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cochlear duct

7,000 Hz

©1357 Enoyolopaedia Britannioa, Ino.

1,500 Hz

2,000Hz

basilar
membrane

5,000 Hz

B basilar merbrane

base apex

high-frequency waves
(1,500-20,000 Hz)

C  basilar membrane

base apex

medium-frequency waves
{600-1,500 Hz)

D basilar membrane

base apex

low-frequency waves
(200-600 Hz)

Tonotopic Map Has Columnar Organization

Primary Auditory
Cortex
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TFT ,FBC «i,all diulagll ¢ jind Sy

e LaBind )y (g ppmall Gandl) i ppual) dadll thppee 31yl dgjlae — 2052410

History
Characteristics
Onset, quality, duration,
frequency, continuous,
episodic, uni/bilateral,
pulsatile, in time with the
heart.
Triggers
Noise, sleep, stress.
Medication
Associated symptoms
Dizziness, vertigo, or clicking,
hearing loss, facial weakness
or sensitivity to loud noises,
balance prokblems.
Relieving and exacerbating
features

Background noise, stress, lack
of sleep, position.
Underlying medical
conditions

Ear surgery, infections, head
trauma, cardiovascular and
metabolic diseases.

Examination

Determine if objective
tinnitus

Objective—<clicking or
pulsatile—listen over the
periauricular area, over
temporal bone, orbit, vascular
structures of the neck.

Ear, nese, and threat

Otoscopic exam—middle and
outer ear problems.

Tuning fork test.
General examination

Anaemia, thyroid disease,
hyperlipidaemia, diabetes.

MNeurological assessment
Cranial nerves.

Jaw examination

TMJ dysfunction.
Cardiovascular exam

Blood pressure, heart murmur,

carotid, temporal artery bruit,
vascular sounds.

If features of anaemia/
thyroid disease/
hyperlipidaemia or diabetes

Consider bloods

Random or fasting glucose,
TFT, FBC, lipids.

2] L)) gand) GLEAS Jady tdmand) 5080 apds 5-5-2

IS pans Jaglais Ulaal sy . aSSY Sasad L) (1

Uapall Lnandl Aiiall Gy i las) shlall Al LSl gasd) Jabas (2

(amally uli) 8305 (Joells 8) s Cam (go Ailide 33200 Sl ey

sl O Jae Guity e gnge Hlodl) i dpmand) Adglaal) ) Aldal) Jabia (3

oV CDliae palii ey esiase ) i(Asall ) AN uSale jLEs-(4

allad) e et el

Ease bl LLL dulia CligySoe aladinl (Jgall) rand) &l LA (5
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2-(2-chlorophenyl)-2-(methylamino)-cyclohexanone
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0 0
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Racmic
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(JslinngyslS ol gyl )5l
A ) Ladad) il 2-3

QUES) alaeSy ¢SS aadinn T 2 Galell sl g GaelSH iyl aladin)

celaeY) Byl cdejalls aptiall cOlfid) o Glld adinyy Guilal) dalles Ay

Channel effects
i nmDA

4 HCNL

4 nACh

4 L-type Ca

Hypnosis

Neuromodulation effects

T Glutamate

T Noradrenaline

-~ 2 —
Dopamine : 4

T Cortical ACh

+~ Pontine ACh

Psychotomimesis

Analgesia

T Opiocids & ERK1/2
p Antidepression

T AMPAR insertion
T NMDAR1
phosphorylation
and expression

T mGIuR
T Neurosteroids
U nox Gene expression

T Immediate Early Genes
T GFAP expression

T BONF

Cellular Effects

T mTOR

Synaptic homeostasis

T Rgsa Apoptosis

Sessions.ai juadl Sl Jeay oS —13 JaE

sle .(Domino 2010) cililgall & L)l 1030 Logee (pualiSl chaa) ¢ padal) (1
by odll die moagdl paill selus dele aladiu) Wafl cueli€l) andig celly e
.(Haas and Harper 1992) 4yl 4 jlaal)
Jalsll el glais Y Es oA paanl) Jal e JSE s JBHlil) sl
Gangy (il bl cleeYly saaally Glaaly Clas aly (e =36 (ayall)
Lesie o o(3al) Loy Uaa 48 /a0 2 I 1 e ol lejay uali€l aad Leic

.(Gao, Rejaei et al. 2016) &S [ jo 11-4 deyny Llae lis Jaa)
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—1200) i Hlal paasl) Slasy g)s pall deaal) (8 Gualisll 5855 353
.(Clements, Nimmo et al. 1982) «Ja [Jse 5,80 10-5 5 e [ahe 516 (2400
pladl ppadall Gianl (gyg paall (SSPC) plll Al & Joaall & cpalill 585 Jone
Gub Ge (el slhe) o) .da [dse 5500 9.3 5l cda [ phe 5l 2200 & bl
S (&S [ 15-8) asivnd) Jal s (Grant, Nimmo et al. 1984) &= 500 A
.(Malinovsky, Servin et al. 1996) ,iull sic alall jasally /5 Lagall culasy

640 e 235 deanl 8 3Sh (i€l e aaldll aledl uaddll (e sacall Ciany
(Je [Us0 5,800 4.7 = 2.7 4f) S/ abe 531100

Tas Lyt 2883 fia 50 lia) i€ slic) of 1996 ale Ly el
O slaal Gl palasl dued b (e 25 #275) Adles) dejay 3B 7 ) 5 P
DY) paiad el elgd) die L (Otad) (uSaie L) alall ol Cual a8 e sl
3300 — 1900 Jeadll 5S5) agise loaiay S Cpeshiall 362 3 + 11 e iy L
Sl agd (38 10 % 45 sms (o [Use 5 See 14-8.0) Joles as e [l 5l
White ) Jead) 385 Jo [Jse 5580 4.62-3.78) oleslls olSally Il sl ansil
.(and Ryan 1996

icym (S)- Ketamine) bl ) #1ay 3k oo sedation (S5l Cuaay
ol Gl cale i ball Aually L(Tsze, Steele et al. 2012) 48 /i 9 -3
(R)- Ketamine o e gl ol sy andll Lall 58 G (S)

Lia doglhad) depnll Gl aoail) asg e «(Pfenninger, Durieux et al. 2002)
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sl fe (21F 140) 5 commbl) elSU s (25 £ 275) (o sl 5yl Ly,

(1985 « ¢y33T5 culy) (R)-Ketamine ,ubaill aa (37 429) 5 «(S)-KETAMINE

120

100

y=-19.3x+ 107.5

Onszet of anesthesia (sec)

—— Onset of Anesthesia

a8 59 40 40
{sec]

Dose (mg/bird) 0.5 1 2 4

Onset™ of ketamine-induced anesthesia in 2-day-old Hisex White chicks (MS Excel). *Mean time; n = 10,

80
70
GO
50 -
40
El]
0
10
o
-10

y=2092x-21.15

Recovery time (min)

——Recovery time (min) 6.6 19.2 M1 | 747
Dose (mgf bird) 05 1 2 4

Recovery * from ketamine-induced anesthesia in 2-day-old Hisex White chicks (MS Excel). *Mean time; n = 10.

