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Dissociative Anesthesio: 
Further Pharmacologic Studies 

and First Clinical Experience with 
the Phencyclidine Derivative CI-S81 

THERE IS A ' definite need for safe and 
potent intravenously administered an

esthetics of short duration which combine 
analgesic and sleep-producing effects with
out significant cardiovascular and respira
tory depression. Recently, a number of com
pounds related to phenylcyclohexylamine 
have aroused clinical interest because they 
appear to approach such requirements. Phen
cyclidine hydrochloride was the prototype 
of this group of agents. After preliminary 
laboratory studies 1 its clinical usefulness as 
an anesthetic was investigated by Greifen
stein and associates.2 

The intravenously administered drug was 
shown to produce an adequate anesthetic 
state in most subjects, but its undesirable 
and occasionally long-lasting psychotomi
metic: activity during the postanesthetic 
phaSE! precluded its widespread clinical ac
ceptance. 

Continued search for cl more suitable de
rivative of phencyclidine with similar anal
gesic action but shorter duration and lesser 
psychotomimetic action led McCarthy and 
Chen3 to investigate the pharmacologic prop
erties of a large series of compounds of 
which 2- (O-chlorophenyl) -2-methylamino
cyclohexanone HCl CCI-58l ) was shown to 
have some advantages. The structural for
mula of this compound , in comparison to 
phencyclidine is shown in figure i. ' 

c, 

d.? 0°o
tI /
o H 

"-611 PHeNCYCLIDINE 
FIG. 1. Structural formulae of Cl-581 and phen

':yclidine. 

CI-58l is a white crystalline substance 
with a melting point of 259 0 C. It is soluble 
in water to 20 per cent as a clear, colorless 
solution. A 10 per cent aqueous solution has 
a pH of 3.5, In animals the agent was found 
to be somewhat weaker than phencyclidine 
on the basis .of mg. per kg. body weight. 
However, when given in doses approximately 
5 times as large as phencyclidine, Cl-581 
produced similar analgesia and anesthesia, 
with shorter and therefore more controllable 
duration of action. Immobilization and/or 
general anesthesia ' could be produced in a 
broad range ofdosages. 

Of particular interest was the fact that the 
depressant effect of Cl-58 1 on the central 
nervous system was mOrE! specific than that 
of phencyclidine; even large doses did not 
produce the convulsions seen with the latter 
agent. From these laboratory studies, it was 
expected that Cl-58l would be more suitable 
than its parent drug for clinical anesthesia. 

*Depe,rtments of Anestbesiology and Pharmacology, The University of Michig.m : Medical Center, Ann 
Arbor, Michigan. - ., ". ,.,' ' 

Read! at the 39th Congress of the Intemational Anestbesia Research Society, March 28-April 1,: 1965, 
Washington, D.e. ' 
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.Aies in human volunteers4 confirmed subjects, and recording evoked responses 
tbe~romising findings and stimulated our from scalp electrodes. Employing averaging 
interest in further pharmacoJogic studies technics as previously described,6 such visu
and in gaining clinical experience with this ally evoked responses were measured before,~ new product. during, and after CI-58l induced anesthesia. 

METHODS~ Clinical Studies-A total of 130 patients 
Human Pharmacologic Studies - Ten (71 males), ranging in age from 6 weeks to 

~ male volunteers from a prison population 86 years, were anesthetized with Cl-58l for 
served as subjects. Arterial blood- pressure a total of 133 surgical procedures (table 1) .~ c recordings were obtained in 2 of the sub Twenty-nine ·patients were 2 years old or 

:t'* jects by inserting a cannula into the brachial under, and 12 patients were 66 or over . Sev~ 

~ 
 artery . The cannula was connected to a enty-three patients were in good general 
il Statham P23 pressure transducer and the health (physical sta te 1), 36 suffered from 
~ blood pressure recorded on an Offner poly minor systemic disorders (physical state 2),
i graph. Arterial p02, pC02 , and pH were and 18 suffered from major systemic disease 
.
l\ 
;; also determined before injection, and I, 3, (physical states 3 and 4 ) . Three patients 
)' and 10 minutes after completion of the in underwent emergency procedures. 
g ~ 


)l' 
jection. 


Vital signs such as respiratory rate, heart 
& 
~} Respiratory volume measurements (tidal rate, and systolicl diastolic blood pressures 
;; and minute volume) were recorded using a (inflatable cuff) were monitored at 1 to 3
~ Wright ventimeter connected to a rubber minute intervals. 
'3 face mask, as well as with the Fleisch pneu

I 
~ During certain operative procedures, suchmotachograph, which was conrlected to an'" as direct-current electroshock treatment for'" Offner polygraph. 

cardioversion, intravenous succinylcholine 
Continuous electrocardiographic (ECG) and supplemental oxygen were used. 

recordings (lead IT) were obtained for all 
CI-58l was used in a 10 mg. per m!. con10 volunteers. 

I 
centration intravenously or 25 mg. per m!. 

