBERAEALE AR SR B2 K46 -

=~ &Xf&H

(=) CRARRLANRZHZANSMGRETHE - L T4 8% 48
RREZEHE - RENMGREA R TR 8% - £ ¥R EFHHH
GRETHABR  BRAREHAS NG R EL LS EBRATE L
T AFSALERMRK &L (SF £ Journal of Neurotrauma
2006(23), 1609-20 ) -

(2) AMREE > BEBEARALZREASNGA L ATEAS
BEZEZR AHLRIERARERAEE -

(Z) ®AMEH > 432 Propofol » IS EER EWAEEEE LY B
( &+ &7 Journal of Surgical Neurology 2006(66), 37-42) -

(w) 6BBRBRERNIFEBLAR  AREMMATALIAL » 7108
NHESIMHEREL  CORREIBNERSEH S HBIRZ AR
MR %iﬁ—ﬁﬁéﬁiﬁ‘ﬁﬁﬁk%‘%iﬁ Fliesh - BREABRI
Z B ARMIES] - (27 27 Journal of Surgical Neurology

2006(66), 3-7 )
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(1) Abstract:

I. Focus and Process

There are four main parts of research project this year:

1. Head injury registry system is one of the most complete head injury
database in Taiwan: (a) 3,804 valid entries to head injury
questionnaire registry system are collected; (b) 297 valid severe head
injury questionnaires are collected. (c) 488 valid quality of life after
head injury questionnaires are collected. Findings: (1) Survival rate
of head injury patients is relatively high with ICP monitor, CPP
treatment and sedation at the same time. (2) It is proven that GOSE
assessment is related to quality of life of brain injury patients.

2. We continued to work on education for neurosurgeons and related
professionals, and invitee neurosurgical experts from all over Taiwan
were to write severe head injury guidelines Taiwan version. Following
are the summarized contents:

(1) Management in ER (ER: Emergency Room):
Options: 1. Quick Assessment (a) ABC-Airway, clavicle
protection, Breathing, Circulation. (b)Trauma Assessment -
cranium, face, clavicle, spin, chest, abdomen, pelvis, back and
limbs. 2. Basic Treatments (a) Endobroncial intubation (b)
Venous transfusion of normal saline to stabilize blood pressure. 3.
Neurological examination. (a) Glasgow coma Scale (b) pupil size
and reflection (c) Respiratory type (d) Activity of limbs 4.
Further Assessment - Conditional (a) Sedation (? : for patients

with agitation and endobroncial intubation (b) Anti-Epileptic
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(2)

Drugs (? : for epilepsy treatment and prevention (¢) C. Osmotic
diuretics(? : for intracranial hypertension 5. Image
Examinations - only when the sign of life is stable (a) X-ray (b)
Brain CT scan (¢) Others (MRI, angiography) - only when
methods above fail. 6. Laboratory Examinations(a) General
examinations of blood, biochemistry and blood coagulative
function. (b) Electrocardiogram (c) Alcohol and toxin screen
(when necessary) 7. Final Diagnosis (a) Consideration of all
differential diagnoses (b) Severity Assessment 8. Final
Treatments: Consultation with neurosurgical physicians

ICP moritor:

Guideline: 1. ICP monitor may be used for the following
situations: (a) Severe head injury (GCS Score 3-8), abnormal CT
scan results (hematomas, contusions, edema, and compressed
basal cisterns) (b) Severe head injury (GCS Score 3-8), normal
CT scan results, and addition of at least two of the following
situations: the patient older than 40, unilateral or bilateral
decerebrate/decorticate rigidity in motor posturing, and systolic
pressure<90mmHg. (¢) ICP monitor could also be used on mild
(GCS Score 13-15) and medium (GCS Score 9-12) head injury. 2,
Treatment Threshold: It is suggested that intracranial pressure
treatment threshold for adults be 20-25mmHg, while that for
children be 20. 3. Choice: Conventionally, ventricle and brain
parenchyma monitors are used, while other options may be

adopted due to resource distribution, region, insurance or other

1-(1)-2



(3)

(4)

social factors.
CPP and Fluid management:

Cerebral Perfusion Pressure (a) Guideline: 1. should be

60-70mmHg - 2. CPP<60mmHg indicates dangerous state. 3.

Without brain ischemia, purposeful raising blood pressure
driving CPP over 70mmHg increases ARDS rate. (b) Options: 1.
Both Lund concept and EBIC (European brain injury
consortium) think that CPP should stay 60-70mmHg. 2. Without
brain ischemia, of vasopressor or colloid use driving CPP over
70mmHg may lead to ARDS rate five times more than that of
patients with CPP<70. Fluid (a) Guideline: 0.9% saline is better
than Lactate Ringer . (b) Options: Rosner et al and Lund
concept recognize Colloid for maintaining swelling pressure. (b)
No evidence supports Colloid, but experts and professionals have -
reached the agreement that reasonable use is helpful, but there is
no recognized type yet. (c) FFP is useful for Coagulopathy only,
and is not suggested for routine volume expander. (d) Patients
with coma are not to be treated with hypertonic saline. (e)
Carbohydrate containing fluids should be used very carefully.
Sedation:
Options: (a) For patients with GCS Score 3-8, hardly
controllable intrﬁcranial pressure, or agitation, some ICU have
defined sedation as part of standard treatment. (b) It is suggested
that GCS Score 3-8 patients should have endobroncial intubation

1-(1)-3



(5)

(6)

(7)

before sedation.

Nutrition:

Guideline: (a) Patients with sedation should be provided with
100% of sufficient resting metabolic expenditure; others should
be provided with 140%. (b) Parenteral and enteral nutrition
supplement recipe: more than 15% energy source of protein
should be provided within 7 days after injury to maintain
nitrogen balance, Option: nutrition supplement has to begin
within 24 to 72 hours after injury, and the amount should grow
gradually to maximum necessary calorie.

Management of intracranial hypertension:

Guideline: (a) Preventive hyperventilation treatment is not
suggested for intracranial hypertension. (b) Steroid treatment is
not suggested to be used for intracranial hypertension.

Seizure Prophylaxis:

Standard: Preventive drugs, like Phenytoin, Carbamazepine,
Phenobarbital or Valproate, are not suggested to be used for late
seizure., Option: some studies show that Phenytoin and
Carbamazepine could prevent froh early seizure effectively, and
may be used on patients with high risks. However, it is not
supported by present evidence that prevention of early seizure
could consequently improve outcome of head injury patients.
Patients with high risks include: GCS Score<10, cortex contusion,
depressed cranial fracture, subdural hematoma, epidural

hematoma, brain bleeding, penetrating head injury, and epileptic

1-(1)-4



(8)

seizures within 24 hours after injury.

Second Tier Therapy:

Options: (a) Hypertonic saline decreases intracranial pressure
rapidly, and consequently raise CPP. It suggested that no
combination with other drugs should be used. (b) Barbiturate
coma slows brain metabolism as well as decrease brain activity,
and thus reduces intracranial pressure. This treatment isn
feasible without brain stem not severely damaged. (c)
Hyperventilation: (1) Hyperventilation can lower blood carbon
dioxide density so that autoregula_tion would reduce cerebral

blood flow and decrease intracranial pressure. (2) It is suggested

that PaCO; <30 mmHg only be used for short duration when

the patient neurosurgical condition worsens, (d) Hypothermia:
There is no positive clinical evidence. (e) Steroids: steroids can
reduce brain swelling caused by brain tumor and brain abscess,
and consequently prevent from intracranial hypertension.
However, it claimed in recent studies that steroids not only do
not reduce brain swelling caused by head injury, but would
increase infection rate. Thus, steroids are not suggested to be
used.

Conclusion: With the guideline, difference between domestic and

international situations and ideas are understood better. In addition,

with reference of local research, the guideline is serves as

region-oriented, and allows the public and patients to understand
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treatment purposes. Analysis shows that implementation of the
guideline has contributed to the society and to saving social costs.
3. Cost-effective and useful to reduce social costs, the suggestions are
made based on data accumulated for the project, record of quality of life
of head injury patients, neurosurgeons?opinions on cerebral perfusion
pressure treatment, and data process as well as analysis.
4. Final version of guideline is posted on the Internet to educate medical

professionals, and to serve as a standard guideline for nenrosurgeons.

II. Discussion

(1)As the most complete head injury database in Taiwan, the registry system
serves as a reference for future research. In addition, it found that there
is significant reduction in number of severe head injury cases, and severe
head injury patients have better average outcome than mild ones due to
good medical care (published in Journal of Neurotrauma 2006(23),
1609-20).

(2)It proven that fluid treatment does increase survival rate of severe head
injury patients, and reduce medical costs. -

(3)Sedation, especially Propofol, increase survival rate of head injury
patients moderately (published in Journal of Surgical Neurology 2006(66),
37-42).

(4)The next goal of the project is to connect this guideline to international
research by translation (published in Journal of Surgical Neurology

2006(66), 3-7).
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LB Ay s B2 M A 0 LA B # # 2 (Guidelines of management
in severe head injury) § SE A KR AFE R EXHFEE- B ALz W
AR HITTEEBRRERNMEGALE AR ESP2—
ARBR ZRURNENHBEG  RERAGFENMNAL  BRERS
R EANIME R BRI GET > B HERF ARSI AR K
FoURTEREARABITHHERART -

FEFEHEARIHBALR  oAHBE HERERERS
CHEIEERRERBEFNRMG LB AN RTHRELHAH B
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BEGHZTE - REANZEREEHEBRZAHB LW 5 S HRE
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REGHE (R® - 88 S - 48 « £AHK)
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ERIBRF ABALMBROIF CRAIANRZEZRFIH)
BALEHE - AW ALRARLER > ABRZBEEANINMA
B B2 2 R bR R 3 & ) (Guidelines of management in severe head

injury) 8RN &8 WERAARAFAGHREZIETR HFLCEE
BAfefrfREzMRG CREB2HEIHRERIRIER
FAE - EHERRERRMK S ﬁﬁﬁi#ﬂﬂ&ﬁﬁgl‘ A ESCE ¥
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Y

B BARRABTNGRHEZREFEY  HhoRGHERGAS B
BA G RA -

C THEEIBERESZ AN

AEEALEMEXEES REAHARHTZROLNERAS
EEPE Y FEY EX T PY PARE PN BT T P
AR BEBRHASAGAEER LA AR EREATRAR
Btk i B FRIRARER  HATEZIRERARANER
BAEHAFERGLLRAAR T oL REBANLI T4 REARI
M BAE3 2 A -

 RHARY

BBEFROARE > HARRKSMEEREURAT AN -
MEEWHLREE B AR RZAERGAAZT » WAL E
ZAKEAA AR ERUHR S BRERZAE - KR RAERH
B S A B RS 0 SR EA AR AN BAA
RA—RRR 2BUEEHARENL » 9 6 WRASIHER
K BRRRIBRAASRBZAERY > BELTARAR -

4-3



16~ DFEETF EMENIMRTAR
it BRI ECPPO)E  AHATRELSTFHERH  FLARNEHELLZEH

7 B AB ] 3

Wt [IRT

AR | E

B |[PkF

HRANB C &Y 2

W~ W

g [FE& R F

CREAR| e &

| e ElE:- &

&

] Wt |VRT 4

MALE (e

5 BEim PR F 6

W WA

HREE &

DR F

B & & &3

HHIGRRE (FRAEERRAMINRERLLE)



B~ $ROGFEHENH AN ZBRBH
w0 SR ECPPO A FRATRESFHETH  FLARBGHELS2TH

AR Froe BO& B 5 2H|AR
B | MAA I XHEH 13 A
Fo| 3SR E -~ A4 - BB BIRER 3 A
=% BWERKE - BT ERBEH 6 A
B | RARBHE B - BHESH 2 A
Bre| HwAR 0 A
BN XEABR 0 A
A%t 24 A
(i)
B—8 AL E G ARG BEHE FHRALBHBANAEAE LIRS - B
+FHNEF i%i%t#zﬂ%%&%
B SMAR B2 BAER ML ABH - AERE - HFRLBBR

BE® -

BN&:

RENMHE - BEREZFE - RLEBANFRIZALERE -

CBHEMER B AREBH - Ht: o FHEALBBNATAEL  RBLH

ZED V2 HRBERE -

CERSBE -~ BhH - RE BE %#uiﬁﬁﬂﬁ%%%f RFHBZFUL

2R B -

fEﬁ&mmkﬁziﬁT&$ﬁﬁﬁﬁﬁﬁWzﬁﬁ&lﬁ BEBTHE
Bz—5Bz B (B) ¥-&HF (B) - REALEEA > EHE RS
TRFRRER  BRRBZFH -

BARRBRIPTHIILANEFRAMNZIFHHRABRBA IS AT &
BT - EHABRSEG BTABE -




R SROFEHBEAAAAZRRTH
O HRHEPPOE  FARAFTRESFHERH AL ARBAHELSZHH

85 g2 B 3 - FHAR
1 i+ 10 A
2 R+t 10 A
3 24 5 A
4 £ # 0 A
5 HBLEsEt 0 A
6 BREHERLLE 6 A
7 HEib 0 A
2% 31 A

#HFROFEHEMARAGHEZIARLE
= B EPPO)E  AUATREAFHERH  FLARUAH ELSZTH

# % MREE L REEARA
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K~ RTEFEHERITHEH
BB ECPPO)E 0 RFUAFTRESTHETH  HLARBGIEL L2 T

— HHERAHEEY  ATESHHERZIARNL
Nt EEREARARSEZPATTOTHREMEA @ (—) LL e 8
RATHISMG A B AP RAARERA LRI GO EL > HgE
A WHOQOL-BREF 4 MR R 4t H 3 MG A AZ BB T 84 5 0
AR B2 3% > #3X GOS & GOSE &3 Ol R &34 LR K £ B A
GRY - I AATEERAZASIGEHE (=) HREHF RN
SPARRHBRARZHFT IS REBANEHARZEBEEA S B0
BRMARAZER  EREENGATSE  REENANMERERSD
RAREAMNMGRBERANEEN  RTLLHBAERR G LB -
(Z) B L -5 HE2ERHR > SRS TSR BEBANMELRLN > &
MARIHZARER  ERATIRBARZLBLEE REEANBEHBRSE
AR RER—BEFASGBAF B2 6 BBR (@) RBHE S 45
KEZAINMGHERHN - £ 52T LRABEAH B GHRE AR LB
BR BITEHAZRNH  RARAREE AR ARS B BEEERA
28% - (2) BBAXEAN G SRR ERLENHS  RTEHE
PISHANSME 6B R B2 > RAGHELRBER - LEPE S R
BRERERANANE  HROABRG LSRG RANEATL - B2
PERPNFITREMG LR ARZIARRREAEE L 1RAE B P9 A% 48 4F 1
RNESRAARANBELA — 25 BRE F 2458 -
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CHHRATEFEHERTENY  EIRRFOEHBEMEE (3
IR E)
ATEEEFEBTEL R CEREHEAE GERE 1 100%) -
FAHECAARIBARRRHZ AWM AL TN E - REHE W EFHH
NEREFKMAEL I E . AT B ERIMEA MM L L 297 %
BRAFNMGRABZAEFTSLERA B AE RIS E - AR T H5 54
FNGmERHERBRNERBZEREEARE: A B R eBiE -
Fleg  EAMERHARLLEERTHRE THERERE  BAR
G L2 BEETR - BN BB 5 RABANIME R LR EH AT
T HRBANEEN (CPP) B4 BeF5 » 508 E B i@
ERZRE  CRRMITEHRBEEH TG RBE R IG 6B L8
RIBARREBRELTRNBEARMEANZIER » S0 HMLAE
o HEANBFNMFRERGERA R AR ERF I GRATERN N ES
H-BREFHNGRERZENNANE HEGABRHERLETRA
HERRBR PR A T EXRARRRLILNBAEHL AR SRE LK
RAR PO FBERES TS RER - nAMS AL 258
B-FHIAAREHZ B -
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# -~ Mk

Fték—
BERMMGERLR
BYRE

(Management in ER)

25!
¥ ZE$f 5 (Standard ) :
BATERA Level YA R TRELZHTHEALRERSF -
Z. $ 3] (Guideline) :
BATEARA Level IO R TREZHFTHAELIT] -
A. 32 % (Options) :
1. R
(1) ABC—#35 f:8HE (Airway) - %85 - =% (Breathing) -~ 15®
(Circulation) -
(2) ABPE—BRET-AGD B -Fit KB BT SR -
2 BARE -
(1) AEARBE -
(2) #FAREE RERLTRELHABASMRHRSEE BB L -
3. e tmE -
(1) Hu#t45# (Glasgow Coma Scale) -
(2) BAANERSE -
(3) HRAUE -
4) wmEE®S -
4., #—SBRLE-HERNER -
(1) 4H##] (Sedation) #MEAQ @ EHBARE  HAFTNIEEL -
Q) REMEHZRTF (O CHBRMELAEATH -
(3) &BHEBMNAE 7  BERANRAHEF -
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BRBE—FLGUERAYG - FTHRATHEKRE -

(1) X & -

(2) BmEERBE -

() Hib (BEAREY LTHY) - ABRFLEE v LiEKES
EWE o FIFZ -

TwmEWRSE -

(1) BRAMTN ~ —R0&R - —RAEIL - RbahiEiad -

(2) wER -

(3) ALEH  WmABHREEYHK -

EHZRATE - , .

(1) FEMATHRZER L -

(2 #HERER -

RERE

(1) #LHBIFHBEH -
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BREANRTA
TR RAVAERAW e

R 5

R —EREEIMG  FHERNN IS S UBALLTREASR
REZHTHARRERARIRELAIGAE T RS 3~ ERY
BoBAVERENE L RAGALYE  FhholT B EHF—&
SIMERRAEBTAENIERE—FHAE KT RIKRE 8 b1 8 R
BRI EY R E

XK E AR

SR X5 5] Ao 2+ R 4 15 (Head injury ? induced apnea)® 7
B A BB XL X B 8 R ¥ S % (Stress-related massive sympathetic
(catecholamine) discharge) % & $ 54 sME% 2 2183 PPl 2 AR
ZER L > % T ¥ 2 Hypoxia, Hypercarbia, acidosis & 2 /& 5% £ 4 - &
Head trauma-induced cardiac injury # Gastroduodenal mucosa injury
(ulcer) & % £ i & AL 54544 % 98 ¢4 % % - Hypotension % Hypoxia
EEBEMBACHARLEREL LA BLEREZ Mortality
Morbidity # % £ 50% 4 E -

A
l. 3L THRBKIPLEOE ? i%#{iﬁ%@%%*ﬂ&ﬁfrﬂ&éﬁ ATLS
BRIk !

(1) ABC (Airway, Breathing, Circulation ) :

L +REHE REMIERECRABREGYE » —RBAE
BREXFREFREBAROLES - BivLoBotdl) « ARFH G
Bl BRUHTERESIRE - 4D RAEABRAS
RABNGETEHIRET  REIRTABNIBEEFHR
Wehki BB TEM -
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IL EXFR:REFRERXFTABHAS > BREFAREH -
BRATHEGRIHAHHARAMREERE -G8 ABERE
% BH >35%mAE HAHE (Pa0,<65mmHg) » # it
BE R AT TR E W FR -

LRSS H e ARERIHZRA 4 15%F & 51
0 R B L (SBP<95mmHg) % 129 & 4+ Ki 48 62.% kb ( Het
<30%)- ARG HR FHAERERGREA TR
VT T Y ST PR N T
R BEBLR > THRRABELESR -

(2) £IH3F4E £ SRE RN EEN 8 F 0% AtSE > 56-60%

THE-EAEZARBETHRG AP 25252 F R - 2

SUGRGREANBRABTEQ I HAE » Ak

L BF: SMORTHENERREA - FAMES -« HAHEE
FHAMANEY (Bl - BERR) A5HE -

IL B@EH: TREARTEY  AFAAFAHBEHADHERE -

ILERAE ~ FHEstf - BRBHAINERS FHIBEA > 8 4-5%
BEABMCL-)DRETY > EHIRALE  TAEREAH
WEY > AHBARE  ATHEMBEN > 53] X £XT
MMERBREETERRFTHFTHREHM -

IV.RGRE ~ BRE - FRRE > MBS - B2 2F X A3
PR~ RMEFREF -

2. AARE "
AARBRIFEZE > dNREMIMEHATR LAY RY
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3.

B3SR AL EFREHINIENSrOEE  FEHR
BITRATRNEET HUIRBAABNLHLENEALARE - 9N
ORERFFERBTHE  RLLE - EHRLERT AR R
AERBAEGRREHF R - EHEAL R AGF N ERBELB
9SmmHg A% R HALALERB K > B A LIFRETF -

R ERE

EEAAARERBEAGREWFAN AL TEAHESH
& Ei AR EBALE > 045 Sk 45 % (Glasgow Coma Scale)
YR BREILA BB RS - WRLALY » B IFH 1B AT 6
B -

ﬁliéﬁﬁﬁﬁwﬁ

2 &%ﬁT#m.'¢%§ %*E ”%%#ﬁ&ﬁﬁﬁ ‘
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el

4 E—HHE 2 ARANERRATET U THLE :

(D) BER - AGHBBINENS SOIMERE > B 5% 82

ABRNEE S ZCLTHEBREREES  53-63% 8 1A
BRI S  SEMGRRALRF N ERRZ T > THE &
ARGRE > THESL FPREZENGBEAS  BERLTHEA
EARENBEL ARG G RB RN ARG LR » 5T
F o RRBOBTTEL THAHER | O -

WRMBHART  ZHRAMEELERAAY > TLTF AR
By - XBRMBYEE  BREBMZIDU RIS » ER
T ITRBMBEHZHT S F KT -

BLERAABBRL  ANBCROBERGEAT » 4 60%
FTHABN LS BEARE L4218 15mmHg - 5 448 &4
HERETRREHET  FH 10-15% T K REN R LA
BE - DHELEY BERIEHEE  — o B GuiR
TR -CSHTHE - 2B ES B AAERE  NAERERN
BI& > TALRBEHHE AT 44 F Mannitol (# 8 2
0.5-1g/kg) - |

5. MEFwmE:

REETTREBTIMGAMKE - 22 0EME - F8 8

AR (a8 CT-TL) u#niaMeig - ARSI G5 E
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RECHEBARE  TYHREIUWMERARERTHE  RE2 L
BUR P TRATREARME - ENREY —RAATEWIT -
FEREABIT -2 ECHEERE RA—ASCHREBKREL
BTRBRATRE  SEETHERRER - R ERTIMIE E—
BAEFRITREBRBROTNRENR  BRIAETE B2 UETH
EER O R e B AR AAR R R AR AR A PE L
wbf > EXETRLTRBREN -
RHREHRS

B Bbk —RAECREE - B RCTE -
RYZLREY

PR A TR 6B S BT ASAAE 6 IME A A A 4o
SER BARE - —RIME  SMEEH M BHRRE RIS S
BELBHREF %
REBMAEARET  ASSHEHABEN L& AENE ¢ L 428
15mmHg - FRIBPHLFHBFECHEE  HELSHENREASH
AN BRENELSREH - BRIV EALEHENH SR
G BXERE RHEARCUWENIABE > A RRe
F8ui ERELRBAGHETEETRES -

LI P

1.

American College of Surgeon Committee on Trauma. Advanced
Trauma Life Support Course for Physician, Instructor Manual.

Chicago: American College of Surgeons, 1996,

Miller JD, Sweet RC, Narayan R, et al, Early insults to the injured
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brain. JAMA 1978;240:439-442,

3. Wald SL, Shackford SR, Fenwick J. The effect of secondary insults
on mortality and long-term disability after severe head injury in a

rural region without trauma system, J. Trauma 1993;34:377-381.

4. Teasdale G, Jennett B. Assessment of coma and impaired

consciousness: a practical scale. Lancet 1974;2:81-84.

5. Marshall LF, Smith RW, Shapiro HM. The outcome with aggressive
treatment of in severe head injuries, I: the significance of

intracranial pressure monitoring. J. Neurosurg 1979;50:20-25.

6. Narayan RK, Kishore PR, Becker DP, et al. Intracranial pressure:
to monitor or nottro monitor? An answer to our experience with

severe head injuries. J Neurosurg 1982;56:650-659.

7. Miller JD, Leech P. Effects of mannitol and steroid therapy on
intracranial volumepressure relationships in patients. J Neurosurg
1975;42:274-281.

B 208848 )a

RGHES (BHEK)
HERBG (XX 8%)
FABBH (AABKR)
RESBG (6RHMER)
RTBEEGF (Mo kRBR)
BARNES (6 TRRBER)
ZirmBe (E58%)
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5 R

BERAIMG R AW
BAPR &
(ICP monitoring)

!

. ZE#£5 (Standard) :
BATHAH Level | A A TREZHENELZ RS
Z.. 33| (Guideline) :
L FAFATAEABRARERS _
(1) R &5 4 (GCS Score 3-8 4 ) EABTBHEE ¥ » o hematomas,
contusions, edema, compressed basal cisterns.
(2) RERHEME (GCSScore 3-8 %) EBRWIAKRBILY » 204 T A&
yEa
I. 40& t -
I BRABHFELEAERAX AT EIABBAREILTHRARSY -
I 443 R 90mmHg L F -
(3) & E SRR S (GCS Score 13-15 ) ¥ E FH4F 4045 (GCS Score 9-12 %)
TRAFZEREHA EERBRRBER -
2. BAM R4 % M {&(Treatment Threshold) _
RBBARS B2 BN REHRBES 20-25mmHg » /) LA IEZ BN B
6 R R{aR] & 20mmHg -
3. BRBRER B2 8%
REBEZBRBERFENMERKMEIBARER - TEFESH - b3 -
R AR 24 BREEA -

&. 323 (Options) :
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BREA:TRARSH
FUTEA: BAREA AW A

&

an}

FRMFHBFNEREABRNBE N R T &AM 1951 £3%
Z Guillaure & Janny-{2 k5|4 &> &4 % 1960 %4> NiL Lundberg
REXHE 1D AZEN & 143 B AZENERIL  RBRE
EXHEAEGR (IICP) £ A2 hBRZIFELEERER  Litt
# #F £z Awaves (plateau waves ) 2 B&C waves - 1964-1969 % > £
B &M A% Langfitt & Kassell & — % I X FLfBNEBFE 2K
tentorial herniation % pressure gradient - #42 Hga R A & K5z
asomotor paralysis(' ZHENEEA 2 SEM S ESHE L LN
AR o EBEH 1970 5 Jennet B EAEABE R LR FRERN
B2 BILABAREZIREAL~BZAEL A RALHLANTR
RAEEB/E - BB FHBRAMERYT > £E Brain Trauma
Foundation $# American Association of Neurological surgeons(AANS)
#1996 £ 2 2000 £ guidelines e fAN B & 257 B B EHAIME L%
ENET IS T

BABEARTTURLEHANNMBAZASL  FELENES
AMREEMAHRAEET  TERER L AREENBIHR AR
ARAEMRAZEZFH - 2. LAUREAMEEEENRA » BB 5
BEEAL BAZVBTEB A"

BARERZ 2 ROFAZERIE 208 5% 7
BREF DA T MM L. AR FHARBENARI > SRR EH
E 2. AUNFLEEHRBENZRACPH Y X2 EA > Wl EBER

~ #& (Hyperventilation  44% PaCO,=35mmHg) > Mannitol > 4545 #)
(Sedation) # Barbiturate coma ' CSF 3| 5. % - 3. 0 FEAA
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At TAL -

B EER
. BAREAZEEE

BREHAAE » BOAREAR (risk) £EKILE (cost) #
FERE AN EMEIERRERNZRALR NS - Bt RE
B EEE » £33 A &R Brain Trauma Foundation/AANS 2000
#t guideline : ?

(1) BESHMIME (GCSScore3-8 ) ERBIBIREREREE » &
hematoma, contusions, edema, compressed basal cisterns -

(2) BRERHMIME (GCSScore3-8 o) EAMRHELY 24T
Fl AL
I 40 &1L L -

I BB L REM AN EFARBEXREI LT RARS
( motor posturing ) -
IOI. ¥4 & 90mmHg XA F -

() &E HH MG (GCS Score 13-15) 81 ¥ f 55 2R M5 (GCS Score
9-12) FEBHTEABNBER > RTRAFELEHAE
B -

R FRERANIMME T TAEE B L E K 2% A 754% Narayan
(1982) class HI data 207 455 A Z 5} % &3 & & guideline » * £ %
REMBHAR 13%% ICP- %5 B b — B4 A b B %% 60%
HAK UCP> BRAGZRFLF—ABM > ARE 4%RAY
HCP > HmERRRLEBEAAL 164 TFHENEER 2 TR -
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ERXRETRAT  HAFHSEREIRABRAGERE > A1
LF AR A 2B
(1) /) S35 #F 9N 2 guideline (2003) °
- BRERIIMG (GCSScore<8 %) R CTHHE¥ -
- BERT EHENMMEE CT & mass lesion -
(2) Miller JD (1999) *
- A Bik(coma)Z B B CT EXAREABANER&-
(3) Reilly P. (1997, Guest Book of National Neurotrauma Society )
- R EsH4F M &2 £ B Brain Trauma Foundation (2000) =
WBEARF -
- GCS Score<10 & CT # £ % -
- TP AR B IRE R
- FAegsh oG (R RMNNG) EIRB XK -
(4) European Brain Injury Consortium ( EBIC, 1997) ’
- RARERNING S T HMARI MG F47 -
(5) Penetrating Brain Injury (2001) 8
- BIEEWRERE -
- 8k % X F % mass lesion -
-CTRTABNBE -

2. BN R 4% A (Treatment Threshold)

BAM R 4% - JAM compliance & %47 TR A FHEAREHR
B DAL E - B bBEG B P B B L A A AR 6 06 8 B 0H 48
FAT UK ERB 2 BMAR 15-25mmHg #1422 ENEBRTA
<20mmHg 4 @ PR RSB AR TEANESREREFIL
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it LAE K CPP RE L% »lesion A FFHEEE (@
W 15mmHg %2 ) F4E4H# -

4 £ B Brain Trauma Foundation = guideline (2000) %
BAABRIMEBRN R GBRREZ LIRS 20-25mmHg > HER &
B4R 545 2 guideline (2003) * 8] % 20mmHg -

3. ENRER S EIE

ERAR LR BEEZ BN RER N L7 B T3 A (ventricular
drainage ) SR/ BRI MASRI K (parenchymal ) garS R E R - AT
ERFEEBIE T3 M CSFrah b - ARy &x
e BERETE AXAALESLRERERSH RBHG
SHHBETRERIA o R AL TE £ TS
i

C I
BREFEBAALER BRRERNCRAREEE B AT Rt
2RE AHBENERGRIEAR G THBANSS2IHE - 45
HReHH > BEHNTHBIAARBR T LS L HE - SHABAK
HALEXEAZFELLE TRAL KA HEERNSHHR 2L
B RERERAIMGRAZEE RS LT RS RFEBRERHA -
LR 4

1. Miller JD, Piper IR, Statham PF, ICP monitoring:indications &
techniques . Neurotrauma. Mc Gram. Hill 1996:429-444.

2. Bullock R, Chestnut RM, Clitton GL, et al. Guidelines for the
management of Severe Traumatic Brain Injury. J Neurotrauma
2000;17(4):479-506. Available at http://ww2.
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Braintrauma.org/guidelines.

3. Graper JJ, Meagher RJ], Narayan RK. When and how should I
monitoring intracranial pressure? Neurotrauma evidence based

answers to common questions, Thieme 2005;53-57.

4. Narayan RK, Kishore PR, Becker DP, et al. Intracranial pressure to
minitoring or not monitoring? A review of our experience with

severe head injury. J Neurosurgery 1982;56:650-659.

3. Adelson PD, Bratton SL, Laney NA,Aet al. Guidelines for the acute
medical management of severe traumatic brain injury in infants,
children and adolescents. Crit Care Med 2003;suppl 31(6):S435-444,
Available at http://www2. braintrauma.org/quidelines.

6. Reilly P. Management of intracranial pressure and cerebral
perfusion in National Neurotrauma Society Guest Book 1997,
387-407. Available at

http:[(www.edc.gsph.Qiff.Edu/neurotrauma/thebook/book.htm.
7. Maas AIR, Dreaden M, Tesdale GM. EBIC-guidelines for the

management of severe brain injury in adults. Acta Neurochir(Wien)
1997;139:286-294.

8. Aarahi B, Alden TP, Chestnut RM, et al. Intracranial pressure in
the management of penmefrating injury AANS/CNS Penetrating
Brain Injury Guidelines. J Trauma 2001; suppl 51(2):S12-15.

B ErnRERLE @

TRBBS (TR EIHR)
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wFe@a (AokRBR)

HAERE (MABKR)

REBXEEG (BILAEHER)

BEAEH (SRER)

TAEZES (AAB/R)

#EEm (B3 8%) |

FRLABET (FUBEAEMRAPREREKR)
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Mrak=

R IR INMG I L
BaE Rz R A

( Cerebral perfusion pressure, CPP)

2R
#. 12 #2425 (Standard) :

SHHHLAE D BAK Level l6A T » TRERPHEHEBERS -
T.#53] (Guideline) :

1. E#F KAHERE 2/ 60-70mmHg

2. ABSH AR v 0mmHg THE € -

3. AARGYEKRRET 2 B8R F 2B % KM AR AR 70mmHg 3

RAATREBERE (ARDS) ehh &85 -
5%. 23 (Options) :

1. Lund concept ' & EBIC ( European brain injury consortium) 2#5#% % CPP
#3577 60-70mmHg B2 -
2. ERABRPBRAGKRET  ERAREFEL R ERIBE R (colloid) #

FHABEHE AR AN 7T0mmHg B BB A LR FBEEZE(ARDS) Z 448 K
B AR 7 70mmHg 2% 8% 5 4% -
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BEARRBE / RwE
#IER: BRENABRABRZ R LW G

= A

w}

A B4 # A& (Cerebral perfusion pressure,CPP) & £ 5 T4 &%
J& (Mean arterial pressure, MAP ) i 4 #5P & (Intracranial pressure,
ICP) [CPP=MAP?ICP]- €& AR E (Cerebral blood flow,
CBF) BAMREEGHH RS - AREERLFERET - TEE
BESREIME (SHL) &5 AMA BT wREKHELE ]
EHEMH (Autoregulation) £ LIRF Tk B BEHE » Ki§h
MERKBEREE - AMURFASIMGI R ERFBEEAREELR
NRAHEE-

B XREH
1. REFAFNERARENT A - Graham et al. - @ FHF2HE A
AN DH AT REN S a MRS ARA TR AR
B W6 F HACBFaAE TR EL430% ¢ REABRKE
ftad g (Sjv0,) TR®RE%30-35% - *°

2. Kiening et al. 7 32 B8~ B E 3 3P M54 £ 5] 2 CPPAR 48 1 B 3R a0 4%
4§, Etip0, T % > #8155 &tip0,<10mmHge) 7% & » RH% &2
% - AR ¥ £CPP#32mmHgi® £ #]67mmHg# - tip0,3¥ #67% -
#4138 % CPP>60mmHg % & & ¢4 Es Jo 48 (critical threshold) - 42
i L8 B tipO, B & R 5 7

3. Cruzetal B BT » €M & £ M RAENF Az REHA
—REE T (60-130mmHg) -+ 32 % F 5 5% o f RALIRAH - &
¥ CPP#uCBF * &CPP#vAVdO; * % CPPfvCMRO, /i #2454 -
*Bouma et al A X HHRA B THEE LT » eMAP# 92+/-10mmHg
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3 2)123+/-8mmHg » ¥4 K BICPHAA Y (<1%CBFE %) -*
MmBruce et al L HF H B/ A X HELFYRTF  £HPH
SBP30mmHg ' ICPR A M EL A X TH - LM Re— 58T T4
#HRHYCPPH & E 5 /uSBP » sB i B K 5 AE 4 7% &#HICPL
£ 0

. Chan et al.{t & B Transcranial Doppler (TCD) &% ¢ » 58,
CPP<70mmHg&5Sjv0O, & T /% » [5] 85 Pulsatility Index (PI) € 3% fo -
R 2z CPP>70mmHg#¥ L i SjvO, & P13 F 8 - 10

. ikt P CPP>70mmHg i & & & 3 2 - 1995 Rosner32 i
CPP>70mmHgs; » R EH105AB L £8295% ; FERE
#20% » RIFHRK39% - 111989 - Mccrawaﬁawfsﬁ ¥ 3% & CPP
SR W B4 ﬁCPPkﬁE‘SOmmHgB?}ﬁJEt$#-J35-4O% » @ CPP
FRAKI0mmHgH; » 5t & 4K F 3 20% - H4% ¥ CPP<60mmHg
B > AT R T 53i£95% 2 £ ¢ prospective 5 %, & CPP %4 3% &
70mmHg#s > &4 (GCS3-7R) s4-F39+ £4921% (5-35% ) -
13,14,15,16,17

. Robertson et al..iProspective RCT¥ i:8F % GCS<58) B & 553 s}
% &4 - T 8H 5 BICPA %15 24 % 4 (CPP>50mmHg ) X CBF
BEfz445e (CPP>T0mmHg) % - B4 BRABALLERE A
BAZ £3] - "“Contant et al. 5 ¥ L 5 % + 4 BARDS#9 B i % 65 »
HRCBFAaZ ARDS i R £ WLICPA A54E - WAL THE LA
8% 6 F LIRF RdopamineF BH &% - AALGH TR T ER
ARDSE ¥ A X R B EHMHEmMmETERAECERMIL - B
& HARDSH % B LA HARDSH 325 2 e M B Ekir sz
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ICP > M5 ARDS# % i A 814514 648 A NAETZI R e
; 5-13{% o 20,19

B

BRELEIKOXHET AR AR BB H# LR 45 45 %60-70mmHg
e -1 28 TR FS0mmHg A X X TRAGE S 2L
LR R P e FEENRERIIMEA IR R RO - B,
EVEAAXKRTER  ERBT R &ARB K M B R AR
6OmmHg & ¥ % - S ERBNEAEZ - M A B R R A
T0mmHg it k8% 3) 42 AFRBOERHORERAFTEARIEE S
ZHREHEAE F—F & & MeLund concept{y 2K Bz ER - Ak
*ﬁiﬁ%%%%ﬂ%?’ﬁmﬁmﬁﬁﬁﬁﬁﬁﬁ&(hmmmW
RCT) &7 3 po et 1 B o8 LR 5 10 TR 20 7 07 o 30 A
R 1 4% i Lund concept & CPP protocol ZER RERFTHLIMES
BZHBTHRSA -

5% Uk
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B RERRREGRZER S
RARBHG (RBLGBR)
RHEEHF (6 AB®)

FEBES (ZF483K%)

REAGEG (LREEBR)
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REREG (SLBEAEMRTHER)
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BERIMG 2 W
#iR 2R R
(Fluid Therapy )

25

. R &R 5 (Standard) :
S B HZE Level | 4 E TRERZFHFHERERS -
. 35 5] (Guideline) :
HBREHRF 0.9% 432 2Bk (Saline) » 8 SLBE A K& (Lactate Ringer )

1 -

¥. 2% (Options) :

1. Rosner et al ' & Lund concept 2 FREEABE % (Colloid) ¥ b
ZHRRE -

2 AMBHAZ (Colloid) REBELEN B NALRHEE - CRBNLRSR
%%ﬁﬁiﬁ%ﬁé%%%%@ﬁ&(@mm)Wﬁ#ﬁﬁ»i%ﬁmﬂ
—HBE & (colloid) 45k % £ -

3. FFP R &Rtk % (Coagulopathy) » ik B 45T M 5 R IRIEA
(Volume expander) - 3

4. RIS GHBRALGAE  RUOMLRRTEASERLBA (Hypertonijc
salineg) -

5. GREBRRBAERER -
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= A

BREA:FHk /| Bwmx
IR A: MEARRMRLE R S E

o}

& 6% (Fluid Therapy) 2 Z# A2 AKE AP NER » O

& & (Cardiac Output) & 4 # 5% # ;¥ (Tissue Perfusion) - g B §
RERAEE A ERBE N 2E N %L RE(Intravascalar Volume
Monitor) 774 $3% ' #W R ERSNME % B8R EH » £ E L

B XA

1.