Researchgate.net jyadl . jall () 5 cueliSl alall aadl 5300 cay ey —14 IS

oo 08 ellae) s clilly Glaplly GlSall JalSH angill salaind AU cigl

dlen) Aejay 38 7 U5 sadls Layys (48 /i 25) deyay (S)-Ketamine il
(3o 37+ 429 3l dcsall ¢(438y [ 4 75) (R) ubatll ol (3o 212 140) L)
2.1 sl e fahe 56900- 500) I dmall 30385 daay 3 ¢Aids (24 21) ol
= 2200) ) deadll & 0385 daay 3 (@2 3 = 18) 5 ¢(de [« 580 3.8 -
(1985 «sals culy) sl e o(Je [Use 550 13-9.3 4 o [ale sl 3200

bl 4lae Adeld ST i 4 (S)- Ketamine jlaill o L bl oda s
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Elaay Cileal dxy)) ) @D el (R)-Ketamine (1o dyslhaall dcsall o585 3 ¢(R)
calad) sl e Jilea (s5ise
Calll J8 e el ASud) bl e 3% oyl el sopSadl) (2
JukY) gse b clle ol 4 chilll sl La¥ 3 adly; Weisman
.(Weisman 1971)
LS dueY) cliial jhe e oSl JIET e b 0S8 Gaeli] (ppeli€ll Caagy
Sle @luhall 8 ays LS o ihsally il Sleall Alafie bl s e oSl ey
McGuinness, Wasiak et al. ) Gsally 55l (e lsalse cpdll JUbYl ol
il Lagg Glae o Lays cueliSl oy Ladie . a)l) jull el & 6 (2011
0.67-0.29 Jss 5 «Je [abe 56160570 ou zsh Al deaall 3805 41 L)
cda [dse 505
salally diajall Aahall b Lo YT il USuea s)5)) Ketamine ;i€ axaiog
O Appadill cant de jally GlS (S Jeasy ) ¢(Laskowski, Stirling et al. 2011)
Lays opeli€l) o) Lovie (38 /i 0.25-0.15) lays dumide dejn g el
Llac liés ailhe) xe (38 /ae 1-0.5) i (Laskowski, Stirling et al. 2011)
.(Peltoniemi, Hagelberg et al. 2016) sala (i gyl Ipayes () ayall dala
t ) sl o Sl Jolin die Aiuse oyl calaa gl ag el ) Caliay
S e(Osall el (KeS) Lagy (e &S [ 0.5 desall vie spdll Gl e v/

(Marchetti, Coutaux et al. 2015) 45/ ga 2 (10 32a dejay
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Kryst, ) asll & e go 50 () 10 G sl Aoy slae) xie sl Jaly
(Kawalec et al. 2020
Aol 24 530 sk 5l g 25 Gy talall ye v
dcle K /a8 [iw 0.15 1) 0.05 e g Aoy ildac) wie talall it v/
.(George, Galvez et al. 2017)
.(Grossmann, Nilsson et al. 2019) &S /e 1 4oy taidindl Gayha e v
Ol 5ial Ayglladll (deaall () 0paliSH 5815 0S5 a8 dgsadll Clegall 2ay
s =45 2100adl) 4 ekl 385 ) AV claeY) G ae 4lhally dinidie
:3a0.042 0.19 4 Ja/ o
40 A 10 oo splee) (pali€U (e Gyp0as it dejal paisall Capuil) ol il
Oo sl ol oapall 8 YY) lead b aided (BU) 5 sad adde Bados ¢deli [
(S) crbaill e JSI Jeadd) 3805 ) 535 Lo 1385 ((CRPS) sixall alil) alY) da Dl
(o [Jse 58 0.95 - 0.84) Jo [abe sl 2255 200 ow gz (R)s
Lslia (SusS (S) oY) #lall S, % . (Keppel Hesselink and Kopsky 2013)
ks 3 el bl (L sl s laeY) 05 3) bl Jaa Jd oadasall
o) any 3l 5 geme 8 ) Gl e JiE 4 ¢l salall dalledll
53 S e g (S) Ll of pen Jiy ligh (Bl sl LEE e e
sl o a4 (R) alailly el el e Aplae il e

.(Short, Fong et al. 2018) ST dla )BT ads C8 G Caany (S)— Ketamine)
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Ll ) QU aladl Gaetisl) 55l e Jilall dpny salisSd aldaal) Sl —(3

.(Sofia and Harakal 1975) bl (all (pe bl 3 450l Jd

KETAMINE'S EFFICACY

IN TREATING DEPRESSION

AR RN

Antidepressant Effects
New Glutamate Receptors
Improved Sleep

Relief of Suicidal Thoughts

Reshaping of the Brain

Icanotes.com aadl) .Y dallee b cpuali€l) il — 15
1973 sle & i) sal QU saliaal) (ali€ll pailiad (e S0 A ciua

i e yays by Jael 13 (el ol 150l (3 5dle)s khorramzadeh g, o
o) Qi ihaladl ap@ll ) gam (bOlus dal) a8 /iw 1.0-0.2 (o dgpass
.(Khorramzadeh and Lotfy 1973) uéi (i 100 (e e 3 i)
saliadl (pualil clyil ) uin (RCT) aaliy ddaguias Gl dulpn Jyf ()
DA Ly Lypest uali€l) elae) o s Al 03¢) 15,2000 ale 3 culS lES
) (sl QS alias dagyuss G Alatind Y 530 3 fin 0.5 dejay dads 40
.(Berman, Cappiello et al. 2000) aasall ¢loally 45lee QUESY) (pa (ygilay ()
doaxill dagdie Aflpdie il B 3aY By 3 Gligagsd) sl dlaade @)
(Song and Zhu 2021) xisall padll QESY) e Gsilay (oiape Jadi Ly dasacas
Ol ) i @ ((Zarate and Niciu 2015) (Murrough, Perez et al. 2013)

DAy ccpdl) s day fielu Geiat B Baaly muay & QIS \JLAA\);\:GL»_J
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L) e DI e oY AN i ) sl 8 Jasdl ol 7 sadl
LA KIS QLS 5alaal)

sl e sl cailhe) die QU Tilias dbag Jld (S) bl of o il
(Kryst, Kawalec et al. 2020) (Bing, Lee et al. 2015) <yl Gk el
.(Tamman, Anand et al. 2022)

sl Gl (el g STV Sl el el o Adlia) ldys el
.(Chen, Chen et al. 2021) (Wilkinson and Sanacora 2()16) QY