Continuous electroencepha logra phic intramuscularly. Intravenous injections were 

I 
(EEG ) recordings 00-20 International Sys made in a vein at the dorsum of the hand, 
tem) from F~, C~, P a, and 0 1 to both ears using a 21-gauge scalp-vein needle. The 
as refere;nce~ were carried out with 6 volun needle remained in place until completion 
teers, from the start of the intravenous in of surgery in order to facilitate the admin
jection until the subject had awakened or istration of supplemental drugs when need
alpha rhythm returned. In addition, altera ed . The speed of intravenous injection 
tions in sensory input were studied in another ranged from less than 15 (5 patients) to 60 
6 volwnteer subjects, using visual-stimulation seconds (30 patients) , and in the remainder 
by a flash of light directed into the eyes of the was given over a 15 to 30-second period. 

ABOUT THE AUTHORS 

* GUENTEl! CORSSEN, M.D. is Professor in the Depart
ment of Anesthesiology at the University of Michigan 
Medical Center, Ann Arbor, Michigan. He received his 
M.D. degree from the University of Hamburg, Germany, 
and took residency training in anesthesiology at the Uni
versity of Texas Medical Branch, Galveston, Texas. Dr. Corssen

* EDwARD F. DOMINO, M.D. is Professor of Pharmacology at the University of 
Michigan in Ann lubor. He received the B.S., M.S. and M.D. degrees from 
the University of lllinois in Urbana, and serv~ a rotating internship at Presby
terian Hospital in Chicago, lllinois. ' 
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FIG. 2. Effects of Cl-581 8Desthesia on vital signa in an 

The intramuscular route was chosen for in
fants and small children when the intra
venous approach appeared difficult, the drug 
being injected into the right or left outer 
quadrant of the buttocks. 

In 14 patients, laboratory tests were car
ried out prior to and 1 to 3 days following 
anesthesia. These induded hemoglobin, be
matacrit, blood urea nitrogen,bilirubin (di
rect, total), SeOT, cephalin fiocculation, 
and urinalysis (color, specific gravity, pH, 
albumin, sugar, ·leukocytes). 

RESULTS 
Pharmacology Studies 

Circulation-Figure 2 illustrates the vaso
pressor response to a dose of 1 rng. per kg. 
(0.41) mg. per poWld) of CI-581 in an un
premedicated prison volunteer. The drug 
was administered intravenously over a peri
od of 30 seconds. A catheter was placed in 
the brachial artery to record direct arterial 
pressures. A marked increase in both sys
tolic and diastolic blood pressure was noted. 
Pulse rate was increased and the respira
tory rate decreased slightly during the pe
riod of loss of consciousness_ A second dose 
of 1 mg. per kg. produced about the same 
duration of Wlconsciousness, while blood 
pressure and heart rate were still elevated. ': :,,?;..:- :,:, . ' . . . . 

Gradually these values returned toward'con_\ " '!IG; 3.. Alteration ~f ~r cent. mean respiratory 


·=ute volume followmg mtravenous CI-581 (0.45
trol levels. . ' mg; ' per lb.) in 6 unpremedicated human volunteers. 

• 

Respiration-As seen in figure 3, Cl-58l 
caused transient depression in minute vol-' 
ume, which started shortly after completion 
of injection and lasted from 1 to 3 minutes. 
Depression was most marked within the first 
minute after completion of drug injection. 
Considerable variability in the amount of 
respiratory depression was observed. In 1 
subject the minute volwne decreased to 30 . 
per cent of control for 1. minute. When an 
unobstructed airway was maintained, these 
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changes were less marked. The transient 
drug-induced decrease in ventilatory ex
change was not reflected in the ~lrterinl pO~, 
pCO:!, or pH values, which remained within 
physiologic limits. 

In conclusion, although CI-:'58f causes re
spiratory depression, it is transient and not 

Electroencepha]ogrnm-CI-S81 depressed 
the alpha rhythm and induced thela ;\ctiv
ity in the EEG (fig. 4). This subject re
ceived 2 doses (1 mg./kg. each) of CI-581. 
In panel A. before the drug was given, EEG 
alpha activity was normal, particularly in 
the occipit:J.J 10, ') area. Direct arterial blood 
pressure and ECG lead II recordings were 
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~I- Table 1 

CI-581: DISTRIBUTION OF 133  
PROCEDURES TO DIFFERENT SERVICES  
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Oral surgical procedures included extraction 

, of teeth and incision and drainage of sub


mandibular abscess. NinE~ patients Wldergo

ing cardioversion with the aid of direct cur


General surgery 7 rent electroshock had previously undergone 
Orthopedics 17 cardiac surgery for the correction of ac
Urology 48 quired valve defects, and were now exPeri 
Ophthalmology 31 encing atrial flutter or fibrillation. Other sur
Otola~gology 8 
Oral surgery 8 gical, manipulations included pneumoence
Cardiology (cardioversion) 9 phalogram and spinal tap with cerebral 
Others 5 spinal pressure measurements in Wlcoopera

tive children. Total 133 

The average duration of the 133 surgical 
procedures was 10 minutes and 48 seconds . 

