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The Plasma Catecholamine Levels and Prognosis in
Severe Traumatic Brain Injury Patients

Byung Kyu Park, M.D., Dong Won Kim, M.D., Eun Ik Son, M.D,,
Jung Kyo Lee, M.D., Man Bin Yim, M.D., In Hong Kim, M.D.
Department of Neurosurgery, School of Medicine, Ketmyung University,

Taegu, Korea

Activation of the sympathetic nervous system in mediating the stress response attends
‘traumatic brain injury. Plasma dopamine(DA), epinephrine(E), norepinephrine{NE) levels
were measured in 26 severe traumatically brain injured patients to determine whether cate-
cholamine levels obtained within 24 hours after injury provide reliable prognostic endoge-
nous markers of outcome.

Patient outcome was determined at 1 week using the Glasgow Coma Scale(GCS) and
at the time of discharge the Glasgow Outcome Scale{GOS). 7 patients with diseases except
those with a severe traumatic brain injury were selected as a control group.

Firstly, we analyzed the difference of the average DA, E, and NE between the control
group and severe traumatic brain injury patients. Secondly, we analyzed the difference
of the average catecholamine levels in the 3 groups according to admission GCS scores(res-
pectively 3~4, 5~7, 8~9). Third, we analyzed the difference of the average catecholamine
levels in the 5 groups according to GCS scores at 1 week(respectively dead, 3~4, 5~7.
8~11, >11). Finally, we analyzed the difference of the average catecholamine levels in
the S groups according to GOS at the time of discharge.

As a result, there was no statical difference between the level of DA in the control grop
and those of the severe brain injury patients. But the level of E an NE in the experimental
group were higher than the control group(respectively p<<0.03, p<<0.04). The admission
GCS score correlated highly with the catecholamine levels(NE : r=0.69, p<<0.001 ; E: r=0.
42, p<003: DA r=042, p<0.03). In patients with admission GCS of 3 to 4, NE levels
increased fourfold above other group(p<C0.005). In the 13 patients with GCS scores of
3 or 4 on admission. NE levels predicted outcome at 1 week. All two patients with NE
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levels less then 750 pg/ml were survived, while 10 of 11 with NE levels greater than 750

pg/ml were died(p<{0.02). The levels of NE was significantly higher in patients who died

than in those with better outcome(p<<0.02).

Therefore, these findings indicated that the level of circulating NE 1s an excellent endoge-

nous marker that appear to reflect the extent of brain injury and that may predict the

likelihood of recovery.

KEY WORDS .- Sympathetic nervous system ° Stress respone * Dopamine * Epineph-

rine * Norepinephrine * Endogenous markers
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Table 1. Patient Demographics in 26 cases with sc-

~ vere brain injury

Patient Data No. %
~ Gender
Male 19 73
Female 7 27
Age(yr)
0~ 9 2 7.7
10~19 2 7.7
20~29 7 26.9
30~39 2 7.7
40~49 10 38.5
50~59 3 11.5
Initial GCS* Score
3~4 13 50
=, 11 42
3~9Y 2 8
Mechanism of injury
Motor vehicle accident 19 73
Falldown 4 15
Assault 2 8
Others 1 4

*GCS : Glasgow Coma Scale
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Y

A9} (antecubital fossa) o] & x-S 4FQ) 3
Ho|k 300 A7g the AWE ImlE EGTA
(0.06mg/ml) o] @71 microcentrifuse tubed] Hol
ZA] 387 15 ,000rpml = AA 223 & JAS
223t FAF FA7tA Got 70°Coll B33} -
2R AL dSESA 5AF 50uF F
8] Peuler 2 Johnson(1977)8] WARAL &AM
o2 2RaYY. 2AYE 2oFsA Thes
2

mA gao] &7 A|gH| 10ule] s-adenosyl-
methionez} 10ule] catecol-O-methyltransterase =
B Y F 3705204 0027 WG AT
9o Bo W borrate buffer(PH 10.0)Z F7}3}
of u2& AAAZITE 2mlY toluen-isoamylco-
hol2 2Z3F & o3& 30°C9 methanol bathol| 4]
B3 &o) AR Feste &) A& W2l

Z A EBS thin layer chromatograph(e]3s} TLC2}
2 g2 NE, E @ DAE H&| gl Catechola-
mine?] Z} FE & TLCo| A Trfl]-’\]ﬁfﬂ counting
vialo]] &l silicagele] H¥2H¥l F A A5 -S ammo-
nium hydroxide2 A& &}l 1011‘11..4 cocktail &<
o z=7}5be] E3}F3E & scintillation counter(B-ray,
Hewlett Packard A}) S o] &3t =3 6} ).

