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—Abstract—

Ketamine has used as a dissociative anesthetics from 40 years ago. Its mechanism of
action is an antagonism of the N-methyl-D-aspartate (NMDA) receptors, which has an
immportant role into the central sensitization during pain states. The role of ketamine, in lower
sub—anesthetic doses, has recently gained increasing interest in pain management. There are
considerable numbers of trials to use ketamine in acute or chronic pain states. Recently,
Hocking et al. summarized their recent reviews of the evidence concerning ketamine’s clinical
use on PAIN: Clinical Updates. In this review, the author introduce their summery with
personal experience. Based on their summary, the primary role of ketamine in such sub-
anesthetic doses is as an ‘anti-hyperalgesic’, ‘anti-allodynic' or ‘tolerance—protective’ agent
rather than as a primarily ‘analgesic’. However, to support the evidence-based clinical guideline
using a ketamine in pain management, there will be needed numerous high—quality studies

that access both immediate and long-term outcomes.

Key Words : Ketamine, NMDA antagonist, Pain management.

N B # A (dissociative intravenous anesthetics)E
19630l A7 o] % ZFAgo] A3t A=
Ketamine2 AAvIHE 93t sig]dd@el HirHRZAZ o]&Hot I3y A=

AP £US, AT BT DEE A1, Gk Sae o ASEe sty
Tel: (053)-620-3365, Fax: (053)*626*5273, E-mail: sosonnged.yu.ac.kr

S 108



= AMuAAEY] LR HA v GolA
ol-go] FAEL g oA FFo| THE A
T2 AY o] &¥A ¢tk 29t N-methyl-
D-aspartate (NMDA) 847} 5539 34
53] AN FFAETE Ao FEH A

72 central sensitization)ll

H Z938 9382 313" ketamine®] NMDA
FeA] WAAAH ZFPALol? A WA
ketamine> AAvIFHREUE= F53E] FHo

M O] ol&E7] Al
ZHZ"&Hﬁ

Zgom Mk 1 7pA|7}
AT} A= AAE ketamine
a3o} wAAA 7S A

Al
= —‘—ET/‘é%B) Atste] ketamines FE2 4o}

AR BEAY SEAGEAE D AY
P52 b B $F5E A kA A
2 BESE AR BE HAREAE

gtk el H2el NMDA 2
A2 wEstel dAg A5

ketamine®] E7W %“*}Q‘r TR FAhFAE
Hlw3teo] ketamine®] TERAGEHAE TE
A4 ek Azre] AZlA g 2ol Alrhe
of w2} ketamine °FAlel tHEF Y H
24 Falo] HstEH o]HH Al &
o et 5L oAl B B BAlo] VIRt
of Ax wWglEH= A= vig =Ed FHE
Hoking £”¢] PAIN: Clinical Updatesl| A
“Ketamine: Q142 404 FEQI7127 ek Al&FS
2 OYstAl o] &F & ketamined ITS F
A Gt B FAAAE o5 W& A}
o] AsNE 7&staxt gt

QUYL AFH Aol s S A

3

ulm > ol
=2 ni n\m

— Ketamine : 55#gA AxHH Ketamined] 9 —
okl Xe MEE SFAZE A A= sl
A THE7] W] wig- = ook 1 1‘/}
morphine, aspirin % IAvlHAS} 2
AEL Ao 7ol #AGle] A&HoR /‘}
1 glth Ketamine®= NMDA &4 9| i
St TAlo] EolAHA 0|53} o] A&HF R
AHEEE OFAlC] E3E I AT oj5HE @
ofAle] §x=7t At WakE I gleh. NMDA
g7 AN E= A 232707 2 9
2 F54HANAN F838 4TS drha ¥eA
=] ol A ketamineo] ek U
AT, 53] WA HIGA FSolAe =8 ¢
2 A7t =5t A o tigh Alg] *‘?‘—f—
ojvf FAgol it ¢, FHAY FA,
Az FA 2 o] XA (off-label use)©]
3

ru[o

2
=

o

¢

SC)

g3h7 oS Tt g ketamme«l
orgjshy 547 A o] gol At TAHE
Fueds"’ Edz eo3ius) gk

1. oE|std EM

KetamineS ©o]AHz0) np&4] A7 = 1963
ol FAEAT amined] keto FEA A
ketamine®. 2 W= $It) Cyclohexanone ring
of 7|Zdl(chiral center)s 7} UM F
sto] A A (optical isomer)Z &A=, S(+)
o] dA (isomer)= R(-) ©]/dAel Hlg] NMDA
T8Aol gk sl o] 4 A FE A= 26
H AAHFALE IHpsychomimetic effect) 7} &
09