the subject was unconscious. Panel B illus The longest procedure lasted 45 minutes 
trates the depression of alpha rhythm and (skin graft in a child n montl:ls old, with 
the increase in arterial blood , pressure and third-degree burns over 30 per cent of the
heart rate 3 minutes after drug injection. bOdy).
When the subject had regained conscious
ness, the second dose was administered, pro Preanesthetic medications consisted of 
ducing coma again and theta activity, espe conventional combinations of barbiturates or 
cially in the frontal (Fa) area (panel C) . opiates with belladonna drugs. Two patients 
Thirty-two ' minutes afterwards the subject received no preanesthetic agents; a group of 
was awake, although alpha rhythm had only 30 patients, including mostly infants and 
partially returned toward control levels children, received belladonna drugs only; 37 
(panel D) . patients received chlorpromazine, alone or 

in combination with barbiturates or opiates. 
Visually Evoked Response (VER)-Dur-

ing anesthesia induced by CI-58l, the VER Dosages of CI-58l used are shown in ta-
was characteristically altered, as illustrated ble 2. In 93 procedures, a single intravenous 
in figure 5. The vertex waves (arrows), es injection provided a duration of anesthesia 
pecially prominent in F 3, Ca, and Ps, be sufficient to C9mpIete the surgical manipu
came markedly depressed not only during lation. In 7 instances, a second intravenous 

' the period of unconsciousness but also dur injection, consisting of % to 1;2 the initial 
ing emergence from anesthesia when the dose, was administered 1;0 prolong anesthe
subject established verbal contact with the sia. A third injection was necessary in 9 
investigators. The potentials ' recorded from cases, a fourth in 1 case, and a fifth in 2 

cases.the occipital areas (01 ) showed depression 
of the faster components (waves 1, 2, and Adequate anesthesia was established in

\ 3), presence of wave 4, and depression of 123, or 9l.8 per cent, of the procedures.r cortical afterdischarge. The latter effect is Analgesia also was adequate in most in· 
in harmony with the depression of alpha stances; 5 patients, however, required sup
rhythm. ' plementation with nitrous oxide-oxygen\' 

Clinical Studies-The distribution ofpa}. tients in relation to different surgicaL ser- Table :2 
vices (table 1) includes, under general sur
gery, patients undergoing incision and drain CI·581: DOSAGES USED IN 133 
age of abscess; skin graft, and removal of INTRAVENOUS AND INTRAMUSCULAR 
rectal or sigmoid polyps. Orthopedic proced INJECTIONS 
ures included close reduction of fractures . A. Intravenous (initial dosage)
and manipulation of frozen joints. The urol <0.50 mg. per pound of body weight 18 
ogy group included cystoscopy, biopsy, of 0.50 57 
the bladder or prostate, meatotomy, and or 0.75 24 

l.00 13 

1 
chidectomy. Ophthalmologic procedures in
cluded tonometry, gonioscopy,:' goniotomy, Total 112 
fundoscopy, removal of corneal:sutures;-and . B. Intramuscular 
cauterization of corneal ,ulcer:,.Otoliryng~ : · 2.50 mg. per pound of body weight 1 

3.00logic procedures incl uded: myrlDgotomy;. 4 
probing of tear duct; tongue bioPsy;,:aIidre- , . 4.00 to 5.00 16 

! moval of papillomas from the':vocaD:coras; '· Total 21 
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muscle relaxation was inadequate, and in 2 
instances there were movements of the eye
balls during ophthalmoscopic procedures. 

Dosage-In the initial human pharmaco
logic studies, CI-581 was shown to produce 
anesthesia in doses of 1.0 to 2.0 mg. per kg. 
of body weight. Because the weight in clin
ical: patients is usually expressed in pounds, 
the mg. per pound basis for dosage was used 
in this series. It was found that the optimal 
intravenous anesthetic dose in adults ranged 
from 0.5 to 0.75 mg. per pound. In infants 
and children the dose needed to be increased 
to 1 mg. per pound for a satisfactory anes
thetic state, When the intramuscular route 
was chosen for infants and cruldren, 4 to 5 
mg, per pound proved adequate. 

Anesthesia-Surgical anesthesia was es
tablished about 30 seconds after {?ompletion 
of the intravenous injection and 5 to 8 min
utes after the intramuscular injection. With 
the intravenous administration, anesthesia 
lasted 5 to 8 minutes, and with the intra
muscular, 20 to 30 minutes. depending on 
age and physical state of the patient. As a 
rule, in young and middle-aged adults the 
duration of anesthesia was shorter than in 
the elderly or the very young. 
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At the onset of anesthesia in adult pa
tients, a slight decrease in respiratory rate 
and depth was frequently recorded, lasting 
from 30 to 60 seconds, after which the re
spiratory exchange was normal. In infants 
and children there was either no change in 
respiration or a slight increase in respiratory 
rate and/or depth. Usually patients main-
tained an adequate airway so that there was 
no need for other support. 

Changes in Circulation-Administration 
of CI-58l resulted in an increase in arterial 
pressures in the majority of adult patients. 
In some subjects the increase was alarming, 
while in others receiving the same dose, it 
was barely perceptible. It was noted that 
the greatest increases in arterial pressure 
occurred when the speed of intravenous in
jection was fast !10 to 30 seconds) . 