5. 24

o) =77 AYE T2 catecholamine?] &% A &
Hastg s A8 @A 3Tz EH" 4E7te
273 W, 49 159F 570E 2RE 4T
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4l 3% vssel £ Yol oA gl
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&2 749 9] catecholamine?] Hy A A<

NE 240+ 113.1, E 33.6+ 6.6, DA 347.1+70.7 pg
/mld L (Table 3) A¥ET9 Head FHA= NE
1246.3+ 237.5, E 798+ 166.3, DA 296.3+ 54pg/
mlzd 22 =% 94 faFolHe] E3 NES)
2927 dEzEg 4950 EReHE, p<o.
03 ; NE, p<0.04). 22} 55 55 24 33
Zo)42] DAS] ZRA 9 hEZY ZHH Ato)
ol SATY feAel AT (Table 4).

2. A A GCS %9l w}E &= Catecholamine
ZA3 A9 AoaA
A EA] GCS £ Ao w2 catecholamine?] 3%
B2 BAHAL A B4l s ol
AR A 42 (r) & NE 0.69, E 0.42, DA 0.422 GCS
=27} WS4 2 catecholamine &4 %7} GCS <
27} Fed B AdiHez EATH(Tig. 1).

3. YA TR HFE 4T FF Ca
techolamine &7 %] ¥|1l

GCS 3~47 2] catecholamine HH A X] NE
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1967.8+ 876.5, E 1129.2+ 287.5, DA 385.1+100.9  HTd 5B A<= NE514+93, E 745+ 620, DA 167+
pg/mlg 3 GCS 5~779 catecholamine®] ¥+t 27 pg/ml .

Z7 2)= NE 526.7+ 95.3, E 416.2+ 107.5, DA 215 GCS 3~4v9 NE ¥ 54 7}= GCS 5~9F 9
+ 30.5 pg/mlg 2.8 GCS 8~972] catecholamine aRABYg FAGRHOR {FostA (p<0.005) =

Table 2. Clinical summary of 26 patients with severe brain injury

Case No. Age(yr) Sex Diagnosis® GCS™ 1 grade®* GCS 2 grade®***  GOS****
1 42 M EDH 2 5 5
2 51 F SDH 2 2 1
3 28 M EDH 2 1 1
4 28 F SDH 1 1 1
5 19 M SDH 2 4 5
6 56 M SDH 1 1 |
7 40 M ICH 1 1 1
8 38 M DAI 2 3 4
9 47 M ICH l l 1
10 44 M Cbr.contu 1 3 5
11 49 ki SDH 1 1 |
12 26 M Cbr.contu 2 1 1
13 42 M SDH 2 1 1
14 17 M SDH 3 5 5
15 5 F SAH 1 1 1
16 5 F ICH 2 3 4
17 31 M Cbr.contu ] 2 1
18 48 E SDH ] 1 1
19 20 M ICH 3 5 +
20 25 M Cbr.contu 2 5 5
21 43 M SDH ] 2 1
22 43 M EDH ] 1 1
23 53 M SDH l 1 1
24 40 M EDH 2 4 5
25 20 M Cbr.contu | 1 1
26 29 F SDH 2 4 4
*GCS  Glasgow Coma Scale
*Diagnosis *%#GCS2 grade . GCS grade after 1 week
EDH ' epidural hematoma 1 . dead
SDH : subdural hematoma 2 . severe(GCS score, 3-4)
ICH : intracerebral hematoma 3 . marked(GCS score, 5-7)
Cbr.contu - cerebral contusion 4 . moderate( GCS score, 8-11)
DAI - diffuse axonal injury 5 . mild(GCS score, >11)
SAH : subarachnoid hemorrhage *##2GOS - Glasgow Outcome Scale
“*GCS 1 grade . initial GCS grade 1 . dead
1 : severe(GCS score, 3-4) 2 . persistent vegetative state
2 . marked(GCS score, 5-7) 3 ! severe disability
8 . moderate(GCS score, 8-9) 4 . moderate disability
5 . good recovery
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Table 3. Plasma catecholamine levels(pg/ml) in the control group