Ketamine> 5 2 X A A o
*o]] Z-&-3}=H| nicotinic, muscarinic, AMPA,
kainate, GABAA 2 vt 84 Tl 2%st
I ARZEGR =57 AFFE A
AGAE(voltage-gated) Na' 2 K™ B2 7]

S 109



wn-regulates).” Ketamine
< %7\]3}7] Zo)? E¥z
3

I Utk 53] vt E-olsk(subanesthetic
dose)e] A#9] ketamine2 FEa3E Uehl=
Hl o] ketamine®] ©]2%=Z9] phencyclidine
(PCP) A7l ZAghste] NMDA 849
glutaminergic B2 E§A|o] &Fo)&EA9] H]
A A2 283 Agoltt? Glutamate
A7 Adko]] A 01;2}24 ZHA AA
9542 g SSAEE ofmt <A,
4 719 2 5xEY 22 Vi &
sty WA glutamate 752 IAEE
ketamine® °|¥g 7550l TS HAH F
Atk AAZ 183F] ketamineS T3 2
7} A R)FE(developing rodents)oﬂfﬂ ZFAl
AL WAool 2YHIAE ?
Ao 2 ezl FAARE 1879 ketamine
Fo] AdE 78] ¢HHE Holrh
NMDA &A= vl o) 484 <]
| 527} 98 oA HFE el A= H
5oz AY2A ZA(synaptic modulation)
o FostA] &=tk vlulE vl (plug)e Al
= (postsynaptic depolarization) ]}
ZH5ol&A protein kinased A3}
o] B2 Sy A-R7] Zfreo] Qi 2
o WA etk NMDA 849 o]2E2E
ketamine©] o] 2F= o] ZAgF-9let Agtst
A S8 = AEE 1 el AU 84
stE]ojop gtk Ketamineo] ©]&&= W9
PCP -9fol Agsid =22 i ARkt 3l

oo o FIF

FE Wy AHo g Zerole FY(influx)
o] 21 ojatd oz Azl A& A Al(signaling
cascades) & A $A]71)

o

Ketamine®] T T2 #8037 wulefA|e] W
“J(opioid tolerance)@} Z+29 (hyperalgesia)
= HaAled 48 2 93E 2AE A
T 71 e e R e ERE A
Aok Foll A e Ags Fodvig
(scaffolding protein)©] NMDA &3¢} nitric
oxide synthase$} 22 A|XU] ASA)Al(signaling
system)®} AAA)F)aL, T3 protein kinase C
9} tyrosine kinase®] €4337} NMDA 4&-4|<}
dobgal 2 ¥y 21359 $3H(association)
S Z7A7It}E WA ketamineS protein kinase

o

o} g2 2aAA deFe F= o]
28-S HaAA 5 viekA YAdS =
O:]_Z,—]:]-l 14)

NMDA 84 F25& 44U 424
Zo](physiologic transmlssmn) Jde ZEHA
31 231 A AYE B3 A3 1\] 2 Aol

A e ‘ITGH/H A=l o3 FFARe W
A=t O &34 Y Aoty AAZ 44 4
T59] WEREY (meta—analysis) A=

of $4 &F 532 s vhepAel s

o]
Ao 2 Yedth = ketamine& ZEA| AHA|
2 Hoe Foldl, deAHn 9 uiekd g
g3 S vYeille 30424 (central
sensitization modulator)ZA] ¢ &3}Zo|t},
Ketamine2 thH-& 7] cytochrome P450
of 2oJ3] thA}E]o] norketamine®} hydroxynor-