[ie 0.5) & oneli€ll (e QlEOU dlaeS Gladiul Y dyp0aill cad de
(sl (e 3883 40 DA ¢ 4S
sl Ol Laal) Al Adl s clalV) cablEbl kel Lal (4
GV gy by dealsd auall leaadiny Homeostatic mechanism
slos eliall allaill 3 innate duelidl WA Jait o 3yme Al dedll 250
08 il o i 3 thand) G Gl ce sl el dalsall 536 Guk e
allsi climel Lalits 5 ey (DAY o328 3lalugs proinflammatory cytokines dulgiy)
.(Newton and Dixit 2012) 4uleil¥) Llaiul) ead 4l delidl)

dalall ey Lo deedle ST Aam Jal o el of Galall oW 3 cpuali€l) ae)
oald] 5T) DllaDU saliad) Judd) ciay il L DU sliadl o)50 G
dahall U ailhe) v i) 3 0ueliSl 2yl it cilejall (AuleddY) LS sl
-(2008 «Russabrov et al. ) (x5 saals de ) 48 /30 0.25 = 0.15 laia
Jadll 33y e anti AN llgDU Adadial) Gl ) 7 ) hady cualil of s S8
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el 3 (TNF=a)lll )sll a5 Jale cilysine Gidys (By gssill dalall) e lidll
C— JLelall C yaglls ((IL=6) 6 S sl zaall 8 AnlealY) Jalsall (s5ine Sl
.(Loix, De Kock et al. 2011) reactive protein
sl z ) iy el Gl ey J8 L b€l ool ) dil)
lal) e adad) NO elyjil)
Gesatl)l 8 JJasd elsal) K Levie (aali€H culilgiDU saliaddl cfyilill culas ) il
iy el Bl (pe Bl o Bl ()5S o8 el o ) iy 13a5 codany o Liall
.(Loix, De Kock et al. 2011) Waj 2 sall gl
aalill Aabhall dey AV oy caity o S sl of e J3sae ciludy ol
dabal) ae Lo VT Gl 8 ade el sy Al AaauY) dases Gph e derall oo
.(Kido, Toda et al. 2019) (Du, Huang et al. 2011) 4wl
IV Aladl 8 Gaaad aelill cllgaDU saliaad) JUadl) of 1) 5l oda s
Slo 8 Gl Al Gl elsall (o a8 e bl (Rgaial) siasall Jalsall agay £l
¢(Loix, De Kock et al. 2011) ol Jel@l) day are s 4 i€l (5
el s e liall Unfie Sle Gy oolin Sleadl Jaee Ajiay 058 28 (eS8 <13
Aaball Jd jodl il U 8 sale axding (pali€l (Y dald Gl 4
¢omaliSl Ll Ay Gadal) Gigan AT G e Ly Glla s oudlall sl pSLN(S
Aaadgdl) W) o us ) Angland) Aplil Lea guilall Gl Gl Giaal ) 3
ssima 8 By NMDA ol aps bd JSay aajt deleall 4ilaiully
e L) dudill G glsphdll dgylailly o(fpnae ASade 43500 (1o Loty Loy ilaliglal)
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NMDA e & il il 1oyl (el 55 cua 8 ¢(Vicious Cycle)
(gl Cagan) i b5 o Lealls AaBdl) 3 laje
S dpayal GV ae Ablgies Axade @l e cnpal Al Al 3y
N-Methyl- (NMDA) Lai (e claliglall Bliius Cilpala ey o oubll G
Gt Gluhall 8 elld IS ¢l GABA dleld [aih as 485l Aals D-Aspartate
Acamorosate ¢lld Jbe byl e Ayl cluball o cllgall Je 4yl
gl .(Farhadi, Salem et al. 2020) (Azevedo and Figueiredo 2()05)
Caroverine  Jie dasie NMDA Cilpala o 53Y) sVl (and gyl
Jea A0l 5ya3l) o3 dygl (amd sl #ladll () .(Nishad, Jain et al. 2019)
CDisall 03g] hals o)liicly Ketamine peli€ll LU ¢ pa¥) cpaiall L asgs HUaly)
-(GABA agonist) ; (NMDA antagonist)
Glilsall ve Gl guhll e GueliKl dppadll cluhall il cul [l
«(Rafalo-Ulinska and Palucha—-Poniewiera 2022) dasin (S5l alai¥l)
talas cplal)l 3 el amgd) Jleaindl) Joa dppedl clubll s s SIS
Esketamine il Jacf WS (FDA U3 (e cpilall 3gY (i€ eyl cuad) 3
Slaball (e o ld Gl ) Gl LA (31 e Lis (Keyzilen gel) ofic
ety @l ekl B (Gl a8 L leiey Dail Lo ek gyl e Ayl
Lpliaal) Al (plady cplall 508 Cadty b€l agy 3 guilall GNY1 il Cads
sVsa ic (QOL) (il die s (plad & as edall o) il Vs (el 4l

.(lonescu, Luckenbaugh et al. 2015)  cal)
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relaeY) (Gsky Asjall lag (ualisl) Jad LA (6

i cpn 8 Ly Uis 48 /30 0.3 =0.1 dmidall dejally (Sue il (bl

b e pall L Lays Uis anall 535 ce &S fae 21 alall il Gilasy 4adU) de jal

S o @A Y Jeaadl 4 dsae Agyped) Aadladl @bl desdied) Al

‘\.ﬂAJt&j‘ t_il....ubdj\ ?AT JSJ o ;Un.ﬂ:}“ OTU‘L} :\..CJ;M [EETWEN Qﬂ.‘\\:\SM Y lazi)

cilulyall 3as clubiny) GMal ailhe] ok 5 cmeliSl) deja dlaal =3 Jgaall

Clinical Topic: A Review of Ketamine in the Emergency department ji.a.ll

Ketamine Quick Dosing Reference

Ketamine Route Dose Available Comments
Indication Literature
Low ketamine dosages do
0.1 to 0.3 mg/kg ;
: not decrease respiratory
M ,Wte r ?;?” " e drive or cause emergence
Subanesthetic minutes reactions?
analgesia Short IV 0.1 to 0.5 mg/kg Less adverse effects than IV
Infusion over a minimum of | Motov S, ef al.” push administration of
15 minutes' ketamine'?
IM 0.5 to 1 mglkg - Limited data available
1-2 mglkg over 1-2 ACEP 2014 (Level | Transient apnea can be
IV push minutes’ C avoided by pushing
Procedural recommendation)'? | ketamine over 1-2 minutes.
sedation and ACEP 2014 (level Ketamine and propofol
analgesia Ketofol: IV 0.5-0.75 mg/kg B mixtures (ketofol) allow for
push over 1-2 minutes'® | recommendation)’®; | lower dosing of each agent
the POKER study* | compared to monotherapy.™
IM administration has been
Dissociative IV push 1-2 mglkg over 1-2 ACEP 2011, associated with higher
sedation for minutes'®.1° Riddell ef al.’>'® | incidences of vomiting and
excited delirium longer recovery times, but
safety data is similar,'®
IM 4-5 mg/kg"® ACEP 2011
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dadlal) adlay 3-3
Aoddl) el 1-3-3
Psychomimetic and Dissociative :oMl  Aslaally 48, <) il (1
Effects
dcsal) rua i) oda Calians oYy esll 8 Ay bl el g
Ol (a3 A Gasnlal 255 G 58S Slul ol 8 o UaeY1 Gyylay
Cilea 2y i aalill aledl paail) e saall die (alasl fawall Z)la Colad) e Il
(Peltoniemi, Hagelberg et al. 2016) Ui 1hade 2150 o€l e i) 528
.(Krystal, Karper et al. 1994)
W Jaii paaill e saaall ve el Al lesd Agladl aheV) S
asdll) Aplagy) Anladl) clysllly (sl ol @l 8 chaall S aadly 3950 )
DY) Ll Agladl ity o(galal)l e 5 Sal) (gginall cdaplly casslelly claamliall
.(Loo, Galvez et al. 2016) (Sl saall ¢ ghlall sy
i) dejally aed Ledie GuebiSH Apslad) clyibill o Latinl 5,88 el @l
Caldl dulyy Jie (Open label) dagise il dlsde e clul) e o(Ansu)
At il e ((lonescu, Luckenbaugh et al. 2015) 4By, lonescu
Krystal, ) <)y Krystal Salll Zuys Jie caaliy aguae Al dagai ddlgde
by 4y0as cad deje cupd ol yelsl (Karper et al. 1994