2.

# 191965 Weed et al F RBS A M BB Z B Mo - 4

BRER (0045%B5% HH M) LRELKRTHE Y BBBB -
& AR B8R KA e ICPH# Ao o °

- A SR ABABB TS| £ 0% (Hyperglycemia) & /4 %

£ -SRI A R TRASR ( Anaerobic
Respiration) » o ¥ X 3% € 3% ho LB 630 A% 1 7 3] B 40 8% B AL & Ao
FHEHIE -7

AEREBTRREFNNMEHALE  JIRTERSERBX
(Hypertonic Saline ) T4 & % P X 4% R EICPF & o &°

- Zornow& &4 ¥ & ¥ 1& A Colloid (6% hetastarch %.5% albumin) °

4 (Oncotic Pressure) ¥/ F # R Y EREAHAHLE - 1

EARGHRBRTER 3 T2 E%E:% (Isotonic Fluid) - #78
KEEBFARAVE  ERATER B2V EFHREE L2

U
RS ZREFMNME RIS T BRERERZE RS
M ARARATH L AURCBEEARY S A E EARZIRRS
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B BLEF SRR 7 200.9% £ R BAZ R 54 7RG R4 A UR TR
f2R& % Lund concept ZFTAME - F—F &> otk (FFP) &% R 445
S ERBARBERERERE - HERAREE S 2 H M 450
(Prospective RCT) B % > sl% ik & F & (Crystalloid) B %%z A

BEM R ARG -
LI S 4
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in head injury. J Trauma 1990;30:933-941.
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non-surgical treatments,
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Lanier WL, Stangland KJ, Scheithauer BW, et al. The effects of
dextrose infusion and head position on neurologic outcome after
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B EEARRRZZRA LB

RrekBeG (AABR)
RHEEG (S REBKR)
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HERES (ZFHBR)
ERREG (RELER)
ABRES (HAOBREERE)
RAGRG (LERHEER)
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it & 9

BREBINNMG AW
SHE B Z (%A

( Sedation )

= B!

.2 E£ 5 (Standard) :
SHLEERZH Level | AR, TRUEZH TR ERSE -
Z. 33! (Guideline) :
STHWR B £ 2 A Level |l 9K - TRELH AR -
%. 23 (Options) :
L ##H &REH GCS Score 3-8 4> MARA G RHXRABEHBA ANE

AL hE R GG R eE R 7 ALARERIZ— -
2. 2 GCSScore 3-8 rtim A AHEAERIBE » BITERMEHE -
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BEA AHA
FIWER: KRB ZEALAR I E

AT

i}

PRRERFMGP  TRACHRRITIRESD > REHFBELEEH
BTFZANFATRE  HBHRBZIEH (stress response) -~ A&
R R ETANELIACHRESIRE 2 AN B REIEAET
BEMYAZBENESN ¥ aRAZAHBELUTIHE A
iR BHMEFHHALSFTLRRSEY  BoaBzins 15874
AR IR B A AR B I AR Z A5 ~ R P F B S MR R BA PO B BB AR A
Ve R hBL  ERE-BHTHLLLLE -

SCRK B8R
RENNFHENEREAMREERMZEBE > S5l T:
Benzodiazepines

1.Midazolam (Dormicum): loading doses 0.02-0.3 mg/kg;
maintain doses 0.05-0.1 mg/kg/h"

2. Lorazepam (Ativan): loading doses 0.02-0.05 mg/kg; maintain
doses 0.05-0.5 mg/kg/h’

3. Diazepam (Valium): loading doses 0.03-0.1 mg/kg, F# k5%
T RHSHBHBERAN -

LEBEHE SR ERNR NEBEERE > HERIS T2 0N
A HER K - 12 Floading doses R A R B F 55> TG & 4 S8 16
B R FRIH Y o B BB E A M E (CMRO2) RS
HoiE (CBF) FPHEZHE -

Propofol .

Loading doses 1-2 mg/kg; maintain doses 1-3 mg/kg/h! - % #39 &

Lt > Propofol ] niié s 45 %% > RIR - AR MARBOAEA -
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#2Benzodiazepine#s % $i4t o #Propofoldz Bl 4% €34 B¢ Bip 4] - 2k
REABRR > HABMEGIHME » £ 25 Benzodiazepine 2§ + &
Midazolam+ 5§ F] - 2 & Propofol #f sz /& & %] tt Midazolam 85 #* o

#— A 2 45 3tk 8 Propofol (444)) & Midiazolam (144) #
RA LA R T4 H (Glasgow Coma Scale) 3-124-2 £.4 - 4%
FREBRENBEARER B Z LB P o 45 B 45 BB 4] A R E R
Pl th e YRS S IME ElE R B B27.27% » 12 kB RAAZ B LR %
54.10% & e B R 4% A A BB A (P<0.001) - ¥ % 9 AT 5 B 4R M R
L RAGARMOEL R MR BAEEPIR S TINME T A4S
AEZR (HHW= BICP I »7"20mmHg) - £RSEARY & ' 15 A4
BREEGHNE D 2 FHHE TR T 454 70mmHg st R85
AERER T BGHEREET 845 £40mmHg 4 % - £ 556 % 5%
A3 BkdE % (Baseline GCS 349 » 565 RTH A L) LARA+E
HEEBRT O RASBHNOEE LA CEAL R Sk #3459 K56
TERREREE -

Opioids
1. Morphin: 2-10 mg I.V
2, Fentanyl: loading doses 0.25-1.5 $##/kg; maintain doses 0.3-1.5
#/kg/h
3. Meperidine: £ 5 ¥4% B £ R 2 3 A"

DRUNEL LA L BARE N EERTLBHBEA >
RETHBE > RMEMmm AHBRFE > BB B 56T 1k A
RGBS kU B B R TR LA B T F
R AREFRIGAHRRIMEARA > TREEE AR LR E -
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BRABD ZHKET -
Neuromuscular blocking agents
ARAFXRERANBRRSE - 2FER MBEAXE
non-depolarizing 5 z ¥ p $ 7. %] -
Barbiturates
REABHENEG  EHRSBZAHRSHZERNEY ER
BARfE4> TH R A '3 R K F H = 4 % (Second Tier Therapy)
Z A - |
g 7
ERFBNERE T TR RIS RRT S ER - DA
BIALBBZERALCREMELES - BB YA RS2 BAE
NE REBANBERRFUEREASNNME A EZRBRRATES
HEREAR  BAL-FSHBRAFE Y x> SutHun
B2 & HWARETH AR -

& X

1. F.Procaccio, N.Stocchetti, et al. Guidelines for the treatment of adults
with severe head trauma. Journal of Neurosurgical Sciences
2000;44(1):1-24.

2. The Brain Trauma Foundation. The American Association of
Neurological Surgeons. The Joint Section on Neurotrauma and
Critical Care. Use of Barbiturates in the Control of Intracranial

Hypertension. Journal of Neurotrauma 2000; 17(6-7):527-30.

3. Patel HC, Menon DK, Tebbs S, et al. Specialist neurocritical care and
outcome from head injury. Intensive Care Med 2002;28(5):547-53.
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4. Young C, Knudsen N, Hilton A, et al: Sedation in the intensive care
unit, Critic Care Med 2000;28(3): 854-66.

3. Daniel F Kelly et al. Propofol in the Treatment of moderate and
severe head injury: a randomized, prospective double-blinded pilot
trial. Journal of Neurosurgery 1999;90(6):1042-52

6. Aitkenhead AR. Analgesia and sedation in intensive care. Br J
Anaesth 1989;63(2):196-206

7. Mirski MA. Sedation for critically ill neurological patients. Crit Care
Med 1995;23(12):2038-53

8. Michael F. Stiefel et al. Reduced mortality rate in patients with
severe traumatic brain injury treated with brain tissue oxygen

monitoring. Journal of Neurosurgery 2005;103(5):805-11

Iy 3 Y ET PN
HRI-BE (BFXB%)
HEd B (SLBRAERR)
RELEH (RAKBMER)
g Be (58
RGBS (BLBERTRAKRE)
EARBH (Y LER)
BIXBET (GLBEREER)
HERBG (BRBRA%ER)
BEARG (B58B%)
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Mték A

B SRR IME b b i
2%
( Nutrition )

2 A
¥.# %44 (Standard) :

BATERA Level | B R TR R D FH BB RIS -
.3 3] (Guideline) :

T ERZABBLHRZEE RHABEREFTALE (Resting Metabolic
Expenditure) z. 100% : £ 48 $AB B4R 2 %S - BARFEEE
HAEZ 140% -

KR BHERBBRET L EERBRS  BAEHE 7 RABFLED
15% ZaH28EFRRE 483§ T8 -

. 23 (Option) :

RREFR] -—+119£.-|:+-—15$LAP9 TREMBHAES  EEWHERERA
FR#d-
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BEA D BRBH
HWITRR BRI A

B WERXEREMEA

1980 # R TR —RLAHEHMEGH OB ERBERAREL AR ¥
HEREFHRERASNMAEHL AT REABRRH - 24 R

MREBREETHHE A PERRCREF L AR E8ERLE

BERHIG A EH A HH o (Hypermetabolism ) & £ 34 #
(Nitrogen Wasting) #98, % °

[u—

2. BAESA RRAMNELER Level Il E - £ P A EFEHiER
EERTERRE - BEBHEATEHVERR bR T A/LEY
Rib> BEANREERERmUEH - BIHEHH S A HLT
HAESRARAOAR BRAREAGEEBLET S F X
HREFEERARARE PETREMEWNAR LR RL T4
MEFAERFHROLER - RE—BEREFALABS R LA
R -BUBEAN LR ERERE -

3. &R & R BAST % T Insulin-like Growth Factor-1 (IGF-1) T X
BE BT ERER LT - |

L3

® FERH

1. BRF%  ZHHE A (Jejunal Feeding) % § & # 4 (Gastric
Feeding) SRk £ it TURD ol F SR Ba®E
BRSPS

2 BRHM —twELt o HUN - EHEHEASE %
MEmERKAERE

3. BRXABRMEAZIARL  FTHABERLEEMHE (Resting
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Metabolic Expenditure*) = 100% ; HERELHEBRCHRZE
B BARHREETHLEZ 140% - g% EH Bk XFEMEF
TamELrEsyg -8

¢ BINZFRBE  BEFR - MHH - BAGH AL SHSH
GRS MAER CRESHBEALEA (o BE - ASHb B
BRI FHMLG% -

S BEELEBRETZELUREY BAXERLARL TS
EP1I5%& Q2 BERRF - s {10

6. METRARBEINDTHEMEHERETR -
7. BRREZR BARBREER D 25 KF -

O RRHEF G
EARE 4% 8 B8 5 5%( Randomized Controlled Trial )5t % Insulin-like
Growth Factor-1 ( IGF-1) #hBE R £ -

*: Fick Method of Resting Metabolic Expenditure ( REE)

REE (kcal/d)=CO ? Hb (Sa0,-Sv0,)95.18
CO : cardiac output (L/min)

Hb: hemoglobin concentration (mg/L)

Sa0; : Oxygen saturation in arterial blood

SvO; : Oxygen saturation in mixed venous blood

LI B
1. Rapp RP, Pharm B, Young D, et al. The favorable effect of

parenteral feeding on survival in severe head-injured patient J
Neurosurg 1985;63:714-718, (Class I study)
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. Young B, Ott L, Haack D, et al. Effect of total parenteral nutrition
upon intracranial pressure in severe head injury. J Neurosurg
1987;67:76-80. (Class I study)

. Grahm TW, Zadrozny DB, Harrington T, et al. Nutrition support
and neurotrauma: A critical review of early nutrition in forty-five

acute head injury patients. Neusurg 1986;19:367-373. (Class I study)

- Hausmann D, Mosebach KO, Caspari R. Combined-enteral
parenteral nutrition versus total parenteral nutrition in
brain-injured patients. A comparative study. Intens Care Med
1985;11:80-84. (Class I study) |

. Suchner U, Senftleben U, Eckart T, et al. Enteral versus parenteral
nutrition:effects on gastrointestinal function and metabolism.
Nutrition 1996;12:13-22. (Class I study)

» Bruder N, Dumont JC, Francois G. Evolution of energy expenditure
and nitrogen excretion in severe head-injured patients. Crit Care
Med 1997;25:1378-1383. (Class II study)

. Clifton GL, Roberton CS, Choi SC. Assessment of nutritional
requirements of head-injured patients. J Neurosurg 1986;64:895-901,
(Class II study)

. Clifton GL, Roberton CS, Hodge S, et al. The metabolic response to
severe head injury. J Neurosurg 1984;60:687-696. (Class II study)

- Clifton GL, Roberton CS, Contant DF. Enteral hyperalimentation
in head injury. J Neurosurg 1985;62:186-193. (Class I study)

10.0tt LG Schmitt JJ, Young AB, et al. Comparison of administration

of two standard intravenous amino acid formulas to severe

brain-injured patients. Drug Intell Clin Pharm 1988;22:763-768.
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(Class I study)

N SAAE A
BB Een (MEBRI-ERE)
RAHEG (BRBR)
HELBH (X5 B%)
HANEE (& FRREBK)
Rz BH (KL BR)

TEHERe (AABR)
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it &k o<

BERIIMG R ER
BREABZZEE

(Intracranial Hypertension )

A

Y. 2 #4475 (Standard) :

BATERA Level IR TREZHTHFALZERS -
Z. 35| (Guideline) :

1. FRERARESLEGHEREABRBNESS -
2. R A MEBGRBAN RIS o |
7. 2Z#% (Options) :
FRAEARN 0mmHg 5> ~ABEMARBF T T2 RRAELT
:
REBRRERNS
CPP > 60mmHg » A3 % 30 &  CVP8-12mmHg 80 & 5150
B RS ?CP>20 mmHg
B R ARSI (L RAEMEZIM) 3-5cc/%
RAGEE - LB M*%B#ﬁm 9 42 AL 7 PRI B
5 @5 # 4 PRco, 30-35mmHg
Mannitol 0.25 ? é/kglﬁﬁf&i}.%
l —» 55#8 CT ~ A%k A& or ICH
P AR % R 1 R R

Bosiamk
(Barbiturate Coma + i@ B i@ B 32 £ (PaCO;25-30mmHg) > R4 BK)
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BREA BT/ REE
#FWER: BEARASZREAW A

B A

tlu\-

EREFNNMEHNENBEREUARABRHER R LI EREE
PREBRA & » 4o FRK (Fluid Restriction) ~ &3&# & # ( Mannitol,
Glycerol )~ i§ & i¢ £ (Hyperventilation ) - £ #% #] ( Sedation ) - &8 %
SRBEEAEREEANRENASA - BNASEEmEBRAY TR
CEGENENIESBARLGTAY Bt - R THRERARZN o
4T B A+ 8% 2R 64 3 7R (Cerebral Perfusion ) & M-1% 55 3 4% 8 2L 388 %48 & -
ERAHS—EENEL - RURHHFENERAETTEZORA B
AR B RERA sl -

N XEREE
L BARABHGREZRE

BGR  REFRNNGHERBIUNEARHEFBER - 2
EXSRABNEBRAN 2SmmHg X EHEMBRR - 7 REBAY
AE BRERAFNGREBARASEEZNRELERBONE AN
e ~ BEKBE - RSB 8 7 (Hyperemia) RARSE - £ P AN
0 K BEAE o6 SR RASM R F AT G R Rk KBS R Bk s AN B
& MLBEBRARAT EBR - i BRARABRSNEEE
rbilA AIBERASERR  FAMKET &£  WEEASRAZ
BlepT Lz RmERBI HYERCARELERNE  ¥RZH
FR ka4

(1) ARG AR RFENE G 15-30 AN BRFHE A
# 30 Eesaik CPP TR -

(2) B% : MR LA TSRS 55 R0 RN E T

'-%- o3-6
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Q) fe ¥ —FALBE 5 R : ¥ = FACH 5B R H 3] AT RS o A il 5
BARBRTR - Rz BANEAS - 1238 B B8 o P — B bk 0 &
THERLE NS R o S

) o FMBETRE: o bNMTERE5IREERT R LS
WiBBRRAE

) FHRE CABRDALHHE I BENRAS - B 45
HBERBRRBRAMEABRI T -

6 BH A RAEA  EREHFRBHRH - HRREE Y ET] A
MBS TikE1E MR M#H# (Sedatives ) & ik 78 #
( Analgesics ) - 27

2. BREASHER :

%ﬁﬁm@#%%ﬁ%ﬁ%%ﬁ’%ﬁ%ﬁﬁ&=£$Lu$
ﬁ%#%%ﬁﬁﬁﬁ%%ﬁﬁ%ﬁwuuTﬁ%ﬁf%mmm%=

() B % 4 % 3] # (CSF Drainage) : ;o R A B T 3 4 B &
( Ventriculostomy ) » A% % 8§ % 3| MRF—AEERSF % 2
SRR M LRE Y o B ED B (3-5c.c.) M9BSEBR - A )
B FEEBRAPIR o — R 8 /1855 A T5cc. B R -

(2) SR4FB) k7% B B ¥ 42 AT ) 2B 8] ( Neuromuscular Blockade )38
SRR LA R CIA BB A —F B RATRE
RAZHEN  Z—FTETHERBENR - %A 45 A 4o
Midazolam - Propofol - Ketamine - i} & #l%e Fetanyl - Morphine -
48 2 AV SR AL A BT #l4o Atracurium +  Cis-atracurium =
BMBWYTERBIRLE > ERBILE: () FRERS - (b)
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3

Midazolam Propofol & Atracurium € %% 4% ~ (¢) HENA
FAEF R AT EBER » LASHABE —RERA T EHULE
R AR ANESR BASPEERE  HILAE T H oK
ER-REEREAT  BAARZIRBEHELRR  SHEAE
7 20mmHg 4836 24 ) 8 0 RIST LUK B B3R A

%25 B %% B (Hyperosmotic Diuretics) : 7 ¥ A g9 &4
& Mannitol & Glycerol * £ FKBENBRHERAHE b E RE
HR T4 AR b B P KA A 4o BE AR BB S KR T K
BB - ERARGELRE 1520 YEEMBER - REDHAE
/4% B » Mannitol B2 T A L&A 2 4F » 3B H B8R EH
BB % A LRARE 5 RR B0 E W
Yo dLE R D B R A R T RN R - SR B R LLR
BRUSHANKE - BRERAFEXERBIKERLE (Bolus,
Rapid Infusion) - ¢t 4t » Mannitol % 378 &2 f§ Bz 4% (Opening of
Blood-Brain Barrier) s94kF > Bt ' £ 5 RBEEA 2% -
Mannitol ST e R K AP R AR RN 2B RBH M A A BEK
R BLE - BRSO HER £ RBEA K4 R84 4 % (Continuous
Infusion) B 5 %4 - AL BN FABZIRERPRBREE
( Bolus, Rapid Infusion ) > R & i 1% % 494 % (Continnous
Infusion ) - ZHEHA B E A 0.25-1g/Kg/4-6 hrs » L 25T L4
SRR EARBRIETLEH  BRERNTSER &
BB RAR 20m0sm/L 0 REERETED - BHLEEME
55 R 4% RIS H & (Hypovolemia )~ {& 22 & (Hypotension ) ~
EARAEX AT RS - #&A] Lasix 7T F2 Mannitol &-4f & A
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(4)

C))

HRRHF - ERAE 2040 mg/d-6 hrs > 45 5] &2 By X RBE W
MAAREBRBER TR ELR T E L BB -

BE# K (Hyperventilation ) : '7 ] B B & fo. ¥ = &AL 5 R
RAF o TR A RN B MR -BERLNER S
RB-THFNHRL - B ¥ = EAL5 5 R E 5 25 £ 30 mmHg
BUEARERBEARER  Eral BT ERAS 5
A% PaCO, %454 30 £ 35 mmHg - SACBEHAIT - EMNE
Reyesit > BATAILLBAEONSHEHBENRASHAE - §0
REMEBEBRAGERUERFYHERE -

Erb% 8 & (Barbiturate Coma) : " #{ASH F o bt s
Bt R PGSR R S EI R BR ARG B &) - KB E+ B
FHANBERE BRBENA B AR E21%E 89% -
FRELERAHCLEREEARNER BARBETARE Y
R Ee MERLBRLARE - BLFARARKELEH S
RERAFRAENEL o RABEAGFR RS BB
ERA REBABREHIEN ERLRAEHEALE - AT
B EEEMEAMN 30 mmHg o B4 FE 70 mmHg X4
A B FUR X7 70 mmHg % 88 /S BAB AR 40mmHg 55 Bp & 3%
FRELHBEIERE - RAGEYARXACILE &

(Pentobarbital ) - A2 4 % & % 10mg/kg loading * 30 min # 8%+
44(IV Infusion )- %7 Smg/kg/hr 35 4§ 3 /- B A P8k i R(EEG
Electrocerebral Silence ) 4o R fn B K48 % » R i 45 3% B /B 518
#EU 13mgkghr R B4 > SRR B BB B2 HL
30-50mg/100ml - f£ BA AR B[\ 20mmHg > 24 % 48 /6§ g Bp
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(6)

(7

(8)

BYHE - CHHARGRABREGHERBLE > BLTEZATE
RERRBETEHERE - B RIEEAI R o pl i 095
A BEHREWURER - BNANEH RS RHKILE -

i858 % (Hypothermia) : *“ # it & - HRBERTI 2
RIFHER - AR AR A % (Hypothermia) 4pF Ak -
FRBEBRT  BRAL 2496 [ FFNRBEEZIZEMC 2
B ERBEANHER 03 EHREEEE 37C » kT HARER
W-BAEROERFIEE A BEHEESE  BBERE
RAOEEY - FAAMHBEL RE - EXE - RBEAFHE
& (Prolonged Clotting Time ) - st # 7% 7 2001 5= £ = BB K
FRELERHK

5 E 8% (Steroid ) : 8 AT A H B S HA 5448 R KRS (Brain
Abscess) Af3|ARAEAKE - PRI SAB - KB BAHARMZ
BEUAERE X RREAFNMGRELES  BAREAHERE
B R > MAEMFEEREREL > B FEHGITHER -

BB MR B 45 (Decompressive Craniectomy ) : A& # &
FR M5 (TBI) Hm&TRE—RE R AR & Harvey
Cushing #74% & ***° 39 §& § vt 47 £ 47 49 & R » X % Mortality
or Morbidity 34 & BT B AR T EFBEENER - HFR
BANGmEREAGES EHATVUREARRE S ARREY
A - %199 2% & American Association of Neurological
Surgeons ' & BB VRHEARETBIH AR BEFTREL
RAERGHE P RN BRY TS R AT RT AR
¥ % B 4 (Decompressive Lobectomy ) tLi&k @ sif ¢higif
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BTRTRITARFOER - "BAEALPART IR E
U EETRERGEAGESL - " SuARBET UL
WMABR _RBE -FIZRBEBEEFIRFOT CAURAOH
R SFELEBRFURBAOEASRETE (B - $3) - F
BEFIREER A LHASNMMEER  UFFBREGIAE
VR BRMYARRBNEEFEREBRT IR RAL S
—REBIRE -
3. ARBENEA BN ALBERYE

FEBARS A AKER B SRAF LS - BAL  THN
B 5t% % 20 £ 25SmmHg 5% 27 & & & AR R = o9 b4k - FE BRI R
AR M EALBRAAOEABRFTRGRE Bk BAS L
B 3 R SRR th (Benefit Risk Ratio) > BERE X I ZMRE TR
ABENBRAGHARBBERI R - L EARRBRNRYG S 28 &
AMBEARALAAEER AP OERB AR AR EHeE
A-FRHEH3I0E - B ELRNERROALIVE - 2B AES
100% ~ #8%& & E % ZHKE (Normovolemia) ~ b 59k B 435 1
8 £ 12 mmHg ~ f§# 7B A% 60mmHg ° B b d — b5 5 &
35-40mmHg ° £/ H AABGARZ 2 BRGKET L RAAEAL
RBEENBRNBRER R F —EHEH S AREF RS BR3H
3ES coTHRIRMGBRAR - wREBEPATHEEI R RIAE
AR LABBRTENARE B X RARRNEHOREESTR
BEAARAARH - RENBRBRESRT R RBEH 2
LEHERER (ITEXEEBUOBERA B _RIBTBRE
30-35mmHg - 457 AR BEAZHEHBERRABE SR & %A
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£ & ( Mannitol, Glycerol ) * Mannitol T A K EeyE A > AP 2 ER
3200sm/L Bk - EVYHHN B EIERBAOFAL RERTHTFEH - &
RV BEABHECBRNE BT RHEGRA AR 2 RES
RE_GKEERE - LRENR RO BEZA M RZBEATH
Bl HERAZIHFEEY BLBRERATHERBREUEL
Z oMBAR KRB E RHEIERABKR AFRBRGRELNR
ko Hd izt 63 - 8B 4% (Hypothermia) ~ & .0 B A&
i % K 6938 # £,(PaCO, <30mmHg )~ % 7k M & B K ( Hypertonic
Saline) % -

FEBARERSG
CPP > 60mmHg > 4383 & 30 &,CVP8-12mmHg, Hkr4 &0 R H %
BN R A5 ICP>20 mmHg

AR AR AR E )
3-5cefk

l

1% FASEFF B, 0k 78 A, 00 B BT08 A A 42 AL A MRLIBT B

l

8 % # A, PaCO,30-35mmHg

l
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Mannitol 0.25 ? g/kg

FAGE S

l — ¥ CT,8 A or ICH
A BAAT K, 0B ML BR B e 4l

e B .
Barbiturate coma, & & i& & # #,(PaCO2 25-30mmHg), & R BK |

B — ~ REFNERIH TR

AR ERIIMEIF R IR S T o T8 R S R E
He RIFATERRFHNBANMERORE - B T RS OBPRIE S
LI et TRI S F BN ER A G BGOSR AR RBRAS B
B BNOEE BANTNERBANES -
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B EREASZRELN 2

REEBEH (RAEBER)
4T Ber (X5B/%)
FEBRG (ZELB%)
WR-BEF (E58%)
FUGBEG (RABR)
RRBgBe (LARERR)
FREXBa (BLEEHER)
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fit ok

B & SR I e 3
B Z TR 6%
( Seizure prophylaxis )

2R

¥ jZE# K (Standard) :

B RN AR WA LB MR T ¢ 4o: Phenytoin « Carbamazepine ~

Phenobarbital &, Valproate
Z. 331 (Guideline) :

SR 4K Levell 4R R » TRUERAEFELS -
. 2 # (Option)

# Sb B % BA5+ : Phenytoin #v Carbamazepine #E 4 2 FA by T3 AR B 1F
TAEXERARHEREFEA - RETHSEERXHFRE T HERMES
TRUERPAG R EHRE -

AP HARERESEHE Gikiid GCSScore 10 U F A H#HE W
MR FH RSB Tl AR L 0fE B - FHEMRLIEG -
s 24 NP R A
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[
1.

BEA A8
LOE-S- I T E& VB o ML

A

ml}

BB OARA WA 2%E 10% & H 25 L ABMEN - @it
&4 #a A (Post-traumatic Seizures, PTS) TE 45 £ &M A HHE - F
BHBREELETARNEL > RBEEBRAIRZE T ARRATHRL
B o BREAIMMGH > MAB I ERFHEEHMHRE (Secondary
Injury) » 4o : BSR EF - BB A AR % £ (Cerebral Metabolic Rate of
Oxygen, CMRO; ) 3% /o ~ B% s % & (Cerebral Blood Flow, CBF ) 3 ju -
5% fn 7% & & (Cerebral Blood Volume ) 3 fv ~ A& 3588 R » #1555
HEERT G > MBI A f44 (Oxygenation) - JLsh > FaM
CEEL—SEHEE o BRNERERGE  BRANF R RARE
¥ EAERAOEREE -

AER 1970 £ WENSABFEFHIRBMBHZIRAIER -
R > BRMEGBRT A —LHL - 08 TRFLAKATHES
SIER RRABEVEBREHBETNHRE  BROALR TR ES L F 35
RARIERE  AMAHNRERATINMGEL > A LMBREDZ R E
B R—BRAFETHBA -
SR AR
Young et al. #3549 RCT ( Randomized Controlled Trials ) 5 %
Phenytoin BB FEMAEHFH AMGEBMES - RERET
244 1 ARG & 5 B 0 KM A3 T Phenytoin X &R Ham - £
M2 - RARE I mgkg BIRERGATRE  LBAMAEH RO
BREE BESAINAUNEEE B EHBEE 40-80 umol/L (10-20
F/mL) - HNFHFHABHERGMEEREN X FLE AR T
Phenytoin 1 & A# Atk EHKARLY  ERF B © FHEHN
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BHEMM 3T% > BHERGMEERMM 124%  HRaE T FEMNE
e 3.7% » BHEAIMEEAEN 108% - WAL THRAHBEL MG
BEROBLERRBEABELAATOBRE XA —BEFEIEINA -
% A& Phenytoin s 28 i B A% 48 umol/L - 25 A€ H BARE4E -

. AHEA 1990 £ Temkinetal A B EBE I E R B BE—F ARG~

ATEEEY ~ KEME) - BEF S - RHBH BRI - 404 fn BEMAEL
Phenytoin 20 mg/kg #MkEH e A A LA BRESH - ORIEF
BT AESBBE BEHLEA R LB EYAE Phenytoin
40-80 umol/L (total) % 3-6 umol/L(free)- ¥ m 5 P b H 2=
R-BEFHAEE R BER24BA - £2£1-3-6-9 1218
Adbdn o $FHAGES 3 O MR B R 69 BB F £ E T 200-1200 mg/d - &
BERFELTH26000mg/d - FHERAGHBRBAFTLELLRER
HBRLREABRTE 55 % 3.6%(95% CI1:2.3-4.9) th, 14.2% (95%
CL:0.12 to 0.62) - MM — R FHMAFERAME NNT (Number
Needed to Treat) & 10 (95% CI:8-18) {2 RN BRI RPN
Ay EhatsABRER -

BALEapmEReyE 4 %R > £42F Phenytoin 24X 1t
HBEBEEYH 552 82%tk 2% » p<0.01 - @ NNH ( Number
Needed to Harm ) & 17 - # % Phenytoin % > 5 1,000 A > T
111 KB § RRAK 62 ABA KA A ik Btk - %
MRy halad > 23R EBEHE 9% LLEHBE 6%
p=052 - MEA—EZHBEL E KBt 23R EHA 0.6% 1k
#84 0.1% » p=1.0 -

Temkinetal R &% A T X&) Phenytbin TR e oL AR
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EBERGFBREBHHTELERXIREIRT -

3. TemkKin et al 7 & st 1999 4t Valproic Acid £ Phenytoin 8 /5 ¥
BRAEZFHONMGRBMAOTR 379 MASFSMMG EEL 645 ¢
LM AR EEAE C BRE WA F Y - A FHE - THRERKRER
BARKR ARG - RAEE T b ~ AR i - BP9 L 3 o
FH A 1% F Phenytoin # 4t X - Valproic Acid 4% 30 % -
Valproic Acid 4% 180 X =% - FHMIIEEE RO B LENE
1& » #& Phenytoin % 4 fa 2 Pooled Valproic Acid ;& # 48t # $ 55 8
£%(15% & 4.5%,p=0.14) * RR=2.9 (95% CI:0.7-13.3) -

BRMENIGERMABTLEEREAREY  E2REZ

Valproic Acid /%4 # %4:tF it Phenytoin B & H A - E 2 G

(13.4% 1t 7.2% » p=0.07 ' RR=2.0 » 95% CI:0.9-4.1)+ B 4> Valproic
Acid FREFRER KRR SRR

4. Cochrane Collaboration Group &5 Meta-analysis 447 10 184 &)
RCT > 3t 2,036 ARFIEATERFRARBHAZHRREARE
BEAGRBRABE - LBRBRDTURRTERNEARBRANE
A% > ERELGFRERHIMGERROFTLE  LELBAAT
R -XEFTFBRERAABBMBYXHE AT & Phenytoin
Carbamazepine ¥ £ 2 R PV AR - A H E B HE - 22 # %
Carbamazepine 6 R @ F T HE HE A - AT E HE -
Meta-analysis 7 # #98& R > RESRERER T L Bt O
LTV PEVEREE S YL P PNy
M - ALy M54 MM > Phenytoin & B AT sA3E 2 8974 % - &
Mo RSN ERERXHRARBRENTAREEBI AT RA
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HE T -

5. ALK B M BN s A AR ez tbi( FH RIR Schierhout

et al. Anti-epileptic drugs for preventing seizures following acute

traumatic brain injury (Cochrane Review), 2000) -

T RCERFEZE | SMEREM Bl
ERALLHRE |SHRAtLERaE SRALHRa | thatHBa
95/540 78/514 |Phenytoin Early (< 7 days) | Skin Rash
(17.6%) (15.2%) |67/208 66/196 22/456 65/434 | 30/292 18/276
RR=1.15 (32.2%) (33.7%) |(4.8%) (15%) |(10.3%) (6.5%)
(0.89-1.51) RR=0.96 RR=0.34 RR=1.57
(0.72-1.39) (0.21-0.54) (0.57-39.88)
NNT= 10
Carbamazepine
44/75  30/76 Late (> 7 days)
(58.7%) (39.5%) |65/499 49/482
RR=1.49 (1.06-2.08) | (13%) (10.2%)
RR=1.28
(0.9-1.81)
n &%

BREALXBDE  BHESHIGHARM ARREEFEMRE
HIETF RHHRETREMBEY  TURRAFZEMGERMNTE
BoaR > HRARERPIM EE  ASAETHLER XFEA BN
EHTORBRERGRCRAFEAR - &EBRETH M LB
HEER LELHRERETE - AH T HMHNIE% KM  Phenytoin &
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B AT T SR % 89748 2 — < F %5} % 81 5%  Phenytoin #v Carbamazepine
RARBH I RERBREN  TEXLEABRHRETHEA ¥ S
bRt 8445 Gk # GCSScore 10 A F ~ & H#4E - Uk
HMEFFH BB TRE R LR BN R FTEMEN
ShG ~ SE1% 24 ) 0E P B RBE M
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LI 1 EX SR X PN

£HRES (HABR)

SEXHBEH (GARRAER)

ERABES (FLER)

HHLES (E58%)

HTFEBH (hokEBKk)

HERBG (HRRREER)

FRARBG (SRBREALMRIFPLAER)
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Rt &\

B EAIMG R ER]
Y3
( Second Tier Therapy )

.

7.

iz B
P.2EL£ 5 (Standard) :

SHUT LB B A Level [ 9K TRERHEAER RS -
33| (Guideline )

S8t AR B £344 Level | A1 F » THREALH TSI -
## (Options) :

1.

BEMERBK (Hypertonic saline)
THEFERARE > AR RRENGAREEREY  em AR AR EA
B BNEREERE—#H - '

B bth-& 8 &34 (Barbiturate coma)
TREARBE M R » RV RS ES MRS B RERN B - AR RRAYE
B ABMENRELSKASHEEZNER A EATEHK -

®E# A (Hyperventilation)

(DTER GRSz —SLERE ShBLAE GiEsmE
(autoregulation) ##| K Ve hE » BmEAHKRGEL -

(2)2#PaC0: < 30 mn Hg' RAAFEHBEREILE > mASMES -

{&:&# % (Hypothermia )

BRTER AR E45 A ERBATH K -

37 E &% (Steroid)

BE B TR E B RS ol A2 R KM MBEENRZES - 2E&R
REFRBE > REBWEBRLERERRB MG AR ZIEAR - BH ik
REBEZ K BRIBAE B RRBHITER -
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BREANRES
MUER 4GB ELR I A

m

L

B ERIIMMG AL RA LB RIS - RA BSR4
(cerebral perfusion) & FE 5B 8T R B IL 8 oo B B2 - B ik
ko & kM & B K (Hypertonic saline ) ~ 21t % 8 &3 ( Barbiturate
coma) * iBE # £, (Hyperventilation ) ~ &5 5 3 (Hypothermia) &
B 8 (Steroid) s94E /i T RE MK RO B L oH5E > LBFERBA
RRBRGKRER OB AR LN E S RAGRAR
B Bl ha DAt 3 -

B R E R
& kiR B K (Hypertonic saline )

MRTRAAGEREAHEEN  HRBELBATRAE BBB £ %
T ELRERGREEAA MY B AdK S F X FE8EM R
SRR b KR o PO A BB AKE HTE  RAE B2 &
1999 4 Qureshi ¥ £ &M B L LB ARARAREY HREGRLBLK

(3% 5.3ml/kg 22 & 23% 0.7ml/kg) #o Mannitol (1mg/kg) % 3% & /Y
BERABE > AEVIBAEER - *2002 & Schwarz €4 A 10% 75ml
HERERBRKRE 2R (AMBTERASA) FRENRELY
THE9ImmHg - AGE MR AR Ao EBRAKR AR B 35 Hdk
AR HARESNHER -°

Bt %8 &3 (Barbiturate coma)

HABREAC LD G RERAIN GRS 23| B8 dm N R
B BLARTFEAATEAR - —RBREAFRE LENE
A% 30 mmHg - B 7R N7 70 mmHg 4 % 55 E 7R AR 70
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mmHg # 8899 &3 A% 40mmHg 85 » Bp B3 XM - A GBS LR
E tb & (Phenobarbital) - #2 4 % & % 10mg/kg > 30 min #8024 » %44
Smg/kg/hr 3 45 3 /)85 & 3| B4 % T R (EEG electrocerebral silence) - £
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Abstract Background: Data pertaining to head injuries in adolescents in Taiwan are scarce. The purpose of
this study was to investigate the trend and pattern of head injuries in adolescents in both urban and
rural areas in Taiwan.