S110



ketamine©. 2 tALETH oty =& 7 =&
7 e A wjAdZ ketamined 417 2 7F

7% Bojoxm &FxHo| dastA| Pt
Norketamine2 ketamine®] 1/3~1/10 Hxe
AsaE vehie 254 drhEe? 3
T8 ketamine?] MFAENE Uehfle 7]%o]
Ho}

JaA o2 ketamineS 0.05~02 mg/kg/h
Aro A%S AW 52 IR A&HHO=E
FYsith Fshg 2502 FARRE AT §
v =ARE A o]-8-&(bioavailability)©] 90%
Arg gy F5un” 47 3o dakg
ketamine (25 mg)e AT T Al 25%(FH1d

i
ol
-
2

TEE 30%), A3t Al R%(HLETFE
1208)2] Aol &&2 HHIE(T1/2)2 6417k
ol ol F AE E5F ketamine¥} norketamine
o] B AyAo]&-&o] 55%7F Fokal gt} o]
Y3t A7 EL ketamined] AT F& M3l F
o7} BAstE 4 9o AT wE w
Z= NMDA 8419 ¥7oz #W Fo&
ketamine®] = THE Fof F27F 2 & U4

T;]— 18)

0o KetamineQ|

N
il
0 0%
ofm
0l
ic]
2
0
=
sl
olm

a>;_>;2

D ooff > O
W‘_lm
2

X

N

etamines &% 13] 830.1 mg/kg)
AH0.1~02 mg/kg/h)3hd & F
AT AEA 2RFS 30% P
/TE 59 FAES HAaAR
192 Ketamine2 AWS £3 A&d 9
o] 71 EA o] A|qk mpekA| 9} A AMEE A}
5% H (patient controlled analgesia, PCA)
dxE a7t ok Fep”

A

ol o ro
o
B

oo offt Lo
& 3 o

=

to

>

N

o] ketamineo] £ EX = T A5
AANF)3 S(+) ketamined ER5<
I FAFA 87FS PRI ER
Y FEEANA A% ketamine
FAFeE 7% morphine®] 7F8 4]
%ol A1 3F71%0] 45t
o] g0l AUt
] A] ketamineo] -3 %
, 213 % % ketamine

AEA o

o P &

fol

gﬂ, —1011 Ohl
Ay
o4l

e ! 2 ol
)
)

AN o b ol L8

>~
> T
v}

18 oX
to
o>

e
fm

o2
ft

o
2
b

o

(o
(o]
|

a3t 3
(2477F&Rt 25mg wH))

Zelttar gt

o Hd

3) A (Rescue) & <4
analgesia)

A9 ketamine©] ©leFA] W) Ad &R}l A

morphine®l|] W31 &= 4 &%

FaH o7 BEdla AEA ARS Zo

2% (Preventive

offt
ol
o

Fx
8o

H
2ot
ofy
ol
jins
)
-
o
:
2
O
r
oft
M

J
m{
4
ﬂﬂ
4
4
S
o

Y oot

>
rlr
fol
A=)
2
S
T
ofd
oE
4o
ot
20
o
rx
2
Y
fot oy oyl

T mi),
i
i)
ot
)y
=2
2
rr
tol
i3
)
o

N
&2
£

4) AARE g 1 4 2F

Ketamine©] Z:olllMe= wlopA|Hoh 728
o] Hom ¢tHeta aHFolt) 35St A]
Aol FAESFHEE Al fentanyl/midazolam

%2 fentanyl/propofol Bt} ketamine/midazolam

S111



s
-—& A

do

O
ol

] o &Folm Rago] o Aol
sPd A3 X E(dressing) Al ketamineS PCA
o o]gstd aF ol ks 13] &S
ketamine 10 mg¥} midazolam 0.5 mgo.Z, ¥
AL 3~57 o= A3t

o

5) HF/7ute] Ak 9 F9f ulH Al
Ketamine2] ©]-&

A7 AL Y= ketamineS AFZA 0]
7Fed BEAY 2P Qlomw H5/4R
9] atdel= kdakA] Zsith o @& A7t
Q3 AA T WA 7F E ketamined £-&
Ao AZteY. 79e] ketamine Axof
A FAG glo] AlSaTE =o)al nRekA| A&
oIty ¥y ©@E EE bupivacaine
of AHEE HFAU ketamines &
o] A olA] Rt 23]|H

ol
, TE % E7H(dysphoria) 5] F2H-&
]