[ahe 55250100 Crax Jomall 8 oalae) 5850 50 ) b€l g 35 /30 0.5
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Qe dad ge (3 ASH il seds N g3 (Ja [dse 50Se 1.1-0.42 41 Ua
s LAl Auladll mheYls dulady) dubidll GaheY) G, il eV e
40 Ot 3 oI5 Gyl Gl ol Ay e Gl 10 PlA el sl
iS5 0.1 a5 Aoy Aladl) il il gl (bad) 3 .20kl olg) e 3ad
[dse 5,800 0.2-0.1 5 Ja fale 515 50-25) Jenall & cali€ll 385 pa G3ilgn )
.(Krystal, Karper et al. 1994) (J.

daly € fae 0.3) Gaebi€l) elac) of duhy 8 o3y Lahti calll cudl
356 0.5 5 de fahe 56 120 = Jead) b abacV) 3S50 b dalay den 4
Lahti, Weiler et al. ) il sy ol il (alel 8l ) gas (Jo [Jse
Osilay ) ampall sl Anladl) (ahe ) ah el o duhall <3 Lead (2001
Cupdl) Gl e Ll (38 [ de 0.12 3ums Ao yay Ly (aad Lesie pladll (iaye
(&S fae 0.77 ddlaa) dcyall) 48 [3e 0.65 3a82 60 sadl

Sl ) Gaeall Gually gyl caand) 3 culaills alag¥) e sUled) cond Sl
(R)-Ketamine bl Jladly cuhasiy) cla i) jelia of s 3 (S)-Ketamine)
Glepll 3 4ld (asadll 4a; ey (Vollenweider, Leenders et al. 1997)
T1£379) Dolay dhaall 8 GaaliSl (o (s5ima Bia ) Gapuaill (e dyglaciall 43l sl
Ja fabe 556 74£389) i (Ja [Use 558 0.30 £1.59 Jalay L) (51 ¢(da fole 5l
ol G sl e ((R+) udaills (S= ) sudaill (e e /s 5% 0.31% 1.64 )
539 Jalay diaall 8 (el (o (s5ime die Bala dilad ClulS)) dugan & iy (S)
Jud) 3¢y Ao (R) laill &5 ol il o b o(o [dse 5800 2.27 ) o fale 5
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DA A OIS AL el b s 8 (R) plaill elae) gl il ey Al
Labdl Al o elie PA e Gl ud By il Al G sk
.(Vollenweider, Leenders et al. 1997) Eigenschaftsworterliste(EWL)

O 456 o iyl (1995) ale o3dlays Mathisen Labal gy al 45w Gl
0.45 dcyny) (S)-KETAMINE laill, Isalse s ansll 8 2V ca lsile 0ol )yl
[d5a 5556 0.5 5 Ja e 5L 120 tdhaall & alae¥) S5l = Jumally 45 s
ke a3 (R)= o Isadse cpdll Gl (e daid 722 o s cculudla) (g Isile 38 (e
(Jamally ¢ 48 fae 1.8) (R)= ubatll o el deyn aladind e )l o celld o
s Gl (s [dse 5580 2.5 o de [ 56 59 =(uad) & abel) 55
bl eadse G ) el G ARl Al 8 DY) sk

depn die dndl el uelSIL Dsadse (pdll apall G Alaadlall Gl Al (S)

da [phe 516297 Juadll & 55l tdhmall (4 alieY) 5SG) e 4 /30 0.9
.(Mathisen, Skjelbred et al. 1995) (J« [Jse 58 1.25

2l e X85 57 T8 57100 Aty gl (B (i Gigas il iy
L sl e camyll (alislls ((R) pailly ¢(S) sl 1l ¢l

dilia (S) nkailly sadse (Al (pampall (30 %100 2 Grand) Guall Chlaal jela
Ll o el s (R) pabaills sadse Gl aayall o %78 2ics %56 ie )56k

Ay Al Aysepall e il 555 il i 1Y B0IA Cinda (2
Gluhpy @8y WS (Ke, Ding et al. 2018) syl Ao ale jaas aalidl) ¢ Uac)

Uty Ketamine ()] 4Dy, ( Driesen) & allld ulyn L gia Rl )
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3,SIA ddagyl)y Aulaall) 48Dl ciéxa LS ¢(Driesen, McCarthy et al. 2013) 3yuad

S [ie 0.5 depmy 283 A0 DA cpueli€U g2yl Cappil) any of felil 3 syalad)

5% 1.1-0.42 5 Je [ahe 55 250-100 doaall 8 adac¥) 5850 4oz

(4 Jsaall) capptl) o lgiil (po ppual iy any G s28 Cats (Ja /U5

il ae Sl 3 gyl paail) die Juadl 3 Ketamine 38055 cleja =4 Jaall
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Aol Aleall Jalis salyy ) baYly 381 Cama Silaa) 3 opalisl) A 2gan 8

.(Peltoniemi, Hagelberg et al. 2016) (16 J<all) cliaY<alSl) 5158 sal)s

memory
retention

= Aversive
Ketamine i.p. I

(7o . | Adrenaline/
lz_j Noradrenaline

o Unaltered
\Ketamme i.p. L memory
: retention

Adrenal NOT a“ne

medullect tor 1)//+\A

{‘ 1 XX Propranolol BLA
Propranolol i.p. | C lesion

aall BSIAN Coaa Culaaly cpali€l) AT 3 clineY <ol 0 —16 JSa

Sciencedirect.com

Jlarind s3m of cllaio bl (e e Joad ) bl e ol Lafl (i
OB Gl aay L@l G ) Uad gon dishll gad) e Ketamine (.l
o 5sall (gAY Aiull Jalgall e ALK 3ylaund) Cuaall e Jrad cilufjall 538 danks
(Bokor and Anderson 2014) « (Zhang, Tang et al. 2018) .l
Bled) cand a8 aalSH salal) dgdial) clydlil) o e aepll o sdleaia) o (3
2 e bl o Jseanll 4 Lstye LS5 die Cilea 28l aiailiad o8 2AY1 )
10 22 G ol 7 Ll 3045 Gpeddiuall any Coliay 28 Glld aas callexind ¢ s )
Al cand dejpally 488y 40 et @A sandll Gisll Byl Cupadl) s e (B
S dafebe 56250 =100 Jeaall & adacl 385 0aatiSl (ga 3S/in 0,5 Lay)aias
Jols = 3Sfaa 0.1) el e J8 deyn s g 8 (e [dse 55 1,1-0,4
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soin i (o [dse 58 0.2-0.1 4 o fohe U 50 Jumdd) 3 Luakiel Sy