Rapidity with which the drug is admin
istered may play a role in the degree of the 
vasopressor response obtained. However, it 
should be noted that some volunteers still 
showed a significant increase in arterial 
blood pressure even when the drug was giv
en as an intravenous infusion over a 5-min
ute period. Some of the variations in blood 
pressure response to Cl-581 in 3 different 
patie'nts are illustrated in figures 6. 7. and 8. 
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FIG;' 7, Five"year-old white boy. 41 pounds, bilateral chronic otitis media. cleft palate. Preanesthetic 

medication: pentobarbital, 25 mg.. scopolamine. 0,2 mg. at 8:55 a.m. Surgical procedure: bilateral 
myringotomy. insertion of myringeal tubes. Anesthesia: CI,,~81 intravenously , The Cl-581 was injected 
within 60 seconds. 
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Figure 6 shows:. the effect in a 2-year-old 
boy of Cl-58l CI,mlr./lb.) · administered in
travenously,~gi~en; :.withiris,15·seconds. . A 
marked. in~~.m~ both:' systolic : and dia-
stolic blood 'pi'esSUr~was--noted~imlnediately 
after theinject.ion~~~th'imauar'decline and 
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Preanesthetic medication : pentobarbital. 30 mg., 

Surgical procedure: cauterization of corneal ulcer . 

Figure 7 illustrates the anesthesia record 
of a 5-year-old boy who received Cl-S8l 

. (1 rog./lb.) administered intravenously over 
a 6O-second period. N me the even course of 
the systolic and diastolic pressure values re
corded throughout anesthesia in this patient. 

Figure 8 illustrates the anesthesia record 
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ea 15-month·old girl to whom the drug 

was administered intramuscularly. At a dose 
of 4 mg. per pound, no significant effect on 
arterial blood pressure was observed. 

Of particular interest was the observation 
that protective reflexes-pharyngeal, laryn
geal', eyelid. and corneal-were present dur
ing the entire course of anesthesia. During 
su:rgery around and inside the mouth there 
was no need for an endotracheal tube to 
insure wlObstructed airway. The achilles 
tendon and patellar reflexes were usually 
enhanced. In some instances the jaw muscles 
appeared to be more tense. 

:Recovery - In 92 patients, :2 endpoints 
were recorded to evaluate the speed of post
anesthetic recovery: (1) time in minutes. 
monitored from completion of surgery until 
first verbal contact was established; and 2)I 

patient orientation as to person. time, and 
place. An average of 6 minutes elapsed un
til the patient responded to verbal corn· 
m<.mds. The average time from completion 
of surgery until orientation was 11 minutes. 
Full recovery usually occurred within 30 to 
GO minutes. In ;38 inf3nts and small children 
such informati()n could not be obtained. 

Nausea und vomiting were virtuaJl:y ab· 
sent. One :"i-yenr·old boy with chronic otitis 
media vomited once following bil::Jter:l! my· 
ringotomy. At the time of emesis Iw was 
awake and was uble to dear his throat spon
taneously. 

Skeletal muscle tODe . nf the extremities 
and the mnsseter muscles w'as usually in· 
creased, nlthough it was not neceSS:lry to 
administer muscle relaxants except where 
complete muscle paralysis was required, as 
in patients undergoing electroshock treat
ment or repositioning of disloC;1tcd joints. 
As :l rule, ::lbdominal muscles were rel,L'(ed. 
No grand mal convulsions were noted after 
CI·581. Muscle twitching involving facial 
and neck muscles occurred in an S-year·old 
Negro girl following multiple extractions of 
teeth. This phenomenon lasted approximate
ly 20 seconds and subsided spontaneously. 

Some of the adult patients had vivid 
dreams or frank hallucinations during the 
awakening phase. Some described the 
dreams as amusing and pleasant, others con
sidered them frightening. As a rule, such 
dreaming episodes lasted from 5 to 15 min
utes, after which the patient promptly re
turned to reality and became clear and co
ordinated. The dreams frequently involved 
out'er space. 

Two patients, both middle-aged, showed I 
signs of schizoid behavior during awakening. ! 
Both experienced traveling in outer space I 
and thought that they had died and were 1 
flying to hell. In 1 patient this episode last- I 
ed only a few minutes; in the other, restless
ness and agitation during the dreaming 
stage extended to 40 minutes, after which it 
abruptly subsided. Eight other adult pa
tients showed signs of experiencing vivid 
dreams during awakening. In 3 instances the 
intravenous administration of 60 to SO mg. 
of thiamylaJ sodium appeared to stop the 
restlessness; 311 3 patients awoke several 
minutes later without any further signs of 
psychic disturbance. 

.',Clinical Laboratory Data-In none of the I 
patients studied was there ,.my indication of 
an adverse effect of the drug on orgun func
tion. The various tests to detect possible 
toxic actions on hepatic or I'enal function 
showed values witl-lin normal limits. One pa
tient. n -!-year·\lld boy with a history or 
total alopecia and ataxia of unknown eti
ology. underwent pneumoencephalography 
and had an elevated SCOT value before re
ceiving CI·,)Rl. The SCOT villue rem:lined 
elevnted when checked '21 hours :1fter ad
mimstr3tinn t)1' the drug, 

DISCUSSION 
There ~eems to b" littl(! doubt that the 

phencyclidine derivative l'I-:"i81 is ;1 power· 
ful analgesic ;tnd ;!D'esthetlc with ;111 unusu;ll 
spectrum nf pilarmacologic effectiveness. Of 
particular importlnce seems to be the sig
nificant difference in anesthestic or comat()se 
stute induced hy this dru'i as compared to 
that estublisherl by conventional anesthetic 
Dgents or hypnotic drugs. Inste:1d <)f seda
tive nnd hypnotic effects. CI-581 ;lppe:lrs to 
produce ;l ,:;tatc re~embl ing catalepsy. 