=2 o g

2 to

o
2
EV)
o,

o| A ketamineS TZZZo HA&3 A

il £ ofN o ot mfy e rfol ofn > P
b
e
o
z
2.
j=)
g
Y
2
A
2
tlo

<
i
o
=
N
>,
i
O
12}
P
il
Ho
9,
X
IS§
:
5

’

= =
FZugol A ks

32
dlo
tilo
i
o
ol
2

ketamined] TEAEEINE Hustgct?

= 1§ AgHFoltt AXo] FH
B 559 A7H Ng wvel o
S CEENEER R R ES

A3t oA =
A

oY F AEESA T

A5 FostAl ARG g
PFATFAN = WEEITLNHEE A5l gk
AAZS FHNHE ketamineo] A AT}
QAT G} Yrhe B F3]
SHHolal AMA o 2= FFZHolx] gk A
2 g

Al ketamineo] FHFEA &
ZHaN7)a S(+)  ketamine®] Az
(fontophoretic administration)7} x4
3 TEEANA G A A7

ofN ofN m ol
L 2 o

>,
Ny
k1
Vg
4
gt
N
kS
>,
rr

it
olN

[o
e
ot
o
K
I

=
U A8 ketamine2 €Y 100 mg7tA| &
=
[e)

g 25 Y A%

o
N
2,

S112



15 Wl &7} g7
A0 571%7) &

it

3@ o iz ot AL (o
o ot op

o

-

(¢}
R T Y > R ) R TR

o

Z9]| ketamine

amitnptyhne Eﬂ'EL

rgt

Abej o) ] Ketamine 2]

(fibromyalgia)o| 4] ketamine 7
7t iﬂ/‘ o dAE, AN ¢ A

— Ketamine : 25 3& A AZHE Ketamine?] 9& —

< 2% Aoy FAHFARE 23 morphine©]

lidocaine B¢+ FAFSHAl 50% AEolA
uhg BRGS0l AAHEAEH o] s A
] L

©

o
L
>
i)Y
—1011 il
i
I
olN
ot
=
=2
1o,
rot
re
o>’
fo
of
INowE e

o

=

18

2

B 2.
3l
worlo
lo

ol

WAE S4B (breakthrough pain)ol &
olgHtt? AEE FA BZoly
etamine I&lFA} @32 o)al HEF
AFEAE H7Z ketamineo] ¥HE-EF 4=
Itk W59 AFRddX % ketamine©] |
HE yepdoa sh 13733 A4 o
Jogz 3k 9& Hulo] o3 YAELS S(+)
ketamine®| 727 FoE ZHEA] Foirt

¥ off £ W%
ol X
2 o
-

ox offl
fof

4. A& EZ0|M Ketamine2| 0|

Ketamine®] AAXRA7Z|FoA FXA I
oo Sg ks BE X3Eo] 3iA
Cochrane ReviewolX< #|gtd A5z ¢
A 55 #ALE 98] morphined 22 73
ZgAo ketamines F7HFo2ZH 2= oA
3} s 2Fo] oA A ekl gt

A% ketamine FHE WAl WA
A7 4 FFol sAHe S HEAR
(burst therapy)g} st} F-2Hg-o] &0l &}
Ak F24d 4 FFlA ketamine> wRoF

r..‘:l o4

—

o

]

il

[0

S113



Aol NEFHE ZZAAZILh Morphineo] #
o I F5FANA ketamine s
3~5°E]°ﬂ 23 100~500 mg—o* x%uHLHE ;H;G
= gé& AT 62% ST 8FMA &
T AN B3 AAYEA