No. Age Sex Diagnosis Dopamine  Epinephrine  Norepinephrine
] 52 F HCD* 136 35 145
2 48 F HLD** 78 66 62
3 21 M HLD 543 42 414
4 46 F HLD 288 30 257
5 23 M HLD 376 14 312
6 48 0 HCD 488 16 235
] 53 F HCD 521 32 255
Mean+ S.E. 347.1470.7 33.6+6.6 240+ 113.1

*HCD | Herniated Cervical Disc **HLD . Herniated Lumbar Disc

Table 4. Comparision of average plasma catecholamine levels between control group and severe brain

Injury cases
Group Dopamine(pg/ml) Epinephrine(pg/ml) Norepinephrine(pg/ml)
Control group 347.1470.7(n=17)" 33.6+6.6(n=7) 240+ 113.1(n=7)
Experimental group 996.3+ 5¢.0(n=26) 798.0+ 166.3(n=26) 1946.3+4 237.5(n=26)

( )* . No. of patients t-test: Epinephrine(p<0.03), Nmepinephrine_(p(ﬂ.oé)

bt ;o ¥ EZ} DAE GCS 3~479| BT ZA A7}
[ ] r=0.6 -
o ” <o, 000 GCS 5~97 8] 2AMT} 2~3u] Ek oL} FA 8
5001 @
o0 A golAde ¢l (Table 5).

1000 1

S00 +

& = Catecholamine &% x| H|1l
Abab 9] catecholamine®] Hyf 4= NE
1728.2+ 331.2 E 1026.3+ 280.4, DA 363+ 86.9

250 1
100 +

L5 ]
F
n
o
P p—
o
-1

Epinephrine

ovrel pg/mlY 3L, GCS 3~ 9 catecholamine B &
2000 1 2 3= NE 1973.3+ 1112.2, E 1153.3+ 529.9, DA
o 412.3+ 257.0pg/miF & GCS 5~T7729] catecho-
o | lamine B+ 2 A %= NE 431.3+109.9, E 406.7 +
o | 111.1, DA 217.7+ 59.8 pg/mlgd L GCS 8~ 1179
T catecholamine ¥ ZA A= NE 220.7+ 59.9, E
966.7+ 140.2, DA 177.3+ 68.7pg/mI% ™ GCS 12
Dopanine o] A} 9] catecholamine B FA A= NE 515+
rasel 109.7, E 479.8+ 296.2, DA 141+ 41.9pg/ml%ich
o ¢ ;cggg AlabZ 3 GCS 3~T-2] catecholamine®] 7
S 2837k GCS solTrRY E}oU FAA
w] e go]4e gITH(Table 6).
0

5. |94 57 BRE AToMY ¥F Ca-
ine &3 3

CLISCOR COIA SCORE techolamine &4 x| H| X

Abat ] catecholamine M SA A+ NE 17

| i ine level
Fig. 1. Correlations of plasma catecholamu?e leve S 74.94 3207, E 1050.54 241.4, DA 3723 81 2pg
and Glasgow Coma Scale scores within 24 +

hours after severe brain injury. /ml9 2 moderate disability 2] catecholamine
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Table 5. Mean plasma catecholamine levels(pg/ml)
and GCS” score

obtained within 24 hours after severe brain injury

GCS Score
Catecholamine
3~4 5~17 8§~9
No. of cases 13 11 2
Norepinephrine*® (Mean+ S.E.) 1967.84+ 376.5 526.7+ 95.3 5144 93
Epinephrine (Mean+ S.E.) 1129.2+4 287.5 416.2+ 107.5 745+ 620
Dopamine (Mean+ S.E.) 385.1+ 100.9 215.0+ 30.5 167+ 27