Methods: We collected data from major hospitals in the urban (20) and in the rural (4} areas of Taiwan
for a period of 3 years. Data were obtained from the Head Injury Registry, a 1)-year electronic database
of head injury in Taiwan. The inpatient medical records of adolescents with head injury were
thoroughly reviewed. Severity of head injury was classified by the GCS score, and patient outcome at
discharge from hospital was measured by the Glasgow Qutcome Scale. Differences and correlation
between study groups (13-15 and 16-18 years old) in the urban and rural areas were examined using
2-tailed 7 and y tests.

Results: A total of 469 head injury cases in the urban area and 131 in the rural area were identified.
Traffic accidents were the major cause of head injury, and motorcycles were the most predominant
vehicles causing traffic accidents in both urban and rural areas. Intracranial hemorrhages were the most
prevalent injury pattern in the study population. In both urban and rural areas, the severities of mjury
were not significantly different { P = .184), but the outcomes at discharge were significantly better in
urban areas (P = .032). The comelation between the initial GCS and outcomes in both areas was
significant (P < .001). Craniotomy was performed meore frequently in the rural area than in the urban
area (15.3% vs 7.2%). The mean hospital stay was shorter in the latter than in the former (P <.001).
Education on helmet use, input of neurosurgical staff, and facility and emergency medical
transportation service of head-injured patients following guidelines proposed by the WFNS are
crucial for head injury and better control in rural areas. .

Conclusions: The causes, patterns, and owtcomes of head injury were statistically different between the
2 age groups of adolescents in urban and rural areas. Further studies on adolescent head injury are necessary.
© 2006 Elsevier Inc. All rights reserved.

Keywords: Adolescent; Glasgow Coma Scale; Glasgow Outcome Scale; Head injury; Helmet use law; Intracranial
hemorrhage; Motorcycle

Abbreviations: EDH, epidural hematoma; GCS, Glasgow Coma Scale; GOS, Glasgow Outcome Scale; ICHs, intracranial hemorrhages; JHS, junior high
school; SAH, subarachnoid hemorrhage; SDH, subdural hematoma; SHS, seniot high school; TBI, traumatic brain injury; WFNS, World Federation of
Neurosurgical Societies.

* Comesponding authot. Institute of Injury Prevention and Control, Taipei Medical University, Taipei, 110 Taiwan. Tel.: +886 2 27390217, fax: +886 2
27390387,

E-mail address: shtsai@tmu.edu.tw (S.-H, Tsai).

! M.-F. Chiang and W.-T. Chiu contributed equally to this work.

0090-3019/% — see front matter © 2006 Elsevier Inc. All rights reserved.
doi:10.10164.surmeu.2006.08.029



M.-F. Chiang et al. / Surgical Neurology 66 {2006) 52:14-52:19 §52:15

1. Introduction

Since 1989, patients with head ijury have had a 10-fold
higher mortality than those bluntly traumatized without head
injury [15]. Head imjury is the leading cause of death in
accidents, and motorcycle-related traffic accidents compose
the majority (71%) of accidents in Taiwan [3,5.9,12,13,20].
In the analysis of age groups with accident mortality, the 10-
to 19-year age group had the highest mortality rate,
especially in the 15- to 19-year age group {3,14,18,21,22].
As most victims of motorcycle-related head injuries were
young, the resulting cognitive, psychological, and neuro-
logic sequelae were overwhelmingly damaging to society
[3]. How to prevent and control the mortality and morbidity
of head injury in adolescents is therefore a challenging
problem in Taiwan.

A long-term trend (1989-2000) showed that fatal head
injurics in the age group from 15 to 20 years were
decreasing [18]. On June 1, 1997, the helmet use law was
implemented in Teiwan. Thercafter, the number of
motorcycle-related head injuries and the severity of injury
decreased, and better outcomes were obtained [3]. How-
ever, data regarding current stats of head injuries in
adolescents, especially the differences between urban and
rural areas are lacking in Taiwan. Therefore, we conducted
this study to investigate the distributions and patterns of
head injuries in adolescents in both the urban and rural
areas in Taiwan.

2. Materials and methods

2.1, Data collection

The data of patients with TBI in Taipei and Hualien were
extracted from the Head Injury Registry. In the setting of the
study, Taipei is defined as the urban area and Hualien
County is defined as the rural area. These 2 areas differ in
population density, the density and distribution of neuro-
surgical centers, manpower personnel, and facilities.

Taipei City is the capital of Taiwan. It covers an area of
271.8 km? and has a population of 2630000, with a
population density of 9737/km® There are 20 major
neurosurgical centers equally distributed throughout the
whole city district. A board-certified neurosurgeon serves
about 17533 people. It takes an average of 15 minutes to
transport a patient with TBI by ambulance to a neurosur-
gical center.

Hualien County, located at the eastern part of Taiwan, is a
mountainous area. The area of the county is 4638.6 km? (the
largest county in Taiwan) and population is 400000; the
population density is 133/km?®. There are only 4 neurosur-
gical centers in Hualien, all located downtown. A board-
certified neurosurgeon serves about 26667 people in
Hualien. However, the geographic limitations in Hualien
make transpertation of patients with TBI time-consuming, It
takes, on average, more than | hour to transport patients
with TBI from the periphery or hills to each center.

In this collaborative case-series study, data on adoles-
cents (aged between 13 and 18 vears) with head injuries
were collected from July 1, 2001, to June 30, 2004. We
divided the adolescents into 2 age groups, the 13- to 15-year
group (JHS) and the 16- to 18-year group (SHS). Data were
collected from 20 major hospitals in an urban area and
4 major hospitals in a rural area.

Data were also obtained from the Head Injury Registry, a
10-year electronic database with more than 100000 cases of
head injury in Taiwan. The inpatient medical records of
adolescents with head injury were thoroughly reviewed.
Information pertaining to head injury including sex, age,
GCS, cause and pattern of injury, presence of multiple
systemic injuries, length of hospital stay, and GOS at
discharge was analyzed. Diagnosis was made by brain
computed tomography scans and skull x-rays to show
various patterns of head injury: skull fracture, brain
swelling/edema, and ICHs (epidural hematoma, subdural
hematoma, ICH, subarachnoid hemorrhage).

2.2. Severity and outcomes

The severity of head injury was classified by the GCS
score-[11,19] as follows: (1) severe, score of 8 or below; (2)

Table 1
Demography of study adolescents in urban and rural areas
Urban Rural P
No. of cases 469 131
M:F 306:163 = 1.9 78:53 =15
JHS 127 (27.1) 46 (35.1)
SHS 342 (729 85 (64.9)
Causes <.001
Traffic 264 (56.3) 100 (76.3)
Fall 81(17.3) 8 (6.1}
Assault 72 (15.4) 9 (6.9)
Sports 26 (5.5) 32.3)
Traffic 002
Motorcycle 163 (34.8) 78 (59.5)
Bicycle 19 (4.1} 10 (7.6)
Walking 32 (6.8) 32 (6.8)
Rider 129 (27.5) 55 (42) 025
Patterns .011
Skull fracture 75 (16) 18 (13.7)
Swelling 67 (14.3) 7(5.3)
ICHs 118 (25.2) 29 (22.1)
Craniotomy 34 (1.2) 20 (15.3) .on
GCS (JTHS/SHS) 184
3-8 30 (6.4) (8722) 13 (9.9 (3/10)
9-12 . 25 (5.3) (6119) 12 (9.2) (6/6)
13-15 414 (88.3) 106 (80.9) (37/69)
(1137301}
Outcomes and GCS <.001
score (severs/
moderate/mild)
Dead 13 (2.8) (1172/0) 7 (5.3) (6/L/0)
Vegetative 3 (0.6) (2/1/0) 3 (2.3) (ML)
Dependent 7 (1.5) (4/2/1) 7 (5.3) (2/2/3)
Independent 25 (5.3) (4/3/18) 8 (6.1) (1/3/4)
Good 421 (89.8) 106 (80.9)
(9/17/395) (2/5/99)

Values are presented as n (%).
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Fig. 1. Causes of head injury in groups (JHS, SHS) of adolescents in urban
(U) and rural (R} areas. There were more motorcycle injuries in rural areas
and nontraffic injuries in JHS groups of urban areas. Non-T indicates
nontraffic.

moderate, score of 9 to 12, and the patient received
reurosurgical intervention or had abnormal computed
tomography scan findings; (3) mild, score of 13 to 15 or
conditions not meeting any of the above criteria [3,9]. The
GOS {10] was used to categorize the outcome of patients
with head injury at the time of discharge from the hospital as
follows: (1) death; (2) persistent vegetative state; (3) severe
disability, conscious but dependent; (4) moderate disability,
disabled but independent; (5} good recovery.

2.3. Statistical analysis

The incidence rates for head-injured adolescents were not
calculated because the official statistics of the study
population in both areas were not available. Differences
and correlations between study groups and areas were
examined by using 2-tailed ¢ and ¥* tests, A P value less
than .05 was considered significant, and a P value between
.05 and .10 was considered marginally significant,

3. Results

During the survey period, 469 adolescents (127 in JHS,
342 in SHS) with head injuries in the urban area and 131
(46 in JHS, 85 in SHS) in the rural area were identified. In
the urban area, there were 306 (65%) teenaged boys and 163
(35%) girls with a male to female ratio of 1.9. In the rural
area, there were 78 (60%) boys and 53 (40%) girls with a
ratio of 1.5.

3.1. Causes of injury

In the urban area, the causes of injury included traffic
accidents in 264 cases, falls in 81, assauits in 72, sports
injuries in 26, falling objects in 3, and other causes in 23. In
the rural area, the recorded accidents consisted of 100 traffic
accidents, 11 hits by falling objects, 9 assaults, 8 falls, and
3 sports injuries. The differences in causes of head injury

between the 2 areas were significantly different (£ < .001).
In the causes of traffic accidents, there were 163 (34.8%)
cases caused by motorcycles, 32 (6.8%) while walking, and
19 (4.1%) caused by bicycles in the urban area. In the rural
area, there were 78 (59.5%) by motorcycles, 10 (7.6%) by
bicycles, and 4 (3.1%) by walking (Table 1). The difference
in causes of traffic accidents between the 2 areas was also
significant (P = .002). Tn the JHS and SHS groups of the
urban area, causes of traffic accidents were 18 (14.2%) and
14 (4.1%) by walking, 14 (11%) and 149 (43.6%) by
motorcycles, and 9 (7.1%) and 10 (2.9%) by bicycles,
respectively ( P < .001). In the rural area, the causes were 25
(54.3%) and 53 (62.4%) by motorcycles, 6 (13%) and 4
(4.7%) by bicycles, and 3 (6.5%) and 1 (1.2%) by walking
for the JHS and SHS groups, respectively (P = .063) (Fig. |
and Table 2). The causes of traffic accidents between the
urban and rural areas in the groups were significantly
different (P < .001) (Table 2). In the motorcycle-related
traffic accidents, 129 (73%) and 55 (65%) cases were riders
of motorcycles in the urban and rural areas, respectively
(P = .025). There were 205 (43.7%) nontraffic injuries in
the urban area and 31 (23.7%) in the rural area (P = .004)
(Table 1).

3.2, Pattern of injury

The patterns of head injury were available in 55.5% of
cases in the urban area, including 75 (16%) cases with skull
fracture, 67 (14.3%) with brain swelling, and 118 (25.2%)
with ICHs. In the rural area, 41% of cases had disclosed
injury pattern, consisting of 18 (13.7%) skull fractures, 7
(5.3%) brain swellings, and 29 (22.1%) ICHs (Table 1 and

Table 2
Data in groups of adolescents

JHS (age, 13-15 y)

SHS (age, 16-18v) P

Urban, n (%) 127 (27.1) 342 (72.9)

Rural, n (%) 46 (35.1) 85 (64.9)

Causes U/R <.001

Motorcycle 14/25 149/53

Bicycle 9/6 10/4

Walk 1873 1411

Patterns,. U/R .057

Skull fracture 20/6 55/12

Swelling 22/5 4512

ICHs 23/10 05/19

Severity, U/R An

GCS 3-8 83 22/10

GCS 9-12 6/6 19/6

GCS 13-15 113/37 301/69

Cutcome U/R 170

Dead 412 5

Vegetative 11 22

Dependent 3R 4/5

Independent 8/5 1713

Good - 115738 306/68

Craniotomy, UR 16/7 18/13 <.001

Length of stay, 5.19/9.82 7.6211.78 <.001
U/R (d)

U indicates urban; R, rural.
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Fig. 2). The difference in patterns of injury between both
areas was statistically significant (P = .011). In the THS and
SHS groups in the urban area, the patterns of injury were as
follows: 20 (15.7%) and 55 {(16.1%) with skull fracture, 22
(17.3%) and 45 (13.2%) with brain swelling, and 23
(18.1%) and 95 (27.7%) with ICHs, respectively. In the
rural area, the patterns in the JHS and SHS groups were as
follows: 6 (13%) and 12 (14.1%) with skull fracture, 5
{10.9%) and 2 (2.4%) with brain swelling, and 10 (21.7%)
and 19 (22.4%) with ICHs, respectively. The differences of
injury patterns between the urban and rural areas in the
groups were marginally significant (P = .057) (Table 2).

3.3. Associated injuries

There were 59 (46.5%) cases in the JHS and 198 (57.9%)
cases in the SHS group in the urban area, and 19 {41.3%)
cases in the JHS and 45 (52.9%) cases in the SHS group in
the rural area sustaining associated injuries (P = 437).
Cervical spine injuries were found in ] case in the JHS and
2 cases in the SHS group in the urban area (0.6%), as well as
in 2 cases in the JHS group in the rural area (1.5%).

3.4. Severity of injury (GCS) and outcomes (GOS)

During the study period, there were 30 severe, 25 mod-
erate, and 414 mild head injuries reported in the urban area,
and 13 severe, 12 moderate, and 106 mild head injuries in
the rural area (P = .184) (Table 1). The outcomes at
discharge were as follows: dead, 13 cases; vegetative, 3;
dependent, 7; independent, 25; and good recovery, 421 in
the urban area, and dead, 7 cases; vegetative, 3; dependent,
7, independent, 8; and good recovery, 106 in the rural area.
The outcomes in the urban and rural areas were signifi-
cantly different (# = .032) (Table 1). The initial GCS
scores and outcomes in both arcas had a significant
correlaticn (higher GCS scores had better outcomes) (P <
.001) (Table 1 and Fig. 3).

10%

5%

LS

0%

skull fracture swalling ICHs

Fig. 2. Patterns of head injury in urban and rural areas. Lesions were more
in urban areas and !CHs were the most prevalent lesions.
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Fig. 3. Severity of head injury classified by GCS (severe, moderate, mild)
and outcomes measured by GOS in urban (U} and rural (R) areas. The
outcome was significantly affected by the severty of injury.

3.5. Age and GCS/GOS

In the urban area, there were 8 (6.3%) severe, 6 {4.7%)
moderate, and 113 (89%) mild head injuries in the JHS
group, and 22 (6.5%) severe, 19 (5.5%) moderate, and 301
(88.%) mild head injuries in the SHS group. In the rural
area, 3 (6.5%) severe, 6 (13%) moderate, and 37 (80.4%)
mild head injuries were found in the JHS group, and
10 {(11.8%) severe, 6 (7.1%) moderate, and 69 (81.2%) mild
head injuries in the SHS group. The severities in the groups
of urban and rural areas were not statistically different (P =
.111) (Table 2).

In the urban area, the outcomes were as follows: dead,
4 cases; vegetative, 1; dependent, 3; independent, &; and
good recovery, 115 in the JHS group, and dead, 9 cases;,
vegetative, 2; dependent, 4; independent, 17; and good
recovery, 306 in the SHS group. In the rural area, the
outcomes were as follows: dead, 2 cases; vegetative, 1;
dependent, 2; independent, 5; and good recovery, 38 in the
JHS group, and dead, 5 cases; vegetative, 2; dependent, 5;
independent, 3; and good recovery, 68 in the SHS group.
The outcomes of the groups in both areas were not
statistically different (P = .170) (Table 2).

3.6. Craniotomy and hospital stay

There were 34 cases (7.2%; 16 cases in JHS and 18 in
SHS) in the urban area and 20 cases (15.3%, 7 cases in JHS
and 13 in SHS) in the rural area who underwent craniotomy
during the study period (P < .011) (Tables 1 and 2). The
mean length of hospital stay in the urban area was 5.19 days
in the JHS group and 7.62 days in the SHS group. In the
rural area, the mean length was 9.82 days in the JHS group
and 7.78 days in the SHS group (P < .001) (Table 2).

4. Discussion

The head injury rate in Taiwan is still very high
[9,12,20]. It was reported that the incidence rate was near
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2-fold higher in the rural area than in the urban area
[3,9.12,20]. After the enactment of preventive policies, the
incidence rate and mortality from head injury decreased in
various countries [3,13,21]. Therefore, we conducted this
study to examine the head injury rate of adolescents in both
urban and rural areas in Taiwan after the helmet use law was
enforced. The accurate incidence rates of head injuries in
this study could not be calculated because a suitable
denominator (the size of the study population) was not
available during the study period. However, by a rough
estimation, the adolescents in the rural area had a higher
incidence rate than those in the urban area {(data not shown).
This estimation is consistent with the report of Woodward
et al {21]. We also found that males had more head injuries
than females, a finding similar to the results of other studies
[2,3,6,9,12,13,22].

4.1. Cause and pattern of injury

Traffic accidents are the leading cause of head injury
[2,4,6,9.22], and motorcycle-related injury is the major
etiology [5,7,9,12,13]. In this study, motorcycle-related
injury was the principal etiology for head injury in both
groups of the rurat area and in the SHS group of the urban
area. In the JHS group of the urban area, nontraffic injury
was the major cause of head injury.

Lesions were found more frequently in the urban (55.5%)
than in the rural (44%) area. Skull fracture and impaired
consciousness were important indices in determining the
risk of developing surgically significant intracranial hema-
tomas [1,8]. ICHs were the major pattern of injury in both
areas (Table | and Fig. 2). In the urban area, the SHS group
had more ICHs than the JHS group (Table 2). More injuries
with ICHs indicated that the higher severity of injury was
caused by motorcycles in the SHS group.

4.2. Associated injuries

There were more associated injuries among the SHS than
in the JHS groups in both areas, although not statistically
significant. It could be due to more motorcycle-refated
injuries in the SHS group. According to the results of Chiu
et al [3], the incidence rate of associated injuries decreased
dramatically after the helmet use law was enforced (from
64.2%-72.2% to 41.3%-57.9%) [3]). In this study, cervical
spine injury was found in only a few cases of the JHS
groups in both areas. The incidence of cervical spine injury
was also found to decrease in adolescents after the
implementation of the helmet use law (from 2.6%-3.6% to
0.6%-1.5%) [3].

4.3. Severity (GCS) and outcomes (GOS)

There were more mild head injuries than severe ones in
both urban and rural areas, although not statistically
significant (Tables 1 and 2). The SHS groups in both areas
had more cases with severe head injuries (Table 2) [22]. The
distributions of injury severity in the urban and rural areas
were similar to those of other studies [9,12,13,18].

The outcomes at discharge were significantly different
between the urban and rural areas (P = .032) (Table I). The
initial GCS scores and outcomes in both areas were also
different (Table 1 and Fig. 3). The outcome was signifi-
cantly affected by the injury severity. Education on helmet
use, input of neurosurgical staff, and facility and emergency
medical transportation service of patients with head injury
were crucial for head injury and control in rural areas
(2.9,12,20).

4.4. Operation and hospital stay

It is reported that the incidence of neurosurgical
intervention in head injury ranges between 2.5% and
23.7% [2,3,14,22]. In this study, craniotomy in the rural
group was more than 2-fold higher than that in the urban
group (15.3% vs 7.2%). The length of hospital stay was
longer in the rural group (7.78-9.82 days) than in the urban
group (5.19-7.62 days) [21]. The mean length of hospital
stay was 10.2 days before the enforcement of helmet use
law in Taiwan and 8.7 days thereafter [3].

In both urban and rural areas, the referral pattern was the
same and basically followed the criteria of neurosurgical
consultation and admission proposed previously. However,
because of the shortage of neurosurgeons in rural areas and
longer distance of transportation, the outcomes may not be
related to the referral pattern.

4.5. Study limitations

The exact incidence rates of head injuries in the study
populations could not be derived. We used the tertiary
hospital-based data, which might not reflect the overall
head injury distributions in the study areas. Tertiary
hospitals usually receive more seriously head injured
patients referred from surrounding subsidiary hospitals [16].

Craniotomy was done more frequently in the rural group
{(urban, 7.2%; rural, 15.3%); even more severity was found
in the urban group. The different numbers of subtypes of
intracranial hemorrhages (acute EDH, SDH, contusion ICH)
will result in different incidence of craniotomy between the
2 groups. In the urban group, quality of intensive care,
medical and nursing staff, and the distribution of facilities
may be the major factors resulting in fewer borderline
craniotomies, on which lie difficulties in decision making.

4.6. Preventive strategies

The enactment of compulsory helmet and seat belt use
laws has led to a decrease in head injuries and change in
injury patterns worldwide [3,17,18]. The preventive strate-
gies should be tailored to different age groups with diverse
causes. The helmet use law for motorcyclists should be
strongly enforced in the SHS age group in both the urban
and rural areas. Regulations for bicycle helmet use and
pedestrian traffic rules should be enacted, especially for the
JHS groups in both areas. Adolescents are at increased risk
especially for nontraffic injuries in the urban area. Urban
factors associated with elevated injury rate include high
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traffic volume, frequency of walking, and paucity of off-
street areas [6]. Community interventions, such as creation
of safe playgrounds, traffic engineering improvement, traffic
safety education, and supervision of activities for off-school
time, may be effective in preventing traffic injuries in
adolescents [6].

5. Conclusions

The difference in causes, patterns, and outcomes of head
injury between the 2 age groups of adolescents disclosed the
clinical significance of subdivision in adolescents into JHS
and SHS groups. Continuing studies, enhanced community
interventions, and additional preventive strategies are
clearly needed.
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Abstract Background: Head injury is the leading cause of death and disability for patients who
experienced a major accident. It has been suggested that a well-planned neurointensive care mana-
gement can effectively reduce the secondary brain insults, The BTF and the AANS proposed the
Guidelines for the Management of Severe Head Injury in 1995. The purpose of this study was to
obtain a consensus on whether the guidelines are suitable for treating patients with severs head
injury in Taiwan.

Methods: Data from patients with severe head injury were collected from 6 different medical centers
in Taiwan. The methods for controlling ICP, CPP, and hyperventilation, and the medical treatment
with vasopressors and sedatives have been analyzed.

Results: Ninety-four patients with severe head injury (GCS = 8) were included in the study. The
male-to-female ratio was 2.9:1. Mean age was 43.9 + 21.8 years. The GOS score for those patients
with ICP higher than 20 mm Hg that resulted in poor outcome was approximately 2.9] times (P <
.05) higher than that of patients with ICP lower than 20 mm Hg.

Conclusions: The most beneficial feature of the guidelines was the close control of ICP with an ICP
monitor. Patients who received prophylactic sedatives had a favorable outcome (odds ratio, 2.8; CI,
1.0-7.5). There were no significant statistical differences between patients with and those without
application of hyperventilation for maintenance of CPP.

© 2006 Elsevier Inc. All rights reserved.

Keywords: Severe head injury; Outcome; Guideline; Cercbral perfusion pressure Intracranial pressure; Sedative;
Hyperventilation

Abbreviations: AANS, American Association of Neurological Sur-
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Helmet Law in 1997. In addition, improvement in acute
management of head-injury patients, as is the case also in
other countries, undoubtedly played a crucial role.

In 1995, the BTF and AANS developed the Guidelines
for the Management of Severe Head Injury [20]. These
evidence-based guidelines give physicians and trauma
centers effective protocols to improve the outcome of all
brain-injury patients especially those with severe head
injury. The guidelines are also expected to reduce the high
economic costs, and much effort has been done to provide
healthcare professionals, nationwide, with the guidelines for
treating individuals with severe head injuries.

However, a survey performed by the Taiwan Neurosur-
gical Society showed that 90% of neurosurgeons have heard
of the guidelines, but the compliance was only 40% in
routine neurosurgical practice. Additionally, there has been
a lack of studies concerning the management and evaluation
of its outcome in severe head injury. In the present study, we
reviewed the guidelines in view of the practicability of the
original guidelines and the possibility of developing some
evidence-based guidelines to suit Taiwan’s situation with the
aid of our databank.

2. Materials and methods

2.1. Inclusion and exclusion criteria

Eligible patients included were those aged 18 years or
older, who had sustained a closed or penetrating head injury
with a postresuscitaion GCS score of 3 to 8 and who
required mechanical ventilation and ICP monitoring.
Patients were excluded from the study if they had been lost
to follow-up at 6 months after the injury.

2.2. Patient management

All patients were admitted to the neurointensive care unit
after initial stabilization or emergent operation for evacua-
tion of intracranial hematoma. Patient management was in
accordance with the Guidelines for the Management of
Severe Head Injury and included a stepwise algorithm for
ICP and CPP control. For agitated patients, sedation was
achieved by optionally using 1% propofo! 5 to 15 mL/h,
fentanyl (0.5 mg/10 mL per 1 amp), lorazepam (2 mg/1 mL
per 1 amp), and midazolam (5 mg/1 mL per 1 amp) pm.
Intracranial pressure moenitoring was performed, and
atternpts were made to keep ICP lower than 20 mm Hg
using various measures such as the following (schedule
outlined in Table 1): (1} muscle paralysis with pancuronium
and sedation; (2) drainage of CSF; (3) administration of
osmotic diuretics; (4) hyperventilation to keep Pac0, lower
than 20 mm Hg. Cerebral perfusion pressure was maintained
with the use of an intravascular volume expander and
vasopressors. We divided the CPP value on the first day of
admission into 2 groups—CPP less than 70 mm Hg and
CCP higher than 70 mm Hg—and compared the outcomes
between the 2 groups.

2.3. Data collection and statistical analysis

Data of the patients included basic demographic
characteristics, use of ICP monitoring, ICP value, CPP
value, partizl pressure of CO; in arterial blood (Pacoy),
and sedative use. Outcome was evaluated with the 5-point
GOS. Outcome analysis was performed by using the GOS
score at the 6-month follow-up and was modified with
special reference to favorable (score defined as 4-5) and
unfavorable outcome (score defined as 1-3). Basic data
were given as frequency and percentage. Hemodynamic
and biologic parameters were compared using unpaired
Student 7 test for between-groups comparison. We com-
pared the differences between categorical variables and
patients’ outcomes using the %% test. Logistic regression
was used for analysis of correlation. A P value < .05 was
considered statistically significant.

Table 1
Analysis of sex, age, severity, and treatment methods vs ocutcome of
patients

Good outcome Poor outcome P
Sex 074
Male 23 (33.3%) 46 (66.7%)
Female 13 {52.0%) 12 (48.0%)
Age 010
<40 24 (51.1%) 23 (48.9%)
>40 12 {25.5%) 35 (74.5%)
GCSs .004
4-5 points 4 (18.2%) 18 (81.8%)
6-7 points 21 {55.3%) 17 (44.7%)
1CP monitor 124
Yes 21 (44.7%) 26 (55.3%)
No 15 (30.4%) 32 (69.6%)
ICP value 1st day 047
<20 mm Hg 15 (55.5%) 12 (44.5%)
>20 mm Hg 6 (30.0%) 14 {70.0%)
ICP average value of 025
the initial 3 d
<20 mm Hg 16 (55.1%) 13 (44.9%)
220 mm Hg 5(27.7%) 13 (72.3%)
CPP 036
Yes 21 (50.0%) 21 (50.0%)
No 15 (28.8%) 37 (71.2%)
CPP value 1st day 547
>70 mm Hg 10 (50.0%) 10 (50.0%)
<70 mm Hg 3 (37.5%) 5 (62.5%)
CPP average value of 267
the initial 3 d
>70 mm Hg 2 (28.6%) 5 (71.4%)
<70 mm Hg 11 (52.4%) 10 (47.6%)
Sedation* 0t4
Yes 23 (50.0%) 23 (50.0%)
No 12 (25.5%) 35 (74.5%)
Paco; 1st day 307
25 # 2 mm Hg 3 (23.1%) 10 (76.9%)
35 £ 2 mm Hg 8 (40.0%) 12 {60.0%)

* ICP-oricnted sedation schedule. One percent Propefol 5-15 mL/b;
Fentany} | amp/5 mL N/S (optionzl); Lorazepam (2 mg/1 mL per 1 ample)
(optional); Midazolam (5 mg/] mL per 1 ample) {optional).
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3. Results

A total of 135 patients were recruited between January 1,
2003, and June 31, 2003, from 6 large hospitals, each with a
qualified neurosurgical training center {National Taiwan
University Hospital, Taipei Medical University Wan Fang
Hospital, Mackay Memorial Hospital, Chang-Hua Christian
Hospital, National Cheng-Kung University Hospital, and
Chi-Mei Hospital). Forty-one patients were excluded from
this study because they showed no vital signs at the time of
arrival in the emergency room or after cardiopulmonary
resuscitation for more than 30 minutes. Therefore, only 94
patients with severe head injury were included in this study.

The male-to-female sex ratic of the patients was 2.9:1.
The mean age of the patients was 43,9 £ 21.8 years with the
majority being 20 to 29 years old (23.4%). Emergency
craniotomy and evacuation of hemorrhagic mass lesions
were performed in 65 patients (69.1%). The main mass
lesion consisted of 30 subdural hematomas (46.2%), 15
epidural hematomas (23.1%), and 20 intracranial hematomas
(30.7%). The mean time from the onset of injury to
emergency craniotomy and evacuation was 8.4 + 11.2 hours,
Primary craniectomy (ie, leaving the cranium off at the end
of the operation) was performed in 13 operated patients
(20%). Five patients {7%) underwent delayed hemicraniec-
tomy for intractable intracranial hypertension. The mean
time from the onset of injury to delayed hemicraniectomy
was 27.2 + 153 hours. Forty-seven patients (51.0%)
received an ICP monitoring procedure. Cerebral perfusion
pressure values were recorded in 42 patients (44.7%). PaC0,
values were recorded in 87 patients (93.5%), and 46 patients
(49.5%) received sedation during their ICU stay, The data on
the patients and methods of treatment are summarized in
Tables 1 and 2.

Patients older than 40 years had a poorer outcome than
those younger than 40 (P = .010). The outcome of patients
with initial GCS scores of 6 to 7 was significantly better
than that of patients with lower GCS scores (P = .004).
Patients with ICP higher than 20 mm Hg on the first day of
admission had a poorer outcome. Further analysis was
performed by averaging the ICP on the first 3 days. The
patients with ICP higher than 20 mm Hg had a poorer
outcome than those with a lower ICP (P = .025). The
outcomes of these 2 groups were not statistically different.
The correlation between the average value for 3 days of CPP

Table 2
Logistic regression analysis of patients® ICP value vs outcome

Qdds ratic® 95% CI Odds matio 95% CI

ICP Value =20mmHg 1 1

>20mm Hg 291 0899 3.0 0.8-11.0
Sedatives  Used 1 1

Not used 29 1.2-7.6  7.6° 1.1-54.7

* Crude odds ratio.
b Odds ratio postadjusted age.
¢ Odds ratio postadjusted ICP.

and the patients’ outcome was not staiistically significant.
The study showed that patients receiving sedatives tended to
have a better outcome. The difference in outcome between
patients with PaCO, data of 35 + 2 mm Hg and those with
Paco; data of 25 + 2 mm Hg was not significant.

We used a logistic regression model and found that
patients with ICP of 20 mm Hg or higher had a 2.91-fold
poorer outcome {(95% CI, 0.8-9.9). After modifying the age
variable, the risk ratio decreased to 3.02-fold (5% CI, §.8-
11). Patients not receiving prophylactic sedatives were 2.9
times more likely to have a poorer outcome than those who
received sedatives. When adjusted to the ICP variable, the
risk ratio rose to 7.6 (95% CI, 1.1-54.7) (Table 2).

4. Discussion

Traumatic brain injury is a major public health concern in
Taiwan. The implementation of the Helmet Law in 1997 led
to a significant reduction in mortality from 53% to 38% [7].
The benefits for patients who received care according to the
BTF guidelines remained unclear in many countries. This is
the first report in Taiwan to evaluate the significance and
contribution of the BTF’s guidelines with collaborative
study at multiple centers.

4.1. Infracranial pressure

Intracranial pressure should usually be controlled between
15 and 20 mm Hg [4,5,28]. The guidelines recommend that
ICP treatment should be initiated at an upper threshold of 20
to 25 mm Hg. In the present study, we found that patients with
ICP lower than 20 mm Hg had a much better outcome than
those with ICP higher than 20 mm Hg. The finding was
comparable with those in most other large series. Monitoring
of ICP is a valuable procedure in the treatment of patients,
although this procedure has an infection risk rate 0f 4.7% to
10.3% [9,15,24,25]. Concerning the cost of ICP monitoring,
only the Taiwan National Health Insurance reimburses the
expenses for EVD.

The clinical course, score of GCS, and outcome
expectation are key factors in determining whether to have
surgical treatment such as craniectomy, removal of ICH,
ventriculostomy, and insertion of ICP monitor. All the
patients should also accept medical treatment for ICP
control for the possibility of delayed brain edema.

4.2. Cerebral perfusion pressure

Cerebral ischemia is one of the most important secondary
insults affecting outcome after severe TBI In the study of
Changaris et al [6], all severe head-injury patients died when
the reading of the CPP was lower than 60 mm Hg, and
patients usually had a better outcome when their CPP
reading was higher than 80 mm Hg [12]. In their study, the
CPP values were the patients’ original values, which were
obtained without the use of vasopressors. However, in this
study, the CPP values were obtained after vasopressor use.
Systemic complications were found when vasopressors were
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used to maintain CPP of greater than 70 mm Hg.
Vasopressor use offsets the benefits of decreasing secon-
dary damage to the brain tissues. In most cases, CPP is
amenable to clinical manipulation. A randomized prospec-
tive trial is needed to elucidate the effects of CPP
enhancement on avoiding global and focal ischemia. Data
collections on systemic complications were not carried out
in this study. The CPP value on patients’ outcome bas yet to
be determined.

4.3. Sedation

Marshall et al [16] demonstrated that when traditional
treatments (including osmotic diuretics use and hyperven-
tilation) failed to lower ICP, there would still be about three
fourths of patients who would be suitable for receiving high
doses of barbiturates to lower ICP and would have a good
outcome [3]. They also believed that barbiturates might be
beneficial in treating malignant intracranial hypertension. In
contrast, Ward et al [29] found that barbiturates were
ineffective in reducing ICP and might cause complications
{1,13,29]. It is not recommended to use sedatives routinely
for patients with severe head injury. Barbiturates are
reserved for second-tier treatment in patients with malignant
intracranial hypertension [23]. The present study found that
prophylactic use of sedatives in patients with severe head
injury resulted in better outcome (P < .001). We used
propofol in the sedation regimen and a number of studies
suggested that long-term use of propofol would improve
patients” outcome [14,21]. The mechanism of propofol in
the human body is unclear, but many studies have
demonstrated that propofol has a neuroprotective effect
[17]. Although a barbiturate can reduce beoth the basic
metabolic rate and oxygen consumption of the brain, it does
not have any pronounced effects in removing free radicals
and in inhibiting fatty peroxidation. In our laboratory, there
is a prospective randomized controlled study going in
progress which intends to compare the benefits of different
regimens of sedation in severe head-injury patients. The
preliminary results favor the effective use of Propofol in
improving patients’ outcome.

4.4. Hyperventilation

Aggressive hyperventilation has been a cornerstone
in the management of severe TBIL, but previous results
clearly demonstrated that chronic prolonged hyperventila-
tion resulted in vasoconstriction, which reduced CBF
[10,11,18,19]). The guidelines therefore recommend that
prolonged hyperventilation should be avoided after severe
TBI[22,26,27]. In this study, hyperventilation (PaCc0;- 25 £
2 mm Hg) did not affect the patients’ initial outcome. Even
when PacO; in arterial blood was “controlled” at 35 +
2 mm Hg, the patients did not show any signs of
improvement. Hyperventilation may affect the carbon
dioxide value within the arterial blood and would affect
ICP and CBF, and, thus, is an important reference value for
treating patients with severe head injury.

5. Conclusions

The findings in our study demonstrated that ICP
monitoring contributed to a better patient outcome.
However, CPP adjustment and use of vasopressors did
not significantly improve the patients’ outcome. The
differences in hyperventilation threshold in ICP were not
statistically significant. Prophylactic use of sedation
resulted in a better outcome.
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Use of the WHOQOL-BREF for Evaluating Persons with
Traumatic Brain Injury
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ABSTRACT

This study examined psychometric properties of a brief version of the World Health Organization
Quality of Life questionnaire (WHOQOL-BREF) among persons with traumatic brain injury (TBI)
and the relations of the WHOQOL-BREF domains, including physical capacity, psychological well-
being, social relationships, and environment, to different indicators of TBI severity. Of the 354 eli-
gible and available subjects from 22 hospitals in northern Taiwan over a 6-month period, 199 com-
pleted telephone interviews during data collection. Three indicators of TBI severity were used: the
Glasgow Coma Scale, the presence of post-traumatic amnesia, and the abbreviated injury scale to
the head. All domain scores of the WHOQOL-BREF had nearly symmetrical distributions: low per-
centages of ceiling and floor values (0 ~ 3%), low missing rates (0 ~ 0.5%) for all but one item
(43.2%), and very good internal consistency (0.75 ~ 0.89) and test-retest reliability (0.74 ~ 0.95).
The WHOQOL-BREF also exhibited excellent known-groups validity, as well as very good respon-
siveness and convergent validity with regard to employment, independence in daily life activities,
social support, and depression. After adjustment for potential confounders, almost none of the do-
main scores of the WHOQOL-BREF significantly differed in the severity levels of the three sever-
ity indicators. In conclusion, the WHOQOL-BREF is an appropriate health-related quality of life
(HRQL) instrument for persons with TBL Furthermore, the initial severity of the TBI might not
be suitable for predicting levels of HRQL in persons with TBL

Key words: health-related quality of life; injury severity; reliability; traumatic brain injury; validity

INTRODUCTION (Frankowski, 1996; Lee, et al., 1990), and the economic

impacts of TBIs are enormous; for instance, their costs

TRAUMATIC BRAIN IMURY (TBI) is a leading cause of  in the United States were estimated to be $37.8 billion in
death in both developed and developing countries 1985 (Max et al, 1991). More importantly, those people

1Department of Surgery, Wan-Fang Hospital and Institute of Injury Prevention and Control, Taipei Medical University, Taipei,
Taiwan.