T BT WSSt U1 AlE ATl
AE HEe-go] 51%¥=d A9 (mucositis) 2
=30l 4 ’1\_]73‘33%‘4 Ezﬂx}"ﬂ’ﬂ = 347}
=%

&
2,
>
:
2.
TR
o
N
u
k1
ry
AL
i,
N

A9 78% :fi‘rzMW EJ%@ o|iThar

AW morphined]  F7HE HEA
ketamine> @7] 44 FSEANAN F

ASPA)7)aL mpokA] QRS FHAA
Uy AAEZA ok B
S(+) ketamines X &3}
Fol3t 43 v 335

Y ol 43Hoz ART A= Ak

—‘_I_4

2% Ketamined] A4l Fo

Fe T 5SHYUE A8 ketamines &
Al Eroqf?} °ﬂ:rL°ﬂ ot HEHEA S A
L%E HARIE7E wjl$-

A9s} wsE?

o rr o

o)
2 5 3 e 10%‘3]‘?}01]"1 LRt
& &3S Zo|AY benzodiazepine F

. Ketamine¥} fentanyl2 EX%
5‘}9\"9\% b AHS dogrd &

SoA fentanyld] XE&

ay
Ketamines 15 o] Fof wro Ao &

A9 mshe A A gk AR A

2 dol‘/]r Z9jsto]| HF BlE+ ketamine
FEAESS MR 27004 7|23 Bekel] &
83 B9l I=xn  o|nfddekm] A (prefrontal

cortex)9| A dopamine D1 &3 &5°] #9
s F7hEo] Utk AAsE AdAE tide
2 ketamines &% HZA FARE A3 J
(attention) 2} ©19] 7] (semantic memory)©]
oM #HAEUTE Ketamine2 AFE-3h=
#H FEAES 43 AtsKepisodic) 2 o9
7190] AstAl &Eo] glar Wk ofug} A}
& T ¥ 3U7A= HAEE 3 (schizotypal)
1 sig)] Fe] Asig? b g7)3
02 ketamineS FoslaAlsl= BE A}
A 71989 7H5A8S Arstoiof gt
Ketamine®] JA12-8-8 I (psychotropic effect)
o= {72 sensation of floating), £ o€
(out of body), YA (near-death experience),
AlZEE 3 9 @] gk e 1A, W
2 GAEEZ=A) A2 schiophreniform psychosis)
o] 9t} S(+) ketamineS &4 F
o] ARE3F A¥} racemic ketamineo]ut m}of
AR HIg 1d & 3% 21 Ao S

@ Jo ol

R

2 of\ oln A

S114



Ayo] woret®
Ketamine2 717t AHE-8l= 745 WAl
3

18T ketamineo] AXvHAZ ALEE A
o] At} wlHETo|3le] AFMT A

Helo) A o] HAE A= EBIdE X o]
gitk. dAZA ABE ATE T 98

015k Ao 2 BIEHAT i
ol A gl Aoz Holgiek Al /Y W
A B8N ketamineo] BF

A
H

N ARE AL Ju WY 4
_‘1

ZAEEE ketamine2 JEA AAZ Ab

vEsta 9EAT, Gold% 5

oy e O

oX
oft

Zolu} vhekAl W4 2 F24w

I FF e W

B}

=)

=

=i

= “

Ageust Fe1sk A2s) oirk wEky &

o

&

e

ul 45
ok
ol

o
ok
olN

)
of
olN

&

e o
oft >

e

KetamineS ZAFACE EZX7 Hold
A FY g As] siMe A

S ellA AZHE Ketamined] & —

|
&
.
a
of

Bolo| = & ketamine® UAHA
AL 7HA I R $E Y AFE S8l
oF & Aoy F3&E FololA

ketamine AH-S #ZE = e AFo

]
g 5 =2 2AFYY 2ol Bes

ML=

ik

to 23

—

1. Petrenko AB, Yamakura T, Baba H, Shimoji
K. The role of N-methyl-D-aspartate (NMDA)
receptors in pain: a review. Anesth Analg
2003 Oct;97(4):1108-16.