*GCS . Glasgow Coma Scale

®% ! Groups were significantly different by p <0.005. -

Table 6. Mean plasma catecholamine levels(pg/ml)

and GCS* score in a week

obtained within 24 hours after severe brain injury

GCS Score
Catecholamine
Dead 3~4 5~17 8§~11 12~15
No. of cases 13 3 3 3 4
Dopamine 363 + 86.9 412.3+ 257.0 217.7+ 59.8 177.3+ 68.7 141 + 41.9
Epinephrine 1026.34+ 280.4 1155.3+ 529.9 406.7+111.1 266.6+ 140.2 479.8+ 296.2
Norepinephrine  1728.2+ 331.2 1973.3+1112.2  431.3+ 109.9 220.7+ 59.9 515 +109.7

“*GCS . Glasgow Coma Scale

Table 7. Mean i::lasma catecholamine levels(pg/ml)

obtained within 24 hours after severe brain injury

and GOS*
Catecholamine
GOS
Dopamine Epinephrine Norepinephrine®*
Dead 372.3+ 81.2 1050+ 241 .4 1774.2+ 320.7
Moderate disability 202.0+ 44.3 314.0+115.4 332.0+ 105.2
Good recovery 156.84+ 41.8 447.2+ 193.3 448.0+ 86.7
* . Glasgow Outcome Scale.
“® . Groups were significantly different by p<{0.02.
7 ZAXE NE 332+ 105.2, E 314.0+ 115.4,
DA 202.0+ 44.3pg/mlg 2™ good recovery T Tl =t

catecholamine ¢ &% X|:= NE 448.0+ 86.7, E
447.2+ 193.3, DA 156.8+ 41.8pg/mlg.0 = B A
persistent vegetative statew ¥} severe disability7-&
A}

NES| P FHA = Ao HdELEY §
At o2 {23l A (p<0.02) ERH O AT 2
EZ} DA B SH A7} ttETH} 2~3v) =9k
ot FAIHE foAde At (Table 7).

T2 N gt glojA o4 FEE Y
e AEZ, F o2 Qxzx GCs7 el
58537 glov GCSolle #AAe FHo] o=
AT BAET, IS ez F4 FF
1A} §+2}o] 60% o AWk 97 % <] R x He 9l
Athe FAHo'®) A= 1 g} a2 AP

gAEL Be vol, B 49 712 £F WA
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JAAE GF G A7, FEAS DAL FA3
o} =SS BEHog o]gda GCS F=Eo
z 432 o2 299 F YE BAHL AN
31 ﬂq.s)#)ls)l?)ﬂz}ﬂﬁ). Cli&ﬂn“ﬁ‘?)% =3 o)A}
gk#}ol /] NEZ} dopamine-B-hydroxylase(DBH) &
z2Aste] GCSY Axet #JAHo] A=A ZAES
I Woolf53) & S8 o4 8xlo| A 8% catecho-
laminex| 7} YHHO 2 TR 3o A EF/
71Z0] & GCSE ©|&3td i Bxst odF
dzo =0 FEA ZARAT. ARE GCS
golste] £5 T3 o4 BAE Ao FAF
94 A 7F Wol| b= catecholamine g A3t 2|4t
AE o} of| & o 2o 5 catecholamineo] WjQl4d
AF7 G2 ZAEEEH 5 57 944 @
2}e] catecholamine®] ¥+ thETo H] 3
NE3} EX7} @A3 B % okuie} GCS $47)

222 catecholamine 2| 7} 5715 4 # A=
igoen ol BAGHOR {5ttt GCS 5
o3} dm GCS 50|32t t& AT FT7HE
B o1 catecholamine TJAIAHEZF NEo] GCS%
717 A5 BAS Y en DAL A AAE
HolA ottt ol F AF AFd}e FH 4]
LA AA N AL vA 1, &4k AEo}
A7 doie g FAs AFHE YFT A
og ,xgz_].%c]_?)lﬁ)ﬁl]‘