2Depariment of Surgery, Naticnal Taiwan University Hospital, Taipei, Tajiwan.

*Department of Nursing, National Taipei College of Nursing, Taipei, Taiwan.

45chool and Graduate Institute of Physical Therapy, College of Medicine, National Taiwan University, Taipei, Taiwan.

5Department of Neurosurgery, St. Mary Hospital, Yilan County, Taiwan.

§[nstitute of Injury Prevention and Control, Taipei Medical University, Taipei, Taiwan.

1609




CHIU ET AL.

who survive TBI often sustain lifelong disabilities and
face negative consequences in a variety of aspects of their
health (O hanick, 1986). Accordingly, health-related
quality of life (HRQL) measures, based on a person sub-
jective appraisal of his/her own physical functioning, psy-
chological functioning, and social interactions (Guyatt et
al,, 1993; Schipper et al., 1996), are appropriate for char-
acterizing the impacts of these multiple consequences
among persons with TBI. Furthermore, since clinicians
and other health workers often underestimate the impacts
of psychological aspects and emphasize the importance
of the physical symptoms and signs among patients
{Rothwell et al., 1997; Tennstedt et al., 1992), informa-
tion on the HRQL can help identify the long-term needs
for health care, as well as determine the success of health-
care programs among persons with TBI (van Baalen et
al., 2003).

HRQL measures such as the Sickness Impact Profile
(SIP) (Klonoff et al., 1986b; McLean et al., 1984; Temkin
et al., 1988), the Short Form 36 (SF-36) (Findler et ai.,
2001; Mackenzie et al., 2002), and the Life Satisfaction
Index-A (LSI-A) (Webb ct al., 1995) have been applied
to persons with TBI. More recently, the World Health
Organization (WHO) cross culturally developed a short
form of the WHO Quality of Life questionnaire (i.e., the
WHOQOL-BREF), and defined HRQL as ndividuals
perceptions of their position in life in the context of the
culture and value systems in which they live and in re-
lation to their goals, expectations, standards, and con-
cerns? (The WHOQOL Group, 1998). The use of this in-
strument for people with TBI seems to be promising in
terms of its excellent validity and reliability among a va-
riety of populations across many countries (WHO, 1996).
However, its validation for persons with TBI has not yet
been reported.

On the other hand, resulis for the relationship of the
HROQL to TBI severity are inconsistent. Some studies re-
ported that people with serious TBIs had lower HRQL
scores than those with mild TBIs (Klonoff et al., 1986a;
Kreuter et al., 1998); however, some reports recorded a
reverse finding (Brown et al., 2000; Findler et al., 2001},
There are several possible reasons to which these incon-
sistencies can be attributed. First, these studies used dif-
ferent indicators, including the Glasgow Coma Scale
{GCS) (Teasdale and Jennet, 1974), the presence of post-
traumatic amnesia, and the Abbreviated Injury Scale to
the head (AIS-H) (AAAM, 1990), to evaluate the sever-
ity of TBI, However, the sensitivities of these indicators
may differ considerably for HRQL scores. Furthermore,
strong confounders, such as education level, alcohol con-
sumption prior to the injury, and other variables in the
relationship of TBI severity and HRQL scores, were not
controlled in previous studies. Finally, the relationship of

the severity of TBI and HRQL scores also depends on
characteristics of the study sample; for example, scores
for the HRQL tend to be more homogenous if persons
with serious TBIs who have difficulty with verbal com-
munication are not included (Johnston & Miklos, 2002).

This study examined psychometric properties of the
WHOQOL-BREF in persons with TBl and deter-
mined the relations of severity indicators of TBI to four
WHOQOL-BREF domain scores, with adjustment for
potential confounders.

METHODS
Study Subjects and Procedures

Twenty-two hospitals in northern Taiwan, considered
by the Head and Spinal Cord Research Group in Taiwan
to have the ability to manage traumatic head injuries
(Hung et al., 1992), were selected to recruit eligible sub-
jects during a 6-month period from January 1 to June 30,
2002. Newly diagnosed traumatic brain injuries were
identified by the presence among the discharge diagnoses
of any of the following codes of the International Clas-
sification of Diseases, 9 rev. (ICD-9: 800 ~ 801.9, 803 ~
804.9, and 850 ~ 854.9). [n order to avoid double count-
ing, patients transferred from other hospitals were ex-
cluded. In the 6-month period, 675 eligible subjects, in-
cluding 173 with GCS scores at admission of 37 , 155
with scores of 97 3, and 347 with scores of 14 or 15,
were identified. The GCS scores were originally com-
puted as the sum of coded values for three behavioral re-
sponses: eye opening, best verbal response, and best mo-
tor responses, with scores of 3 ~ 8,9 ~ 12, and 13 ~ 15
indicating severe, moderate, and mild injuries, respec-
tively (Teasdale and Jennet, 1974). However, it has re-
cently been suggested to include patients with a GCS of
13 in the moderate head injury group, as their risk of
complications is similar to that of patients with a GCS
score of 97 2 (WHO, 1980).

All patient information  hone number, age, gender,
education, time and cause of injury, alcohol consumption
prior to injury (yes/no), post-traumatic amnesia (yes/no),
GCS score at admission, and GOS score at dischargel
was extracted from hospital records. The phone numbet
was used to conduct subsequent telephone interviews.
The GOS is a 5-point scale: death, vegetative state, se-
vere disability, moderate disability, and good recovery
{(Jemmet and Bond, 1975). Additionally, by reviewing
medical charts, an attending neurosurgeon computed
AIS-H scores for these subjects. The AIS-H is a list of
possible head injuries, with each patient assigned a sever-
ity value from 1 (minor) to 6 {fatal}, based on a com-
bination of anatomic lesions (location, size, and multi-
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plicity) and impairment of consciousness (length of
unconsciousness and nontransient neurclogical deficits)
(AAAM, 1990).

Telephone interviews were also conducted with 354
subjects (when phope numbers were available) to collect
information on marital status, employment, cognition, in-
dependence in activities of daily living (ADL), social sup-
port, depression, and the HRQL. Interview procedures
and interviewer attitudes on the telephone were stan-
dardized through participation in a training course of 4 h
duration. Among these subjects, 199 were interviewed,
85 had died, 17 survived in a vegetative state, and 53 de-
clined to be interviewed. For the 321 subjects who could
not be reached by existing phene numbers, their national
identification numbers and names were used to search
national mortality data from 2002 to 2003 in the De-
partment of Health, Executive Yuan, ROC; 39 subjects
were matched. Of the remaining subjects, 42 had incor-
rect phone numbers, 55 had no or disconnected phones,
4 were hospitalized, 79 had moved out of their original
house, and 102 had no information available. For each
of the subjects without information, five attempts were
made to reach them, three at night and two during the
day. A flow diagram of the study population is shown in
Figure 1.

Compared to nonparticipants, the participants had
higher GCS scores (13.3 vs. 12.0 points) and fewer as-
sociated injurics (45 vs. 55% being positive); however,

no significant differences were detected respectively in
other characteristics such as age at injury (47.2 vs. 43.2
years), gender (66 vs. 65% males}, time since injury (1.1
vs. 1.0 years), and injury cause (55 vs. 58% motor vehi-
cle crashes). This research was approved by the Institu-
tional Review Board of Taipei Medical University,
Taipei, Taiwan.

WHOQOL-BREF

As shown in the Appendix, the standard WHOQOL-
BREF contains 26 items, 2 items from the overall qual-
ity of life and general health facet (Q1 and Q2) and 1
item from each of the remaining 24 health-related facets
{The WHOQOL Group, 1998). The WHOQOL group de-
fines a facet as a behavior (e.g., walking), a state of be-
ing (e.g., vitality), a capacity or potential (e.g., the abil-
ity to move around), or a subjective perception or
experience (c.g., feeling pain). Specific facet definitions
are specified in other WHOQOL publications (WHO,
1995). The 24 facets or items are further categorized into
four domains: physical capacity (7 items), psychological
well-being (6 items), social relationships (3 items), and
environment (8 items). Specifically, Q3, Q4, Q10, and
Q15 ~ Q18 are grouped into the physical domain; Q5 ~
Q7, Q11, Q19, and Q26 are grouped into the psycholog-
ical domain; Q20 -~ Q22 are grouped into the social do-

Traumatic brain injury cases

675

354
Reached by telephone

321

Could not be reached by
existing phone numbers

39 had died

42 had incorrect phone numbers

55 had no or disconnected phone
numbers

4 were hospitalized

199
Participants

155

&5 had died

Non-participants

17 were in & vegetative state
53 declined to be interviewed

79 had moved out of their original
house
102 had no information

FIG. 1. Flow diagram of traumatic brain injury patients in this study,
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main; and Q8, Q9, Q12 ~ Q14, and Q23 — Q25 are
grouped into the environmental domain. Each item uses
a scale from 1 to 5, with a higher score indicating a higher
quality of life. Domain scores are calculated by multi-
plying the mean of all facet scores included in each do-
main by a factor of 4, and potential scores for each do-
main vary from 4 to 20 (e.g., score of social
relationships = ((Q20 + Q21 + Q22)/3) X 4). The Tai-
wan version of the WHOQOL-BREF was developed in
compliance with WHO guidelines on procedures of trans-
lation, as well as design and selection of appropriate items
(WHO, 1994). The Taiwan version includes 26 items
translated from the standard WHOQOL-BREF and two
additional items of local importance (i.e., being respected
and food availability); it showed very good reliabilitics
(including internal consistencies of 0.70 ~ 0.77 and test-
retest reliabilities of 0.76 ~ 0.80) and validities (includ-
ing content, criterion, discriminant, predictive, and con-
struct validities) (Yao et al., 2002). In this study, the two
local items were excluded from the analysis to facilitate
potential future international comparisons; responses
from the two items of the overall quality of life and gen-
eral health facet were calculated as a single score with a
range from 4 to 20, as each domain score.

Instrumentis for Cognition, ADL, Social Support,
and Depression

To evaluate subjects? cognitive status over the tele-
phone, the Telephone Interview of Cognitive Status
(TICS) (Brandt et al., 1988; Breitner et al., 1990}, a mod-
ified version of the traditional Mini-Mental State Exam-
ination items, was administered. This 13-item instrument
includes the four domains of orientation, registration, cal-
culation, and comprehension. TICS scores range from 0
to 50, with scores of 38 or lower indicating impaired cog-
nition (de Jager et al., 2003).

The Barthel Index [Mahoney and Barthel, 1965] was
used to assess functional independence in ADLs. The 10-
item instrument includes seif-feeding, getting in/out of
bed, grooming, performing one toileting, bathing, walk-
ing, climbing stairs, self-dressing, and controlling the
bowels and bladder. Items have different weights with
two items rated on a 2-point scale (0 and 5), six items on
a 3-point scale (0, 5, and 10), and two items on a 4-point
scale (0, 5, 10, and 15). Scores of the instrument range
from 0 to 100, with scores of 0 ~ 60, 61 ~ 90, and 91 ~
100 indicating severe, moderate, and slight or no depen-
dency, respectively (Shah et al,, 1989),

The Social Support Survey (Sherbourne and Stewart,
1991), including the six domains of social network, tan-
gible support, affection, positive social interaction, in-
formational support, and emotional support, was used to

evaluate social support. The open-ended item for social
networks is not included in the calculation of the scale
score, while the other 19 items are scored on 5-point
scales. Scores of the instrument were rescaled to a 07 00
range, with scores of 0 ~ 80 indicating a lack of social
support,

The Center for Epidemiologic Studies Depression
Scale {CES-D) consists of 20 items, emphasizing six af-
fective components of a depressed mood, feelings of guilt
and worthlessness, feelings of helplessness and hope-
lessness, psychomotor retardation, loss of appetite, and
sleep disorders (Radolff, 1977). All items refer to the fre-
quency of symptoms during the past week and are scored
on 4-point scales. CES-D scores range from 0 to 60, with
scores of 16 or more indicating depression (Weissman et
al., 1977).

Score Distribution

The mean scores of the 26 items in the WHOQOL-
BREF were calculated. The percentage of participants
with missing values for each item and the distributions
of minimum and maximum possible domain or facet
scores (i.e., floor and ceiling values) were used to eval-
uate the difficulty of completion and the problematic
score distribution, respectively.

Internal Consistency and Test-retest Reliability

Cronbach alpha (Cronbach, 1951) was used te exam-
ine the internal consistency of the four WHOQOL-BREF
domains. Furthermore, a randomly stratified sample of
30 subjects by a 3-level severity of GCS (i.e., scores of
3~8,9~13, and 14 ~ 15) was selected from the par-
ticipants to assess the test-retest reliability over approx-
imately 2 weeks. Intraclass correlation coefficients
(Shrout and Fleiss, 1979) were calculated for the four do-
mains.

Convergent Validity

To examine the convergence, cotrelations of certain
WHOQOL-BREF domains with the GOS, Barthel Index,
CES-D, and Social Support Survey were tested using
Spearman correlation coefficient. It was assumed that
those domains that are conceptually related would be rel-
atively strongly correlated, whereas those domains with
less in common would show weaker correlations. Ac-
cordingly, we hypothesized positive and moderate or high
correlations (r = 0.4) between the following items: the
WHOQOL-BREF physical capacity with the GOS and
Barthel Index; the WHOQOL-BREF psychological
well-being with the CES-D; and the WHOQOL-BREF
psychological well-being and social relationships with
the Social Support Survey.
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TABLE 1. SOCIODEMOGRAPHIC AND INJURY CHARACTERISTICS AMONG TEE 199 SUBJECTS

Characteristic Mean = 3D Percent (%)
Age (v) 454 * 203
Time since injury (y) 10207
Gender

Male 64.3

Female 359
Education

Elementary or below 26.8

High school 399

College or above 333
Marital status

Single 40.2

Spouse present 42.8

Widowed/divorced 17.0
Employment status

No 429

Yes 57.1
Canse of injury

Motor vehicle crashes 58.1

Falls 26.3

Violence 71

Others 8.6
Alcohol consumption prior to injury

No 70.7

Yes 19.3
Glasgow Coma Scale (GCS)

37 75

97 3 226

14?7 5 69.9
Abbreviated Injury Scale to the Head (A1S-H)

1? 52.0

37 35.7

5 12.2
Glasgow Outcome Scale {GOS) at discharge

Severe disability 54

Moderate disability 9.7

Good recovery £84.9
TICS score®

0? 8 25.6

397 0 74.4
Barthel Index score

070 40.6

917 00 595
Social Support Survey score

07 ¢ 39.2

817 00 60.8
CES-D score®

0? 6 76.1

177 0 23.9

*Telephone interview of cognitive status.
YCenter for Epidemiologic Studies Despression Scale.
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Known-groups Validity

The known-groups validity of the WHOQOL-BREF
was also tested using Student ¢ test or one-way analy-
sis of variance (ANOVA) based on four characteristics,
including employment, independence in ADLs, social
support, and level of depression, known to influence
health profiles among people with TBI (Johnston and
Miklos, 2002; Webb et al., 1995; Zasler, 1997). For
these characteristics, effect sizes were also calculated
by the difference in each domain score between sub-
groups divided by the standard deviation of scores
among all persons with TBI. Using Cohen criteria
{Cohen, 1998), a clinically meaningful effect size of
0.2 ~ 0.5 was considered to be small, 0.5 ~ 0.8 mod-
erate, and 20.8 large.

Responsiveness

Six months after the initial assessment, the WHO-
QOL-BREF was readministered to a random sample of
52 subjects selected from those who reported no em-
ployment at the time of the initial assessment. During
the 6-month period, 10 out of these subjects had be-
come employed. The responsive statistics for the four
domains and the overall quality of life and general
health facet were calculated by the difference in the
mean change in scores for that domain from the initial
to the follow-up assessment between subjects who had
become employed and those who remained unem-
ployed during the 6-month period divided by the stan-
dard deviation of score changes for the latter group
(Guyatt et al., 1989). A similar clinically meaningful
level of responsiveness was considered as with the cri-
teria for discriminant validity.

Relation Between TBI Severity and the
WHOQOL-BREF

A linear regression model was applied to determine the
relations between each indicator of TBI severity and do-
main scores of the WHOQOL-BREF, with and without
adjustment for confounders. There were three indicators
of TBI severity in the study: the GCS, AlS-H, and post-
traumatic amnesia. Domain or facet scores were also cal-
culated and compared within levels for each of the TBI
severity indicators.

Statistical Analysis Software, version 8.02 (SAS) was
used to perform all statistical analyses.

RESULTS

The distributions of sociodemographic and injury char-
acteristics are shown in Table 1. Of the 199 subjects, the @
means of age at injury and time since the injury were 45
and 1 year, respectively; 64.3% were male; and 19.3%
had consumed alcoho! consumption prior to being in-
jured. For severity of TBI, 7.5% of these subjects had
GCS scores of =8, 22.6% had scores of 9 ~ 13, and
69.6% had scores of 14 or 15. Approximately, 48.0% of
subjects had AIS-H scores of 3 ~ 5, and 15.3% had GOS
results indicating moderate-to-severe disability. More-
over, 25.6% of these subjects were cognitively impaired,
40.6% were dependent in ADLs, and 23.9% indicated de-
pression.
As shown in Figure 2, scores of the 26 items of the @
WHOOL-BREF varied from 3.19 points for Q5 to 4.3
points for Q4.
As shown in Table 2, for each domain score in the 4@
WHOQOL-BREF, the median was close to the mean, in-

Score

42 43

40

7

30

20

1.0

0.0

6
2 3.3 34 34 34 34 3 3.3 F

Q! QG Q3 Q4 Q3 Q6 Q7 QB Q9 Ql8QLl1QI2QL3Ql4QISQIEQITQIEQLIY Q20 Q21 Q22Q23 Q24Q2S Q26
Item number

FIG. 2.

[tem scores of the WHOQOL-BREF.

1614



WHOQOL-BREF AND TRAUMATIC BRAIN INJURY

TABLE 2. SCORE DISTRIBUTIONS, INTERNAL CONSISTENCY, AND TEST-RETEST
ReLiaBrITIES OF THE WHOQOL-BREF DOMAINS

" No. of Missing range  Cronbach Intraclass
Domain/facet items  Mean £ SD  Median Min. (%) Max. (%) (%) a correlation
OQL 2 138+ 28 14.0 0.5 2.0 0.0?7 .0 0.75 0.87
PC 7 151 = 2.7 154 0.0 25 00?5 0.88 0.86
PW 6 139 % 25 14.0 0.0 0.0 0.07 5 0.89 0.95
SR 3 142 % 25 14.7 05 3.0 0.07 3.2 0.79 0.74
EN 8 13.7 2 21 13.5 0.0 0.0 007 .5 0.82 0.50

0OQL, overall quality of life and general health; PC, physical capacity; PW, psychological well-being; SR, social relationships;
EN, environment.

dicating that the distributions of these domain scores were ~ Survey, and 0.37 between social relationships and the So-
nearly symmetrical. Percentages of ceiling and floor val-  cial Support Survey.
ues for each domain score were very low and varied from Table 3 shows the results of the known-groups validity. “€
0 to 3.0%. While the missing percentage for most items  Scores in all four domains and the overall quality of life
was 0, it was 43.2% for the sexual activity facet (Q21). and general health facet among subjects who were unem-
Cronbach  alpha coefficients varied from 0.75 to 0.89, ployed were dependent for daily activities, had weak social
and the intraclass correlation coefficients varied from  support, and indicated having depression were lower than
0.74 to 0.95. those of their contrasting counterparts. Results other than
For convergent validity, Spearman  correlation coef-  those of the environmental domain of the Barthel Index
ficients were 0.53 and 0.31 between physical capacity were statistically significant. All effect sizes for discrimi-
and the GOS and the Barthel Index, respectively, —0.64  nant ability were >0.2, and most of them were >0.5.
between psychological well-being and the CES-D, 0.52 As shown in Table 4, the effect size of the respon- ‘(-
between psychological well-being and the Social Support  siveness in reference to employment status in the over-

TABLE 3. DISCRIMINANT ABILITY ANALYSIS FOR THE WHOQOL-BREF Domains

Characteristic Statistic oQL PC PW SR EN
Employment status
No Mean 130 14.1 13.0 13.6 13.2
Yes Mean 145 15.8 14.6 14.6 14.1
p value <0.001 <0.001 <0.001 <0.001 0.006
Bffect size -0.53 —0.65 —0.62 —0.40 —-0.70
Barthel Index
0?0 Mean 12.9 13.9 13.1 13.5 134
917 00 Mean 145 15.8 14.4 14.6 13.9
p value <0.001 <0.001 <0.001 0.003 0.090
Effect size ~0.57 -0.70 -0.52 ~0.44 —0.24
Social Support Survey
0? 0 Mean 13.3 14.7 135 13.8 132
817 00 Mean 154 16.1 15.4 154 15.1
p value <0.001 <0.001 <0.001 <0.001 <0.001
Effect size —=0.75 —0.52 ~0.76 —0.64 —-0.90
CES-D -
07 6 Mean 142 15.7 14.4 143 14.0
177 0 Mean 119 12.5 115 133 12.0
p value <0.001 <0.001 <0.001 0.034 <0.001
Effect size 0.81 117 1.20 0.42 0.95

OQL, overall quality of life and general health; PC, physical capacity; PW, psychological well-being; SR, social relationships;
EN, environment.
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TABLE 4. RESPONSIVENESS OF EACH DOMAIN OF THE WHOQOL-BREF wite RESFECT TO EMPLOYMENT STATUS

Employed Unemployed
Domain/facet score change * 5D score change = SD Effect size
0QL® 1.60 = 2.87 0.12 = 3.00 0.49
PFC 1.03 £ 2.61 0.38 = 2.98 0.22
PW 027 £2.27 =093+ 271 0.44
SR 007 = 2.78 —0.30 * 2.64 0.14
EN 1.00 £ 248 —0.55 £ 235 0.66

OQL, overal] quality of life and general health; PC, physical capacity; PW, psychological well-being; SR, social relationships;

EN, environment.

all quality of life and general health facet was 0.45. The
effect sizes of physical capacity, psychological well-be-
ing, social relationships, and environment were 0.22,
0.44, 0.14, and 0.66, respectively.

As shown in Table 5, the unadjusted scores of the over-
all quality of life and general health facet and each do-
main of the WHOQOL-BREF did not significantly dif-
fer in severity levels as indicated by the GCS, AIS-H,
and post-traumatic amnesia. After adjustment for con-
founders, although the mean scores of the WHOQOL-
BREF domains with regard to each indicator changed to
some extent, the relationships between the three severity
indicators and the four domains and the overall quality

of life and general health facet of the WHOQOL-BREF
remained similar.

DISCUSSION

Results of this study indicate that the WHOQOL-
BREF is an appropriate HRQL instrument for persons
with TBI, considering the nearly symmetrical score dis-
tribution, low proportions of floor and ceiling values, ex-
cellent known-groups validity, very good internal con-
sistency and test-retest reliabilities, and good convergent
validity and responsiveness. Minor modification of the

TasLE 5. REsuLTS OF LINgAR REGRESSION MODELS FOR THE RELATION BerwegN TBI SEvErRITY
AND THE WHOQOL-BREF WITH AND WITHOUT ADJUSTMENT FOR OTHER VARIABLES

Unadjusted ﬂ Adjusted
Severity of TBI Statistic  OQL PC PW SR EN I—]OQL‘ PCb PWe SRA Ene
GCS .
3? Mean 12.9 141 131 13.1 13.8 12.9 14.3 13.3 12.9 138
9?3 Mean 14.0 153 14.1 141 13.8 143 16.0 147 14.2 13.9
14?7 5 Mean 13.9 15.0 13.9 143 13.6 137 156 14,3 14.2 13.5
p vahe 0445 0282 0365 0214 0904 0423 0208 0344 0210 0.909
AIS-H .
17 Mean 13.8 15.2 14.0 145 13.7 13.5 15.7 14.4 14.3 13.6
3? Mean 14.0 15.0 13.9 14.1 138 14.1 15.7 144 142 13.9
5 Mean 134 14.9 13.8 131 135 13.6 15.2 14.2 131 13.6
P value 0713 0.829 00501 0051 0855 0676 0844 0923 0050 0.849
Post-traumatic amnesia
No Mean 142 15.2 141 14.2 13.8 14.2 15.7 14.5 14.2 138
Yes Mean 13.5 15.0 13.8 14.2 13.6 133 155 141 14.0 135
p value 0.113 0678 0383 0862 0391 0065 0576 0329 0774 0395

"Adjusted for education level.

bAdjusted for age, gender, education level, and alcohol consumption prior te injury,
“Adjusted for education and alcohol consumption prior to injury.

dAdjusted for education level,
°*Adjusted for education level,
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statement in Q21 might make it more appropriate for this
patient population.

The high missing rates for Q21 reflects its sensitive
nature, as well as problems related to sexual activities
among persons with TBI; thus, statements for the item
( ow satisfied are you with your sex life?? may need
to be modified in order to improve the applicability of
the WHOQOL-BREF for persons with TBI. To avoid a
misunderstanding or an incormrect perception by subjects,
the statement for Q21 could be revised to explicitly re-
flect its definition concerning a person urges and desires
for sex. For instance, ow satisfied are you with your
sex life, including intimate behavior other than sexual in-
tercourse?? However, a substantial proportion of cancer
patients in the United Kingdom (19%) and patients with
chronic liver discase in The Netherlands (12 ~ 21.9%)
did not answer questions about sexuality as well, while
the missing value rates in the remaining items were <5%
(Curran et al., 1998; €4 al et al., 2001). Hence, due to its
sensitive nature, Q21 could possibly be replaced by an-
other item in the social relationships domain of the full
version of the 100-item WHOQOL questionnaire.

Spearman correlation coefficients of =0.4 between
physical capacity and the Barthel Index and between so-
cial relationship and the Social Support Survey indicate
that more-vigorous studies are needed to validate the con-
vergent validity of the WHOQOL-BREF. The Barthel In-
dex originally developed for severely ill patients may be
insensitive for persons with TBI because of its limitation
in scope and its inability to detect low levels of disabil-
ity (McDowell and Newell, 1996), given that 54.8% of
the subjects had maximum possible (100) points for the
measure, The convergence of the three-item social rela-
tionships domain with the Social Support Survey may
have been reduced by the high missing rates for Q21.

Only a few existing generic quality-of-life measures
explicitly include the environment as an HRQL domain.
However, the importance of the environment where peo-
ple live has become recognized as relevant to a variety
of health outcomes (Jackson, 2003). More recently, trans-
portation, the surroundings, government policies, atti-
tudes, and natural environments have been identified as
environmental barriers, with the greatest impact on per-
sons with TBI (Whiteneck et al., 2004). Nevertheless, ad-
dressing interactions among critical environmental vari-
ables and areas of deficits, such as cognitive impairment,
can enhance adequate environmental modifications for
maximizing the HRQL and reducing levels of handicap
in persons with TBI,

Several investigators have considered adding a cogni-
tive domain or related items to the existing HRQL mea-
sures such as the SIP and SF-36 to reflect neuropsycho-
logical impairment often evident in persons with TBI,

which would improve the known-groups or discriminant
validity and responsiveness of the generic HRQL (Berger
et al., 1999; Mackenzie et al., 2002; Temkin et al., 1988).
However, a modified version of the SIP, produced by
adding 118 new items, did not show significant im-
provement in discrimination (Temkin et al., 1988), and
the modification of the SF-36, by the addition of four
new items relevant to cognitive functioning, remained
poorly discriminative in the two summary scores for
physiczal and mental health, despite the cognitive domain
exhibiting very good discriminant ability (Mackenzie et
al., 2002). Since the HRQL aspires to evaluate a person
subjective feclings about different aspects of health as-
sociated with TBI and its sequelae, such as cognitive im-
pairment impact, an independent cognitive domain for
persons with TBI might not be necessary for a generic
HRQL measure.

Some comments are required about the relationship of
the HRQL with TBI severity. First, it should be noted
that relations between the HRQL and TBI severity can
be influenced by such factors as the nature of the sever-
ity indicator of TBI, sensitivity of the HRQL instruments,
and the study sample. The nature of the severity indica-
tors of TBI somewhat differs and may evaluate different
aspects of TBI severity (e.g., the GCS assesses a sub-
ject level of consciousness, while the AIS-H charac-
terizes anatomic damage). Differences in sensitivity (e.g.,
discrimination and responsiveness) among HRQL mea-
sures, such as the SIP, SF-36, LSI-A, and WHOQOL-
BREF, may also affect the relationship between TBI
severity and HRQL scores. A more-sensitive HRQL mea-
sure often has a stronger association with TBI severity.
Also, the relation can be reduced because of lack of the
full spectrum of TBI severity from the study sample (e.g.,
people who cannot communicate over the telephone are
rarely included in HRQL studies). Second, the initial
severity of TBI, often assessed at hospital admission,
might not be appropriate for predicting levels of HRQL
among persons with TBI, partly because the assessment
can be confounded by some personal attributes such as
alcohol consumption (Waller, 1988). Finally, the effect
of the magnitude of these factors in the relation of the
HRQL with TBI severity may differ in different domains
of the HRQL.

Three limitations to this study need to be highlighted.
First, it may be less valid to generalize these results to
all people with TBI. Fewer people with severe TBI were
available or willing to give information for the WHO-
QOL-BREF over the telephone, and their domain scores
may have differed (c.g., people with severe disabilities
are usually more dependent on environmental compen-
sation and may be more sensitive to environmental bar-
tiers). Nevertheless, the internal consistency, test-retest
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reliability, and convergent and discriminant validities did
not significantly differ between subjects who had GCS
scores of =13 and those with GCS scores of =14 (data
not shown). Second, differences in the domain scores of
the WHOQOL-BREF regarding injury severity, employ-
ment status, independence in ADLs, social support, and
so on can be confounded by one preinjury psychoso-
cial status. In other words, people who are unemployed,
dependent on others for ADLs, lacking social support,
and depressed might tend to have more-severe TBI and
vice versa. Finally, for the WHOQOL-BREF, the impact
of the telephone-administered mode has not been vali-
dated by other modes of administration, even though the
telephone interviews for other HRQL measures were re-
ported to be comparable to personal interviews and self-
administration (Leidy et al., 1999; Revicki et al,, 1997).

Based on subjective evaluations of one position in life,
the WHOQOL-BREF is one of the very few well-con-
structed generic HRQL instruments, and it can enhance
our ability to examine the multiple consequences of TBI,
monitor short- and long-term alterations in multiple di-
mensions of perceived health (particularly in environ-
mental well-being), and prioritize interventions accord-
ing to their impacts on the health dimensions of these
patients, Furthermore, the cross-celtural WHOQOL-
BREF may facilitate international comparisons of the
HRQL in persons with TBI.
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APPENDIX. WHOQOL-BREF

Q1. How would you rate your quality of life?
Q2. How satisfied are you with your health?
Q3. To what extent do you feel that physical pain pre-
vents you from doing what you need to do?
Q4. How much do you need any medical treatment to
function in your daily life?
Q5. How much do you enjoy life?
Q6. To what extent do you feel your life to be mean-
ingful?
Q7. How well are you able to concentrate?
Q8. How safe do you feel in your daily life?
Q9. How healthy is your physical environment?
Q10. Do you have enough energy for everyday life?
Q11. Are you able to accept your bodily appearance?

Q12.
Q13.

Have you enough money to meet your needs?
How available to you is the information that you
need in your day-to-day life?

To what extent do you have the opportunity for
leisure activities?

How well are you able to get around?

How satisfied are you with your sleep?

How satisfied are you with your ability to perform
your daily living activities?

How satisfied are you with your capacity for work?
How satisfied are you with yourself?

How satisfied are you with your personal relation-
ships?

How satisfied are you with your sex life?

How satisfied are you with the support you get
from your friends?

How satisfied are you with the conditions of your
living place?

How satisfied are you with your access to health
services?

How satisfied are you with your transport?

How often do you have negative feelings such as
blue mood, despair, anxiety, depression?

Q14.

Q1s.
Q16.
Q17.

Q18.
Q1%.
Q20.

Q21
Qz2.

Q23.
Q24.

Q25.
Qz26.
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Abstract
Background
Chronic subdural hematomas (CSDHs) were classified into homogenous, laminar, separated,
and trabecular types based on their internal architecture and stage in the natural history of
CSDH. The recurrence rate of CSDH ranges from 9 to 20 %. The purpose of this study is to
establish a quantitative analysis of correlation between the CT number and recurrence rate of
CSDH.
Methods
From Jun 2003 to Feb 2005, there were 28 consecutive patients with CSDH were treated.
The CSDHs were classified into four groups: group 1- homogenous type, group 2 ? laminar
type, group 3- separated type and group 4- trabecular type. The average CT number of CSDH
was measured with an image analyzing software program (PACS, AGFA, Web-1000). In
unilateral CSDH, the definitive CT number of hematoma was defined as an average of each
slice. In bilateral CSDH, the CT number of each slice was defined as an average of both sides
and the definitive CT number of bilateral CSDH was an average of the value of each respective
slice. One-Way ANOVA with Scheff test was used for statistical analysis.

Results



The mean age of patients was 75.5 years. (Range: 53-91). The mean CT number of each
group was: Homogenous type: 23.41 + 4.85 HU, laminar type: 42.93 +1.26 HU, separated type:
61.04 + 2.16 HU, trabecular type: 31.03 + 4.32 HU. The homogenous type had the lowest CT
number: (16.50-30.56 HU) among the four groups. The variance between each pair of groups
was statistically significant (group 1 versus 2: P < 0.001) (group 1 versus 3: P< 0.001) ( group
1 versus 4: < 0.001) ( group 2 versus 3: P< 0.001 ) ( group 3 versus 4: P < 0.001 ).

Conclusion
The separated type of CSDH showed highest CT number, which according to Nakaguchi,

indicates the greatest tendency for recurrence.

Word count of abstract: 302

Key words: chronic subdural hematoma (CSDH), CT numbers, correlation, recurrence rate




Abbreviation list

ANOVA: ANalysis Of VAriance between groups

CSDH: Chronic subdural hematoma

PACS: Picture Archiving and Communication System

HU: Hounsfield unit

FDP: Fibrin degradation products

CI: Confidence interval
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1. Background
Ever since Wepfer reported a case of chronic subdural hematoma (CSDH)in 1656 [18], there

have been considerable advances in pathophysiology, diagnostic methods, and managements of
CSDH. Many authors have dealt with the etiology of CSDH. However, controversies still exist
even now with regard to the mechanism of recurrence of CSDH [4,7,9]. The factors which
influence the recurrence are extremely valuable because CSDHs have a high recurrence rate
ranging from 3 to 20%, even after burr-hole surgery [1,2,10-12]. Nakaguchi classified CSDHs
into four types -homogenous, laminar, separated, and trabecular type according to their
characteristics of the manifestations [14]. In the study of Nomura, the separated type showed the
highest tendency to rebleed with considerable hyperfibrinolytic activity among four types [15].
Different types of CSDHs may be related to recurrence differently. In this study, we attempt to
show that CT numbers are a useful diagnostic procedure as well as a useful parameter for the

evaluation of the recurrence of CSDHs.

2.Methods
Patients
From Jun 2003 to Feb 2005, 28 consecutive patients with CSDHs were treated in this
mstitution. Patients were collected using the system of PACS, AGFA, Web-1000. The patients
with bilateral CSDHs consisting of different Nakaguchi types were excluded. Out of these 28

patients, 17 with marked neurological deficits underwent surgery (7: bilateral, 10: unilateral).
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The operative methods included craniotomy and burr hole drainage on one side (for a unilateral
CSDH) or both sides (for a bilateral CSDH). Only one burr hole was made on each
symptomatic side.
Classifications of CSDH
For all the 28 cases, cranial CT studies were performed with parameters from the foramen
to the vertex (3 mm slice thickness at the skull base .region and 7 mm slice thickness at the
convexity region). CSDHs were classified into four Nakaguchi types according to their
morphological findings (Fig 1), namely, group 1- homogenous type: (7 cases), group 2- laminar
type:(7 cases), group 3- separated type: (7 cases) and group 4- trabecular type: (7 cases).
Data processing
The average CT number [5] of CSDHs was measured with an image analyzing software
program (PACS, AGFA, Web-1000). At each level of the axial view, the area of hematoma on
the brain CT was encircled. The average CT number of the selected area was then calculated
(Fig 2).
Definition for definitive CT number calculation
In cases of unilateral CSDHs, the definitive CT number of hematoma was defined as an

average of each slice (each axial view). In cases of bilateral CSDHs, the CT number of each



slice was an average of both sides and the definitive CT number of hematoma was an average
Wen-Ta Chiu
of the value of each respective slice. The algorithm was simplified as follows:
Unilateral CSDH: definitive CT number = average CT number of each slice
Bilateral CSDH: CT numbers of each slice (A) = average of both side
Definitive CT number = average of each A
Statistical methods
For statistical analysis, the brain CT image was used to measure the difference in the
hematoma intensity by measuring the CT number. The CT numbers of the four groups of
CSDHs in the 28 cases were examined by means 0f Oneway ANOVA. Statistical significance
was taken as P < 0.001, If a significant overall difference was present, multiple comparisons

were performed with Scheff test. Each average value was presented as mean I D.

3. Results
The ages of 28 patients ranged between 53 and 91 years (mean = 75.5). There were 22 males
and 6 females. It is likely that the definitive CT numbers of the 28 patients, either unilateral or
bilateral CSDHs, could be calculated by our designed algorithm. The basic data and the CT

numbers of the 28 patients are listed in Table 1.
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Analysis of CT numbers of CSDHs
The mean values of the CT numbers of the homogenous type (group 1), the laminar type
(group 2), the separated type (group 3), and the trabecular type (group 4) are showed in Table 2.
The separated type had the significantly highest average CT numbers (CT numbers: 57.81 ?
64.20 HU), followed by the laminat type (CT numbers: 41.18 - 44.16 HU). The trabecular type
was the third (CT numbers: 25.67-37.11 HU). The homogenous type was the lowest among the
four types. When the 95 % CI for the means of the four types were compared, the homogenous
type had the widest range (18.92 to 27.91). The difference between each pair of groups was

statistically significant (Table 2, P <0.001).