2. Hirota K, Lamberta DG. Ketamine: its
mechanism(s) of action and unusual clinical
uses. Br J Anaesth 1996 Oct;77(4):441-4.

3. Yamamura T, Kimura T, Furukawa K. Effects
of halothane, thiamylal, and ketamine on central
sympathetic and vagal tone. Anesth Analg
1983 Feb;62(2):129-34.

4. 295, $4%, dET, oA dF =T
558502 718k ketamined] EEA|E A,
gl 248E3] 2] 2007 Sep;53(3):361-7.

5. Hocking G, Visser EJ, Schug SA, Cousins M]J.
Ketamine: does life begin at 40. Pain: Clinical
Updates 2007,XV(3):1-6.

6. Hocking G, Cousins M]J. Ketamine in chronic
pain management: an evidence-based review.
Anesth Analg 2003 Dec;97(6):1730-9.

7. Visser E, Schug SA. The role of ketamine in
pain management. Biomed Pharmacother 2006
Aug;60(7):341-8. Epub 2006 Jul 5.

8. Mather LE, Edwards SR. Chirality in anaes-
thesia: ropivacaine, ketamine and thiopentone.
Curr Opin Anaesthesiol 1998 Aug;11(4):383-90.

9. Hustveit O, Maurset A, Oye 1. Interaction of

S115



10.

11.

12.

13.

14.

15.

16.

17.

18.

ofx

a8 -

the chiral forms of ketamine with opioid,
phencyclidine, sigma and muscarinic receptors.
Pharmacol Toxicol 1995 Dec;77(6):355-9.
Scheller M, Bufler J, Hertle I, Schneck HJ,
Franke C, Kochs E. Ketamine blocks currents
through mammalian nicotinic
receptor channels by interaction with both the
open and the closed state. Anesth Analg 1996
Oct;83(4):830-6.

Ikonomidow C, Bosch F, Miksa M, Bittigau P,
Vckler ], Dikranian K, et al. Blockade of
NMDA receptors and apoptotic neurodegene—

acetylcholine

ration in the developing brain. Science 1999
Jan 1;283(5398):70-4.

Mellon RD, Simone AF, Rappaport BA. Use
of anesthetic agents in neonates and young
children. Anesth Analg 2007 Mar;104(3):509-20.
South S, Smith MT. Analgesic tolerance to
opioids. Pain: Clinical Updates 2001:IX(5);1-9.
Tao YX, Rumbaugh G, Wang GD, Petralia RS,
Zhao C, Kauer FW, et al. Impaired NMDA
receptor-mediated postsynaptic function and
blunted NMDA receptor-dependent persistent
pain in mice lacking postsynaptic density—93
protein. J Neurosci 2003 Jul 30;23(17):6703-12.
Ebert B, Mikkelsen S, Thorkildsen C, Borghjerg
FM. Norketamine, the main metabolite of
ketamine, is a non-competitive NMDA receptor
antagonist in the rat cortex and spinal cord.
Eur J Pharmacol 1997 Aug 20;333(1):99-104.
Shimoyama M, Shimoyama N, Gorman AL,
Elliott KJ, Inturrisi CE. Oral ketamine is
antinociceptive in the rat formalin test: role of
the metabolite, norketamine. Pain 1999 May,
81(1-2):85-93.

Clements JA, Nimmo WS, Grant IS. Bioavai—
lahility, pharmacokinetics, and analgesic activity
of ketamine in humans. J Pharm Sci 1982
May;71(5):539-42.

Gammaitoni A, Gallagher RM, Welz-Bosna M.

19.

20.

21.

22.

23.

24.

29.

26.

21.

S116

Topical ketamine gel: possible role in treating
neuropathic pain. Pain Med 2000 Mar;1(1):
97-100.

Bell RF, Dahl JB; Moore RA; Kalso E.
Perioperative ketamine for acute postoperative
pain. Cochrane Database Syst Rev 2006;1:
CD004603.

Bell RF, Dahl JB, Moore RA, Kalso E. Peri-
operative ketamine for acute post-operative
pain: a quantitative and qualitative systematic
review (Cochrane review). Acta Anaesthesiol
Scand 2005 Nov;49(10):1405-28.