Zzz 8 9o wAAZAZ S Ve
= 713e &AEA BaA A ¥F2H, catecho-
lamine source® ojtjolx] &As}A ¥ A A
oftt. e} Peerless” & HFHF FEA] AFH
2¥o} o]z QU3 HAMo] AF ¥ A
obg}m =7 B (septal area), Al 3HE-E A= 8k
catecholamineﬂll ZZ=ANAA BoE Z 2 A7)
2z 28 A ML L 7|HLE TH|
Zz o] dojdrh AT Fredholm%'" & 4
Mol A% A o 2 adrenal demedullation< Q] o 7]
B catecholaminex] 2] &3 ¥hgo] dojutA &
2o wych ClifonS)e A4gdoz FAZW
dHEL =3 2w catecholamine By)7t AU
I, T brain stem dysfunction (nonreactive pupil)
Ao E 215 ASS Bustgded € Aol M=
GCS 3~4Zo] A T2 AP ¥al d% 84
37 catecholamineX|7} =SS & & AU

1 orir

g 4polE o] opETG] HEAte] Yo
ASAZAA N HETES U]%11;}_2]1?}19]24}25)29}3(]]3]_
B, GCS 100]3t9] ¥&AS wowd 4 50
IA Qo] ¥E NEx|7F ezt ol d5
catecholamineo] Z7}33 AR E] 2 413 <
A7} dojdetn 3ok F71E & catechola-
mineo] A EAFoll A FAFWoju} ST-TH2o| A
Fs goz F J? ATANeY AZAAE
e 5 o FGI, = FF TR A4 F
159 ojWol 25~30%2] BASA HlZFH(30
/min ©]A}), ®l@(20/min ©]A}), F&7] 1YY
(160mmHg ©o]4) 2 1 A(89°C o]d)o] &
ol=g ol FE QAF ¥F catecholaming
Z7t7k 9dojgtn P, o=z T, 4
Z AL o 2 B-adrenergic AAGA 2 oFE F
Qltha &hriee). gyt o) 2§ whg- 3 T 9o
AT 2 dFote] dngde F deA UA &
T AAAAY FA A= FH Y% st
=730 48 A5 FE3A dve A=
o) FRAJAE A Riqve A=
ATH®. 94 FAph} HYF FAlo A NEo] F7}
sl I A} 2 ef (hyperdynamic state) & Y231

= a8z} gloEg £ 9dFe = NEO|
z7}5l ojAl FHIE doed FE e}
MzZyAt}d. Askanazig! & GCSe} ¥ ujAl&9 <
Bge aAAAd g8 dojdriil FH3A
. 18E2 £ F% o4 MY Y
dFE ox AxE wAANZAAY gz A
o 2AEG. F5 9oz Adf AA L stress
u-S o] Ydojul m7AAI A A 7} 7= o] catecho-
lamineo] Z7}gte AL ol &3} TFT FF
A} 8A}o A ¥F catecholamined FHF A
Zte) A A2 HH BF catecholamineo| &%
=n oA 3ate] GCSe} AHAA 7L 2L v (Fig.
1) #)38 FA] GCS 3~4Fo|A ¥F NEo| 750
pg/ml o]8}el 2@ ME 1FLF7HA] EF A&
sgom w 750pg/ml o]AHQl 118% 1027}
AgElg o o2 (p<0.02 ;5 Fig. 2) 535 T5 A4
BAE GCS 3~4wolA 1FYF ALY o35
dZ2% 4 en YA ALY Fofl Ao NEC]
AFrelA] ke ¥ Eol (p<0.02; Table 7)
NEo| d¥& o &sl= AR7F =AU

— 1335 —



Catecholamines A
(pe/ml)
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Fig. 2.
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Plasma catecholamine levels in patients with Glasgow Coma Scale(GCS) scores of 3 or 4 versus

outcome at 1 week. Symbols indicate GCS scores at 1 week.
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Q18 HzForst 2 FAoME H¥F NEO]
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minex o 23 o2 thbd YAl su bt
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Bk o E 7 A fold FABAE BY
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o]l 11 F 103 7} 1FYF =5 Al%ste GCS
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