4. Discussion

According to the theory of Nakaguchi, the four types of CSDHS in his classification
represent respective stages of the pathogenesis [14]. The four stages of CSDHs represent the
initial formation (homogenous), development (laminai), mature (separated), and absorption
(trabecular), respectively. The tendency for rebleeding of CSDHs depends on the balance
between coagulative and fibrinolytic activity [6,15], which is the most active in the separated

stage and most inactive in the trabecular stage. In the present study we evaluated the extent of
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the balance of coagulative and fibrinolytic activity using CT pumbers, which represent the
intensity of hematoma and indirectly evaluate the possibility for recurrence. The extent of the
fibrinolytic and coagulative activity is proportional to the tendency for recurrence in different
stages. Radiologically, the four types present different neuroradiological patterns with regard to
intensity. It is likely that the extent of vascularity, fibrinolytic, and coagulative activity of
subdural hematoma can be detected by means of the intensity of hematoma on a CT scan.

In our study, we quantified the intensity of a certain selected region by means of the CT
number. In the homogenous stage, 95% CI for the mean was the widest of the four types (95%
CI = 18.92 ? 27.91). In the development of CSDHs, the establishment of the outer and inner
membranes around the subdural space was defined as the homogenous stage [16,19,20]. In the
homogenous type, brain CT revealed low to high density [14]. The intensity (CT number) of the
homogenous type ranged from low to high level. The laminar type had greater vascularity than
the homogenous stage [3.4,14,16,17] and the brain CT revealed high density along the inner
membrane [14]. The intensity of the laminar type was higher than the low-dense homogenous
type because of greater vascular congestion [5, 21,22]. In general, as the subdural hematoma
matures, the natural process moves to the separated stage. The separated stage is characterized

with hyperfibrinolytic activity and is reactive in the activity of fibrin degradation products

10
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(FDP) and plasminogen activators {14,17]. The brain CT in the separated stage reveals two
components of different densities [14]. The intensity in the separated stage is the highest
because of the highest cellularity and vigorous activity for fibrinolysis. The trabecular stage
represents the resolution stage of CSDHs [5). The brain CT reveals a high density septum
running between the outer and inner membranes {14]. ﬂc intensity of the trabecular stage is the
lowest because this stage is most steady.

In the present study, the intensity of hematoma ranged from hypodense to hyperdense in
the homogenous stage. The wide distribution in CT numbers was unique of the homogenous
stage. On the contrary, the CI in each of the other three stages was narrower than that of he
homogenous stage. The mean CT number of the homogenous stage tended to be low because of
wide distribution. In fact, mean CT number of the homogenous stage was the lowest among the
four stages in our study (mean: 23.41 + 4.85 HU). According to the result of Nakaguchi, the
rebleeding tendency in the homogenous stage was mt;derate, not the lowest, among the four
stages [13,14,19). It is an exception to the ule? that the intensity in the homogenous stage is
proportional to the rebleeding tendency.

In this study, the average CT number of the separated stage was the highest (mean = 61.04

+2.16 HU). The second was that of the laminar stage (mean = 42.93 +1.26 HU). If the

11
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homogenous type was disregarded, the trabecular stage was the lowest (mean = 31.03 + 4.32
HU). It is then evident that the difference between the four types was statistically significant.
(P<0.001). According to Nakaguchi study, the separated stage had the highest recurrence rate
and the trabecular type had the lowest [14]. The laminar stage produced greater vascularity than
homogenous type, pr(.)ducing a higher recurrence rate than the homogenous type [14,20). In the
study of Kurokawa et al, mixed high and low intensity in T2ZWI or low intensity in TIW1I is the
most predictable factor to show rapid aggravation for bilateral CSDH [6]. The correlation
between CT numbers for the four stages and recurrence tendency in our study showed good
agreement with the results of Nakaguchi study. It is therefore likely that the CT number can be
used as a diagnostic tool to predict the tendency for recurrence.

In conclusion, our study established quantitative evidence by means of the CT number
(intensity) for the evaluation of the natural pathogenetic process of CSDH. Patients with high
average CT numbers, such as those of the separated type or high-dense homogenous type,
should be watched more carefully both at admission and after operation because of the high

recurrence rate reported in these patients.
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Abstract Background: Patients suffering head injury in remote islands of Taiwan, which have a shortage of
manpower and facilities, depend on EAMS for prompt and definitive treatment. Emergency air
medical services are becoming an increasingly important issue in improving the quality of primary
care and avoiding medicolegal problems. The purpose of this study was to investigate the
characteristics of patients with head injury and use of EAMS.

Methods: We reviewed all patients, especially head injury victims transported by air ambulance
from a remote island, Kinmen (400 km from Taiwan Main Island), from January 2001 to December
2003. Data were collected with regard to demographics, disease classification, mechanism of injury,
severity of head injury, ventilator use, and mortality rate.

Results: A total of 215 patients were transferred, of whom 57 (27%) had head injury. The mean age
of patients was 48.6 = 23.8 years. Males accounted for 72% of the cases {(male/female ratio, 2.6:1).
Motor-vehicle accidents were the most common mechanism of injury (68%). There were 21 (37%),
20 (35%)}, and 16 (28%) patients in the minor, moderate, and severe head-injury groups, respectively.
Nineteen patients (33%) received mechanical ventilation. The overall mortality rate was 14 % (8/57).
In the severe head-injury group, the mortality rate was 44% (7/16).

Conciusions: The higher incidence of head injury (26.5%) in EAMS than in ground transportation
(19.8%) suggests that preflight assessment and in-flight management of patients conducted by an
experienced escort team following guidelines for head injury in EAMS are a very important issue,
© 2006 Elsevier Inc. Al rights reserved.

Keywords: Head injury; Emergency air medical services; Ventilator; Remote istand

1. Introduction

Tranmatic brain injury is the leading cause of death and

Abbreviations: EAMS, emergency air medical service; EMS, emergen- disability among 2l traumas in Taiwan [6,7]. Annually there
cy medical service; EMT-P, emergency medical technician-paramedic; are 200 cases of head infury per 100000 persons in the
GCS, glasgow coma scale; NTD, new Taiwan dollar; SOP, standard United States. The mortality rate of head injury in various
"Pel:‘“gfrfcsfi::s:::g author. Institute of Injury Prevention and Control, counl:fie:s raI}ges f:mm 16.5% to 44% [4] 'I.‘he mortality of
Teipei Medical University, Taipei 110, Taiwan, Tel.: +886 227390217, fax: ~ bead injury in Taiwan accounts for approximately 28% of
+886 2 27390387, all accidents [7]. As regards the incidence rate of head

E-mail address: wichiu@tmm.edu.tw (W.-T. Chiu), injury, Taiwan has a much higher rate than most other
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countries. One of the major reasons is that the motorcycle is
the most popular transportation vehicle in Taiwan,
According to previous studies by this institute, the
incidence rate of head injury in the offshore islands of
Taiwan is much higher than that in most developed countries
[8,15]. Management of patients with head injury in the
offshore islands of Taiwan depends on EAMS because of
geographic limitations, The area of this study focuses on
Kinmen, an island 400 km away from Taiwan Main Island
(Fig. 1). Kinmen is seperated by the Taiwan Strait and has a
population of 58933 [3]. Medical facilities and manpower
are inadequate as compared with Taiwan Main Island.

However, Kinmen has been developing rapidly because of
tourism between China and Taiwan since the implementation
of the “mini three links” in 2001. According to the statistics
from the Tourism Bureau of Kinmen County at the time, the
monthly number of domestic tourists was estimated to be
more than 3000. It reached more than 420000 including
tourists from both China and Taiwan in 2002 [2]. Unfortu-
nately, there is a lack of neurosurgeons, emergency and
critical care physicians, and facilities for management of
patients with head injury. Patients who have either a major
illness or trauma have to be transferred to Taiwan Main
Island for further evaluation and management [21].

Tiewn O BRI g

Fig. 1. Geographic location of Kinmen (circled on the left) and its relationship with Taiwan Main Island.
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Table 1 Table 3
Demographic data of alt EAMS Mechanism of injury and distribution of neurosurgical severity
1
N = 215 (%) GCS
Sex Male 146 {67.9) n %
Female 69 (32.1) Mechanism
Mean .agc' (y)' 486 % 238 Motor-vehicle accident 39 68.4
Age distribution (y) 0-15 16 (7.49) Fall 15 263
16-30 38 07.7) Anempted suicide 3 3.5
31-45 35(16.3) Gunshot 1 1.8
46-60 45 {20.9) Toml - 57 106
61-75 54 (25.1) Ges
75-90 24 (11.2) 14-15 21 368
>90 3(1.4) 9-12 20 351
Disease category Major illness 141 (65.6) <% 16 28.1
Trauma 74 (34.49) Total 57 160

Investigations on EAMS of patients with head injury
from a remote district, such as an offshore island, are scarce
in this country as well as in other countries. The purpose of
this study was to investigate the characteristics of patients
with head injury in EAMS.

2. Methods

This is a retrospective study conducted from January
2001 to December 2003 analyzing all patients, especially
patients with head injury, transferred by a fixed-wing
aircraft (Fokker 50). The SOPs of transport are described
as follows. (I) The medical flight crew consists of a
physician, a flight nurse, and an EMT-P. All of them have
good experience in critical care and emergency medicine.
(2) Emergency air medical services requested by a local
physician are based on the mechanism and severity of the
injury (3) The management of the patient during ground and
air transport follows the guidelines of the American College
of Critical Care Medicine [13] and the Brain Trauma
Foundation [19]. (4) The time en route to arrival at the
trauma center is approximately 2 hours, and all flight
missions are cotmpleted within 6 to 8 hours upon request.

The patients’ demographics, causes of injury, disease
classification, and GCS scores were collected. The severity
of head injury was defined as follows: minor GCS: 14 to 15;
moderate GCS: 9 to 13; and severe GCS, less than 8.

Further analysis was made on oxygen use, ventilator use,
interventions performed, and the mortality rate. Data were

Table 2
Demographic data of patients with head injury
n (%}

Sex Male 41 (71.9}
Female 16 (28.1}

Mean age (y) 46.7 + 213

Age distribution (y) 0-15 31(53)
16-30 10 (17.5)
3145 11 (19.3)
46-60 15 {26.3)
61-75 13 (22.8)
76-90 5 (3.8)

Total N = 57 {100)

analyzed using summary descriptive statistics with SPSS
11.5 (SPSS, Chicago, IlI).

3. Results

A total of 215 EAMS missions were performed from
January 2001 to December 2003 on a fixed-wing aircraft
(Fokker 50) from Kinmen. Among these 215 patients, 141
(65.6%) had a major illness and 74 (34.4%) had trauma
(Table 1); of the 74 trauma patients, 57 (77%) had head
injury. Therefore, head injury accounted for 74% (57/74) of
trauma cases and 26.5% (57/215) of all EAMS cases.

In the head-injury group, the mean age of patients was
48.6 * 23.8 years. Males accounted for 72% (41/57) of the
cases (male/female ratio, 2.6:1). The patients’ demographic
data are summarized in Table 2. Motor-vehicle accidents
were the most common mechanism of injury (68%). There
were 21 (37%), 20 (35%), and 16 (28%) patients in the
minor, moderate, and severe head-injury groups, respective-
ly. The mechanism of injury and severity of head injury are
listed in Table 3. Eighty-six percent (49/57) of patients used
oxygen either because of a lack of cabin pressure in aviation
(5000 ft) or for treatment for hypoxia. There were 19
patients (33%) who received mechanical ventilation (Uni-
Vent Eagle Model 754, Impact Instrumentation Inc) and

Table 4
Interventions performed by flight medical crew

n Valid (%)
Standard monitoring
Electrocardiogram 29 50.9
Pulse oximetry 53 93.0
Oxygen 49 86.0
Urinary catheter 23 40.4
Nasogastric tube 20 351
Fiuid administration 56 982
Advanced intervention
Blood transfusion 15 26.3
Inotropics 13 228
Resuscitation 2 35
Intubation 1 1.7
Extra intravenous lines [ 10.5
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89% (51/57) of patients received osmotic diuretics, sedative,
and anti-epileptic agent treatments. The types of interven-
tion performed by the flight medical crew are summarized
in Table 4.

Three patients with bilateral pupillary dilatation and loss
of spontaneous respiration were not considered for air
transport, since their families decided against heroic
measures. One patient expired within 24 hours of admission
to the receiving hospital and seven patients expired within
24 hours of admission. The mortality rate in the mild,
moderate, and severe head-injury groups was 0% (0/21), 5%
(1/20), and 44% (7/16), respectively. The overall mertality
rate was 14% (8/57). There were no aviation incidents or
medicolegal problems,

4. Discussion

With ground transport, the regular trauma-to-major illness
incidence ratio in the emergency room ranges from 1:6.7 to
1:2.0. Head injury comprises about 60% of all trauma cases
[11,12]. In the present study of EAMS, the incidence ratio of
trauma-to-major illness was 1.9:1, and head injury accounted
for 77% of cases of trauma in EAMS. However, in ground
transportation, patients with head injury comprise only 59%
of all cases. The higher incidence ratio of disease category
(trauma-to-major illness) in EAMS demonstrates the major
difference between EAMS and ground transportation. The
higher incidence of head injury (26.5%) in EAMS than in
ground transportation (19.8%) [11,12] suggests that the
appropriate management of patients conducted by an
experienced escort team following the guidelines for head
injury in EAMS is a very important issue.

The age distribution of patients with head injury in the
present study of EAMS was mainly in the middle-age group
(Table 2). There were 33 (58%) patients older than 45 years.
However, in Taiwan Main Island, the most prevalent age for
head injury is in the young-age group (20-29 years old) [7}.
The reason is that most of the young people in remote
islands would Iike to go to cities for their career. People who
are older than 65 years represent 12.8% of the Kinmen
population, as compared with 9.2% in Taiwan Main Island.
As for the sex ratio, there was a male predominance (male/
female ratio, 2.6:1) in our study group, which is similar to
that in ground transportation in major cities.

The most common mechanism of head injury in the

present study was motorcycle accidents (68.4%). This is -

different from that in most Western countries, where falls or
car accidents represent the most common mechanism of
traumatic brain injury [16). The major reason is that the
motorcycle is the most popular transportation vehicle in
both Taiwan Main Island and Kinmen,

The overall mortality rate of patients in this study (14.0%)
was lower than that in most other reporis with ground
ambulance transport (13%-43%) [1,10,22]. The percentage
of ventilator use is higher in this study (33%) compared
with the ground transport group of critical patients (31%)

[1,5,106,22}. It is related to the ability of the escort team to
manage patients more easily in the air. In a review of the
literatire, overall mortality is highest in patients transported
by helicopter (35.7%), especially in trauma scene flight
(prehospital transport) [17.20,23}. The lower overall mortal-
ity rate in our series compared with ground and helicopter
transport may be attributed to the composition of the medical
flight crew, in-flight monitoring, treatment given during
evacuation, and type of aircraft. However, the mortality rate
in the severe head-injury group (44%) in the present study is
slightly higher than that in the ground transport group (38%-
43%) [1,5,10,22]. Older age and the high percentage of
severe injury in the present study may be related to higher
mortality in the severe head-injury group.

Composition of the medical flight crew is an important
part of EAMS. There have been cumulative reports suggest-
ing that the experiences and capabilities of the medical flight
crew were associated with patient outcome [9,14,17,18,22].
In the present study, all flights were staffed by a well-trained
physician, nurse, and EMT-P to monitor the patient’s
condition and to perform interventions, especially in the air
and in interhospital transportation of critically ill patients.
The patient’s condition is to be maintained or improved
during the transfer. The escorting doctor should be aware of
the differences between working in an airbomne environment
and ina static ground-based facility.

The mode of transport depends on clinical requirements,
vehicle availability, and the conditions at the receiving sites.
Helicopters are better used for emergency scene flight, with
flight distance of less than 100 km. It is suggested that a
flight range longer than 100 km is better transported by a
fixed-wing aircraft. Several studies have questioned the
safety of helicopter use by drawing attention to the
limitations placed on flight crews, noise, vibration, and
confined space limits [10,18,22]. For an adequate airborne
medical care environment, the pressurized cabin provides
controlled ambient pressure at high altitudes. This enables a
high-speed, long-range, low-noise, and comfortable flight.
The Fokker 50 aircraft belongs to Mandarin Airlines
Company and is normally used for commercial domestic
flight, especially between remote islands and Taiwan Main
Island. It was used for EAMS as a chartered air ambulance
with a stretcher fixed on the back of 10 seats. The cost of
each flight including the fee for the escort team is NTD
450000 (US$13500).

The limitation of this study is due to the fact that it was
not possible to obtain an appropriate comparison popula-
tion, and we could not compare the mortality of our patients
with similar patients ground-transported and treated by EMS
units. To the best of our knowledge, a similar series has not
yet been reported in the literature,

5. Conclusions

Head injury is responsible for significant morbidity and
mortality nationwide. The higher percentage of patients with
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moderate and severe head injury and ventilator use indicates
that a 24-hour alarm center and experienced physicians are
necessary for EAMS of critically ill patients in remote
islands, This study demonstrates the characteristics of
patients with head injury in EAMS transported by a fixed-
wing aircraft. This experience in transporting patients with
head injury from a remote island to a major city may prove
to be a good model for EAMS in other countries. Further
efforts should be made to manage patients with head injury
in EAMS,
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Summary

Background. There is no information regarding the possible role
of cerebral substrates in the pathogenesis of neuronal injury in intra-
cerebral haemorrhages (ICHs). Purposes of this prospective study
were to clarify whether changes in substrates are the consequence
of the initial brain damage in ICH and to elucidate the relationship
among the biochemical mechanisms and clinical course of patients
with ICH.

Method. During a period of two years, patients (GCS <8) who
had ICH secondary to an aneurysm (SAH), stroke (sICH), or trauma
(ICH) and underwent ventriculostomy with ICP monitoring and/or
underwent cranial surgery were randomly enrolled in this study.
Extracellular concentrations of glutamate, aspartate, glycine, GABA,
lactate, lactate/pyruvate ratio, and glucose in the CSF were mea-
sured by use of high-performance liquid chromatography (HFLC).
The nitric oxide (NO) concentration in the CSF was analyzed by
chemiluminescence.

Findings. There were 75 patients (38 women and 37 men) with
ICH included in this study. Twenty-one patients had SAH, 28 sICH,
and 26 tICH. In tICH patients, there was a 30-fold increase in gluta-
mate and a 10-fold in aspartate over reference values. The levels of
glutamate, aspirate, GABA, lactate, ghicoss, and NO differed signifi-
cantly among the three groups (p<0.001). There were no significant
differences in glycine and L/P ratio among the groups. The initial GCS,
the mean CPP and outcome six months after the insult were all sig-
nificantly correlated with the concentmtion of substrates (p < 0.01), both
within groups and among the total sample. The CSF levels of gluta-
mate, lactate, NO and glocose canclated significantly with outcome
(p < 0.005).

Conclusions. This smdy confirms the correlation between the
level of EAAs and the outcome of ICHs, suggesting that neurochem-

ical monitoring of these substances may have a role in caring for
patients,

Keywords: Cerebral substrates; excitatory amino acid (EAA); intra-
cerebral haemorrhage (ICH); microdialysis; nitric oxide (NO); sub-
arachnoid haemorrhage (SAH).

Introduction

Although the role of excitotoxic amino acids (EAAS),
particularly glutamate, has been described in ischemic
stroke and head trauma, there is no information regard-
ing their possible contribution to the pathogenesis of neu-
ronal injury in intracerebral haemorrhage (ICH) [1-3, 15,
29, 30]. Both experimentally and in clinical studies, cer-
ebral ischemia and traumatic brain injury are associated
with excess liberation of EAA, enhancement of anaero-
bic metabolism, and release of nitric oxide (NO) byprod-
ucts [1-3, 8, 22, 26-30].

The three most frequent types of intracerebral haemo-
rrhage (ICH) are subarachnoid haemorrhage (SAH),
spontaneous intracerebral haemorrhage (sICH), and trau-
matic intracerebral contusion haemorrhage (tICH). Sec-
ondary brain damage after these acute cerebral insults is
of increasing interest because it may be as important to
the outcome as is the initial lesion [24]. Secondary brain
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damage after ICH has been attributed to vasospasm fol-
lowing SAH, ischemia following sICH or SAH, and
diffuse brain swelling following tICH. The search for
early indicators of secondary deterioration has been en-
hanced by several new invasive and noninvasive tech-
nigues for monitoring patients with ICH [24].

This study was performed to measure the extracellular
concentrations of various cerebral substrates and nitric
oxide in the acute period after ICH. We sought to clarify
whether changes in these substrates vary depending on
the type of ICH, whether the levels are predictors of
subsequent neurological damage, and to assess the bio-
chemical mechanisms and clinical course of patients
with different types of ICH.

Materials and methods

Consens

This study was approved by the medical ethics committee of the
hospital. Written informed consent was obtained from the patients or
their next of kin.

Patient characteristics

From January 2003 to December 2004, patients admitted to the
Department of Neurosurgery at Mackay Memorial Hospital with a
diagnosis of SAH, sICH, or tICH and whose initial Glasgow Coma
Scale (GCS) on arrival at the emergency repartment was <8 were
considered for enrolment in this prospective study. Of those, only
patients who underwent ventriculostomy with monitoring of intracranial
pressure (ICP) and/or cranial surgery were selected. The insertion of an
external ventricular drain was determined by conventional clinical indi-
cations unrelated to the purpose of the siudy. Patent ouicome was
graded on the Glasgow Qutcome Scale (GOS) at 6 months after injury,
This assessment was made by an independent neurclogist (P. T.) who
was unaware of the study data.

The ICP monitoring was measured hourly through the ventricu-
lostomy, along while simultanecus measurement of mean arterial pres-
sure (MAP) and cerebral perfusion pressure {CPP). CSF samples (2 to
3 ml) were collected at daily intervals as long as the external ventricular
drain remained in place and patent.

Amino acid analysis by HPLC

The CSF samples were immediately frozen at —80°C in liquid nitro-
gen until analysis. Analysis of the concentrations of glutamate, aspartate,
glycine, GABA, lactate, and glucese, and the lactate/pyruvate ratio,
were performed by high-performance lquid chromatography (HPLC)
(HPLC9, BAS, U.S.A.). The amino acids were derivitized by o-phthalal-
dehyde (OPA; Sigma, Saint Louis, U.S.A.) before automatic injection
into the HPLC column. Fluorometric detection for quantitation of amino
acids was performed as previously deseribed [5, 10, 15, 23]

NQ assay by chemiluminescence

The NO concentration in the CSF specimens was analyzed by chem-
iluminescence using a Sievers 280 NO analyzer (Stevers Inc., Boulder,
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CO) according to the manufacturer’s instructions. We chose to integrate
NO release over 4 minutes because this period accounted for >90% of
the NO peak. The protocols for NO measurement were adapted from
published procedures [6, 13].

Statistical analysis

All data are presented as the mean + standard deviation (SD}. We
compared the substrate levels we measured with the reference values
in the literature [2, 9, 13, 23, 24, 25]. Statistical analysis was per-
formed on a personal computer using Statistical Package for Social
Science software (SPSS Inc. Chicago, U.S.A.), version 10.0. Analy-
sis of variance (ANOVA) was used to compare the means among
three groups and a post hoc Tukey's honestly significant difference
(HSD) test was used to test for differences in the means of two
groups. The initial GCS on admission, the GOS six months after
insult, the mean CPP during the period of substrates meuasurement
were examined for correlation with the mean substrate concentrations
by using Pearson correlation coefficients. Differences were consid-
ered statistically significant at a p of <0.05.

Results

Patient profiles (Table 1)

A total of 75 patients (38 women and 37 men) with
ICH were included in this study. Their ages ranged from
21 to 79 years, with a mean of 46 years. Twenty-cne
patients had SAH, 28 sICH, and 26 tICH. The GCS, CPP
and GOS were all lower in the ICH group than in the
other two. However, the difference among the three
groups was not significant (p > 0.03).

CSF coliection

CSF was collected on a daily basis over a period
ranging from 3 to 14 days (mean, 8.6 £ 3.0d).

Concentration of substrates (Table 2)
Excitatory amino acids (EAA)

Glutamate | aspartate, The glutamate concentration was
30-fold higher than the reference value in patients with

Table 1. Demographic and clinical data of 75 patients with ICH

SAH sICH tICH P value
Number N=21 N=28 N=26
Gender M=9 M=14 M=14

F=12 F=14 F=12
Age (years) 4716 567 3445 0.176
GCS 59 [ 5.4 0.827
CPP (mmHg) 846+89 B64x76 8234105 0659
GOS 36 33 34 0.277
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Table 2. Mean concenirarion of CSF substrates in patients with ICH

Ref. values* sICH (n=28) SAH (n=21) tICH (n=26)
Glutamate* 32404 8.6+ 534 711 + 4.008 95.7 4 6,38
Aspartate™ 17402 13.7 £ 0.7 13.1 + 0.6'% 158 +1.244
Glyeine 168+135 571 £ 3.1H 629433 65.0 £ 3.9t
GABA* 91417 386+ 211 30.4 3 1.4t4 26.6 + 1.548
Lactate* 160-200 13305 + 7431 _ 14118 + 72418 1572.9 2 116148
L/P 2344 2274 1.8 216+ 1.6¢ 49.4 + 2,91
Glucose* 50 80.0 & 4.8 86.5 + 4.818 94.7 + 5.9+
NO* 26-52 214 £ 1.1H 262+ 1.3t8 282128

* §<0.001; difference among all three groups by ANOVA,
i

P <0.05; difference between two groups by post hoc Tukey HSD test Mean :+ SD {umol/L), # reference values [2, 13, 20, 23, 24, 25].

tCH. The difference in glutamate values among three
groups was statistically significant (p<0.001); it was
highest in the (ICH group, followed by sICH and then
SAH. A significant difference existed also between the
SAH and the sICH groups and between the SAH and
tICH groups (p<0.05). Aspartate was also highest in
patients with tICH, nearly 10 times higher than the refer-
ence value. It was significantly higher in the {ICH group
compared with SAH (p <0.05) and sICH (p < 0.05), and
between the SAH and the sICH groups (p < 0.05).

Inhibitory amino acids (IAA)

Glycine /GABA. The glycine concentration in patients
with tHiCH was 4 times higher than the reference value,
and it was highest in the tICH group, followed by SAH
and then sICH. A significant difference also existed be-
tween the tICH and the sICH groups and between the
SAH and sICH groups (p <0.05). The concentration of
y-aminobutyric acid (GABA) in the sICH group was
4 times higher than the reference level, and the levels
in the three groups differ significantly.

Energy-related substrates

Lactate, lactate/pyruvate ratio (L/P ratio), glucose.
The concentration of lactate in the {ICH group was
10 times higher than the reference level. The difference
of lactate value among three groups was statistically
significant (p<0.001), and the level in the dCH group
was significantly higher than in the sICH group
(p<0.05). The L/P ratio was 2-fold higher than the
reference value in patients with ICH. The ratios were
significantly higher in the tICH group compared with the
SAH (p<0.05) and the sICH (p <0.05), and between the
SAH and the sICH groups (p<0.05). The glucose level
was higher in patients with tICH. The glucose values
differed significantly among all three groups (p <0.001).

Nitric oxide

The NO concentration was 26.2 + 1.3 pmol/L in pa-
tients with SAH, 21.4 & 1.1 pmol/L in the sICH group,
and 28.2 & 1.2 pmol/L in the tICH group. It was highest
in patients with tICH, a 10-fold increase over the refer-
ence value. The difference among the three groups was
statistically significant.

Substrates, GCS, and GOS

In the ICH group (n=26), the GCS gradually
improved over 10 days, simultaneously with decreases
in the average levels of substrates (Fig. 1). In each
group, the initial GCS, mean CPP, and the GOS six
months after the insult all correlated significantly with
the mean concentration of substrates except for GABA
and L/P (Table 3). The (ICH group had higher levels of
glutamate, asparate, lactate and L/P ratio, all of which
comelated to a lower GCS, CPP, and GOS (Tables 2

180
160 |
140

Relative values
o8 &3 s58E

Days

Fig. 1. Changes in the average substrate levels and the mean GCS aver
10 days in the tICH group (n= 26). For clarity, the mean GCS was
multiplied by 1 and the mean lactate level by 0.1. —m— GCS (x10),
--m@-- Glutamate, —e— Lactate (x0.1), —g— NO, —4— Glucose,
—&— Asparate, - -4- - Glycine, --@-- GABA, ..o-- L/P
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Table 3. Correlation of outcome, initial GCS, and mean CPP with CSF
substrates in patients with ICH (n =75)

Pearson correlation GOs GCs CPP
Glutamate ~0.442%* -0.432%* —0.443%*
Lactate —0.441%* —0.461** —0.446™*
NO —0.374** —0.356** —0.388**
Glucose —0.304** —0.264* —0.368**
Asparate —0.282* —0.293* —0.332%*
Glycine —0.279* —0.280* —~0.315%*
GABA —0.222 -0.232* —0.204
LP ratio ~0.161 —0.165 —0.176

** Comelation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).

M.-FE Chiang er al,

and 3). On linear regression analysis, the GOS correlated
most significantly to CSF levels of glutamate, lactate,
NO and glucose (Table 3 and Fig. 2).

Discussion

Spontaneous intracerebral haemorrhage accounts for
10% to 15% of all cases of stroke and is associated with
high mortality and morbidity {15, 16]. Vasospasm and
ischemia continue to be the major causes of neurological
complications after SAH [9]. In traumatic brain injury,
EAA have a pivotal role in neuronal death [11, 15, 20,

\'

LF rulle = Y103 +-L&F * GOS
et

Fig. 2. Linear regression analysis of Glasgow
Outcome Scale (GOS}) and substrates levels. Glu-
. tamate, lactate, NO, and glucose correlated most
! || significantly with GOS. (A) Ghutamate, (B) Iactate,
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30]. In addition to mass effect, the presence of a hema-
toma induces three early pathophysiological changes in
the surrounding parenchyma: neuronal and glial cell
death, vasogenic edema, and breakdown of the biood—
brain barrier [15, 16]. Doppenberg et al reported the
devastating effects of space-occupying traumatic intra-
cranial hematomas on substrate delivery [4]. Qureshi ez
al. showed that glutamate and other amino acids accu-
mulate in extracellular fluids in the perihematoma region
[15]. Our study showed significant elevation of the levels
of cerebral substrates in the CSF of patients after ICH.

Each neuron contains approximately 10 mmol/L glu-
tamate [11, 15]. Mechanical injury from pressure by a
hematorma on the surrounding tissue may lead to release
of intracellular stores of glutamate into the extracellular
space. In addition, injury to astrocytes actively involved
in the removal of glutamate may potentiate the extracel-
lular accumulation of glutamate. Excessive concentra-
tions of glutamate lead to activation of both NMDA
and non-NMDA receptors and cell death [1, 8]. In both
our study and that of other investigators, there was 30-
fold increase in CSF glutamate and a 10-fold increase
in aspartate in patients with (ICH [30], suggesting that
glutamate and aspartate are markers of cellular degra-
dation [1].

Glycine is an amino acid which induces a long-lasting
inhibitory postsynaptic response. It is a neurotransmitter
with cortical hypothalamic projection. It is also pro-
duced by glycinergic neurons in the spinal cord, ac-
counting for its presence in CSF obtained by lumbar
puncture [23]. We observed a 4-fold increase of gly-
cine in CSF from ventriculostomy in patients with all
types of ICH. This suggests glycinergic neuron activa-
tion at the brain level with hypothalamic involvement,
GABA is the most important inhibitory amino acid in
the brain. During and Spencer demonstrated concomi-
tant rises in the level of glutamate, aspartate, and GABA
during seizures [5]. We did not find any significant dif-
ferences in glycine and GABA values in the different
types of ICH.

We found increases in lactate up to 10 times and in
glutamate level up to 30 times over the standard values.
Glutamate clearly influences the release of lactate fol-
lowing traumatic brain injury. Glutamate may drive lac-
tate production to provide lactate as an energy substrate
to neurons [1]. In patients with ICH, a sudden increase in
lactate, the L/P ratio, and glutamate may serve as a
wamning signal [9, 21]. The strong positive correlation
between glutamate and glucose may indicate an effect of
glutamate on glucose uptake by cells which differs

according to the type of injury. We found that the CSF
levels of lactate, and gluicose and the L/P ratio differed
significantly among the three groups. These substrates
may be useful for monitoring patients for secondary
damage after traumatic brain injury {12].

Nitride oxide is frequently called a double-edged
sword in cerebral ischemia. It is a powerful dilator of
cerebral vessels and has been reporied te have both neu-
roprotective and cytotoxic effects [13, 17]. The elevated
NO Jevel after SAH may be caused by cerebral ischemia
{9, 15, 18, 22, 24-26]. Overall, NO correlates with glu-
cose, lactate, and glutamate [19]. The higher NO level in
patients with a poorer clinical score at presentation may
be a result of greater induction of NO synthase activity
as a result of a greater cerebral insult {13]. In our study,
the NO level was increased 10 times over the reference
value in the tICH group, but the concentration did not
differ significantly among the three groups.

Vespa et al. reported that the levels of glutamate,
aspartate and glycine released into the extracellular fluid
at a CCP of less than 70mmHg were statistically sig-
nificantly higher than at higher levels of CPP (p <0.001)
[28]. In our study, change in CPP also significantly
affected the release of cerebral substrates after ICH
(p <0.01). Yamamoto et al. reported that glutamate con-
centration was not correlated with initial GCS score
[29]). No significant correlation has been found for the
concentration of NO metabolites with the patient’s pre-
operative condition, the presence of symptomatic vasos-
pasm, or prognosis [25]. In our study, cerebral substrate
levels comrelated significantly with the patient’s initial
GCS (p<0.01). Concentrations of glutamate, aspartate
and GABA have been found to correlate closely with
outcomes of SAH (P<0.05) [13, 14, 24, 29]. Brain lac-
tate, pyruvate and the lactate/pyruvate ratio have also
been recommended for use in estimating the severity
of stroke and for predicting the outcome {3]. In a study
of SAH, the NO level correlated with clinical sever-
ity but not with the neurological outcome [13]. Our
study demonstrated a significant correlation between the
concentration of CSF substrates in patients with ICHs
and the outcome at 6 months, as assessed by the GOS
(p<0.01).

In this study, several methodological limitations must
be noted. Because our study was limited to severely
injured patients with ventriculostomies in place, our re-
sults are not necessarily generalizable to less severely
injured patients. Laboratory analysis of microdialysis
samples performed using HPLC is regarded as the gold
standard [7]. However, this technique is time consuming
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and not practical for clinical application in the intensive
care unit or operating theatre. An on-line bedside analyz-
er would be preferable for real-time moenitoring. The
reference values we used were extracted from the lit-
erature, so we could not control for any differences in
laboratory techniques. Also, we analyzed the levels of
cerebral substrates in ventriculostomy CSF without
using microdialysis, a method which allows assessment
of regional differences within the brain, It may be that
there are local effects that do not correlate well with
global physiological changes, such as CPP or outcome.
Besides, our study could not define the role of the blood—
brain and blood-colloid-CSF barriers in the transport of
substrates from the blood to the CSF. Because gluta-
mate, aspartate, glycine, and GABA are secreted directly
by neurons in the brain itself; the cellular energy meta-
bolites lactate, pyruvate, and glucose may come from
neurons or from systemic metabolism; and NO is the
product of NO synthases, enzymes which are expressed
in the brain [1, 9, 15, 21, 24, 28).

The success of treatment for delayed cerebral ische-
mia after ICH is time-dependent, and neuronal monitot-
ing methods which can detect early subclinical levels of
cercbral ischemia may improve overall treatment results
(13, 15]. The aim is to characterize patterns of neuronal
injury (using glutamate and aspartate, glycine) and mark-
ers of energy metabolism (using glucose, pyruvate and
lactate) in patients with ICH [21]. It is hoped that the
development of neuroprotective therapy based on mon-
itoring of these substrates may reduce the incidence of
secondary brain damage [30]. For example, glutamate
antagonists have been shown to reduce the extent of
infarction in animal models. Several of these agents have
been investigated in phase II or LI clinical trials for
efficacy in acute stroke [15].

Conclusion

This study confirms the comrelation between EAAs
and lactate in the outcome of ICH, suggesting that neu-
rochemical monitering of these substances may have a
role in caring for patients. Monitoring of these substrates
may also help expand our knowledge of pathophysio-
logical processes in ICH. Knowledge of the mechanisms
underlying these processes seems to be necessary for the
development of specific treatment strategies.
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Comments

This is an excellent paper. This represents an extremely large body
of wark, with multiple neurochemical analytes being measured in 75
patients with intracerebral haematomas of different types. This is the
only such study of its kind in the world to date, as far as I am aware, in
such large numbers of patients and it certainly makes a useful contribu-
tion to the literature.

Ross Bullock
Richmend

The current study compares ventricular concentrations of several
amino acids (glutamate, aspartate, etc.), lactate, glucose, and NO in
patients with intracerebral haemorrhage with acute (GCS, CPP) and
chronic (GOS) clinical evaluation parameters. The main finding of the
study is that the concentration of the biochemical markers correlates
well with the clinical situation of patients.

The basic design of the study and the methodology used by the
authors is Sound, the manuscript is well written, and the data are well
discussed. It is also interesting to see that measurements in the CSF,
which are easily performed, result in accurate values with such a small
error and do not seem to be inferior to data obtained by microdialysis.

Nikolaus Plesnila
Munich
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Abstract

Background: The purpose of this study was to assess the risk of being sued in district courts for care
to head-injury patients from the perspective of epidemiology.

Methods: This research was designed to be a retrospective population-based cohort study. We
researched the incidences of litigations arising from head-injury inpatients under neurosurgical care,
all neurosurgical inpatients, and birth inpatients in Taiwan, and computed their relative risks. The
study period was from 1998 to 2002,

Results: The average annual incidence rate of becoming a plaintiff for head-injury neurosurgical
npatients was 15 per million; for all neurosurgical inpatients 11.8 per nrillion; and for birth patients
33.5 per million. The relative risk comparing head-injured neurosurgical inpatients against all
neurosurgical inpatients was 1.27; whereas comparing head-injury neurosurgical inpatients against
birth inpatients was 0.45, and comparing all neurosurgical inpatients against birth inpatients, 0.35.
Conclusions: The findings of our population-based study indicate that for the inpatient populations,
whether head-injury patients or not, neurosurgeons in Taiwan are facing a relatively lower rate of
litigation in comparison with those treating birth patients. Nonetheless, head-injury patients still pose

a major challenge in the ED, and misdiagnosis remains the major complaint of plaintiffs in

subseqguent litigations.
© 2006 Elsevier Inc. All rights reserved.

Keywords:

Head injury; Medical malpractice; Litigation; Cohort study; Incidence; Relative sk

1. Introduction

In January 2003, Little Chiu, then a 4-year-old girl, was
slammed against a wall by her reckless father and became
brain dead eventually. Two doctors were subsequently
reprimanded by the Physician Disciplinary Committee of
the DOH and indicted by the prosecutor for professional
negligence. The public discontent was caused by the

Abbreviations: DOH, Department of Health; ED, emergency depart-
ment; NHI, National Health Insurance; CT, computed tomography; MRI,
magnetic resonance imaging.