Symptoms of
Ketamine Addiction

- Craving

- Hallucinations

- Anxiety

- Low Mood

- Palpitations and Tachycardia
- Chronic Bladder Problems

- Impaired Memory and
Concentration

o omaliSl Jlaain¥ ¢ gy aliie) (aliel —17 J<)
Ol e n o Jlexia) 3ol A8 calslin ) Ao sacaal) cluhall cuiy

& 150,550 u:u) ‘(L.,SJ-‘.}}S\ elacy) 3y é/@a 25 1) O C_ﬁb:‘:’ 28 408 Al Aad gl
(@ﬁ i & 400 ) 30) B (pdl) Bb e 30 500 5100 o) o Amal) Boyhalls
.(Bokor and Anderson 2014) (Corazza, Assi et al. 2013)

S e ) by (YT AR Gyl g e lepd slhey) Gyl T )
Bokor and Anderson ) iigy 75-40 < L) of e 8 @36 10 -5 o
[Jse 5,5 0,84-0,2 sl Ja [ahe 55l 200 =50) duadll 58Il Gosy (2014
Al e syl aalidll 8 cpeaty (e Ciseall 308) el @hY) & st (o
Olalls el

Adsal) e el e gerdivall lgie il S g el e il Jats
.(Zhang, Tang et al. 2018) Laall i ally Calil) lasss e Ally ¢ Ayl Gisdiy
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e ) Gaalll Gen iy (gl Jlmel) Sleall b gl g o e}
A e JladlN) el alaaily Hedll ) (g5 (el

Ol e lady) e ARGV i cpatl) Gl pailad e el e
eloall Jaad Cigan ) gage 8 el Sl aladinl) o ) 5LV ae G 1als
.(Pal, Berry et al. 2002) tolerance, dependence aulcli & il
¥ o omelSl (o dgall cldall B clillly Ldaaad) )il 2-3-3
ot Lo Ayl clhadal ) 36y 40 D s Lups (45/a40,5) Ll desally

.(18) Jill .(Wan, Levitch et al. 2015) ¢Léyls olially 43l &ll

HYPERTENSION TACHYCARDIA
blocod pressure that is - a heart rate over 100 beats per
higher than normal -,\/hﬁ minute m

LARYNGOSPASM

a spasm of the vocal cords

that temporarily makes it INCREASED MUSCLE
difficuit to speak or breathe EFUNCTION

(HYPERACTIVITY,
TWITCHING.

NAUSEA AND ﬁ RIGIDITY)
VOMITING =17
AV IS

EMERGENCE

PHENOMENON

DURING

RECOVERY PHASE
HYPERSALIVATION = a
when salivary glands —
produce more saliva than = ‘-’ |
usual —»

pharmacy-pearts co

VA yaal) cand de jally el o)) il oany — 18 JSaN
pe ) Lose Aygadll Ao g¥ly QBN 8 oagl) el Sleall 8 cpeli€D) i

-(Murrough, Perez et al. 2013) (jlaalls aall Jaria o L))y lal) iy ol
i Gleya Jolo die it Sleall 8 o Lt Cisaa ) cluhall @)l
(W DT P I N P ORI &S [ae 3.0- 0.39 o b omelill e

() il Jaray Gal il T ) Lyseddl 5y5al &
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aals Aubpy Aliay (el iUas G Ba€ BIEA) Calias cy il o3a o aag 2l
(Geisslinger, Hering et al. 1993) ((S) bl ) ) bl s I8 e
e 13 el AL s wdll Tk 6 cprall of €3 Banll ol e IS5
Riva-Posse, ) Jdasill a5 56 layys Lyes 458 40 Dla &S /g0 0.5 Zen
(Reiff et al. 2018

emsis Al lenly GLDN JBl i o) dgpay Al GG Gl
eyl & Sy Ay o ST 4 ) Siall (aali€l) alad law 3 <)S3 (ddaal
G (sl) 8 S fae 0.25 Cha JBall Ja o) dppast cand Glegay gyl
Mathisen, Skjelbred ) (S) _uailly Lulul culagiyl (450l msung pie) dypuadd) il
(et al. 1995

PG i o) (ASgd) Al Slead) e el caliagl s elly ) Ciliay
Bokor and ) ¢l dalad ci¥la 4 (adailly zeiplls cculandilly ¢ jaglls ¢ Loasll an)l)
.(Anderson 2014

Als) il 8 Glielad) (o d2e pe el Jodaddl Jlaxiall) g sue Jasiyy
0 Raal 0585 Layy Aged Ay ally ol by ¢ Jsal) 2 lad¥ls il pue Jalis Al
3 Gl ) ~ 58 s8) .(Skeldon and Goldenberg 2014) il dtal gl
Aal) pulan ekl 3 bl pleks 8 ADAN WA o jile jla il A oS
(Li, Dong et al. 2021) Jishll saall e opuali€l addions die Ujleds Ulgills dady

Llgally cAliadl lan 8 Aagale LS fisnelly abiall pyseaill Cai€ ey e sdle
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Gy ol ZlalY) e el o83 LS ¢ halailly Jlexin) s un Tafise Ailiall Jsa
Sl ) g Uac ) die Jgall
gl il ) oY) sy :Long-term Effects Al dlgh )ity 3-3-3
ade by LS dia 3y Sie Gilega plac) o) dlsh il ueli€l) Jlerind (e daaldll 20y
Phillips, Norris et al. ) (Szymkowicz, Finnegan et al. 2013) ¢daaxiall il yall

(Y el L8 LS (2020

1alSIL el 2 el gt gl e dnlall el il =5 Jsaal)
e S d 158 el e 4 By 5

The long terms/side effects of Ketamine are...

e Respiratory problems
Heart damage
Learning disabilities
Amnesia

Kills brain cells

daphy saaae eIl 26V disha 2 Mall e dealill dlal) sl 5% L e
samdl 5513 (hlaal axy L(Short, Fong et al. 2018) lgic il e s diws
Zhang, Tang et ) cpali€ll dales 515 e aalill aaly) olad) 50 s (Y1 AL 5h)
.(al. 2018

Darke, Duflou et al. ) dlas 30 CpaliSll 53550 dejall e dealill cilagll e
Loty die Cpali€l) pe ALY Ao pal) laie (et A58 a8 a8 Y clases (2021

OonlSl 2N alaia) v il A8 Byopa ) i &b eda o) s
(JBall Jaw (o 0yfS ild 4l AnSid Ao g Sl sellae) b dyshall sadll e