As has been pointed 'Jut, phencyclirline· 
related drugs alter the n!'lctivity of the cen
tral nervous system to various sensory im· 
pulses but do not produce true sensory 
blockade.~ This was borne out by reports of 
some putients and subjects who. during re
covery from CI-581, felt as though they were 
in Quter space, or had no arms or legs. The 
fact that in these individuals the motor re· 
flexes were intact and frequently hyperactive 
may serve as additional evidence thut the 
drug does not block primary sensory input 
at spinal or brainstem levels. 

These and previous smdies recording vis
ualand somesthetic evoked potentials ap
pear to indicate that sensory input may 
reach cortical receiving areas but fail to be 
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Dissociative Anestbesia . , . Corssen and Domino 

perceived in some of the association areas 
because these are depressed. This interfer
ence in proper association of afferent im
pulses results in "dissociation." It is there
fore suggested that the state induced by 
CI-581 be called "dissociative anesthesia." 

If w~ accept this term, a question arises 
as to bow often one could expect the occur
rence of psychotomimetic activity under 
such conditions. Undoubtedly,different pa
tients respond differently to the dissociative 
state. The basic psychic disposition of the 
patient appears to be an important factor in 
this respect. Equally important, however, 
appears to be the amount of stimulation, 
verbal or tactile, to which the patient may 
be exposed at emergence from anesthesia. In 
the early phase of the clinical study it was 
observed that, in adults, signs of agitation, 
confusion, or even psychotic behavior dur
ing the awakening period coincided with at
tempts of various persons in the operating 
room to arouse the patient by continuously 
asking questions or applying painful stimuli. 
Under such conditions, the patient, sudden
ly awakening, seemed unable to associate 
the various afferent impulses, which set in 
motion a chain of reactions including fear, 
anxiety, confu~-eh, agitation, and restless
ness. 

This was particularly well demonstrated 
in a 21-year-old Negro girl who emerged 
from Cl-581 anesthesia after having under
gone surgery for incision and drainage of a 
perirectal abscess. She remembered distinct
ly ~ing aroused by continuous questioning 
by different persons about her name, the 
day of the week, her age, and so on. She 
thought she saw 6 doctors at once staring at 
her from above and asking questions. She 
had difficulty with vision, and remembered 
the heads of the doctors as appearing to be 
"made out of wood." Since she could not 
answer the questions promptly and ade
quately, she became frightened and began to 
cry. - As soon as she was in her room with 
no further exposure to questions, she became 
calm, and awakened shortly afterward with
out any further sigil of confusion or psy
chotic behavior. 

in'this regard, it 'should be recalled that 
Cohen and associates8 reported that sensory 
deprivation' decreased markedly the psycho
tomimeticeffects;of phencyclidine. Similar 
studies using CI~581 would be helpful, 

.. __~ ' :;~~~}~' ·· .._:;·~"':;.#.z~: '). _ ~} _' ~:" -:.: 

~ Psyi::hotomiilleticeffects during emergence 
from:CI~58L':Caneasily .be, controlled by 
coma-produciIlg.~:drugs- ,For example, small 

>:'.~ ' , 

UC.Jcurnenl Released LJiidEH tit; I,~e ~c;~<~, 

. Illfcr. matl ()e.f.i~9 .tilR~.t.~.'.1:1_i~e(t u 
-'(1 P I::, Lr"1 s· \ .", _I 'c"(: '~tc,~, , .""". 

-.. ..., ...1 ,,j .... J1- t.1 .' '\_ '''':':-~ '':~ -=:.: _.=-.. -~,.:..~t ~· 
~~. ,~-=,.. .. .,-

intravenous doses of thlamylal (60 to 80 
mg.) have proved satisfactory. However, it 
should be our aim to prevent rather than to 
treat postanesthetic drug-induced psychic 
disturbances. Further exploration of the ef
fectiveness of premedication with antipsy
chotic drugs to suppress or eliminate such 
psychomotor activity may prove of value, al
though our ,preliminary experience with 
small doses of chlorpromazine have been 
disappointing. 

There is some question about the use of 
scopolamine as a preanesthetic medication. 
in view of its own psychotomimetic effects, 
especially when given in large doses, Wheth
er it should be omitted as a preanesthetic 
medication in favor of atropine 'deserves fur
ther investiga tion. 

Variations in the use of small therapeutic 
doses of preanesthetic agents, including 
chlorpromazine, barbiturates, opiates, and. 
belladonna derivatives, have failed to change 
materially the hypertensive and psychoto
mimetic effects of Cl-58!. A more gradual 
rate of injection of the drug into the circu
lation. might reduce vasopressor activity. In 
our series this possibility was suggested by 
the obse~Bmthat intramuscular injec

any significant rise 
her the critical vari

able was~ tha t children rather than adults 
were involved, or whether it was the speed 
of absorption, is still to be determined. 

"Dissociative" anesthesia as produced by 
Cl-581 and other cyclohexylamines seems to 
provide excellent "somatoanalgesia" involv
ing extremities and the skeleton, but may be 
insufficient to protect against visceral pain. 
This observation was made in several pa
tients undergoing urologic procedures to 
correct urethral strictures or for increased 
tone of the urinary sphincter. Repeated sup
plementary intravenous dosages were fre
quently necessary for adequate analgesia in 
these cases. 