* Comesponding author. Tel.: +886 2 29307930x8819; fax: +886 2
29335221,

E-mail address: wichin@tmu.edu.tw (W.-T. Chiu).

0090-3019/% — see front matter © 2006 Elsevier Inc. All rights reserved.
doi:10.1016/.sumeu.2006.07.001

failure of the chief resident of neurosurgery and the on-call
neurosurgeon to see the child in person during the
midnight consuitation by the emergency physicians
[3,5,10]. This incident deeply troubled the neurosurgical
specialists in Taiwan., They worried that all the punish-
ments imposed an undue burden and would lead to chilling
effects on neurosurgery,

In a joint study conducted by the Harvard School of Public
Health and Columbia Law School [17], the key informants
identified 6 specialties that are at high risk for litigation.
Neurosurgery is one of the 6, accompanied by emergency
medicine, general surgery, orthopedic surgery, obstetrics/
gynecology, and radiology. The majority of professional
liability carriers in the United States also designate netro-
surgery in the high-risk group [16]. A Turkish study, which
examined the opinions given by the courts and public
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defenders in Turkey, indicated that neurology and neurosur-
gery were involved in 10.53% of malpractice cases, next to
obstetrics/gynecology (16.82%) and general surgery
(10.69%) [2]. Relevant research in Taiwan is scarce and
was mostly done in the 1990s by questionnaire surveys,
which indicated that 44% of physicians had experienced
medical disputes, and the high-risk group consisted of
anesthesiology, obstetrics/gynecology, orthopedic surgery,
and surgery [19], without specifying heurpsurgery.

How risky is it for neurosurgeons to care for head-injury
patients in terms of the possibility of facing litigation in the
courts? According to a US government report, obstetrics/
gynecology specialists were involved in 12.4% of the
claims closed in 1984 and ranked number 1 among all
specialties, whereas neurosurgeons were only involved in
2.6% of the claims and ranked 14th [8]. Childbirth
negligence cases continue to be the area where physicians
are losing the majority of cases that go to the jury in the
United States; for instance, plaintiffs won 60% of these
cases in 2002 [1]. However, as there are disproportionate
numbers of obstetrics/gynecology patients and neurosur-
gery patients, the question then becomes how risky are the
head-injury patients for Neurosurgeons in comparison with
other patient popuiations.

The purpose of this study was to assess the risk of being
sued in court for caring for head-injury patients from the
perspective of epidemiology. Giving birth has been consid-
ered the most risky practice in obstetrics in terms of
professional liability which we compared with caring for
giving birth to see, relatively speaking, how risky it is for
neurosurgeons to care for head-injury patients. Most of the
previous researches focus on physician-level analyses. Our
research aimed at assessing the risks of encountering
litigations in specified patient populations from an epide-
miologica) perspective.

2. Materials and methods

This research was designed to be a retrospective cohort
study. Our intent was to determine the incidences of lawsuits
arising from head-injury inpatients under neurosurgical care,
all neurosurgical inpatients, and birth inpatients. The
number of inpatients for each category of occurrence that
resulted as district court cases for each year was determined.

The incidence rates were derived from dividing the number
of specific lawsuits by the number of predefined categories
of inpatients for each year. Whether there was a significant
difference among the mean incidences of the 3 groups was
tested by Student 7 test. The relative risks of looming
litigation later on in each category of inpatients were
computed by comparing the respective incidences.

The study period was set to be from 1998 to 2002 after
taking data availability into account. The study materials
included the inpatient reimbursement claim dataset of the
NHI from 1998 to 2002. Because NHl is a mandatory health
insurance, nearly 100% of all diseases, injuries, and births
are treated by health care providers under contract with
NHL Therefore, we were able to ascertain the occurrences
of all inpatient admissions of the desired parameters. The
principal diagnoses with 1CD-9-CM diagnosis codes 800-
804, 850-854, and 873 were included in the head-injury
inpatient population.

Whether the case progressed to court was ascertained by
looking into the district court decision database of the
Judicial Yuan from August 1999 to November 2005. The
Judicial Yuan is the highest governmental office in charge of
Jjudiciary affairs, and it started publishing court decisions in
August 1999. We traced back to the year of the occurrence
in the court’s decision. Only those decisions between 1998
and 2002 were included in our analyses.

According to Florida’s experience on medical profes-
sional liability insurance claims, there is, on average, a
1.2-year gap between occurrence and reporting [9]. It took,
on average, 75.16 days to close a criminal trial and
85.97 days to close a civil trial at the district court level
in Taiwan in 2004 [11]. A 2- to 3-year time lag between the
occurrence of an unsatisfactory medical event and the first
court judgment is a reasonable expectation according to the
initial database exploration. If the same occurrence gave rise
to more than 1 litigation in this study, only 1 was counted.

3. Results

From 1998 to 2002, the annual number of inpatients in
the whole nation averaged 2 700 000. Of this number, there
were on average 251894 births with an average cesarean
section rate of 33.5%. On the other hand, neurosurgeons
take care of an average of 69275.6 inpatients annually. Of

Table |
Descriptive statistics of target categories of inpatients by year
1998 1599 2000 2001 2002 Average
Total inpatients nationwide 2455960 2590140 2650847 2814986 2545904 2699567.4
Total births 247220 258849 279024 240964 233413 251894
Natural birth 163900 172293 185423 160730 155259 167521
Cesarcan section 83320 86556 93601 80234 78154 84373
Total head injury inpatients 98 880 96557 89845 87262 82923 91093.4
Total neurosurgical inpatients 56840 66724 69827 74157 78830 69275.6
Head injury 21840 26442 26620 26592 27927 25884.2
Non-head injury 35000 40282 43207 47565 50903 43391.4
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Table 2
Descriptive statistics of litigations arising from target categories of inpatients by year
1998 1999 2000 2001 2002 Average
Litigation related births 11 11 7 4 9 84
Criminal litigation 7 7 4 2 3 4.6
Civil litigation 4 4 3 2 6 38
Total births 247220 258849 279024 240964 233413 251894
Incidence of litigation-related births 0.0000445 0.0000425 0.0000251 0.0000166 0.0000386 0.0000335
Litigation-related head injury 0 0 1 1 u] 0.4
neurosurgical inpatients
Criminal litigation 0 0 1 0 0 0.2
Civil fitigation 0 0 [ 1 0 0.2
Total neurosurgical head injury 21840 26442 26620 263592 27927 25884.2
inpatients
Incidence of litigation-refated head 0 0 0.0000376 0.0000376 0 0.000015
injury neurosurgical inpatients
Litigation-related neurosurgical ] 0 1 2 0 0.8
inpatients
Criminal litigation I 0 1 1 0 0.6
Civil litigation 4] 0 0 1 0 0.2
Total neurosurgical inpatients 56840 66724 T69827 74157 78830 69275.6
Incidence of litigation-related 0.0000176 0 0.6000143 0.000027 0 0.0000118

neurosurgical inpatients

this number, 25884.2 were head-injuryrelated admissions,
which accounts for 37.4% of total neurosurgical inpatient
admissions. There were, on average, 91093.4 head-injury
inpatients annually, which indicates that more than two
thirds of head-injury patients were cared for by physicians
other than neurosurgeons. The descriptive statistics of the
inpatient populations are summarized in Table 1.

After an extensive search of the Judicial Yuan database,
we found that there were only 2 head-injury inpatients who
later sued their neurosurgeons in the district courts in the
entire study period. One was treatment related and the other
diagnosis related. One sued for civil damages and the other
sued for criminal convictions. Even if we look at the entire
inpatient population of all neurosurgical departments, there
were only 2 more inpatients who sued their NEUresurgeons
in criminal courts, Both cases had to do with operations on
tumors. All 4 decisions at the district court level for both
head injuries and non—head injuries, were for the defendant
physicians. Therefore, the average annual incidence rate of
becoming a plaintiff among neurosurgical head-injury
inpatients was 15 of 1 million. And the average annual
incidence rate of becoming a plaintiff for all neurosurgical
inpatients was 11.8 of 1 million. There was no significant
difference between the 2 categories (P = .76).

In contrast, there were a total of 42 birth-related
litigations from 1998 to 2002. The average annual incidence
rate of becoming a plaintiff among birth patients was 33.5
of 1 million. This incidence fs significantly higher than that
of all neurosurgical inpatients (P = .02), but not
significantly higher than that of head-injury neurosurgical
inpatients (P = .12). The detailed year-by-year breakdown
is shown in Table 2.

Aside from respective incidences, the relative risk
derived from comparing head-injury neurosurgical inpa-
tients against all neurosurgical inpatients was 1.27, which

means head-injury neurosurgical inpatients were 1.27 times
as prone to litigation as neurosurgical inpatients considered
as a whole. On the other hand, the relative risk derived from
comparing head-injury neurosurgical inpatients against birth
inpatients is 0.45, which means head-injury neurosurgical
inpatients had 45% the risk of suing compared with birth
inpatients. In addition, the relative risk derived from
comparing all neurosurgical inpatients against birth inpa-
tients was 0.35.

4. Discussion

Unlike physicians working with the American system,
physicians in Taiwan are likely to face both civil liabilities
and criminal convictions in malpractice lawsuits, and the
situation is similar to that in Japan [13). However, criminal
action in Japan is usually reserved for serious cases
involving obvious emors [13]. On the contrary, in Taiwan,
although the patients and their families have the choice of
either. suing in the civil court directly or going to the
prosecutor to seek an indictment, most plaintiffs opt for
the latter for the sake of convenience and economy. If the
physician is eventually convicted, he or she will face up to
5 years of imprisonment in the case of a death claim [6] and
civil liability will be unavoidable.

Although we initially thought we would find a higher
incidence of litigations, there were in fact only 2 head-
injury—related litigations in our study period that sued
neurosurgeons. One was treatment-related and the other
diagnosis-related. Even when we researched the non—head-
injury inpatients, we only found 2 more criminal litigations,
of which both had to do with operations on tumors. If we
simply lock at the absolute number of litigations that made
their way to Taiwan’s court system, the results are not too
bad. Most of the claims should have been either settled out
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‘Table 3

Other head injury litigations recorded in the available judicial database but not included in this study

Year of occurrence Type of judicial proceedings Defendant Plaintiff's assertion Judgment
1996 Crtminal Emergency physician® Diagnosis related For defendant
1997 Criminal Neurosurgeon Diagnosis related Against defendant
2001 Civil Emergency physician Diagnosis related For defendant
2002 Civil Hospital Fall caused by care negligence For defendant
2003 Civil Emergency physician Diagnosts related For defendant
2003 Criminal Neuresurgeon Diagnosis related For defendant
2003 Criminal Oral surgeon Diagnosis refated For defendant

* Emergency physician refers to the physician who sees the plaintiff in the emergency room with unspecified specialty.

of court or denied by the prosecution in Taiwan. The
phenomenon of the low number of lawsuits was also
observed in Japan, which has a similar court system and
culture. The number of medical malpractice suits was
around 0.2 per 100 Japanese physicians in the 1990s [13].
It has been argued that this might be attributed to different
practice patterns and much fewer lawyers in Japan [7].

However, the occurrence of lawsuits only reflects the “tip
of the iceberg.” According to a physician survey funded by
the DOH in 1991, 42% of medical malpractice disputes were
settled out of court in Taiwan, only 10% were litigated, and
the rest remained unresolved throughout {4]. There are
several alternative medical dispute resolution mechanisms in
Taiwan. Pursuant to the Medical Care Act, the disputing
parties can go to the county or city government’s DOH to
apply for mediation, and the medical affairs review commit-
tee of the respective DOH is responsible for administering
mediation {12]. For instance, according to the statistics of
Taipei City Government, they received 138 medical dispute
complaints in 2003; of this number, 30 filed for mediation
and 50% were successfully resolved [18]. Various consum-
ers’ associations also provide disgruntled patients venues to
settle their disputes with healthcare providers. All these
altenative medical dispute resolution mechanisms make
court appearances less necessary in Taiwan.

In searching the Judicial Yuan database, we incidentally
found 7 other head-injury cases that were not included in
our study either because they were outside the designated
time frame or because the lawsuits were not against
neurosurgeons. Interestingly, in the majority of these cases,
the plaintiffs sued their emergency physicians and their
assertions were diagnosis relaied (Table 3). Most head-
injury patients will be rushed to the ED. Physicians who
work in the ED regardless of specialties are likely to be the
first physicians they encounter. Therefore, it appears that
head-injury patients are a higher risk group 6f patients for
the ED doctors than for the neurosurgeons, and the major
complaint from the patients or their families is misdiagnosis.

Judging from the above, the first point of contact with
head-injury patients will be in the ED. That being said, we
recognized the major limitation and assumption of our
research: whether we found the accurate head-injury patient
population neurosurgeons face. Because emergency doctors
take care of most of the head-injury cases in the ED,
neurosurgeons will only see ED head-injury patients when

consulted under normal channels. We assume that the cases
for which neurosurgeons are consulted, and those subse-
quently giving rise to litigation against neurosurgeons, most
likely become inpatients one way or another. Therefore, the
number of head-injury contacts for neurosurgeons as
estimated by use of inpatients, although a bit underesti-
mated, should not be far from the real contact numbers.

The other characteristic of our study is that we used the
district level judgments as the end point of our follow-up
time. In most cases, the plaintiffs can still appeal to the
appellate courts and to the Supreme Court. However, for the
purpose of this study, the beginning of the neurosurgeons’
ordeals will give us an approximation of the risk of this line
of practice.

Undoubtedly, a good portion of the claims are cither
settled out of the judicial system or denied by the
prosecution in Taiwan. However, the same phenomenon
must have applied to obstetricians. Even if the absolute
number of litigations did not give us the real picture of the
number of malpractice disputes physicians are facing, the
relative-risk approach can serve as a good positioning
beacon. Neurosurgeons, although still having a high-risk
job, obviously face a lower patient-risk population com-
pared with obstetricians in terms of the propensity for suits,
about 35% to 45% the level of birth patients.

Specialists at high risk of litigation tend to practice
defensive medicine. There are possibly 2 types of behaviors
in defensive medicine: assurance and avoidance. Among the
various possible assurance behaviors, neurosurgeons are
most likely to order more CTs, MRIs, or x-rays; in terms of
avoidance behaviors, they are more likely to stop performing
certain procedures [17]. If we look at the data shown in Table
3, it appears that the most important allegation against
physicians in head-injury lawsuits is misdiagnosis. There-
fore, it makes perfect sense to reason that neurosurgeons are
also likely to order more CTs, MRIs, or x-rays as an
assurance measure in facing head-injury patients.

Just like the trend in the United States [1,14], in Taiwan
there are more medical malpractice litigations over time and
the monetary awards are also increasing. According to a
physician-level Iongitudinal study of whether obstetricians
will change their threshold for cesarean delivery, the results
indicated that obstetricians learned from the experience of
suffering malpractice claims; however, it is only in the event
of a large claim that obstetricians would increase cesarean
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rates [9]. By analogy, whether neurosurgeons will change
their practice pattern because of the Little Chiu incident will
depend on how much penalty the 2 physicians will
ultimately receive in the end.

In addition to the concem of the increased practice of
defensive medicine among specialists, we also wonder
whether the Little Chiu incident will turn medical graduates
away from choosing neurosurgery because of the extensive
coverage of the media and the fact that one of the defendants
was a neurosurgery resident. According to a longitudinal
study conducted in the United States, medical students
continued to choose high-risk specialties although they
perceived problems in the climate of mounting litigations,
and the reasons for their choice were enjoyment and that
procedure-oriented specialty offers more effective treatment
[15]). Whether this optimism holds true in Taiwan needs
more observation,

5, Conclusions

Neurosurgery has generally been considered a high-risk
specialty. The real risk might be exaggerated every time a
high-publicity malpractice litigation happens. The findings
of our population-based study indicate that in the inpatient
populations, whether they are in the head-injury population
or not, neurosurgeons in Taiwan are facing a relatively
lower 1ate of litigation in comparison with physicians caring
for birth patients (ie, 45% of the risk level for care to birth
patients). However, head-injury patients still pose a major
challenge in the ED, and misdiagnosis remains the major
complaint of plaintiffs in subsequent litigations.
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Abstract

Background: The present study was a multicenter, retrospective study which aimed to evaluate the
efficacy of propofol, a new choice of pharmacotherapy in head-injured patients.

Methods: Head-injured patients admitted to 3 hospitals during the period from January 2003 to
December 2004 were included in this clinical trial. Data on patients’ demographics, laboratory data,
GCS score, ICP, CPP, concurrent medications, and therapeutic ontcomes were collected.

Results: Among the 104 patients included, only 44 were given propofol. The average age was 40.8 +
22 years for all patients, with 41.91 £ 20.41 and 43.48 + 23.19 years for the propofol group and
nonpropofol group, respectively (P = .097). There was no significant difference in baseline GCS
score between the 2 groups (5.86 + 1.84 vs 5.66 + 1.59, P = .729). Mean ICP for the first 3 days in
the ICU was 17.23 + 9.0 mm Hg in the propofol group and 33.19 % 32.56 in the nonpropofol group,
respectively (P = .017). Mean CFP for the first 5 days in the ICU was 71.10 % 15.32 mm Hg in the
propofol group and 43.20 £ 29.92 mm Hg in the nonpropofol group (P < .001). A higher survival
rate was found in the propofol group (81.8% vs 46.7%, P < .001).

Conclusions: The present study demonstrated that propofol improved the outcome in recovery phase

of head-injured patients.
© 2006 Elsevier Inc. AN rights reserved.
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Propofol; Head injury; Head trauma; Intracranial pressure; Sedatives

1. Introduction

Evidences on the use of sedatives in the management of
head-injured patients have increased in recent years. The
Guidelines for the Management of Severe Head Injury have
proposed new, evidence-based treatment recommendations
to reduce the mortality and morbidity of head injury. Use
of sedatives, as well as careful control of ICP, maintenance
of CPP, and use of hyperventilation and vasopressors,

Abbreviations: CBF, cerebral blood flow; CMRO,, cerebral metzbolic
rate for oxygen; CPP, cercbral perfusion pressure; CSF, cerebral spinal
fluid; CT, computed tomography; GCS, Glasgow Coma Scals; ICP,
intracranial pressure; ICU, intensive care unit; MAP, mean arterial pressure;
PaC0,, arterial carbon dioxide partial pressure.

* Cormresponding author. Tel.: +886 2 29307930x1157, fax: +886 2
8662 1163.

E-mail address: shawn@tmu.edu.tw (H.-Y. Chen).

0090-3019/8 — see front marter © 2006 Elsevier Inc. All rights reserved.
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has been proposed as mainstay therapies [8]. A paper from
the Society of Critica] Care Medicine [38] also provided
valuable guidelines on the sustained use of sedatives and
analgesic agents in critically ill adults. However, there
have been few studies that directlty compared the effec-
tiveness and adverse effects of different agents in the head-
injured population. Determining the drug of choice for
sedation in this group of patients warrants new studies to
provide evidence.

The idea that sedatives provide advantages to the head-
injured patients is based on several reasons. The general
purposes of using sedatives in the ICU are to provide
amnesia, hypnosis, and pain-free condition, as well as to
relieve agitation and anxiety [3,8,21,37]. These agents may
additionally decrease cerebral metabolism and raise ICP in
head-injured patients [21]. It is suggested that an ICP
greater than 20 mm Hg is a serious threat to initiate the
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therapy, including sedatives, mannitol, diuretics, or hyper-
ventilation [12,24.31,33,35,37]. Sedation also further ena-
bles the manipulation of respiration, which is essential in
the treatment of increased ICP [13,22). The requirements
for “ideal” sedatives are not only to put head-injured
patients in a stable and peaceful phase, but also to improve
the clinically important data. Thus, careful consideration is
necessary to select the best regimen.

Sedation regimens for head-injured patients are quite
variable [31]. Agents used in these patients include
benzodiazepines, barbiturates, narcotics, and propofol.
Among the above sedatives, barbiturates are recommended
by the Guidelines for the Management of Severe Head Injury
(8]. However, a recent meta-analysis [32] found no evidence
that barbiturate therapy in head-injured patients could
improve the ultimate outcome. Thus, it is important to
compare the data from other agents to determine a more ideal
sedative agent than barbiturates for head-injured patients.

Propofol, a short-acting sedative-anesthetic agent which
is structurally a phenolic derivative with high lipophilicity,
has recently been used in head-trauma patients with
increasing frequency [30]. The drug is known to induce
sleep and reduce brain metabolism and CBF {23]. Propofol
is fitted into a 3-compartmental pharmacokinetic model
(1,4]. Its relative short half-life allows inducing the patients
mto conscious sedation quickly and also arousing them
quickly so that one can perform intermittent neurelogic
examination [3]. Because of its unique pharmacokinetic and
pharmacodynamic characteristics, propofol is used in head-
injured patients [15]. It also provides neuroprotection
through GABA inhibition [16]. In noncomparative studies
in patients with head injury, propofol has been shown to
maintain a mean CPP higher than 60 mm Hg and to reduce
or maintain mean ICP [3,14,30]. Use of propofol in head
injury patients should be further evaluated to understand its
efficacy and safety.

The objective of the present multicenter, retrospective
study was to evaluate the efficacy of propofol on the survival
rates in treating severe head-trauma patients in Taiwan,

2, Materials and methods
2.1. Patient population and data collection

From January 2003 to December 2004, patients who
sustained traumatic head injury and were admitted to Taipei
Municipal Wan Fang Hospital, National Taiwan University
Hospital, and Tamshui Mackay Memorial Hospital were
included in this clinical trial. Patients were selected
according to the following criteria: age of more than
12 years and less than 79 years; traumatic brain injury with
2 post resuscitation GCS score of 3 to 13; and requirement
for mechanical ventilation. Patients were excluded if treated
with other sedative agents at the same time; had poor
prognosis and thus aggressive treatment, except support-
ive care, was not begun within 48 hours of injury, or if

propofol was not administered for a minimum of 12 hours;
had spinal cord injury with paraplegia or quadriplegia, or
fixed dilated pupils with a GCS score of less than 3 after
initial resuscitation. The severity of head injury for the
patients was classified by GCS score according to the
following definitions: moderate severity, if the patients
have a GCS score of between ¢ and 13; severe, iIf GCS
score is between 5 and 8; and critical, if GCS score is
between 3 and 4 [33].

The collected variables included age, sex, body weight,
clinical symptoms, surgical date, admission date, GCS score
at admission, diagnosis, complications, date of surgery, ICU
length of stay, therapeutic outcome (discharge or death), and
date of discharge. Clinical data collected were mean daily
ICP, mean daily CPP, mean daily PaCO,, mean daily fluid
balance. The required daily doses for mannitol, sedative
agents, vasopressors, neuromuscular blockage agents, sys-
tolic and diastolic blood pressure, heart rate, respiratory rate,
and body temperature were monitored and recorded.
Intracranial pressure was continuously monitored and
recorded every hour, and CPP was recorded every 4 hours
in the ICU. Safety. data were also collected. Any docu-
mented severe adverse drug reaction had been inchuded into
the data collection form.

2.2. Treatment protocol

The stepwise management protocol to control ICP and
CPP included CSF drainage and administration of mannitol,
vasopressors, and sedatives, Drainage of CSF can reduce the
volume in the cranium and promote better blood flow. Use
of sedatives, including propofol, was depended on the
clinical evaluation of neurosurgeons according to the
clinical condition of the critical patients. The dose of
propofol was initiated at 5 pg/kg per minute for 5 minutes
and slowly titrated up to 100 to 150 pg/kg per minute at a
rate of 12.5 ug/kg per minute every 5 minutes. The dose
was increased as needed for agitation or if ICP levels
persisted above 20 mm Hg. The depth of sedation targeted
Ramsey Sedation Scale of 4, allowing the patient with brisk
response to light glabellar tap or loud noise. Propofol was
temperately discontinued to exam the muscle strength to
reach grade of 3 every day. Propofol was used for at least 3
days and discontinued once the patient was extubated.
Mannito] 2.5 to 5.0 g/kg was administered every 2 to 3
hours as needed to maintain an ICP of less than 20 mm Hg
in all the medical centers. To keep effective CPP higher than
60 mm Hg, vasopressors were given if systolic blood
pressure dropped to less than 100 mm Hg or CPP to less
than 60 mm Hg. Pentobarbital, the sedative of choice among
barbiturates, as well as other barbiturates, was discouraged
for use in all centers in this study.

2.3. Drug administration

The sedatives used in all the hospitals were propofol
(Diprivan®, containing propofol, 200 mg/20 mL per amp;
Astra Zeneca Co Ltd). The vasopressors used in the trial
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Table 1
Demographics

Propofol Nonpropofol P*
group group
(o = 44) (n = 60)
Sex
Male, n (%) 31 (70.75) 40 (66.67) 832
Female. n (%) 13 (29.55) 20 (33.33)
Age 41.91 = 20.41 43.48 + 23,19 097
12-19 y, n (%) 8 (18.18) 10 (16.67)
20-39 y, n (%) 13 (29.35) 20 ¢33.33)
40-64 y, n (%) 13 (29.55) 11 (18.33) 811
65-79 ¥, n (%) 10 (22.72) 15 (31.67)
Body weight (kg) 66.66 + 15.47 64.64 + 12.65 963
Baseline 5.86 + 184 5.66 £ 1.59 729
GCS score*

* Statistical test by x° test (P < .05),

included dopamine (Dopmin®, containing dopamine HCI
200 mg/5 mL per amp; Synmosa Biopharma Co Ltd,
Taiwan), norepinephrine (Levophed®, containing norepi-
nephrine bitartrate 4 mg/4 mL per amp; Abbott Laboratories
Services Corp, Taiwan Branch), and epinephrine (Bosmin®,
containing epinephrine HC1 1 mg/l mL per amp; Daiichi
Pharmaceutical Taiwan Ltd). The neuromuscular blockage
agents were atracurium (Tracrium®, containing atracurium
besylate 25 mg/2.5 mL per amp; Glaxo Operations UK Ltd,
Taiwan), pancuronjum (Pavulon®, containing pancuronium
bromide 8 mg/2 mL per amp; Organon-Taiwan), and vec-
uronium (Nocuron®, containing vecuronium 10 mg per
amp; Organon-Taiwan).

2.4. Statistic analysis

All statistical analyses were performed using the SPSS
software (version 10.0, SPSS Inc, Chicago, II). Statistical
significance for all analyses was defined as a P value of less
than .05, Quantitative variables were compared by using the
independent ¢ test, if they were normally distributed, or the
Mann-Whitney U test, if they were not. Qualitative
variables were compared by using the y® test or Fisher
exact test,

3. Results
3.1. Subjects

From January 1, 2004, to December 31, 2004, 15) head-
injured patients were admitted to the 3 medical centers
mentioned above. Of the 151 patients, 24 were excluded
because their age was either less than 12 years (3 patients)
or more than 79 years (21 patients). Of the remaining 127
patients, 23 patients were excluded from the present study
according to the exclusion criteria. The data of the
remaining 104 patients were therefore analyzed.

Baseline and interventional physiologic data are shown
in Table 1. Of the 104 subjects, 71 were males and 33 were
females. The mean age was 40.8 + 22 years and the median
GCS score was 6 (range, 3-10) on admission. Among the

104 patients who met the inclusion criteria, only 44 were
given propofol. The mean age was 41.91 + 20.41 vears for
the propofol group and 43.48 + 23.19 years for the
nonpropofol group (P = .097). The 2 groups did not differ
significantly in age, body weight, and sex. The mean GCS
scores for the 2 groups were not statistically different, and
the median GCS scores at admission were 6 in both groups.
The proportion of patients with a GCS score of 3 1o 8 was
93.18% in the propofol group and 95% in the nonpropofol
group (P = .729),

3.2. Cutcome

A higher survival rate was found in the propofol group
than in the nonpropofo! group (81.82% vs 46.67%, P <
001) as shown in Table 2. There was a statistically
significant difference in the mean ICP for the first 3 days
in the ICU (propofol vs nonpropofol group: 17.23 + 9.0 vs
3319 £ 32.56 mm Hg, P = 017, respectively). Intracranial
pressure was also significantly different between the 2
groups on day 1 (P = .009), day 2 (P = .003), and day 3
(P = .043) as shown in Table 3. Mean CPP for the first
5 days in the ICU was 71.10 + 15.32 mm Hg in the propofol
group and 43.20 + 29.92 mm Hg in the nonpropofol group,
respectively (P <.001). The mean daily Paco; was similar
between the propefol group (30.78 + 4.07 mm Hg) and the
nonpropofol group (32.00 + 6.20 mm Hg) (P = .288). The
mean GCS score within 5 days in the propofol group was
significantly lower than that in the nonpropofol group
(7.14 £ 2,62 vs 566 + 276, P = [007), with smailer
proportion of patients with a GCS score of 3 to 8 in the
propofol group than in the nonpropofol group after 5 days of

Table 2
Outcomes of patients in the propofol and nonpropofol groups
Propofol Nonpropofol P
group group
{n = 44) {n = 60)
Survival rate, n (%) 36 (81.82) 28 (46.67) <.001*
Mean ICP 17.23 + 9.0 3319 + 32.56 o0t
for the first
3 d (mm Hg)
Day 1 1571 £ 10,33 31.43 + 26.60 .00g®
Day 2 17.77 £ 9.06 4338 + 3935 Ho3®
Day 3 19.67 + 10.52 39.71 + 4291 .043°
Mean CPP TLI0 % 1532 43.20 + 29.92 <.001*
for the first
5 d (im Hg)
Mean GCS in 7.1+ 26 57+ 28 o07°
the first 5 d
Day 1 65+ 1.7 57+ 23 041°
Day 2 71+27 57+ 26 013°
Day 3 © 73+ 34 59+ 3.1 026"
Day 4 79+ 36 6.2+ 35 027t
Day 5 814137 6135 0270
Mean Paco, 2315 £ 8.12 2471 £ 8.34 350
for the first
5 d (inm Hg)

* Statistically significant by x? test (P < .05).
® Statistically significant by independent ¢ test (P < .05).
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Table 3
Mortality rate for each injury category
Injury categories Propofol group (n = 44} — Nonpropofol proup (n = 60) . P
L

n Montality (%) n Mortality (%)
Critical 12 2(16.67T) 16 11 (68.75) 022+
Severe 29 5(17.24) 4] 21 ¢51.22 0035*
Moderate 3 1(33.33) 3 0 {0} 6*
Totat 44 8 (18.18) 60 32 (53.33) <.001=

* Statistically significan: by ¢ test (P < .03).

treatment (13.5% vs 18.5%). No significant adverse drug
reaction has been collected from the medical charts.

3.3. Drug administration

The mean daily dose of propofol was 1430.48 mg/d in
patients of the propofol group. Vasopressors were required
in 45 patients, including 12 patients (26.67%) in the
propofol group and 33 patients (73.33%) in the nonpropofol
group (P <.001). The most commonly used vasopressors in
the trial were dopamine and norepinephrine. Among the 45
patients using dopamine, mean dose of dopamine was
statistically higher in the propofol group than in the
nonpropofol group, which was 333.28 + 318.25 mg/d and
666.40 + 362.53 mg/d in the propofol and nonpropofol
group, respectively (P = .026). Mean doses of norepineph-
rine were similar in the 2 groups (13.83 + 22.41 mg/d in the
propofol group vs 20.28 £ 14.79 mg/d in the nonprepofol
group, P = 508). There were 101 patients given mannitol,
including 44 (100%) in the propofol group and 57 (93.47%)
in the nonpropofol group, respectively (P = 138).

3.4. Subgroup analysis—mortality rates in infury categories

Patients were further categorized into critical (baseline
GCS score of 3-4; 28 patients), severe (baseline GCS score
of 5-8; 70 patients), or moderate (baseline GCS score of 9 to
13; 6 patients) subgroups based on the baseline GCS score.
The mortality rate was associated with the severity of the
injury of the patients, with a value of 46.43% in the critical
group, 37.14% in the severe group, and 16.67% in the
moderate group (Fig. 1).

The mortality rates for patients with or without propofol
in the 3 subgroups are shown in Table 3. Patients using

B2 Numsher of people wa—Mortality rse

Number Percentage
80 50.00%
60 - 1 40.00%
jovel
W0r 1 10.60%
0.00%

Injury category

Fig. 1. The relationship between mortality rate and injury categety. *Injury
categories: critical, if GCS score was between 3 and 4; severe, if GCS score
was between 5 and 8; and moderate, if GCS was between 9 and 13,

propofol had significantly lower mortality rates than
patients not using propofol in the critical subgroup (P =
022) and severe subgroup (P = .005). There was no
difference for patients with or without propofol treatment
for the moderate subgroup.

4. Discussion

The data of the present study demonstrated that the head-
injured patients in Taiwan treated with propofol had a hi gher
survival rate, decreased ICP, higher CPP, and better GCS
scores. The 2 groups with or without administration of
propofol did not differ in the treatment of mannitol. The
percentage of patients requiring vasopressors in the propofol
group was lower than that in the nonpropofol group (P <
001). As vasopressors were administered to keep effective
CPP above 60 mm Hg, the higher rate of administration
indicated more unstable hemodynamics in the nonpropofol
group than in the propofol group. The data showed that
propofol has effectively decreased ICP to less than 20 mm
Hg and maintained CPP above 70 mm Hg in the propofol
group, which reached the suggested targets endorsed by
current guidelines to improve the survival rate in head-
injured- patients.

A limitation of the present study is the nature of
retrospective study. The baseline standard care might not
be the same in all patients. As the criteria to give skeletal
muscular blockade agents and vasopressors were the same
for all surgeons in the 3 centers, the impact of the major
confounding factors on the results was limited. Retrospec-
tive data collection reduced the reporting rate of adverse
drug reactions, as minor adverse reactions might not have
been documented. The study was also limited by the nature
of retrospective review which was unable to give a standard
interpretation of CT data and to collect the data of postinjury
assessment at 6 months or 1 year, More outcome variables
need to be measured in further studies.

The efficacy of different sedatives used in head-injured
patient has been investigated in few studies. The effects of
barbiturates in severe head injury are controversial. Some
studies showed that the use of barbiturates improved ICP
control and outcomes [24,25), but this effect was not
significant in a recent meta-analysis [32]. Pentobarbital has
an average half-life of 15.6 hours in head-injury patients [7)
and often produces withdrawal symptoms, including
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delirfum, convulsions, and possibly death, and tolerance,
psychological, and physical dependence after continued
use. It is also recommended to monitor blood pentobarbital
concentrations frequently and regularly to adapt the dose to
changes in clearance and thus increase the inconvenience
of administration.

The efficacy of benzodiazepams in head-injured patients
has been assessed by previous studies. Studies comparing
propofol with midazolam showed that both agents equally
reach the desired level of sedation and hemodynamics, but
the propofol group woke up faster after discontinuation
f34,36]. Although midazolam reliably reduces CMRO, and
CBF, an increase in ICP was reported when control ICP was
less than 18 mm Hg [29]. Midazolam is metabolized by the
liver to its active a-hydroxy-midazolam (1-OH-midazolam
[1-OH-M]), which may accumulate in patients with renal
failure. It also interacts with many drugs undergoing
CYP3A4 metabolism in clinically significant level [6]. For
long-term sedation in the ICU, propofol has the same safety
and effectiveness, but better cost-benefit ratio and quality of
sedation than midazolam [5,9,10,34]. A study compared
lorazepam, midazolam, and propofol in critically ill trauma
patients, showed that the 3 agents provided equal efficacy
on sedation. Lorazepam, although more cost-effective,
caused oversedation more commonly than the 2 other
agents [22].

Narcotics such as morphine, fentanyl, and sulfentanil
have no effect on CMRO, or CBF but increased ICP in
some patients [2,14,19]. The short-acting neuroprotectant
etomidate is not suited for prolonged use due to its renal
toxicity and adrenal suppression [20,39]. In a randomized,
double-blind trial with moderately or severely head-injured
patients, ICP and CPP were generally similar in groups
treated with prapofol or morphine [17]. Less intensive
therapy for ICP control and similar long-term neurologic
outcomes were obtained in the propofol group than in the
morphine group.

Compared with other sedatives, several properties of
propofol make it an attractive choice for head-injured
patients. Propofol has no significant drug interactions or
metabolites and does not require drug concentration
monitoring. Its short onset of action and elimination of
half-life permit frequent neurological assessments [1,4,24].
The effect of propofol on CBF, cerebral metabolism, and
ICP reduction has been reliably proved in a number of
studies [30].

The use of propofol is limited by some side effects in
head-injured patients. The most common adverse effects
associated with propofol include hypotension, hypertrigly-
ceridemia, infusion syndrome, increased liver function tests,
and even rhabdomyolysis [11,22,26,36,39]. Other adverse
effects associated with propofol include respiratory acidosis
during weaning from the ventilator, green discoloration of
the urine, and rare occurrence of anaphylactic reactions
(18,39]. Hypertriglyceridemia is due to the fat emulsion
formulation of propofol and is actually counterbalanced by

providing more energy source for patients under physical
distress. In relatively high doses, infusion syndrome can
occur and lead to mortality [18,26]. It has been discouraged
to infuse propofol at rates higher than 5 mg/kg per hour in
the ICU [11]. Dose-related side effects should be closely
monitored and can be avoided by using appropriate titration
method of administration.

Racial difference in the dose-response relationship of
propofol has been discussed in the literature. Previous
studies have found that there was a statistically significant
difference between Caucasians and African Blacks in the
arousal time from intravenous anesthesia with propofol [27].
The ratio recovery time based on the consumption of
propofol was significantly lower in whites than in all the
other groups [28]. The present study provides additional
evidence on the use of propofol to treat head-injured
patients in Taiwanese. With the profile of severe side
effects, a distinct regimen of propofol use should be
investigated in more detail in the future to avoid unwanted
side effects in head-injured patients in Taiwan.

The data of the current study demonstrated that propofol
improved the recovery phase in patients with head injury,
Propofol decreased ICP to less than 20 mm Hg and main-
tained CPP above 70 mm Hg. The survival rate in the
propofol group was significantly higher than that in the
nonpropofol group. Propofol can be suggested for use in
the treatment of head-injured patients because of the
beneficial clinical outcomes and unique pharmacokinetic/
pharmacodynamic characteristics. Further studies are need-
ed to establish the best protocol for using propofol in head-
injury patients.
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Abstract

Background: Injury ranked third among the top 10 leading causes of death in Taiwan from 1964 to
1996 and is still among the top 10 presently. Ameng transportation accidents, motor vehicle- related
injury had the highest incidence rate, often resulting in traumatic head injury,

Methods: This survey was conducted from July 1, 1994, to June 30, 2002, and was collected from
55 major hospitals in Taiwan. A total of 90250 patients with TBI were enrolied, and 27585 cases
were identified 1o have TTH. In this study, SPSS 10.0 (SPSS, Chicago, III) was used fo process the
data. Regarding the rating model itself, reliability and correlation tests were conducted to calculate
the coefficiency, and factor analysis was carried out to verify its validity.