LaCull el 8 Lt 40080 caat de jally aali€l ) Siall e Uaey) gl
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&) ¢ W& ¢ (Loo, Galvez et al. 2016, Sakurai, Jain et al. 2020)
CEll ojer die Aealll A3l a8l ce aladly B G salal YWY Qi
.(George, Galvez et al. 2017) ,(Szymkowicz, Finnegan et al. 2013)
ey chesall e s Ll (i€l plad) sl JS (S Al o caline s
-(Wan, Levitch et al. 2015) il 4535 sule
Lpanll Lpaud) Helin ) Apcayall Ayl alhall Jadi tdgand) dnedd) 4-3-3
t oY) Al e pallys bl sl Jlaaiad) G dealdl
3pmss i) o3 uai 1989 ale 50 I Leie &l ) Olney gl <l o
o Clsadll saa Caaag 8 (LSl Jlad e daali LpPbgdind) Siaa & Clsad
dcys slhe) aey ) anall Cald sl by ASN sl Cadhll V) Ll
Brambrink, Evers et al. ) gladl xie (NMDA) cdlgiue Glpals (e 808
Sl Sl ol dlly ) dals) . (Brambrink, Evers et al. 2012)) (2012
B8 fial Jldiey Gag 0l Jols o) €3 Anidl e byl Lo cual
G oslaanl saldl AHUS ab ) oo sae sl Layy Uis apl 3 (Llle)
(Li, Li et al. « sei 3 520l GualiSll 2 e ey e dcal-Apalead-dguall clasl)
6 53l eIl zole axy el Gaill 538 3 DA Gse 5 s 2017)
onblinall il gl Ciandiid sasls Al L(Wang, Liu et al. 2015) e
sy Isal 8 (Ais 12-0.5) Jleisd a0 Jlealy cpali€ll i of @iS3

Al s ((Wang, Liu et al. 2015) 3l glaally gl Gaill 3 )8
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e liandl 3alall 4 jemal) Al Al olaid o) iy (lsis 10) oSl alaie e
(Li, Dong et al. 2021) b€l Jlexind 4080 520l Uaiiye (IS dpaley) 4y
il 8,88 3 (8 i Ty (s ) Bimll Alajie tau gl play) DA (2
Sl e gy cilega il ) Aad) e Sl vie WA s3a Cuela . el
Yeung, Wai et al. ) sei 6-3 530 DA (20l de apgll b lis ¢ 48 faa 1)
s13 oimye g2 Baagl A BSIA Hax e Biadll by sl WA @by (2010
el 1ol 3y 3SIA Canm gan AT ) 3 Laa el
Omasalld L) sale oo ) Gal(R) udadll (s (S) abaill ) adaiiiall Jslall (3
.(Yang, Shirayama et al. 2015) o)dll _gall il 3585 sl 8 duc L)
s pdadilly clbiud) alalas —4-3
Y aVW g dasal) dejally ueliSl) elae) Gldain) Glalias el

(Schwenk, Viscusi et al. 2018) ,(Szymkowicz, Finnegan et al. 2013)

Lissadll e Syl biwall ¢ ls calall Aulall joa)ya!
Ol Jals il ¢ iy andl) Jals Tl g lis)) o

2 yalyol

Coall 5 Bl o (mpe Al asag ol calall Gl

N ginns Saull ¢(pall Llin g cNla o

cJasll e
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Pharmacokenitics (yaliSll dfgal) lijad) 5-3
Absorption _alaiyi1-5-3

chmall Cially (gl Gphall @lld 8 Ly i Bl e pdall (b€l laa)
19 Jal L sl 3k geg o &Y F Al () canmgd) Bphall Adlal) 35

SN ) Ao Jeay @) rgansl) giall s sl gl SSY) Gyl (1
.(Weber, Wulf et al. 2004) Juadl) & alacd!

fstaiall e pmpall foilshll eVl B aadiey el Gylall slhel) (2

S demi gl N e Alle A Gy Gyl 13 BV Juaay JUkY,

slaey) (e 428 30-5 DA Jeaall 3 0385 550 ) iU Josys <793

ad) aey gnll L S Lalatsl GSull 28l lihal) Jidas oy eclld e

.(Moeller, Espelien et al. 2019) ( 741) JukY) xic (bl Ll

Source: Li, L. et al. Ketamine: 50 Years of Modulating the Mind. Front. Hum. Neurosci., 29 November 2016.

slacy) Grh caun il gguall Hilgall =19 J<A
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Joay 3 ((£29- 716 ) asama aill b (e willac) die GualiSl gl Nl (3

Absorption

S-ketamine

S-ketamine
- surfactant

T T T T T
0 1Oy 2000 300 <Oy SO0y (101N

S-ketamine concentration [pug/mil]

Researchgate.net joadll .S —Ketamine (il abatidl caluld =20 J<a)
SV sl ol DEWNYT Cus 388y 120 “200sme B oxSH By

.(Brunette, Anderson et al. 2011)
DY) pe 385 Lo (211 =8) Al Gyl e (S) bl goal) 3l iy
Fanta, Kinnunen et al. o€l ) dus 5V (S) pdaill Y asll g5l
cvaailly il 38 JI5 Y sl Gk ge (eliSH Gl geall il (2015
= 725)5 (X150 745) aiwdl Jalys cal) Jaly bl gaal) il iy (4
.(Vlerick, Devreese et al. 2020). Jsil e (%30
Jil Y aysll Gohll (Sl dala) Uias Shay ol Jaly cpatiSl slae) 2y
(Y el 2l O et Vs cpe (Silen aliaial die gy 5 L,
Distribution Liin|g g3l 2—-5-3
iy g ladll ey 8 Loy dllall Ayg sl el Aawal U ey el iy
Lase «(Watterson, Donohue et al. 2012) 750 =10 Jeasll gy Bl V1 4o
(S /5 5-3 =V.d) culi g5 aan )
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) 535 (&S [ie 2) ol die el (e A30085 By Ayg deya sllac) ()
S damy ) alglis e Baals 488y 2y (S) L(R) Gl (e deadll 8 4sluia 5815
Geisslinger, ) (Je [Jse 5,8 7.6 5 da [abe 56 1800) ) deaall & calac)
Sl 385 'S kil e (A4S [ 1) elac) o) 4l a8 ¢(Hering et al. 1993
[ebe 562600 Juad) b abie¥) 585N il oy (e 3aals A2y ey Juadll b
(o [dse 508 11 Jolay L sf ¢
(R) Lolail) e (S) bl o JS Alpan ()l Levie Fuals Gpaal L aitiill »38
OS5 Jilae 585 ) Jsmasll (S) il o J8 Ao gling LY ¢ pasall ualislly

aas Y 4l SAG sy .(Du, Zheng et al. 2020) Jeadl G (el (e

FEUT - - —=

|
- R — |
[ = Ketamine !
2000 i :_,3_ MNorketamine I
i | —a— Dehydronorketamine | I
| |
2500 || i
:_ i
2 :
= zooo [ "
= &
:g -'.
E Ta
= 1500 || %
8 e e @
$000 + - -
L1 (= l
- == E
-, o - !
— AR |
500 - — e |
— alle — - by !
o - — ——— |
- Ll i - -, :—— —— —— .—_—-: i
o i : .
o 100 200 300 400 S04
Time {min)

Ly Lt aile) sms (0 fale 3 800) ol 8 4ty (ualil 355 s =21 Jl)
.(Geisslinger et al.2001) Al avall 4 (R) 5 (S) cundail) G An Jigad
458 40 53d syl GalSIL 525l Cappusilly sadse (A o yall a3 Jua b

385 850 il Leve 0.84 = (R) L) (S) Lol dund culS (4 /e 0.5)ie s

65



Okl b cpalisll s
(2108l Je [Use 580 0.2320.75 ol ¢da [ale sl 53.8+ 177.23 (bl
.21 J&all .(Zhao, Venkata et al. 2012)

LAY 3-5-3
: ConaliS) CELY ((8) Apeasi )l cylanali—(1
Al b Gl ed (270S8) Uil Aaady CM) Alea] (puali€ll gl