Elia N, Tramr MR. Ketamine and postoperative
pain: a quantitative systematic review of
randomized trials. Pain 2005 Jan;113(1-2):61-70.
Subramaniam K, Subramaniam B, Steinbrook
RA. Ketamine as adjuvant analgesic to opioids:
a quantitative and qualitative systematic review.
Anesth Analg 2004 Aug;99(2):482-95.

Azevedo VM, Lauretti GR, Pereira NL, Reis
MP. Transdermal ketamine as an adjuvant for
postoperative analgesia after abdominal gyne-
cological surgery using lidocaine epidural blockade.
Anesth Analg 2000 Dec;91(6):1479-82.

Hayes C, Armstrong-Brown A, Burstal R.
Perioperative intravenous Kketamine infusion
for the prevention of persistent post-amputation
pain: a randomized, controlled trial. Anaesth
Intensive Care 2004 Jun;32(3):330-8.

Migita RT, Klein EJ, Garrison MM. Sedation
and analgesia for pediatric fracture reduction
in the emergency department: a systematic
review. Arch Pediatr Adolesc Med 2006 Jan;
160(1):46-51.

Tan PH, Cheng JT, Kuo CH, Tseng FJ, Chung
HC, Wu JI, et al. Preincisional subcutaneous
mfiltration of ketamine suppresses postoperative
pain after circumcision surgery. Clin J Pain
2007 Mar-Apr;23(3):214-8,

Finnerup NB, Otto M, McQuay HJ, Jensen



29.

30.

31

32.

TS, Sindrup SH. Algorithm for neuropathic
pain treatment: an evidence based proposal.
Pain 2005 Dec 5118(3):289-305. Epub 2005
Oct 6.

. Eide PK, Jrum E, Stubhaug A, Bremnes ],

Breivik H. Relief of post-herpetic neuralgia
with the N-methyl-D-aspartic acid receptor
antagonist ketamine: a double-blind, cross—-over
comparison with morphine and placebo. Pain
1994 Sep;58(3):347-54.

Eide K, Stubhaug A, Oye I, Breivik H.
Continuous subcutaneous administration of the
N-methyl-D-aspartic acid (NMDA) receptor
antagonist ketamine in the treatment of
post-herpetic neuralgia. Pain 1995 May;61(2):
221-8.

Hempenstall K. A cost-effectiveness comparison
of drugs for PHN. ProS Med 2005:2:e164.
Schley M, Topfner S, Wiech K, Schaller HE,
Konrad CJ, Schmelz M, et al. Continuous
brachial plexus blockade in combination with
the
prevents phantom pain in acute traumatic

NMDA receptor antagonist memantine

upper limb amputees. Pain 1995 May;61(2):
221-8.
Carr DB, Goudas LC, Denman WT, Brookoff

— Ketamine : 25 3& A AZHE Ketamine?] 9& —

33.

35.

S117

D, Staats PS, Brennen L, et al. Safety and
the
treatment of breakthrough pain in patients

efficacy of intranasal ketamine for
with chronic pain: a randomized, double-blind,
placebo-controlled, crossover study. Pain 2004
Mar;108(1-2):17-27.

Tucker AP, Kim YI, Nadeson R, Goodchild
CS. Investigation of the potentiation of the
analgesic effects of fentanyl by ketamine in
humans: a double-blinded, randomised, placebo
controlled, crossover study of experimental
pain[ISRCTN83088383]. BMC Anesthesiol 2005
Apr;5(1):2.

. Curran HV, Morgan C. Cognitive, dissociative

and psychotogenic effects of ketamine in
recreational users on the night of drug use
and 3 days later. Addiction 2000 Apr;95(4):
575-90.

Schnenberg M, Reichwald U, Domes G, Badke
A, Hautzinger M. Effects of peritraumatic
ketamine medication on early and sustained
posttraumatic stress symptoms in moderately
injured accident victims. Psychopharmacology
(Berl) 2005 Nov;182(3):420-5. Epub 2005 Oct
19.