Results: The incidence rate of male-to-female ratio was 2.65. Traffic injuries (67.6%) were the
leading causes of TIH. Among the traffic injuries, motorcycle-related traumatic injuries had the
highest incidence rate (69.6%). In the logistic regression analysis, older patients had the highest risk
of developing TIH. Patients without a motorcycle helmet had a higher risk {odds ratio, 1.40) of
developing TIH than those with a helmet. As regards the types of injuries, pedestrian injury (odds

ratio, 1.61) had the highest risk of developing TIH.

Conclusions: Although traffic injuries, especially those caused by motorcycles, are the major cause
of intracranial hemorrhage, we have to pay due attention to falling, pedestrian, and bicycle injuries,
as these are all major causes of intracranial hemorrhage.

© 2006 Elsevier Inc. All rights teserved.
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Head injury; Traumatic intracranial hemorhage; Traumatic brain injury

1. Introduction

Injury ranked third among the top 10 leading causes of
death in Taiwan from 1964 to 1996. Since July 1997, the
law regarding compulsory helmet wearing by all motorcycle
riders has been in force, and this helmet law reduced the
head trauma cases by one third and the number of cranial

Abbreviations: GCS, Glasgow Coma Scale; GOS, Glasgow Outcome
Scale; ICD-9, international classification of diseases (ninth edition); TBI,
traumatic brain injury; TIH, traumatic intrecrania) hemorrhage.
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operations by 42%, which results in a drop in the ranking of
mjury to fifth place. However, the mortality of injury
remains high in Taiwan especially among individuals aged
younger than 34 years [1,2).

Among the transportation injuries in Taiwan, motor
vehicle~related injury has the highest incidence rate and
often results in traumatic head injury. Intracranial hemor-
thage complicates the TBI occasionally, and this miserable
situation occurs mainly in young males. Because of the
high productivity and work ability of the young people,
especially young males, such injuries will affect their
welfare and that of their family, and even the whole society
as well. Family income may be affected if a young man is
disabled by accidental head injury. From the viewpoint of
social economy, the huge medical expenses from long-term
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Fig. 1. Correlation of age and sex in intracranial hemorrhage.

treatment and rehabilitation will not only seriously consume
medical resources but also affect the overall economic
development and increase the burden of the whole country
indirectly. Therefore, we should consider this as a key issue
in determining the policy of national health care [3).

To determine the severity and prognosis of intracranial
hemorrhage caused by head trauma in Taiwan, we carried
out a study on 90250 head trauma cases from 55 hospitals
from July 1, 1994, to June 30, 2002, There were a total of
27585 head trauma-related intracranial hemorrhage cases.
By studying the causes, severity, and prognosis of these
cases, we made an attempt to leamn more details about
traumatic intracranial bleeding and to discover the risk
factors for future prevention of the complication.

2. Methods
2.1. Study subjects

Basing on ICD-9, trained personnel reviewed from
July 1, 1994, to June 30, 2002, the head injury admission
notes and diagnostic charts of 55 hospitals in Taiwan, and
transcribed those head trauma medical records into a
structured questionnajre. All collaborating hospitals had
more than 100 beds and also had adequate facilities and
experience for head trauma management. The questionnaire
nsed for this study had been tested for both reliability and
validity, and the basic information about head trauma such

as the medical history, sex, age, head trauma condition and
severity {GCS) were recorded. The questionnaire also
addressed the date of hospital admission, the presence or
absence of intracranial hemorrhage and the bleeding area,
the injury condition, whether or not a helmet was worn,
treatment status, and outcome (GOS). The study focused
only on hospitalized cases, and outpatient or dead-on-arrival
cases were excluded.

2.2, Head trauma definition

Head trauma was defined as obvious brain injury,
concussion, or skull fracture, The definition of clinical
manifestations included loss of consciousness, posttraumat-
ic amnesia, and neurologic deficits. The presence of any one
of the abovementioned signs or symptoms was diagnosed as
head trauma [4-6].

2.2.1: Glasgow Coma Scale

The GCS is an index for assessing patient’s conscious-
ness. By grading an individual’s eye opening, motor
responses, and verbal responses, the level of consciousness
can be assessed. The highest score for an adult is 15,
whereas the lowest score is 3. Hung et al [7] classified the
GCS into 3 levels: severe injury (3-8 points), mederate
injury (9-12 points), and mild injury (13-15 points).

2.2.2. Glasgow Outcome Scale

The GOS was used to categorize the outcome of patients
with TBI at the time of hospital discharge as follows:
(1) death; (2) persistent vegetative state; (3) severe
disability—conscious but dependent; (4) moderate disabil-
ity—disabled but independent; and (5) good recovery [6,8].

2.2.3. Traumatic intracranial hemorrhage definition

Traumatic intracranial hemorrhage was based on com-
puted tomography scan diagnosis and defined as head
trauma-related injury, Traumatic intracranial hemorrhage
included epidural hematoma, subdura hematoma, intracere-
bral hemorrhage, subarachnoid hemorrhage, and intraven-
tricle hemorrhage. If there were more than 2 kinds of
hemorrhage identified by the computed tomography
scan, we registered this patient to each category of
hemorrhage simultaneously.

Elmatorcycies
B pedestian
{1 awtomobiles
3 bicycies

Bl others

Fig. 2. Causes of intracranial hemorrhage.
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2.3. Data processing and analysis

Researchers collected the questionnaires from each
hospital regularly. Afier decoding the collected question-
naires, alt data were saved in an Excel file followed by
processing with SPSS 10.0 for statistical analysis (SPSS,
Chicago, IL, USA). Frequency distribution and percentage
were used as basic descriptive statistical data, followed by
the 2 test. Logical regression analysis was then performed
to those variables with a significant difference.

3. Results

There were 90250 head trauma cases from 55 hospitals
in Taiwan. A total of 27585 patients were diagnosed to have
intracranial hemorrhage, including 19865 males (72.6%)
and 7514 females (27.4%). The male-to-female ratio was
2.7(Fig. 1). In the mortality rate of intracranial hemorrhage,
male deaths occurred 3 times as often as female deaths
(2369 [75.0%] vs 789 [25.0%]). Among all the age groups,
those from 20 to 29 years carried the highest rate (4852
[17.7%]) (Fig. ).

Among various causes of intracranial hemorrhage, the
most common was traffic injuries (18573 [67.6%]),
followed by falls (6873 [25.0%]) and assaults (945
(3.4%)). Further analysis of the types of vehicles causing
injuries shows that motorcycle injuries were the first with
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Fig. 4. Correlation of intracranial hematoma and severity (GCS) and
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12052 cases (69.6%); pedestrian accidents were the second
with 2066 cases (11.9%). Car injuries were the cause in
1623 cases (9.3%), bicycles in 1030 cases (5.9%), and the
other causes, such as train injuries, were rare (Fig. 2).

For the major location of the hemorrhage, we found that
subarachnoid hemorrhage occurred in 13216 (47.9%),
subdural in 11201 (40.6%), epidural in 4822 (17.5%),
intracerebral in 3854 (14.0%), and intraventricular in 1186
(4.3%} (Fig. 3).

By using the GCS to assess the severity of head trauma
with intracranial hemorrhage, we found 13242 (52.5%)
mild cases, 5154 (20.4%) moderate cases, and 6849 (27.1%)
severe cases. Based on the results of the GOS, we observed
3180 (13.5%) individuals who died from intracranial
hemorrhage, 610 (2.6%) who became persistently vegeta-
tive, 2435 (10.3%) who remained severely disabled, 2767
(11.7%) who had moderate disability, and 14581 (61.9%)
who had a good recovery (Fig. 4).

x* Analysis was used to determine the correlation among
variables of sex, age, cause of injury, and hemorrhage
condition within the group of TIH. The analysis showed
that males tended to have a higher chance of intracra-
nial hemorrhage than females (33.3% vs 25.8%), and that
the difference was statistically significant (P < .001).

Table 1

Correlation between variables of sex, age, cause of injury, and hemorrhage
condition among intracranial trauma cases

Intracranial Yes, n (%) No, n (%} Total P
hemorrhage
Sex . . <.001
Male 19865 (33.3%) 39745 (66.7%) 59610
Female 7514 (25.8%) 21606 (74.2%) 29120
Age <.001
09y 1074 (24.8%) 3260 (75.2%) 4334
10-19 ¥ 3407 (27.3%) 9078 (72.7%) 12485
20-2% y 4852 (24.1%) 15313 (75.9%) 20165
3039y 3472 (25.7%) 10038 (74.3%) 13510
4049 y 3429 (28.9%) 8417 (71.1%) 11846
50-59 y 3099 (35.3%) 5676 (64.7%) 8775
60-69 y 3457 (42.8%) 4613 (57.2%) 8070
270y 4686 {47.3%) 5218 (52.7%) 9904
Causes ’ <.001
Car injuries 18573 (31.6%) 40256 (68.4%) 58829
Falls 6873 (36.2%) 12089 (63.8%) 18962
Others 2035 (18.1%) 9202 (81.9%) 11237
Types of injuries <601
Motoreycles 12052 (31.2%) 26556 (68.8%) 38608
Bicycles 1030 (37.4%) 1724 (62.6%) 2754
Pedestrian 2066 (39.0%) 3236 (61.0%) 5302
Automobiles 1623 (27.1%) 4371 (72.9%) 5994
Others 546 (32.3%) 1145 {67.7%) 1691
Types of falls <.001
High-height 1944 (41.6%) 2724 (58.4%) 4668
(>1 m)
Low-height 1517 (33.7%) 2983 (66.3%) 4500
(=1 m)
Tripped/tumbled 2526 (33.8%) 4945 (66.2%) 7471
Wearing helmets ' <.001
Yes 1906 (25.2%) 5670 {74.8%) 7576
No 7646 (32.9%) 15583 (67.1%) 23229
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Correlation between age stratification and intracranial
hemorrhage showed a significantly higher incidence in older
patients (>50 years old) with head trauma (P < .001).
Among the causes of head trauma, we found that injury
caused by falling had a higher incidence of intracranial
hemorrhage (36.2%) than traffic injuries (31.6%), and this
was also statistically significant (P < .001). Comparison of
traffic-accident types showed that pedestrian injuries had the
highest rate (39.0%) of intracranial hemorrhages; bicycle
injuries came next (37.4%), followed by motorcycle (31.2%)
and car accidents (27.1%) (P <.001). As to falling injuries, a
fall from a high place (=1 m) had a higher incidence for
intracranial hemorrhage (41.6%) than a fall from a lower
place (<1 m) (33.7%) and a fall on slippery floors (33.8%).
Among motorcycle incidents, helmet wearing was the key
factor affecting intracranial hemorrhage. People who did not
wear a helmet had a higher rate of intracranial hemorthage
than those who did (32.9% vs 25.2%): the difference was
statistically significant (P < .001) (Table 1).

The correlation between severity (GCS) and intracranial
hemorrhage makes it obvious that severely injured patients
had a far greater chance than patients with minor injuries to
develop intracranial hemorrhage (27.1% vs 2.4%). Those
who did not have intracranial hemorrhage mainly sustained
mild injury (92.4%); yet among those who had intracranial
hemorthage, 52.5% had mild injury. This result showed
a statistically significant difference (P < .001). When
studying the correlation between prognosis (GOS) and
intracranial hemotrhage, we found that deaths among cases
with intracranial hemorrhage were much more frequent than
among cases without intracranial hemorrhage (13.5% and
0.6%, respectively). In fact, 91.7% of all cases without
intracranial hemorrhage had a good prognosis, yet only
61.9% of cases with intracranial hemorrhage had a good
prognosis. The data also showed statistical significance
(P < .001) (Table 2).

Finally, we added the variables such as injury causes,
vehicle-accident types, falling, and wearing of a helmet or
not at the time of the injury, and reanalyzed those variables

Table 2
Correlation between severity (GCS) and intracranial hemorrhage, and
cotrelation between prognosis (GOS) and intracranial hemotrhage

Intracranial Yes, n (%) No, a (%) Total P
hemorrhage
Severity (GCS) <.001
Severe 6849 27.1%) 1441 (2.4%) 829G
Moderate 5154 (20.4%) 3219 (5.3%) 8373
Minor 13242 (52.5%) 56265 (92.4%) 69507
Total 25245 60925 86170
Prognosis (GOS) <.001
Death 3180 (13.5%) 370 (0.6%) 3550
Persistent 610 (2.6%) 98 (0.2%) 708

vegetative state
Severe disability 2435 (10.3%) 1160 (2.0%) 3595
Moderate disability 2762 (11.7%) 3160 (5.4%) 5922
Good recovery 14581 (61.9%) 53206 (91.7%) 67787

Total 23568 57994 81562

Table 3
The most significant risk factors affecting intracranial hemorrhage
OR® 95% Cl OR® 95% CI
Sex
Male 1.44 1.40-1.48 1.48 [.43-1.53
Female 1 - 1 -
Age
=270y 273 2.52.2.95 232 2.51-2.95
60-69 y 2.28 2.10-2.47 222 2.05-2.41
50-59 y 1.66 1.53-1.80 1.64 1.51-1.79
4049 y 1.24 1.14-1.34 1.22 1.12-1.32
3039y 1.05 0.97-1.14 1.01 0.94-1.10
20-29 v 0.96 0.89-1.04 093 0.86-1.00
10-19 y 114 1.05-1.23 1.11 1.02-1.20
09y 1 - 1 -
Causes
Car injurics 2.09 198-2.20 2.18 2.07-2,29
Falls 257 2.43.2.72 234 2.21-2.48
Others I - 1 -
Types of car injuries
Motorcycles 1.22 1.15-1.30 .28 1.2)-1.37
Bicycles 1.61 1.46-1.77 1.55 1.41-1.71
Pedestrian 1.72 1.59-1.86 1.61 1.48-1.75
Others 1.28 1.14.1.44 1.27 1.13-1.43
Automobiles 1 - 1 -
Types of fails
High-height 1.40 1.30-1.51 [.64 1.52-1.78
Low-height 0.99 0.92-1.10 1.14 1.05-1.24
Falls 1 - 1 -
Wearing helmets
No 1.44 1.36-1.52 1.40 1.32-1.48
Yes 1 - ] -

* Crude odds ratio.
® Adjustment for age and sex.

with age and sex to obtain the most significant risk factors
for intracranial hemorrhage (Table 3). We found that injury
caused by falling carried a risk 2.34 times (5% confidence
interval [CI}, 2.21-2.48) higher than that of other variables,
and the risk was.2.18 times higher for traffic injuries
(95% CI, 2.07-2.29). As to the types of traffic injuries,
pedestrian and bicycle injuries had the highest chances of
developing intracranial hemorrhage, that is, 1.61 times (95%
CI, 1.48-1.75) and 1.55 times (95% CI, 1.41-1.71),
respectively. For the causes of falling injuries, falls from a
higher place (>1 m) had a greater chance (1.64 times) than
those on stippery floors (95% CI, 1.52-1.78) to be com-
plicated with intracranial hemorrhage. In the motorcycle
injuries, the chance of having intracranial hemorrhage
among motorcyclists not wearing a helmet was 1.4 times
higher than among those wearing a helmet (95% CI,
1.32.1.48) (Table 3).

4. Discussion

As far as our survey has revealed, Taiwan probably has
the highest mortality rate of accidental injury in the world
[9]. A review in 1983 showed that there were about 12.5%
traumatic injuries with head trauma, Further analysis of the
causes of mortality in these traumatic patients shows that
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55% of the cases were directly related with head injuries.
Among these patients with head-injury, about 30% had
intracranial hemorrhage. Such a high incidence of TIH
compelled us to face this issue seriously.

In our research on patients with intracranial hemorrhage,
19865 (72.6%) were males—much more numerous than
females (7514 [27.4%]). Furthermore, the mortality rate of
intracranial hemorrhage among male patients was 3 times
higher than that among female patients. This result may be
explained by the fact that males are most often in charge of
high-risk jobs, and this gives them a higher chance of being
exposed to danger. Besides, most males are more active than
females and also tend to enjoy adventures or exciting
activities [10].

An analysis of the head injury—related intracranial
hemorrhages with age stratification shows that the age
group from 20 to 29 years had the highest incidence, which
was about 17.7% among all the patients with TIH. The age
in this range coincides with the adolescence-adult period.
People in this age group are usually very energetic, showing
a lack of an adequate coping system. Sometimes they prefer
to release the pressure by way of excessively speedy riding
or driving of the vehicles. Therefore, it is understandable
why so many injuries occurred and caused the highest
incidence of TIH in this age group [11].

As to the canse of TIH, 67.6% of the cases were primary
due to traffic injuries. Studies from other countries also
show that traffic injuries are the most frequent cause,
followed by falling [4,12-20]. In addition, the type of
vehicles involved in the injuries was found to be primarily
motorcycles (69.6%). The data on head injuries also showed
that falling accidents caused intracranial hemorrhage more
often than car injuries. However, among car injuries,
pedestrian injuries had the highest chance, exceeding that
of bicycle injuries with reference to intracranial hemor-
rhage. As motorcycles are the most popular transportation
vehicles used in Taiwan, their number has increased
dramatically in recent years. Because the incidence of
traffic injuries is very high, and also because of the high
proportion of motorcycles, motorcycle injuries are by far the
most frequent cause of injury. These facts may divert our
attention away from accidents caused by falling, pedestrian,
and bicycles, and this will be another important issue
requiring further evaluation.

As shown in Table 1, among all motorcycle injuries that
caused intracranial hemorrhage, the number of those
patients without helmet protection was 12% higher than
that of those with a helmet. Therefore, in 1997, the
Taiwanese government decreed that every motorcyclist
wear a helmet for cranial protection, and this resulted in a
dramatic decease in the number of head injuries, thus
proving the great value of helmet wearing [21]. How-
ever, there are still some injuries caused by motorcyclists
without a license or those under the legitimate age for
qualification. These illegal motorcyclists are not mature
enough to handle traffic situations adequately and, therefore,

may endanger pedestrians, other motorcyclists, or car drivers
on the road. The government should pay more attention to
this serious problem.

5. Conclusion

It is true that in traffic injuries, motorcycle injuries are the
primary cause of intracranial hemorrhage, but we should not
forget to pay proper attention to falling, pedestrian, and
bicycle injuries, as they are also major causes of intracranial
hemorrhage. Policies and laws related to prevention of
intracranial hemorrhage need to be enforced not only on
falling, pedestrian, and bicycle injuries but also on how to
reduce the severity of injury when injuries have taken place.
We believe that an improvement in the traffic environment,
for example, by installing safety equipment (railings or
armrests), can reduce falling injuries, and rearranging
sidewalks for pedestrians and bicycles and strictty prohibit-
ing car entry can also help to reduce injuries. Furthermore,
we may consider the helmet law for bicyclists. This bicycle
helmet Jaw has been enforced in some countries for more
than 10 years. Australia was the first to enforce this law and
reported a reduction in the incidence of head injuries by
39% [22]. The United States is also promoting helmet
use for biking, which has also considerably reduced the
medical expenses and mortality rate [23].

Many policies, such as compulsory helmet wearing and
inspection of drunken drivers, have been implemented in
recent years and have reduced the mortality rate of
accidental injury. In 2002, 8489 people died from injuries
in Taiwan; thus, injury dropped from third to fifth place
among the 10 most common causes of death (Fig. 5).
With this remarkable achievement, the government is still
focusing its primary attention on motorcycle- and vehicle-
injury prevention. We can be sure that if we make
proper efforts in the prevention of falling, pedestrian, and
bicycle injuries, the mortality rate from injuries will
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Fig. 5. Trend of Injury-related deaths in Taiwan, 1994-2002.
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decrease even more, and this will help us build a better and
safer living environment.
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Abstract Background: The present study was undertaken to evaluate 10% hydroxyethyl starch (HES 200/0.5)
with regard to its clinical cutcome and safety in the treatment of severe head injury.

Methods: Retrospective review of patient data from a prospectively designed standard treatment
protocol for severe head injury. The standard protocol included (1) cerebral perfusion pressure higher
than 60 mm Hg, (2) colloid solution (10% HES 200/0.5) 1000 mL/d in combination with crystalloid
solution, (3) stepwise management of intracranial hypertension. Renal function, coagulation
function, and electrolytes were evaluated every other day. The data of intracranial pressure, mean
arterial pressure, cerebral perfusion pressure, intake, output, mannitol, complications, and outcome
were recorded and analyzed.

Results: There were 78 patients, aged 45.61 + 21.80 years, in this study. The initial Glasgow
Coma Scale score was 6.35 + 1.38. Seventy-three patients received operations with intracranial
pressure monitoring. Blood transfusion was surgery related (days | and 2); otherwise, it was rarely
used (P < .05). Prolonged prothrombin time was shown only 7 (2.65%) times of 234 of blood
sampling. There was no anaphylactic reaction, pulmonary complications, or renal function
deterioration in the course of our observation. The chart review of the patients at 6 months revealed
the following: favorable outcome, 55.1%; unfavorable outcome, 33.3%; and mortality, 11.6%.
Conclusions: The 10% HES (200/0.5) can be used in the tréatment protocol of severe head injury.
There is no definite bleeding complications documented by current dosage of HES. Besides,
balanced fluid management can be achieved without causing serious pulmonary complications.
However, a further randomized, prospective study is needed to define the actual benefit of HES in
fluid management and clinical outcome,

© 2006 Elsevier Inc. All rights reserved.

Keywords: Pentarstarch; Hydroxyethyl starch; Severe head injury; CPP-targered therapy

L. Introduction

Adequate volume management is of major importance in
critically ill patients [1,5,8,13,28] especially in severe head

Abbreviations: CPP. cerebral perfusion pressure; CVP, central venous
pressure; EtCO2, end-tidal carbon dioxide pressure; FFP, Fresh frozen
plasma; GCS, Glasgow coma scale; GOS, Glasgow outcome scale; HES,
hydroxyethyl starch; HHS, Hypertonic hyperoncotic sotutions; ICF, intra-
cranial pressure; ICU, intensive care unit; TH, intracranial bypertension; INR,
international pormalized ratio; MAP, mean arterial pressure; PaCO2, arterial
carbon dioxide pressure; PT, prothrombin time; Sa02, oxygen saturation.

* Comesponding author. Tel.: +886 2 2312 3456x5078; fax: +886 2
23417454,

E-mail address: yktn@na me.ntu.edutw (Y.-K Tu).

0090-3019/% — see front matter © 2006 Elsevier Ine. All rights reserved.
doi:10.1016/.5umeu.2006.07.007

injury {15,33,23,44], Clifion et al [9] reported that negative
fluid balance was associated with poor prognosis. A large
volume of fluid is needed to maintain adequate systemic
blood pressure and cerebral perfusion pressure (CPP)
[36,37]. Several infusion solutions are available for this
purpose, including blood products, human albumin, crys-
talloids, and synthetic colloids [1,15,32,36]. Most of the
stucies have used albumin or fresh frozen plasma (FFP) as
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the supplement of colloid solution [1,6,15,33.37]. There is a
growing consensus to use colloids in the treatment of severe
head injury. However, there are still arguments between
blood products and nonblood products [7,10,1 6,20,27]. The
blood products are potentiaily hazardous substances, carry-
ing risks of disease transmission, allergic reactions, and
consequences of the administration of an acidotic, hypo-
kalaemic solution containing the debris of dead and dying
cells. In modem transfusion practice, it is not justified to use
FFP as a volume expander. Limited and restricted blood
transfusion has now become the consensus [7,16]. Hydrox-
vethyl starch (HES) is a derivative of starch consisting of
glucose units bound by glycosidic bonds. In general, starch
without hydroxylation groups is rapidly broken down by
serum amylase. Through hydroxyethylation, the enzymatic
degradation becomes more difficult, and the concentration
of HES remains high. Hydroxyethyl starch has been widely
used for volume expansion, hemodilution, and substifution
of plasma in various sitnations [11,17,18,25]. Although the
side-effects of older products have been reported worldwide,
the application of medium-molecular-weight HES with a
lower molar substitution ratio and C2/C6 ratio has demon-
strated an adequate volume effect and relatively few adverse
effects [12).

In the CPP-targeted therapy, combination of colloids and
crystalloids has been used to maintain adequate cerebral
flow and CPP [36,37). To the best of our knowledge, there
has been no relevant report about 10% HES used in this
field. This study was undertaken to evaluate the clinical
outcome after the use of 10% hydroxyethyl starch (HES
200/0.5) and the safety of its use in the treatment of severe
head injury.

2. Subjects and methods
2.1. Subjects

From a retrospective chart review between September
2001 and February 2005, the patients with severe head
injury in the neurosurgical intensive care unit (ICU) were
enrolled in our study. Patients manifesting severe systemic
injury with hypotension (systolic blood pressure less than 90
mm Hg on admission), a Glasgow Coma Scale (GCS) [39]
score 3 with fixed and dilated pupils after resuscitation, a
GCS score 34 with a family who refused agpressive
treatment, and patients who had been admitted in the ICU
for less than 48 hours were excluded.

Table 2
Management of increased intracranial pressure

1. Head up 30%, CPP > 60 mm Hg

2. CSF drainage if EVD available

3. Sedatives and NMB

4. Keep EFCO, 30-33 min Hg

5. Osmotic diuretics (mannitol} infusion according to clinical ICP data
6. Decompressive craniectomy for brain edema

NMB indicates neuromuscular blockade; ETCO,, end-tidal carbon dioxide:
EVD, extraventricular drainage; CSE, cerebrospinal fluid.

2.2. Standard elinical management

Most of our patients received operations before being
admitted to the ICU for evacuation of mass lesion such as
epidural hematoma, subdural hematoma, or intraparenchyma
hematoma. An intraparenchymal intracranial pressure (ICP)
monitor (Codman electrode MicroSensor, Johnson & John-
son Medical, Ltd, USA) was used. The ICP monitor was
connected to a Hewlett-Packard monitor model (66s-M11 6A)
via a pressure transducer (Codman neuromonitor interface
control unit, 82-6605) and module. The standard flujd
management protocol (Table 1) and stepwise intracranial
hypertension management [3,22,34) protocol {Table 2) were
used. During the ICU stay, the patient’s head was elevated at
30°. The neck was kept in the neutral position. ETCO, was
maintained at around 30 to 33 mm Hg, and oxygen saturation
on oximeter (Sa0,) 99% to 100%. Central venous pressure
(monitored via the femoral vein) was maintained between
8 and 12 mm Hg. Mean arterial pressure (MAP) was
monitored via the radial artery. Cerebral perfusion pressure
(defined as MAP minus ICP) was kept higher than 60 mm Hg
with a volume expander or inotropic agent, such as dopamine
and Levophed, if needed. If ICP was greater than 40 mm H z,
unresponsive to nonoperative treatment modality, further
craniectomy was then performed. Some patients received
sedatives and neuromuscular blockers during the period of
postoperative intensive care for ICP control.

2.3 D_ata collection

The data were collected daily for 7 days, which included
ICP, MAP, CPP, intake, output, and the dosage of mannitol.
Blood sample was taken for evaluation of renal function,
coagulation function, and electrolyte every other day.
Outcome was evaluated at 6 months after injury by the
Glasgow Outcome Scale score [21], in which ‘favorable
outcome’ was defined as a good recovery or a moderate
disability, and ‘unfavorable outcome’ was defined as a severe

Table 1 Table 3

Fluid management protocol Demographic data

1. Normal saline 1000 mL daily infusion No. of patients 78

2. HES (10%, 200/0.5) 1000 mL infusion daily Men 52

3. NG tube feeding as early and as tolerated Women 26

4. Keep VO balance with normal saline Initial GCS (mean + SD) 635+ 1.38
5. Maintain CPP at or above 60 mm Hg Age (mean + 8D) 4561 + 21.80
6. FFP only for coagulopathy (after day 2) ICP monitoring n=73

I/O indicates intake and output; NG, nasogastic.

n Indicates patients who reccived ICP monitor implantation.
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Fig. 1. The daily intake and output was presented as mean + SD (N = 78) from day ! 1o day 7. By means of colloid solution infusion, the daily intake and

output could be maintained at optimal range (5000-6000 mL).

disability or a vegetative state (Table 5). The comnplication of
coagulopathy was defined as prothrombin time (PT) interna-
tional normalized ratio (INR) higher than 1.5. Renal function
impairment was defined as serum creatinine level higher than
1.5. Pulmonary complication was defined as acute lung
edema or adult respiratory distress syndrome.

2.4. Data analysis

All data were presented as the mean + SD. Repeated
measures analysis of variance was used for the fluid
management between days. Statistical significance was
defined as a probability value of less than .05. Commer-
cially available software (version 10.0, SPSS, Inc, Chicago,
II} was used.

3. Results

Originally there were 111 consecutive patients enrolied
in this study; however, due to the exclusion criteria, only
78 patients ultimately were inclided. The clinical data of
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these patients were shown on Table 3. The average age was
45.61 + 21.80 years. There were 52 men and 26 women.
The initia] GCS among these patients was 6.35 + 1.38.
Seventy-three patients underwent operations with ICP
monitoring. There were 5 patients who received conserva-
tive treatment only. The daily intake and output are shown
in Fig. 1. From days 1 to 7, the mean intake was 5220 +
2320 mL/d, and mean output was 4793 + 2414 mi/Ad.
However, a decreasing trend of crystalloid solution and an
increasing trend of oral intake were observed (Fig. 2). The
percentage of ICP greater than 40 mm Hg was 5.48% (4/73)
in the first day. The percentage was not changed until the
end point of the smdy at day 7. Cerebral perfusion pressure
less than 60 mm Hg was observed in 5.48% (4/73). Blood
products used in the treatment course are shown in Table 4.
it was demonstrated that many blood products were used in
the first 2 days. We believe that it was surgery related. A
repeated measure analysis among days shows that there was
a significant difference (P < .05) between day 1 and days 3
to 7, as well as between day 2 and days 3 to 7 (Fig. 3). No

crystalloid
B oral intake

Days

Dayb Day?

Fig. 2. The crystalloid solution and oral intake was presented as mean * SD from day | to day 7, respectively (N = 78). The oral intzke increased day-by-day,

but the crystalloid solution decreased gradually from day | to day 7.
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Table 4
Number of patients transfused within 1 week
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
N =78
FFP 26 (33.3) 14 (17.9) 6 {7.6) 1(1.2) 3(3.8) 3{3.8) 2(2.5)
PRBC 28 (35.8) 36 (46.1) 23(29.4) 14(17.9) 3(3.8) 9(11.5) 8 (10.2)
PLT 9 (11.5) 15 (19.2} 9115 3(3.8) 0 2(2.5) 1]
WB 7(89) 7(8.9) 3(3.8) 1(1.2) 0 0 0

Values are expressed as n (%).
PRBC indicates packed red blood cell; PLT, platelet: WB, whale blood.

anaphylactic reaction associated with HES during our
treatment course was observed, The PT INR greater than
1.5 was seen only 7 (2.65%) times of 234 blood samplings.
No renal function impairment occurred during our observa-
tion period. No patients developed acute Iung edema or
adult respiratory distress syndrome. The outcomes of our
patients from chart review at 6 months are shown in Table 5.
The rates of favorable outcome, unfavorable outcome, and
mortality were 55.1%, 33.3%, and 11.6%, respectively.

4. Discussion

4.1. Limitations of our study

We have performed a retrospective review of our
experience in using HES in a consecutive series of patients
with TBI as a plasma expander and report the safety of this
agent and, in a limited fashion, report the efficacy in
maintaining plasma volume and CPP. It is important to
select hyperoncotic fluids in these critically ill patients and
avoid toxicities inherent in transfusion of blood products.
However, it is difficult to compare with other study groups
because many confounding factors may interact with each
other. A different treatment protocol would make the clinical
data quite different. Therefore, a prospective randomized

ol
tn

body weight {ml/kg)

W 2ccca SN Pz g

Dayl Day2 Day3 Dayd Day5 Days Day7

Tolal volume transfused per kilogram
ot
o

Fig. 3. The FFP transfused within 1 week, The FFP transfused in our
patients (N = 78) from day ] to day 7 was presented as total volume
transfised/total body weight of patients (mL/kg). The mean wansfusion
amount of FFP in the first and second days were 3.80 + 2.25 and 1.58 +
0.51 mL/kg, respectively. The transfusions in the first and second days were
surgically related. (¢ Indicates P < .05, significant difference between day
3-7 and day 1; %, P < 05, significant difference between day 3-7 and
day 2.}

study compatring these 2 groups with and without HES may
be more convincing. For the complication of coagulopathy,
we ohly performed the coagulation profile. In our study,
the PT INR greater than 1.5 was seen only 7 times out of the
234 blood samplings (2.65%). However, to make a claim of
safety for HES in this study, further evaluation of
coagulation files by measuring platelets, PT, fibronectin,
factor VIII: C, and von Willebrand factor antigen is needed.
Besides, an optimal quantification of rebleeding or hema-
toma expansion after HES administration during the
treatment course must by specified.

4.2. Controversy of colloid and crystalloid

The controversy between crystalloid and colloid has
dominated fluid therapy for last 50 years [31,43,44]. The
debate has fluctuated from one side to the other as the
knowledge of physiolegy has been extended and as different
fluids have become available. It is reasonable to commence
most of fluid regimens with crystalioid solutions [12,31].
However, in ongoing losses where plasma volume has
been lost, it seems logical to use colloids for replacement
{32,36-38,41]. Fluid balance is an important factor in
determining the patient outcome from severe brain injury.
A treatment protocol should include detailed specification of
fluid management.

4.3. The characteristic of colloid

Many infusion solutions can be used for fluid manage-
ment in severe head injury. There is growing evidence that
colloid solutions are at least as beneficial as crystalloid
solutions for volume replacement. The advantages of colloid
solutions are rapid intravascular volume expansion, main-
tenance of oncotic pressure, and less tissue edema and
pulmonary edema {8,14,17,32]. Forrest et al [13] reported
that in critically ill hypovolemic patients who had a sepsis
syndrome, volume expansion with a 16% HES preparation

Table 5
QOutcome of patients
Glasgow Qutcome Scale No. of Outcome groups %
score patients
Geod recovery 5 22 Favorable outcome 55.1
Moderate disability 4 21
Severe disability 3 14 Unfavorable outcome 333
Persistent vegetative 2 12

state
Death 1 9 Death 11.6
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could increase the cardiac index, oxygen delivery, and
filling pressures. Therefore, colloid solutions play an
important role in volume replacement. There are 4 types
of colloid solution: various plasma protein preparations
derived direct from plasma, the gelatins, the dextrans, and
the HESs. They have different molecular sizes, half-lives,
colloid encotic pressures, and costs.

The adverse effects that have so far been reported are
anaphylatic reaction, renal function impairment, and coa-
gulopathy [12.24-26].

4.4. The role of colloids in the treatment protocol

The crystalloids resembling the extracellular finid, such
as primary 0.9% normal saline and Ringer lactate, have been
used widely in resuscitation. As they are distributed
throughout the extracellular fluid, they produce Fimited
plasma volume expansion usually of the order of about one
quarter of the infused volume. They are readily filtered
through the kidney and therefore maintain renal output, but
they do reduce plasma oncotic pressure [12,44]. In the
treatment of severe head injury, a large amount of mannitol
is used (for the IH); hence, the urine output is greatly
increased. When crystalloids alone are used, large crystal-
loid volumes are needed. Almost 3 to 4 times of the volume
deficit must be administrated to provide adequate resusci-
tation and thus will result in large positive fluid balance
[31]. Increased ICP after head trauma may compromise
CPP, leading to cerebral ischemia and an increase in
merbidity and mortality. To achieve a stable hemodynamic
status and to increase CPP, many clinicians prefer the use of
hyperoncotic colloid solutions such as human albumin
[15,37], HES {32], and dextrans [2]. Since September
2001, our treatment protocol of severe head imjury has
included daily infusion of 1000 mL 10% HES solution. The
purpose of HES infusion is to maintain adequate intravas-
cular volume and to keep central venous pressure at 8 to
12 mm Hg, Therefore, a large volume of crystalloid solution
could be avoided.

4.5. Why did we choose starch?

In the treatment of criticaily ill patients due to trauma or
sepsis, albumin was proven to restore the volume deficit, but
capillary leakage remained the key problem. Limited animal
study [8] reported that HES 200/0.5 could ameliorate
capillary leakage and become more beneficial than albumin
in several aspects. However, whether HES is able to seal the
leak in human patients must be clarified with additional
studies. Colloid solutions are mandatory in CPP protoco) for
severe head injury [15,35,36]. The albumin/plasma/blood
transfusions also serve the purpose of obtaining a normal
colloid osmotic pressure favoring transcapillary absorption.
A balanced fluid balance is part of the treatment protocol and
is achieved by osmotic diuretics and an albumin infusion
{33]. It has almost become a consensus that FFP should only
be used in coagulopathy [7,16,26,32]). There are potential
hazards to use blood products and plasma products for

volume replacement. Thus, the HES seemed to us as a
reasonable choice for substitution, In our study, FFP was used
mainly in the first 2 days. We believe that it was surgery
related according to the repeated measure analysis of variance
between days. Under our treatment protocol, the amount of
blood transfusion decreased, especially with regard to FFP.
The difference was statistically significant (P < .05).

4.6. Limited experience with 10% HAES

Hypertonic hyperoncotic solutions by bolus infusion are
one of the options for rapid hemodynamic control.
Hypertonic hyperoncotic solutions are composed of {more
or less) hyperoncotic colloids (6%-10% HES or dexiran)
and hypertonic crystalloids (7.2%-7.5% sodium chloride).
Hypertonic hyperoncotic solutions have been investigated in
the resuscitation of prehospital treatment. The containment
of HES may serve to avoid compromising hemotasis, and
associated manifest side-effects have only been rarely
reported. However, the studies about the clinical use of
HES in the treatment of head injury have been very few
(4,19,29,30,35,38,40,42]. This study was retrospective, not
randomized, and without a control group. However, this is
probably the first study to document the safety of 10% HES
and its good clinical outcome in the treatment of severe
head injury.