Inadequate or transient analgesia of only 
1 to 3-minute duration was recorded in some 
patients during the early phase of the study 
when the drug was given in insufficient 
amounts. Nitrous oxide-oxygen mixtures had 
to be administered as a supplement in these 
instances to provide appropriate conditions 
for surgical manipUlation. With intravenous 
dosages of · CI-581 ranging .from 0.5 to 0.75 
mg. per pound of body weight in adults and 
1.0 mg. per pound in children and infants, 
this complication was brought under control. 

Of particular advantage appeared to be 
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t~ intramuscular approach in very young 
tients. Profound analgesia of prolonged 

duration (20 to 30 minutes) resulted from 
intramuscular injections of 4 to 5 mg. per 
pound without any detectable effect on re
spiratory or circulatory mechanisms. Sup
plemental intramuscular doses were admin
istered in 3 patients for reinforcement or 
prolongation of anesthesia. 

As compared to intravenous, recovery 
from intramuscular injections was slightly 
prolonged, ranging from 30 to 90 minutes 
depending on individual variability. The 
efficiency and safety of this mode of admin
istration of CI-58l in infants and children 
for carrying out prolonged and painful pro
cedures such as extensive skin grafts for 
severe burns was clearly evident. The advis
ability of administering subanesthetic intra
muscular' doses for performing frequent 
burn-dressing changes in patients of all ages 
is now being investigated. The usefulness of 
Cl-58l administered by intravenous drip for 
analgesia, supplemented by nitrous oxide
oxygen mixtures, as recommended by Cho
doffn for the anesthetic management of pa
tients for delivery, also deserves further 
study. The amnesic effect of nitrous oxide 
should materic!lly reduce the incidence .9i 
p.TT1ergence delerium or hnJlucinations . 

Amnesia for the entire surgical and anes
thetic procedure appears to be ·another de
sirable feature of the drug. However, many 
adults had distinct recollections of the awak
ening phase, especially when this was marked 
by vivid dreams or hallucinations. 

In 3 adult patients with asthma, anesthe
si~1 induced and maintained with CI-58l as 
the sole anesthetic was smooth and unevent
fuL No signs of bronchial or bronchiolar 
spasm were detectable. The sympathomi
metic action of the drug, possibly counter
acting bronchial constrictive tendencies, may 
be beneficial in this type of patient. 

Cl-581 is well tolerated by the tissues. In 
no instance was there any local reaction to 
the intravenous or intramuscular injection. 

SUMMARY 
A new type of anesthetic agent, CI-58l, a 

derivative of phencyclidine has been inves
tigated . Pharmacoiogic details that supple
ment an earlier report are presented, and 
our first experiences with the drug in clinical 
cases are reported. 

'The compound produces profound anal
gesia associated with a peculiar state of alt

ered consciousness ( "dissociation"). Anal
gesia and unconsciousness are produced 
within 30 seconds following intravenous ad
ministration of the drug or, in children and 
infants, within 5 to 8 minutes following in
tramuscular injection. Duration of anesthet
ic action ranges from 5 to 30 minutes, ac~ 
cording to the mode of administration, and 
can be prolonged by repetition of intrave
nous or intramuscular dosages. 

Respiratory function is slightly but tran-· 
siently reduced at the onset of anesthesia 
and returns to normal values within 1 to 3 
minutes. In adults, intravenous administra
tion sometimes elevates both systolic and 
diastolic blood pressures to undesirable lev
els, but slowing the speed of such injection 
may help to reduce the severity of this vaso
pressor action. Intramuscular administra
tion in children seems not to be associated 
with hypertensive effects. 

During emergence from dissociative anes
thesia, the adult patient may go through a 
phase of vivid dreaming, with or without 
psychomotor activity, manifested by confu
sion, irrational behavior, and hallucinations. 
Such psychi,!: aberrations, which have not 
been observed in infants and children, are 
transient and appear to be controllable by 
avoiding early verbal Of tactile stimulation 
of the patient, thus preventin~ fear and 
anxiety reactions. Small amounts of short
acting b;ubiturates administered intr:.\Ve
nously C<ln effectively control the psychoto
mimetic response. 

CI-58l does not exert. any discernible toxic 
effects on organs, and it is well tolerated by 
t.he human tissues, no local reactions to in
jections having been recorded. The drug 
has been useful in the ·hn"i!sthetic manage
ment of patients undergoing short-lasting 
surgical procedures, especially those accom
panied by severe pain, such as incision .. and 
drainage of abscesses, closed reduction of . 
fractured bones, and manipulation of frozen 
joints. In pediatric patients, it has been for 
skin grafting in severe burn patients, myrin
g'otomy, probing of tear ducts, and various 
short-lasting ophthalmologic and oral sur
gical procedures. 

CI-581 appears to be a potent anesthetic 
agent with a fast onset of action and limited 
duration. While its .unusual effectiveness 
and safety in the anesthetic management of 
infants and children appears clearly evident, 
its future place in anesthesia for patients. of 
all ages will depend largely on the results 
of further clinical exploration of the agent 
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sationand' consciousness in most vertebrate 
specieS and may therefore be considered to 
be general anesthetic agents. They do, how

"ever; ~ posSess ·certain .properties which dif-
ferentiate .them from the commonly used an
estbetics, ' and .some of.,these were brought 

~, :. :.- .- .' 