Ll opuint (gymy (odl) Jeliilly @lldy fuag sinll Jfise 4 33yl e nOrketamine )
(Rao, Flaker et (CYP2B6,YP3A4) P450 ansll iy Ssindl ciladaily) dalussy
&y Cua Ll 43R 43kl Ketamine (b€l e Jiiall g3 ¢aaay al. 2016)
aala¥) g3 o & o(R) jalatll (e gpud JS8 (S) Ll (e Jiiall CYP3A4 ol
CelSH 8 L dl) AU dgay ¢l 6 LI (ppalaill (ge Jifiaall CYP2B6
P450 cladal adal) el Gl ) Lok

norketamine _liuy norketamine ) aleans peliSl e Jiiall A5 ax
:dehydronorketamine (DHNK) 5 hydroxynorketamines (HNKs) 1] a2 Lo
dala 3 JuSyyngd) Ala) Pl e HNKs g€ )5Sl cluhal) coplal i
UES i) ) Ketamine gl (e Adlida adlge 4 norketamine  JuSa i
:(Zarate and Niciu 2015) (peli€ll s 2y il & HNK il o

aaV) (ye JS Aal sy sale HNK= (2R,6R,28,6S) L (el (il Caaay
.(Desta, Moaddel et al. 2012) ulid (<& CYP2B LLil; CYP2A

eindy Aalal) Lt ) cileda¥) o CYP3A4, CYP3A ciletailll (he SIS )
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Jssaall 58 CYP2B6 () (s & (HNK- (28,4R;2R,4S) ) norketamine ;s
-(28,5R,2R,58)-HNK ) NorKetamine (sai juéat (e
oe norketamine (e 5yl o5& :( DHNK) - (65291 46l i) o

a1 e gl o3 ye 5-HNK (e o (CYP2B6 aslail il (335l

SR W A
R, S]-KET (R, &)=norKET (R, SOHNK
Il o s
Hr-llL 1l HaM H_H_H HaM ﬁ
A~ ) ~1_] o~
LA o el L ::|
o

H:N i " |"'”*:?H- s ____;j.r”, #E] HaM D HM i
gl [t -t \r*r O
e <l =:i:|H €l &n | OH "y

2R 6R;25,65)=HNIK (2R 4R 25 45)-HNK (IR 4515 4R=HHNK | 2R, 5525, 5R)-HNK (IR 525 55)-HNK

sl el iy ) DY) sl el LYY e ~22 JKA
i (Sar «lly aay CYP3A4. |l CYP2B6 (3 e L) norketamine ) Lisw
Zanos et al. juadl . HNKs § DHNK < ,Si J<& norketamine

(uall) 4yl cflanali—(2

Chludl e LS @lia b el OB Ll cblaall ) dile)
p(JSal) Wl ey 0 ()

oSl 3550 Hydroxylation JauSs uel)l dalas) jle s oyl 038 aal *
A Sl

CYP2A6 abaiy) dalisy Lull 3ind :(2R,6R;2S,68)-HK ) -

CYP3A4 wilehl ihlus lae 58 (2S,6R;2R,6S)-HK zlu) -

.CYP3AS5,
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(2012 ¢ Desta) _slaill 1) dawlly 4l chluadl oda o 0 3)LaY) jaas
HNK ) CYP2B6 e dsenn (2R,6R;28,68)-HK aliiwall Jifise Al g2 *
(A& gal)

WS m o Al (68 o Jainy (HNKs J 2gid il agag Jaasl hal *

(Turfus, Parkin et al. 2009) norketamine (s )il

Ch ",
+ 3
| LT \ S e A0 e e
"I-L__ CH i
[f 5] /-;‘LH".-
A " 1)
] [w] -
e (= -

SO e S i )

el i)l i) 23 IS

G iy (el ale SHn migad S 4By Zhao Salll Ay 3
ANAY il Lé_ﬁ o kil (2R,6R;28,6S)— HNK y DHNK ,Norketamine
&S [ie (0.5) aalisll gyl il (e 488 40 2y Jaaall 3 A glaiall Ayl

.23 Jsil) .(Zhao, Venkata et al. 2012)
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[R.S=KET [RSmnerKET Hydroayphonyl
wiefMET
B o
Hr!.. 1 HyH ﬁ' HM |
-l — —_— HE Y
~1_ ~ Y
':'-.’fj“'l:l e &
| n- L o | ;
H
o -y Jl WM “ h,ﬁ nH HA. T oM ..:*‘_,.li. OH
““/IJ YO ol e o)™ —( 1)
r - I ) R
e {| ol f-::l f’“m f—u ]
Hydreypaenyl GHK  [SRGSZSERIHNK  (ZRGSISERHK  (2RERZS ESHK 137, 6725 B5IHNK
HET

Q:MISSH LgJu’uA\ Ty Y g_abl...u 24 Ja)
o8 Juadll b W3S 35,0 bl oda Juail oD el Jawgie 3

—HNK; DHNK Culsivall dcls 3.83 5 (norketamine) il el 1.33 s
Highland, Farmer et al. ) ((Zhao, Venkata et al. 2012) (2R,6R;2S,6S)
(2022
Gsial) (o Ji il Joad) b cpali€l) Sligine of e a2l e iz bY) 4-5-3
&S Jin 0.5) dmize dejal sl slae) day sy ag (et 8 GLEOU L)
Clislly DHNK Galiioual) (go clygive calin gl 288 (s Lypess 4880 40 Pl Laas
sl cupil) 3y 2L 3 ) iy saal (Qeaddl ) ohysall L3 (2R,6R;2S,6S)-HNK
b Sl il ey el )l & ¢(Zhao, Venkata et al. 2012)
Gleja Tl Gl JEY) Jgr 8 o sl e daglls 14 L) cllaag sad Juadl
=0.0004 ) Je [ahe5t1442-0.1 (e s oo qlaad) SIS (he 8)250
356 5.06-0.008 ) do [ahe 516 12042 5 ¢0uali 5l (do [Jse 5.5 0.031

. (Adamowicz and Kala 2005) ¢Sl (Je /dse
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Ketamine (ng/L)

o 5 10 iS5 20 25

Norketamine (ng/L)
dwaly .norketamine S5 e heiuly el G GulSl 385 of magy =25 J<al
.(Adamowicz and Kala 2005) . Norketamine |/ Ketamine < |

owal abhl jee Chaig dduaill e dglle A (el el (ol a0 8

aDlays Adamowicz caalill dufy cijell WS ((Domino 2010) cilelu (4-2) o)
(S)- Ketamine e JSI (4ady 158-155) BHrad o€ abbYl eall caai
.(Adamowicz and Kala 2005) (R)-Ketamine ;

Lmiti Gl IS8 Lo Jall Gpb oo I Qb B oulil ol
oSl Alle k) a3 (% 16) DHNK 5 (%2) 0S5 ¢(72) 0eliSH (e
g 43580 HNK 5 HK (o li€5a JSET el y5Sslall (mas pa (yiie JS& e (7£80)
o hinally Jsall b i Galill (gng il ¢ manl