5. Conclusions

The 10% HES (200/0.5) can be used in the treatment
protocol of severe head injury. There is no definite bleeding
complications documented by current dosage of HES.
Besides, balanced fluid management can be achieved
without causing serious pulmonary complications. We
suggest that it can be used in the treatment of severe head
injury following a standard protocol with a promising
prospect and little adverse effect. However, a further
randomized, prospective study is needed to define the actual
benefit of HES in fluid management and clinical outcome.
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Background: Our main objective was to study the clinical outcome and complications of the
subdural ICP monitoring with the CMS (Johnson and Johnson Medical Ltd, Raynham, MA) in

Methods: A retrospective analysis of patients with head injury with a GCS score of 8 or less
was performed. Patients with severe systemic injury with hypotension (systolic blood pressure
of <90 mm Hg on admission), a GCS score of 3 with fixed and dilated pupils afier resuscitation, a
GCS score of 3 1o 4 whose family refused aggressive treatment, and those who were dead on arrival
were excluded from this study. During the period from January 1997 to April 2004, 120 patients
with severe head injuries were included and met criteria for insertion of a subdural ICP monitoring

Results: A total of 120 patients {84 males and 36 females),.aged 16 to 80 years old (mean, 43.8 +
14.4), were enrolled in the study. The average duration of ICP monitoring device use was 7.6
0.4 days (range, 2-14 days). The overall clinical outcomes of these patients were as foilows:
mortality rate, 13.5%; percentage of unfavorable outcomes, 17.3%; percentage of favorable
outcomes, 65.2%. There were no complications such as CNS infection or hemorrhage in this study.
Conclusion: A subdural transducer-tipped catheter (CMS) can be used as the first-line equipment for
monitoring ICP in patienis with severe head infury. The clinical results are similar with other recent

studies, but no complication such as infection or hemorrhage occurred in this study.

Abstract

severe head injury,

device (CMS).

© 2006 Published by Elsevier Inc.
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1. Introduction

Elevated ICP has been recognized as one of the most
important factors affecting morbidity and mortality rates in

Abbreviations: CBF, cerebral blood flow; CMS, Codman Micro Sensor;
CNS, central nervous system; CPP, cerebral perfusion pressure; CSF,
cercbrospinal fluid; CT, computer tomogmphy; CVP, central venous
pressure; EtCO,, end-tidal carbon dioxide pressure; EVD, external
ventricular drainage; GCS, Glasgow Coma Scale; GOS, Glasgow Outcome
Scale; ICP, intracranial pressure; ICU, intensive care unit; MAP, mean
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patients who have had TBI therefore, ICP monitoring has
become routine in the management of severe head injuries
[42). The goal in the treatment of the patient with acquired
brain injury is to minimize the impact of secondary injury.
Secondary injury is the result of a complex set of events that
can lead to a compromise in cerebral perfusion and tissue
hypoxia and result in further neuronal death, Increased ICP
is @ major contributor to inadequate perfusion. Aggressive
treatment of increased ICP requires measurement of the ICP,
so that clinicians can assess the effectiveness of their
interventions. The Guidelines for the Management of Severe
Traumatic Brain Injury (published in 1995 and revised in
2000} [1,6] outline evidence-based recommendations for
ICP monitoring to improve the treatment outcome of severe
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Table 1
Demographic data

Demographic data

Age . 438 + M4y
Sex (F/M) 84/36
GCS score 6.2 £1.2

Duration of ICP monitoring 76 £04d

F/M indicates females/maies.

TBI in adults [18]. In 2004, the Guidelines for the Acute
Medical Management of Severe Traumatic Brain Injury in
Infants, Children, and Adolescents was published, outlining
similar recommendations for the pediatric population [1].

A variety of monitoring techniques and devices are
available. Ventriculostomy is the first-introduced method of
ICP measurement [28]. By use of a fluid pillar, the pressure
is measured continuously. This method was first introduced
into clinical practice by the Swedish neurosurgeon Nils
Lundberg [28] in the late 1950s. Other methods of fluid-
derived pressure monitoring are subdural and epidural
pressure devices. The “gold standard” for the TCP measure-
ment is still recognized to be the ventriculostomy and
fluid pillar method, which allows for drainage of CSF, a
potentially important means to lower elevated pressures
[5,10,11,27,31]. Alternatively, several different types of
fiberoptic monitoring systems are currently available and
can be placed in the epidural space, subdural space, brain
parenchyma, or ventricle [4,29,30,43,44].

Although ICP monitoring has played an important role in
improving outcomes in patients with TBI, the procedure is
not without risk, producing a low incidence of hemorrhagic
or infectious complications [16,24,30,36,43]. We found an
overall complication rate of 28% for patients in whom
EVDs had been placed. Because of the severe swelling of
the brain in patients with severe head injury, the ventricles
were often compressed. This increased the difficulty of
ventriculostomy [13,21], and the amount of cerebral fluid
might not be sufficient. Some papers show that in patients
with head trauma, although CSF drainage may lower ICP,
these effects may only be transient in some patients and do
not improve perfusion or oxygenation {12,22,23].

2. Methods
2.1, Subjects

A retrospective analysis of patients with head injuries
with a GCS [39] of 8 or less was performed. Patients
manifesting severe systemic injury with hypotension (sys-

Table 2
Outcome: comparison with other series

Death (%) Unfavorable (%) Favorable (%)
Eker et al [8] 47 10 42
Rosner et al (35] 29 1l 59
In this study 133 17.5 69.2

tolic blood pressure of <90 mm Hg on admission), a GCS
score of 3 with fixed and dilated pupils after resuscitation,
those with a GCS score of 3 to 4 whose family refused
aggressive treatment, and those who were dead on ammival
were exclided from this study. During a 7-year period
{January 1997-April 2004), 120 patients with severe head
injuries were included and met the criteria for insertion of
a subdural ICP monitoring device (CMS, Johnson and
Johnson Medical Ltd).

2.2. Procedure

Criteria for ICP monitoring were standardized and this
study included patients with an initial GCS score of 8 or
less, with evidence of intracranial injury or elevated ICP
(such as effacement of cisterns) on head CT scans. The data
collected included age, sex, initial GCS, MAP, ICP, CPP,
complications, and clinical results. Physiologic parameters
such as MAP, ICF, and CPP were collected hourly for 7 days
or until the time of discharge from the ICU.

2.3. Standard clinical management

During the stay in the ICU, the head of the bed was
elevated by 30°. The neck was kept in a neutral position.
Our treatment protocol excluded CSF drainage and induced
hypothermia. Routine pharmacologic or physical measures
were adopted to avoid fever if the body temperature was
37.5°C or higher. Mechanical ventilation was adjusted to
keep EtCO; between 30 and 33 mm Hg. Patients underwent
complete neurologic assessment by nursing staff hourly or
more frequently if the condition was deteriorating.

2.4. Intracranial pressure monitoring and complications

A subdural ICP monitor (CMS) was used for monitoring
the ICP. The ICP monitor was connected to a Hewlett-
Packard monitor, model 66s-M116A, via a pressure
transducer (Codman neuromonitor interface control unit,
82-6605) and module.

Fig. 1. The location of the subdural CMS on CT scan. The white amow
shows the position of the sensor.
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Fig. 2. The ICP waveform from subdural CMS monitoring,

Central nervous system infection, hemorrhage, and
malfunction of the device were documented as complica-
tions, Central nervous system infection was defined as
presentation of clinical signs of ventriculitis or meningitis
with a positive finding of CSF culture or Gram stain.
Cerebrospinal fluid was cultured only when a fever was
present. Hemorrhage attributable to the placement of the
monitoring device was defined as a new area of hemorrhage
adjacent to the probe, which could be demonstrated on a
postprocedure head CT scan,

2.5. Data analysis

Outcome was evaluated at 6 months after injury by the
GOS [20] in which “favorable outcome™ was defined as a
good recovery or a moderate disability, and “unfavorable
outcome” as a severe disability or a vegetative state.

%%, univariate, and multivariate studies were used for
statistical analysis. Significance was determined at the
5% level. A commercially available software (SPSS version
10.0; SPSS, Inc, Chicago, IIl) was used for data processing
and analysis.

3. Results

A total of 120 patients (84 males and 36 females), aged
16 to 80 years old (mean, 43.8 & 14.4), were enrolled in this
study. The basic demographic data are listed in Table 1. All
patients received a subdural ICP monitoring device. The
average duration of ICP monitoring device use was 7.6 +
0.4 days (range, 2-14 days). As to the overall clinical
outcomes of these patients, the mortality rate was 13.3%, the
percentage of unfavorable outcomes was 17.5%, and that of
favorable outcomes, 69.2% (Table 2).

A total of 120 procedures were performed without any
clinical hemorrhagic complications. One hundred and two
patients (85%) had postprocedure CT scans and no hemor-
rhagic complication was shown, There were 20 patients

(16.7%) who had fever after surgery; of these, 16 were
diagnosed to have pneumonia via chest x-rays or sputum
culture, 2 were diagnosed to have urinary tract infection
proved by urine culture, 1 had a positive finding on CVP tip
culture, and 1 showed no obvious infection focus. There were
no positive findings of CSF culture in these 20 febrile
patients, All patients had a fair control under antibiotic
treatment. A total of 12 patients received both EVD and
subdural ICP menitoring device because of the intraventric-
ular hemorrhage-induced acute hydrocephalus. In these
12 patients, the difference between data recorded by EVD
and subdural ICP monitoring device was found to be —1 to
—4(Figs. | and 2). The daily ICP was recorded as the mean of
24 hours’ ICP data. In the subgroup analysis of the first
7 days’ ICP, the ICP data of the mortality group were
significantly higher (P < .05) than that of the survival group
{Fig. 3). The CPP data of the mortality group were
significantly lower (P < .05) than that of the survival group
(Fig. 4). In the survival patient {GOS, 3-5), the peak of
the ICP trend was noted at days 3 to 4. The trend of ICP in
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Fig. 3. The ICP in the mortality group was significantly higher (P < .05)
than in the survival group. The figure in the right column represents GOS
scores: 1, death; 2, vegetative; 3, severc disability; 4, moderate disability;
5, normal.,
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Fig. 4. The CPP in the mortality group was significantly lower (P < .05}
than in the surviva] group. The figure in the right column represents
GOS scores.

the vegetative group (GOS, 2) seems different from that of
the other groups (GOS, 3-5). However, there was no
statistical significance (P = .08).

4, Discussion

Elevated ICP has been recognized as one of the most
important factors affecting morbidity and mortality rates in
patients who have had severe head injury, and therefore, ICP
monitoring has become routine in the management of severe
head injuries in both adults and children [1,6). A variety of
monitoring techniques and devices are available, each with
advantages and disadvantages. An EVD has been considered
the gold standard for accurate ICP monitoring, and it allows
for drainage of CSF, a potentially important means to lower
elevated pressures. However, few studies have looked at the
effectiveness of CSF drainage on ICP and CBF. Fortune et al
[12] examined the impact of CSF drainage, mannitol, and
hyperventilation on increased ICP and CBF. They found that
although all treatments lowered ICP, only mannitol improved
CBF. Two studies by Kerr et al [22,23] showed that CSF
drainage may lower ICP, but these effects may only be
transient and do not improve perfusion or oxygenation,
especially in patients with traurnatic brain injury. Cerebro-
spinal fluid drainage was not used in our study, but this did
not produce worse results in clinical outcome in comparison
with other studies (Table 2). Altematively, severa! different
types of transducer-tipped catheter systems are currently
available that can be placed in the epidural space, subdural
space, brain parenchyma, or ventricle [4,29,30,43,44].
Although ICP monitoring has become routine, there are no
guidelines regarding whether to use a transducer-tipped
catheter or an EVD when monitoring is desired after severe
head injury. The device selected is, at present, dictated
primarily by the surgeon’s personal preference.

It has generally been agreed that the gold standard in ICP
measurement is the use of a ventriculostomy. And we have
to consider some problems such as the drift and the
calibration number while using a transducer-tipped catheter.

However, a number of papers [14.15,25] have shown that
there is a good comelation between the ICP measured
by ventriculostomy and by a transducer-tipped catheter.
Koskinen and Olivecrona [25] showed that there is a good
correlation between the [CP measured by ventriculostomy
and the CMS. The drift from 0 was 0.9 + 0.2 mm Hg, and
no correlation with duration of use. Gray et al [I5]
compared a CMS placed subdurally with another CMS
placed intraparenchymally. They found a good correlation
between the values measured and a simultanecus reading
difference between the 2 CMS devices of 0.1 + 3.8 mm Hg,

As regards the complications after ICP meonitoring,
Anderson et al [2] found an overall complication rate of
28% for patients in whom EVDs had been placed and 6.5%
for those in whom a fiberoptic intraparenchymal monitor
was placed.

The 2 major complications of ICP monitoring are
ventriculitis and hemorrhage. The reported infection rate
{17,26,32,34,38,45] varies from (% to 53% for EVDs and
from 0.3% to 3.7% for transducer-tipped catheter devices.
As to infection rates, regardless of definition, the risk of
infection is approximately 10%. In most studies, the rate of
infection is directly related to the duration of monitoring.
Replacing the EVD after 5 days has been recommended on
the basis of these studies. However, a study by Holloway
et al [19] showed that there was no benefit in exchanging an
EVD catheter at 5-day intervals. In this study, the average
duration of CMS use was 7.6 + 0.4 days (range, 2-14 days).
There were no complications due to CNS infection in the
patients. Pople et al [33] and Shapiro et al [37] also reported
that fiberoptic intraparenchymal monitoring was associated
with a very low infection rate.

Implantation of any device in the brain carries a po-
tential risk of bleeding. There is a wide range in the re-
ported incidences of this complication in the literature
[3,7,9,16,36,40,41], from 0% to 17.6%. Blaha et al [3]
reported an overall hemorrhage rate of 9.2% with intra-
parenchymal devices. Anderson et al [2] reported a 17.6%
incidence of hemorrhage with intraventricular catheters with
| bleeding requiring surgical intervention., Use of the
ventricular catheter requires that the brain be fully penetrat-
ed, and some skill is necessary in the placement, especially
in the case of small or shifted ventricles. It is not surprising
that the higher reported hemorrhagic complication rates
occurred with the use of intraventricular catheters. Jensen
et al [21] and Gambardella et al [13] also reported that it
would be difficult to place EVDs in patients with
compressed or shifted ventricles.

5. Conclusions

An EVD has been considered the gold standard for
accurate ICP monitoring, and it allows drainage of CSF, but
there is a higher mate of infection and hemorrhage. In our
experience with subdural CMS monitoring, there was no
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complication such as infection or hemorrhage. The lack of
CSF drainage in our study did not bring about any worse
clinical outcome in comparison with other studies. There-
fore, we use a subdural fransducer-tipped catheter (CMS) in
patients with severe head injury as the first choice of
equipment for monitoring ICP, and not an EVD.
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Abstract

Background: Adult mammal sensory axons avulsed through spinal dorsal root traction injuries,
especially of the brachial plexus or cauda equina, cannot normally regenerate through axonal
outgrowth from the dorsal root ganglion into the spinal cord, thus causing clinical conditions

which require neuronal regeneration for sensory recovery, and for which no successful treatment

has yet been reported.

Methods: To evaluate the sensory recovery of the forelimb after transection of their left cervical
dorsal and ventral roots (C6-C8) at their spinal cord junctions, 22 Sprague-Dawley rats were
randomly assigned to 3 groups: transection only (C(-)ntrol-l); transection, followed by repair
using intercostal nerve grafts and fibrin glue (Control-2); transection, repair and application of

acidic Fibroblast Growth Factor and fibrin glue (Experimental group).

Subsequent testing included: motor function (grasping-power), mechanical sensitivity to pain
and touch (foot-withdrawal response to mechanical stimuli), temperature sensitivity
(foot-withdrawal response to cold stimulus) and electrophysiological Sensory responses
(measurement of cortical somatosensory evoked potential). These tests were re-performed after
re-transecting the repaired nerve roots to discount collateral innervation from adjacent nerve

Ioots.

Results: Following transection and repair, testing showed recovery in both motor (grasping
power) and sensory (touch, pain and temperature sensation) nerve functions. Neuronal
regeneration was confirmed by the re-appearance of cortical somatosensory evoked potential,

and by its disappearance after re-transection of the repaired cervical nerve roots.

Conclusion: Using our strategy for repairing transected cervical nerve roots, motor and sensory



recovery was achieved in adult rats. The success of our study highlights possible treatment

options for humans with avulsion injuries of the dorsal roots from the spinal cord.

Key words: regeneration, cervical root, somatosensory evoked potential, choerotoxin B

horseradish peroxidase retrograde axonal labelling



INTRODUCTION

In adult mammals sensory nerve axons which have been avulsed through traction injuries to the
nerve roots, especially of the brachial plexus or the cauda equina at their dorsal root ganglion
(DRG) or dorsal root junctions with the spinal cord, are normally unable to regenerate through
axonal outgrowth from the DRG, through the Dorsal Root Entry Zone (DREZ), across the
Peripheral Nervous System-Central Nervous System (PNS-CNS) barrier, into the spinal cord.
This neuronal regeneration is necessary for complete sensory recovery. Such avulsion or traction
injuries to the nerve roots of the brachial plexus or the cauda equina therefore causes serious and

debilitating clinical conditions for which no successful treatment has yet been reported.

Avulsion of one or more cervical nerve roots of the spinal cord that form the brachial plexus
occurs in approximately 70% of severe brachial plexus traction injuries.(25) Unlike brachial
plexus injury at other levels that are currently treated according to established surgical
principles,(21, 24, 34) these brachial plexus traction injuries at the preganglionic level are
believed to be beyond surgical repair(17) as they are considered to afflict the central nervous

system (CNS).

Animal studies have shown that if continuity is restored between the spinal cord and the ventral
roots of nerves at the lumbar(5) or cervical(4, 10) levels of the spinal cord, motor neuron axons
can re-grow into their respective peripheral nerves with the concomitant recovery of motor
function. The return of motor function after implantation of avulsed spinal nerve roots into the
spinal cord has also been reported in one clinical case,(3) as well as in some animal studies.(11,

19)

However, unlike the axons of the motor neurons, sensory axons of spinal nerves in adult

mammals, when interrupted at their dorsal root junctions with the spinal cord, are normally



unable to regenerate through axonal outgrowth from the Dorsal Root Ganglion (DRG), through
the Dorsal Root Entry Zone (DREZ), across the Peripheral Nervous System-Central Nervous
System (PNS-CNS) barrier, and into the spinal cord. Therefore injury to dorsal roots, especially
those for the brachial plexus and cauda equina, is still a serious clinical condition with no known

treatment.

Our research was therefore designed to evaluate the possibility of sensory recovery of touch,
pain and temperature, in Sprague-Dawley (SD) rats. This experiment involved the use of
intercostal nerve grafts with subsequent application of acidic Fibroblast Growth Factor (aFGF)
and Fibrin glue, to repair the roots of the left cervical nerves C6, C7 and C8, which form most of
the brachial plexus and which, in this case, were transected at their dorsal and ventral nerve root

junctions with the spinal cord.

The SD rats were then tested for both mechanical and electrophysiological motor and sensory
function of the forelimb in order to confirm the recavery of these functions. Counter measures
were catried out against the possibility that adjacent neuronal axons might have generated in
compensation for the loss of these functions. We thus aimed to investigate the possibility of
successful regeneration, in a clinical setting, of sensory and motor neuronal axons after repair of

spinal nerve root avulsion caused by traction injuries.
MATERIALS AND METHODS

The design of our research to evaluate the possibility of motor and sensory recovery after the
transection of the ventral and dorsal cervical nerve roots respectively, was done using a total of
22 adult female 250g Sprague-Dawley (SD) rats. These animals were then randomly assigned to

one of three groups, namely Control-1 (7 SD rats), Control-2 (5 SD rats) and Experimental (or



test) group (10 SD rats).

Control-1: Out of a total of 22 SD rats, 7 were operated on, on a heating pad under general
isoflurane (0.75-1v/v, 3liters/min) anesthesia. In this operation, we exposed the vertebrae C2-T1,
and a hemi-laminectomy was performed on the left side of the vertebrae C5, C6 and C7 to
identify the dorsal and ventral roots of the corresponding levels. Following this we cut open the
dura of the spinal cord, and the cervical nerve roots of C6, C7 and C8 were 1solated, extracted
and transected at their exit from the cervical spinal cord while making sure that no proximal

stump remained on this region of the cervical spinal cord.

Control-2: The 5 SD rats that had been randomly assigned to this group were operated on as per
the procedure mentioned above. Three intercostal nerves were then harvested and preserved in
Hank Solution. Each of these three intercostal nerves was then cut transversely into two
identical segments and each of these pair of graft segments was-used to repair one spinal root -
one segment to repair the ventral root and the other to repair the dorsal root of the transected
cervical spinal root. This repair was done by anaston.losing one end of the nerve graft to the
severed nerve root using 10-0 prolene. The other end of the intercostal nerve graft was then
implanted into the cervical spinal cord through a tiny incision of the pia mater. The grafts from
the ventral root and dorsal root were inserted into the ventro-lateral and dorso-lateral aspect,
respectively, of the cervical spinal cord. Finally, following the reparative procedure of the
transected ventral and dorsal cervical nerve roots to the spinal cord, fibrin glue was applied to the

surgical area to secure the anastomosis.

Experimental group: The remaining 10 SD rats that had been randomly assigned to this group
underwent the same procedure as the rats in Control-2, includiné the repair of their dorsal and
ventral nerve roots which had been transected for thq purposes of this experiment. These rats,
however, had acidic Fibroblast Growth Factor (aFGF) applied to the surgical area in order to

decrease gliosis (an excess of astrocytes in the damaged areas of the CNS) and augment nerve




fiber development, (12) as well as neuronal survival. (26) The aFGF was mixed into the fibrin
glue. By mixing the aFGF into the fibrin glue, the entire surgical area was provided with aFGF in

a slow-release form and promoted survival and sprouting of the motor neurons (15).

Re-transection: Of the 10 SD rats in the Experimental group, 2 rats were chosen that had shown
full recovery of motor and sensory functions after the initial surgery. They were then re-operated
on to re-transect the dorsal and ventral roots of the cervical nerves C6, C7 and C8, which had
been transected and subsequently repaired in their initial surgery. Our goal in this case was to
observe the effect of the re-transection and to also make sure that the recovery of the SD rats
following their initial transection and subsequent repair was really the result of regeneration of

the repaired roots and not from the re-innervation of the neighbouring roots.

BEHAVIORAL TESTS

Grasping power: The motor function of the SD rats was evaluated by testing the grasping
power of their forelimbs using a commercial grip-strength meter (Grip-strength-meter 303500,
TSE systems corp) for rats. This measurement involved placing the rat over a Perspex plate in
front of a grasping trapeze. By pulling their tail, we impellcd the SD rats to instinctively grab
anything they could (in this case, the trapeze), to stop their involuntary backward movement.
When our pulling force overcame its grip-strength, the animal lost its grip on the trapeze, and the
peak preamplifier of the grip strength-meter showed a peak pull force which we then used to
represent the grasping power of the tested limb. In order to ensure accuracy, we performed at
least 5 trials per rat in each of the grasping power tests and both the average of and the maximum

grasping power were recorded in each case.

Pain and touch sensation: The mechanical sensitivity of the forelimbs of the SD rats was
quantified by using von Frey? filaments to test foot-withdrawal response to Graded Mechanical

Stimuli . The rats were housed in small Lucite cubicles (20x8x8 cm) on an elevated metal wire



mesh floor and the von Frey? filaments were applied from underneath the wire mesh to
stimulate the planta‘r surface of the foot of the forelimbs of the rats. We then recorded the size of
the smallest von Freyf ilament to which we could elicit a foot-withdrawal response in each of
the SD rats in the control-1 and the experimental grbups. If there was constant responses to the
mechanical stimuli, it was recorded as ? ? If there was no response to the mechanical stimuli at
all times, it was recorded as ? ? If the response to the mechanical stimuli was present sometimes,

but not always, it was recorded as  ?

Temperature sensation: The SD rats?sensory function to temperature was tested using the
foot-withdrawal response to a cold stimulus. This was done by delivering a drop of acetone (95%)
to the dorsum of the foot of the left forelimb, using a dropper. Normally, there is a foot-withdraw
response to the drop of acetone. All rats in the control-1 as well as the experimental groups were
subjected to the temperature sensation test. If the foot-withdraw response existed and was

present at all times, it was graded as ? ? On the contrary, if the foot-withdraw response was
absent throughout the experimental period, it was gﬁded as 7 7 If the foot-withdraw to the drop

of acetone occurred sometimes, but not always, it was recorded as  ?

Electrophysiology: The somato-sensory evoked potential (SEP) of each SD rat was measured in
the somatosensory cortex of their brains to test their electrophysiological sensory response and to
confirm the recovery of this function and thus, confirm the successful regeneration of Sensory

neuronal axons after repair of the transected cervical nerve roots.

To record cortical SEPs, the cranium was exposed and four small-diameter holes were drilled
bilaterally over the site of the somatosensory cortex of the brain, representative of the forelimbs.
Stereotactic coordinates were measured at 1mm anterior and 2mm posterior to the bregma, both
being 3mm lateral to the sagittal suture. (12) Four silver electrodes of 1mm diameter each were
glued to the burr-holes to serve as epidural recording electrodes. Under anesthesia with

isoflurane (0.75-1 v/v, 3 liters/min} and mounted on a stereotactic frame, the cortical SEPs of
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each rat were measured. A reference needle electrode was inserted into the nasion.

In order to evoke the cortical SEPs in the Somatosensory cortex which correspond to the median
nerve, each forepaw contralateral to its corresponding cortical electrode was stimulated using a
pair of fine-needle electrodes. The stimulation frequency used was 2.11 Hertz, for a duration of
0.2 milliseconds. This stimulation was carried out by passing a current (2.0-5.0 mA)between the
two fine-needle electrodes at a level that evoked the maximum cortical responses and small jerks
in the forelimbs. The SEPs were amplified (amplification range: 10mA) and filtered (band pass,
20-2,000 Hz), and one hundred consecutive responses were averaged using a personal computer
(Medelec system, Synergy). Finally, the cortical SEPs were recorded both before the operation
and every 4 weeks afterwards for a total of 20 weeks. Seven of the 10 experimental group rats, 5
of the 7 control-1 group rats, all rats of the control-2 group and the 2 re-transected rats were

tested for the cortical SEPs.

Morphological study: To confirm the presence of the regenerating sensory fibers, a
morphological study was done using retrograde cholerotoxin B-horseradish peroxidase

(CTB-HRP) labeling.

Two to four months post-surgery of their cervical spinal nerve roots, CTB-HRP was injected into
both the palmar and dorsal sides of the forepaws of the SD rats of both Control-1 group and the

Experimental group, on the side that was affected by this transection.

To confirm the regeneration and survival of neurons, the neurons thus labeled were then counted
in the dorsal root ganglion (DRG.). The labeled neuronal fibers or tracts were also looked for in

the dorsal horn of the spinal cord.
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RESULTS

Results of the Grasping power test for motor function: The grasping power of the SD rats in
the Experimental group showed significant motor function recovery, in both the maximum
grasping power as well as the average grasping power, compared to that of the rats in Control-1.
However, there was no statistically significant difference between the maximum and the average
grasping power of the rats in the Experimental group and Control-2, and likewise between the

Control groups 1 and 2. (See Figure 1)

Results of the von Frey? filament test for pain and touch sensation: The mechanical
sensitivity of the forelimbs of the SD rats was measured by using von Frey? filaments to test

foot-withdrawal response to Graded Mechanical Stimuli.

Out of the 7 SD rats in Control-1, 6 rats showed no response to even the stimulation using the
largest of the von Frey? filaments (6.65) during the first 3 months of the experiment. One rat,
however, did show a response to stimulation using a 6.39 von Frey? filament; but this response

was not consistent and was only observed occasionally.

In the Experimental group, however, all of the SD rats showed recovery of response to the von
Frey? filament stimulation. Out of the 10 SD rats in this group, 9 rats showed a consistent
response, with the response range being from 4.14 to 6.22 on the von Frey? filament scale. The
remaining 1 SD rat showed a response to the simulation with the 6.65 von Frey? filament, but

this response was inconsistent and was only observed occasionally. (see Table 1)

Results of the cold stimulation test for temperature sensation: The SD rats?sensory response

to temperature was tested using the foot-withdrawal response to a cold stimulus.

Throughout the 3 to 6-month follow-up period, none of the 7 SD rats in Control-1 showed a
response to the cold stimulus. They were therefore graded as 7 ? according to our grading

system.
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All of the 10 SD rats in the Experimental group, however, showed a response to the cold
stimulus. Out of these, 6 rats showed a constant and consistent response o the cold stimulus,
which we scored at ? ? and the other 4 SD rats showed an irregular response to the cold

stimulation, which we scored at 7 (see Table.l)

Results of re-transection: Two of the SD rats in the Experimental group were subjected to
re-explorative surgery. Both of these rats had had a full recovery, as garnered by our von Frey?
filament stimulation and cold stimulation tests prior to the re-operation. This re-exploration
further substantiated the results of our tests by showing the reparative grafts of the cervical nerve
roots C6, C7, and C8 to be healthy. Furthermore, the anastomoses of the grafts with the cervical
spinal cord and the transected roots were also show1.1 to be solid. After re-transection of these
previously repaired cervical nerve roots, however, any responses to von Frey? filaments and to
cold stimulation disappeared, confirming that our results were due to the reparative process of
the transected nerve roots and not due to the re-innervation of these nerve roots by adjacent

nerve roots. (See Table 1)

Resuits of the SEP test for electrophysiological response: The somato-sensory evoked
potential (SEP) of each tested rat was measured in the somatosensory cortex of their brains to
test their electrophysiological sensory response and thus, to confirm the successful regeneration

of sensory neuronal axons after reparation of the transected cervical nerve roots.

Post-transection of the cervical nerve roots, none of the rats in Control-1 registered any SEPs in
the somatosensory cortex of their brains by the end of the 20-week post-operation period. While
three of the 5 SD rats of Control-2 and 6 of the 7 nerve graft with aFGF rats tested for the
cortical SEPs regained their cortical SEPs. The period required for the re-appearance of the SEPs

by recovery varied, ranged from 4 to 20 weeks post-operation. |
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Of particular note is that the percentage of SD rats which showed recovery of SEPs in the

Experimental group was significantly higher than that in Control-1 (P=0). The other paired

comparisons did not show any significant differences (as determined by the Fisher exact test).

The reappearing SEPs were eliminated upon re-transection of the repaired roots, verifying that
they originated from the re-grown axons rather than from re-innervation via adjacent intact roots.
The regenerated SEPs , however, were often evoked with greater electrical stimulation than the
original ones and amplitudes varied widely. Even so, the waveforms and interside comparison
of latency (105.6 + 9.55%) did not show any significant differences from those of normal rats
(based on the Mann-Whitney U test). (See Figure 2) For details of the evaluation of SEPs in this

experiment, please refer to reference 22.

Results of the Morphological study using CTB-HRP labeling: CTB-HRP labeling was used to
confirm the presence of the regenerating sensory fibers. The labeled neurons were counted in the
dorsal root ganglion (DRG.). The survival rate of the neurons in the DRG of the Experimental
group showed that it had attained statistical significance in its difference with the neuronal

survival rate of the Control -1. (See Figure 3)

In addition, CTB-HRP-positive fibers or tracts were also found in the dorsal horn of the spinal
cord in all of the SD rats of the Experimental group. (See Figure 4) However, no such labeled
neuronal fibers or tracts were found in the SD rats of the Control-1. The presence of these
fibers confirmed that the regenerating sensory fibers did indeed originate from the DRG, and en
route 16 the spinal cord, passed through the dorsal root entry zone (DREZ) and the PNS-CNS

barrier.
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DISCUSSION

In adult mammals, following the avulsion of the dorsal roots of the spinal nerves through traction
injuries, the regeneration of the central processes of the dorszl root ganglion (DRG) stop abruptly
at the dorsal root entry zone (DREZ).(6, 29) The DREZ is the place where the supporting
structure of the nervous tissue (neuroglia), consisting of a fine web of tissue, encloses neuroglial
cells, which are of three types: astrocytes, oligodendrocytes and microcytes. This is also where
axonal growth is inhibited because the axons either turn around along the dorsal root or form

swollen end bulbs abutting the astrocytes.(6, 29, 23, 33)

Some reports have shown that regeneration of the central primary sensory neurons in the dorsal
spinal roots can be accelerated by peripheral nerve lesions.(8, 30, 31) However, most of the
axons are still unable to re-enter the spinal cord and those that succeed, penetrate no further than
the superficial dorsal horn of the spinal cord. These -reports also 'suggest that adding some
ntrinsic or extrinsic factors? 8) , can lead to the regeneration of the central processes of the

DRG towards gaining entry into the spinal cord.

Recently, many reports have also documented that certain neurotrophic factors can stimulate
axonal growth even in non-permissive environments.(14, 28, 32) Zhang Y et al. have shown in
their recent study that gene therapy with adenoviral vector encoding a neurotrophin is capable of
enhancing and directing the regeneration of a subpopulation of dorsal root axons through to the
CNS environment in rats.(35) However, the regenerating axons in their study did not spread
widely in the grey matter or away from the injection site and no sensory recovery was mentioned

either.

Nevertheless, there are many neurotrophic factors present in different compartments around the
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motor neuron: ciliary neurotrophic factor (CNTF) is in the myelinating Schwann cells around the
motor neuron axons; brain-derived neurotrophic factor (BDNF) is present in the hind limb buds
innervated by motor neurons; fibroblast growth factor (FGF)-5 can be found in differentiated
muscle, aFGF can be found in the motor neuron; and basic FGF (bFGF) is present in the

astrocytes of the spinal cord.

Among these neurotrophic factors, acidic FGF (aFGF) is a normal constituent of the spinal cord
which is expressed, for example, in motor neurons and primary sensory neurons. However, 2FGF
lacks a signal sequence, and it is therefore thought to be éequestered within synthesizing cells
themselves, and perhaps only reaches the extracellular milieu after damage to the cell membrane.

Consequently, aFGF may also be involved in repair after tissue damage (20).

Acidic FGF also decreases gliosis, which is caused By an excess of astrocytes following damage
to the central nervous system. A study involving intraocular spinal cord grafts (12) has shown

that aFGF can augment nerve fiber development and neuronal survival.(26)

Apart from the need to demonstrate effectiveness in neuron survival or nerve growth, in order for
neurotrophic factors to be clinically useful, they must be also shown to be capable of localized
delivery at the specified site, over a suitable time period after nerve injury, and at an approptiate
and maintained concentration. (13) Therefore, by mixing aFGF into fibrin glue ? which is a good
source for the slow-release of the trophic factor ? the entire surgical area can be provided with

aFGF at a concentration that can be pre-determined and maintained in a slow-release form.

It has also been shown that aFGF delivered via fibrin glue has promoted survival and sprouting
of the corticospinal tract in rats.( 15) Moreover, aFGF, in contrast to several other members of
the FGF family, appears to be a universal FGF-receptor ligand which may be able to functionally
interact with the core of the FGF-binding domain,(27) and may therefore be capable of

activating all other FGF receptor splice variants.
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In our previous work, we found excellent motor recovery in the forelimbs of rats after repairing
transected ventral roots of cervical nerves C5 and C6 with nerve grafting and application of
aFGF with fibrin glue. (11, 19) In these previous studies we measured motor recovery by
recording grooming reflex and electromyography , which showed excellent motor recovery in

the repaired group.

However, in our current study, we have measured motor function recovery by testing grasping
power and we have shown that the treated rats have significantly stronger grasping power
compared to the non-treated rats. This finding is significant because grasping requires the
recovery of intrinsic muscles of the hands. This would have much greater significance in a
clinical setting because there has yet been no effective treatment for brachial plexus injury that
can enhance the muscles distal to the elbows, (9) whereas our study shows that there may be a
possibility of recovery of the muscles of the forelimb, including the intrinsic muscles of the

hand.

In addition to the recovery of motor functions, the treated animals also showed significant
recovery of both pain and temperature sensation. This recovery of sensory functions was
confirmed by the reappearance of somatosensory evoked potential (SEP), as measured in the
somatosensory cortex of the brain. Most strikingly, the recovery of both the sensory and motor
functions disappeared again after re-transection of the grafted roots. The cortical SEP was also
observed to have disappeared after re-transection. The loss of sensory and motor functions and of
somatosensory evoked potential after re-transection confirms that the post-grafting recovery,
with the addition of aFGF and fibrin glue, is by neuro-regeneration of the repaired grafts, from
the dorsal root ganglion through to the spinal cord, and not by the compensatory collateral

sprouting from adjacent cervical nerve roots.

In our previous study, we confirmed the protection conferred on motor neurons by aFGF mixed

into fibrin glue. (19) In this study, however, we have also noted increased neuronal survival in
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the DRG due to the presence of aFGF mixed into fibrin glue. In addition, we have identified,
through enzyme labeling, CTB-HRP-positive nerve fibers not only in the DRG but also in the
dorsal horn of the spinal cord of the rats that had undergone the reparative grafting and

application of aFGF in fibrin glue.

These findings indicate that our treatment Strategy using intercostal nerve grafts along with aFGF
in fibrin glue can enhance axon outgrowth from the DRG, through the DREZ, across the
PNS-CNS barrier, into the spinal cord which leads to sensory recovery. In addition, it can confer
both motor and sensory neuronal protection, thus increasing both motor and sensory neuronal

survival after cervical spinal root injury.
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CONCLUSION

Our experiment confirms that intercostal nerve grafts, along with aFGF in fibrin glue can
effectively treat transected cervical spinal nerve roots in adult rats. The experimental animals not
only showed good recovery of motor function, including that of the intrinsic muscles of the hand,

but also showed good sensory recovery of both pain and temperature sensation.

Ours is the first report of recovery of sensory function subsequent to the repair of transected
cervical spinal nerve roots in adult mammals, We believe that this simulation of a most difficult
clinical condition through our animal model, and the success of our study, shed new light on the

treatment of patients with brachial plexus and cervical nerve root injuries.
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FIGURE LEGENDS

Figure 1: (A): There is a statistically significant difference in average grasping power in the
Experimental group when compared to the Control-1 group (C: Control-1; C" Control-2; E:
Experimental group). (B): There is a statistically significant difference in maximal grasping
power in the Experimental when compared to the Control-1 group (C: Control-1; C" Control-2,

E: Experimental group).

Figure 2: There is a statistically significant difference in the reappearance of cortical
somatosensory evoked potential (SEP) in the Experimental group when compared to the

Control-1 group. (Fisher exact test, p=0)

Figure 3: The CTB-HRP labelled neuron number is significantly greater in the dorsal root
ganglion of the Experimental group than in Control-_l (con: control-1 group; exp: experimental
group). Student test showed statistically significant difference between control-1 and

experimental groups in total (p<0.001), C7 (p<0.001) and C8 (p<0.05) DRG neuron numbers.

Figure 4: CTB-HRP positive nerve fibers (arrow) were noted in the dorsal horn of the spinal

cord of the repaired rats. (CTB-HRP, immunostaining,200x ).-
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