... ': .. :, . ,;-. 

particularly, was the high incidence of dis
sociative phenomena that occur following 
emergence from anesthesia. These reac
tions, .severe enough to be categorized as 
"hallucinatory" in some instances, were seen 
in about 40 per cent of patients anesthetized 
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and, particularly, methods for preventing its 
vasopressor and .psychotomimetic effects. 
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The compoundCI-581 reSembles in many 
. potent anesthetic of its actions another of this group, phency
action and limited ' clidine. These analogues produce loss of sen

to lightdliring. investigations of phencycli
dine.These differences may include (a) 
maintenance of adequate ventilation with 
transient or minimal respiratory depression 
at most; Cb) maintenance of adequate crr
culation with frequent increases in blood 
pressure and heart rate; (3) failure to sig
nificantly abolish muscle tone; (d ) failure 
of the eyes to close, but rather to remain 
open with some degree of lateral nystagmus; 
(e) clonic convulsions with higher doses; 
and (f) predominantly stimulant, rather 
than depressant effects, in some species of 
animals. These observations were made ini 
tially with phencyclidine but apparently also 
hold true, at least in part, for Cl-S81. 

In the laboratory aninlal, Cl-581 produces 
an elevation, sometimes marked, in blood 
pressure. The same effect has been seen in 
man with rapid injection of the drug, but 
can be reduced if a longer time is taken for 
injection. 

The effect on respiration, following con
tinuous infusion in the laboratory animal, is 
one of a reduced tidal volume with an in
crease in rate and cl general tendency to 
maintain a normal minute volume. In man, a 
transient decrease in both rate and ampli
tude of breathing is seen, with rate decreas
ing more than depth. 

Obviously both areas need much more 
study. The electrocardiogram in the dog 
shows no change except a slight slowing of 
the heart rate. Laboratory studies and those 
in man on liver and kidney function, electro
lytes, and blood showed no significant 
change. 

An interesting fact is that Cl-581, like 
phencyclidine, will not produce a rapidly 
developing tolerance. Repeated daily doses 
in laboratory animals produced no increase 
in anesthesia time. I think Dr. Corssen has 
been able to demonstrate this very well by 
repeated administrations in man during the 
course of a single anesthetic. The lack of 
cumulative effect or sensitization is impor
tant when one is dealing with such a short
acting agent and where repeated injections 
may be necessary. 

One of the great disadvantages of this 
group of compounds, and of phencyclidine 
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1,1 \II~ phencyclidine and were frequetttly of induction of anesthesia with the thiobarbi-
L: I duration. " turates. 
! ' 

Similar phenomena have been observed A third area of usefulness may be in corn-

i'i" following the use of Cl-58l but here they are bination with nitrous oxide for superficial 
of short duration and mild in character, per- surgical procedures or nitrous oxide plus re
hap:; no more marked than some "emergence laxant drugs for intra-abdominal or intra
reactions" following inhalational anesthesia. thoracic surgery. Several years ago we used 
In almost all cases these can be J1blated by phencyclidine in this manner, with fairly 
small doses of short-acting barbiturates. Per- good results in long procedures and experi
hapB these effects will not be deterrent to the enced no real difficulty with the dissociative 
use of Cl-58l. In many short-term proce- reactions. Since CI-58l apparently possesses 
dures, this dissociative effect was completely a greater margin of safety than phencycli
lacking. dine, and shows no cwnulative effect, it may 

be of greater efficacy as an anesthetic. Re-
Any new d~ug must be carefully ev~luated peated doses can apparently be given with 

an~, finally, Its are.a of usefulness, If any, relative impunity, or perhaps a continuous 
delIneated. Assummg that Cl-58l shows infusion technic employed. 
clinical promise, wherein might it find ap
plicability? One area of usefulness might Cl-58l closely resembles phencyclidine in 
be its use as the sole anesthetic in short pro- almost all of its actions; its effect on respira
cedures. Dr. Corssen has demonstrated its tion, circulation, the excellent degree of an~ 
use in the outpatient clinic for such proce- algesia, and the postoperative dissociation 
dures and his results would warrant con- resemble those of phencyclidine. Its chief 
tinued investigation in this fieJd. Based on difference, and perhaps herein lies its ad
his preliminary observations, perhaps Cl-58l vantage, is a shortening or compression of 
might be of particular value in shortcterm all these actions. The short duration of ac
pediatric surgery where little or no muscle tion and the rapidity with which CI-58l is 
relaxation is necessary. metabolized, and its apparently greater mar

gin of safety, may contribute to its clinical 
A second usefulness might be the use of adaptability. This entire group of com

Cl-5,Sl as an agent for induction of anesthe pounds is certainly interesting to the phar
sia. Its apparent lack of effect in decreasing macologist, and CI-58l may be equally in
blood pressure, and to a Jesser degree on teresting, and more importantly, useful to 
ventilation, may offer some advantages over the anesthesiologist. 