Lpall CNaee 5 deadll 8 (peliSU goad) pead) Caai of sl die L)
lea) €488 186 = jeall Cim) sapsll slae) G 1S WD) Calias Y 4l daylil
saall Caai ) liaall cialls sUaey) g s (aheshS [ 3880 / Ja 19.1 = sl i
Adamowicz ) (aheshS JS1 adds [ Je 23.2 = auall ddan Jlea) ¢ A8y 155 =
Cly ol eSSl elae) o) e Jidy @ligd (@l aas (and Kala 2005

NVl D 8 4l o)y Adamowicz dald) S5 s (Jldl Juw e DY)
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0.75 on Slesall Cingls) cuele 530 DA Bany dejny Lays Luped (el Culac
Gl 3y ol 5 ) I Capel) 2y Gaes e el 2 hk) Walis ¢(4S f3e 1.59
3 a4l 5) GG norketamine  # k) Jh cpa A Gl agll aey gy 11 5 ¢ S0
(s 8

o Gilsh 1aas (JULY) die (piye ganl el bl (s ¢oulllly 453)lie xie
Peltoniemi, ) .JuLYL i)l ol s Jell sl o (f acx ) ALY
DY) 3 ldiaY) ) dxaly ldiaY) 23 (< 35 (Hagelberg et al. 2016

. (Flint, Brouwer et al. 2017) Gadlll aylie ¢ JlilaY) vie cppaliSll _agdaidy)

F500 — —

- JE— — ]

L e Fetarmine |

000 P = MNorketamine i

| | —a Dehnydronorkcetamine | |

2500 i

j— 1 i
= |
= = |
— Doas | ™ I
= N k
E p -
=Y i - i

= 1500 || M

= =1 =5 -
000 & - - |

- (= ] i

b (=8 P H

S0 - . c3- _ I
e [ — — -

—— el g e — - S —
- - -z e 3
o . -
o 100 200 S0 L e S0
Tirme {EreEr)

-(Du, Zheng et al. 2020). c)ll s Joaall & lliine 5 i€l 5850 =26
L delie o) (a0 ellae] sy (R) olall dpleadl dupoil of Laa ]
& (25,6S)-HNK clac) aay dbiaill Jaas O a4 ¢(S) _adaall 45500 daaill
e Canaly dele [ S [de 139 704 S [ g (20) sl cupily oyl
o bkl e caal 4l Qlitua) 3] Al Bk e elacl) Aelu 4 £ 8 alyh)

(Du, Zheng et al. 2020) <. 0.6 + 3.8
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il (bl At gall (Ssalial) 6-3
5alial) cdldiuadl 1-6-3

Okl b cpalisll s

il iy (NMDAR cdliie cilpals aad ga cpali€l) )ld (Gile 1S3 LS

White and ) <l oda Jayin ) Jo¥) aliall & el Aa€aalls 4,020 5jaiall
COse o el Asall Calaall jaidn Y asls (el aas .(Ryan 1996
L) gy cDlgiall (e 22 3 L g 4l cluhall cay s NMDAR

NMDARS ¢Miuse ae 4djlie <l gidlly D Uiusal) 530 e 2l J 50le Gaali€l) 55890

Lii e e (2R6R;28,68)-HNK Cliiall of o 3 coluall G,

om 4lidls  .(Yang, Shirayama et al. 2015) ,(Leung and Baillie 1986)
(S) bl e Agdeld J81 (R) Ldaidll of (s Ao ) Cum (e sy (pali il

-(28,68)~ HNK  Cliisall (e 4lels J81 (2R,6R)-HNK il

.(Shirayama and Hashimoto 2017)

Channel effects
4 NMmDA

4 HCNL

4 nACh

4 L-type Ca

Hypnosis

.

T Glutamate

T Noradrenaline

-~ 2
Dopamine

T Cortical ACh

-~ Pontine ACh

T Opiocids & ERK1/2
T mGIuR

T Neurosteroids

L NOX

T AMPAR insertion

-~

Neuromodulation effects

Psychotomimesis

Y

Analgesia

, Antidepression

Gene expression

T Immediate Early Genes

T NMDAR1 T GFAP expression
phosphorylation T BDNF Cellular Effects
and expression T mTOR Synaptic homeostasis
T Rgsa Apoptosis
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"Abstract'

Purpose:: Tinnitus is a common symptom. It is defined as hearing a sound

when listening without an acoustic stimulus.

The study aims to determine the efficacy and the safety of ketamine when it is
given in a single low dose intravenous infusion over (40) minutes in 100 ml of

normal saline solution to sensoneural tinnitus patients.

METHODS AND MATERIALS: A prospective, randomized, controlled, trial

(RCT) was conducted on a sample of patient with disturbing sensoneural tinnitus.

The study is composed of two arms. The first arm includes a group of
ketamine, the size of (90) volunteer patients, as ketamine was infused at a reduced
dose of (0.5) mg/kg as an intravenous infusion over 40 minutes within a
physiological serum, with a Sulpiride 200mg tablet. The second arm includes the

control group with a sample size of (62) patients.

The study was conducted at Al-Moassat Hospital in Damascus, Department

of Ear, Nose and Throat, from 1/9/2020 to 1/9/2022.
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The study results were based on the patient’s assessment of change

according to the Visual Analogue Scale (VAS) for the degree of loudness (L) and

the degree of discomfort (A).

Results: A decrease in the mean values of tinnitus intensity and the degree of
annoyance in the entire study sample were observed, with statistically significant

differences between the ketamine group and the control group (p< 0.05).

There were some side effects of ketamine, but they were acceptable for the

patients who benefited from it.

Conclusion: ketamine can be safely applied as an accepted treatment for
annoying resistant tinnitus by i.vi route, especially the tinnitus with acute onset or the

one which associated with neurotic disorders.

Keywords: tinnitus, ketamine, sleep disorder
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Abstract

Purpose: Tinnitus is a common symptom. It is defined as hearing a sound

when listening without an acoustic stimulus

The study aims to determine the efficacy and the safety of ketamine when it
is given in a single low dose intravenous infusion over (40) minutes in 100 ml of

normal saline solution to sensoneural tinnitus patients

METHODS AND MATERIALS: A prospective, randomized, controlled, trial

(RCT) was conducted on a sample of patient with disturbing sensoneural tinnitus.

The study is composed of two arms. The first arm includes a group of
ketamine, the size of (90) volunteer patients, as ketamine was infused at a reduced
dose of (0.5) mg/kg as an intravenous infusion over 40 minutes within a
physiological serum. The second arm includes the control group with a sample size

of (62) patients.

The study was conducted at Al-Moassat Hospital in Damascus, Department

of Ear, Nose and Throat, from 1/9/2020 to 1/9/2022.

The study results were based on the patient’s assessment of change
according to the Visual Analogue Scale (VAS) for the degree of loudness (L) and

the degree of discomfort (A).

Results: A decrease in the mean values of tinnitus intensity and the degree
of annoyance in the entire study sample were observed, with statistically significant

differences between the ketamine group and the control group (p< 0.05).

There were some side effects of ketamine, but they were acceptable for the

patients.

Conclusion: ketamine can be safely applied as an accepted treatment for
annoying resistant tinnitus by i.vi route, especially the tinnitus with acute onset or the

one which associated with neurotic disorders.

Keywords: tinnitus, ketamine, sleep disorder
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