SOCIAL SECURITY S1A1US 

Doctors who want to know more about their status under the Social Security system 

ean generally get the answers through a single visit or telephone call. ,The Social 

Security 'Administration says physicians can save time by taklng their specific ques

1:ions directly to the nearest agency office. Inquiries addressed to other sources, the 

agency points out, will usually result in only generalized review of the law. 
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240 Chapter 9-Nonbarbiturate Intravenous Anesthetics 

,. ca! or tissue irritant properties, and there are no known 
organotoxicities. Like all benzodiazepines, it appears to have 
a high safety margin, probably higher than those ofagonists, 
because it does not produce prominent eNS depression. 
Unless it is found that benzodiazepine reversal in patients 
who have a long-tenn history of benzodiazepine use causes 
withdrawal reactions, including seizures, there is no current 
contraindication for the use of flumazenil. An important 
caution is that resedation could occur because of the rela
tively short half-life of the drug. 

PHENCYCLlDINES (KETAMINE) 

History 

Phencyclidine was the first dlllg of its class to be used for 
anesthesia. It was synthesized by Maddox and introduced 
into clinical use in 1958 by Greifenstein et aJl14 and in 1959 
by Johnstone et al.l 15 Although phencyclidine proved useful 
as an anesthetic, it produced unacceptably high adverse psy
chologic effects (hallucinations and deliri um) in the 
postanesthetic recovery period. Cyclohexamine, a congener 
of phencyclidine, was tried clinically in 1959 by Lear and 
coworkers,1l6 but it was found to be less efficacious than 
phencyclidine in terms of analgeSia and yet to have as many 
adverse psychotomimetic effects. Neither of these drugs is 
used clinically today, although phencyclidine is available for 
illicit recreational use. Ketamine (Ketalar) was syntheSized 
in 1962 by Stevens and was first used in humans in 1965 by 
Corssen and Dominol17 It was chosen from among 200 
phencyclidine derivatives and proved to be the most promis
ing in laboratory animal testing. Ketamine was released for 
clinical use in 1970 and is still used in a variet), of clinical seF 
tings: Ketamine is different from most other anesthetic in
duction agents because it has significant analgesic effect. It 
usually does not depress the cardiovascular and respiratory 
systems,ll8, 119 but it does possess some of the wonisome 
adverse ps),chologic eff~cts found Vvith the other phenc),
clidines. 

Physicochemical Characteristics 

Ketamine (Fig. 9-12) has a molecular weight of 238 kd, is 
partially water soluble, and f0I1115 a white crystalline salt 

1/ 
. O· 

... 
NH2 CH 3 

/fo 

$, (+)- KETAMINE HYDROCHLORIDE R, (-J-KETAMINE HYDROCHLORIDE 

with a negative Jog of the acid ionization constant (pKu) 01 
7.5. 118. 119 It has a lipid solubility five to ten times that of 
thiopental. 120 Ketamine is prepared in a slightly acidic (pH 
3.5--5.5) solution and comes in concentrations of 10-, 50-. 
and 100-mg ketamine base per milliliter of sodium chloride 
solution containing the preservative benzethonium chlorid(>. 
The ketamine molecule contains a chiral center and then'
fore occurs as two resolvable optical isomers or enantiomen 
(11-·12), the commercial preparation being a racemic mix· 
ture ofboth isomers [S-( + ) and R-( - )1in equal amounts. J J.

Metabolism 

Ketamine is metabolized by the hepatic microsomal en
zymes responsible for most drug detoxification. The major 
pathway involves N-demethylation to form norketaminl' 
(metabolite I), which is then hydroxylated to hydroxynorke
tamine. These products are conjugated to water-soluble glu
curonide delivatives and are excreted in the UJine. Jl8.1HI.J2J 

The activity of the plincipal metabolites of ketamine has not 
been well studied, but norketamine (metabolite I) has been 
shown to have Significantly less (between 20 and 30%) activ
ity than the parent compound.122-124 Little is known about 
the activity of the other metabolites, but it is probable that 
ketamine,is tlfe major active drug. 

Pharmacokinetics 

The pharmacokinetics of ketamine have not been as well 
studied as those of many other intravenons anesthetics. 
Ketamine phamlacokineti~s have been examined after bolus 
administration of anesthetizing doses (2 to 2.5 mglkg),12.5 
follOWing a subanesthetic dose (0.25 mglkg)I25.126 and after 
continuous infusion (steady-state plasma level =2,000 ngl 
mL).i2' Regardless of the dose, ketamine plasma disappear
ance can be described by a two-compartment model. Table 
9-3 contains the rshannacokinetic values from bolus admin
istration studies. 2.5 Of note is the rapid distribution re
flected in the relatively brief slow distJibution half-life of 11 
to 16 minutes (Fig. 9":'13). The high lipid solubility of keta
mine is reflected in its relatively large volume of distlibu
tion, nearly 3 Ukg. Clearance is also relatively high, ranging 
from 890 to 1,227 mUmin, which accounts for the relatively 
short elimination half-life of 2 to 3 hours. The mean total 

Figure 9-12. Stt'rf'o;,omer, oj 
ketamint' a..~ it is f()rmuiated. 
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Figure 9-·13. Sinmlilted time com,t' of JlIa~1ll;1 !ton-I., of ketamillt' l()Jlo\\,
ing an ill(ludioll doSt' ofl,O Illg/kg. I'b."na 1"'l·l, n·'Jllin-d fi)1' h,1'''o,;, and 
alllllesill during smgt'ry aTt' 0./ to 2.2 J.l.WmL, \lith awakening 1.1""<1111" ov
cUfling at l'e'1'I, ]"';· ... r 't han 1l.5 J.l.g/1Il L. ' ,. 

hod\' clearance (lA Umin) is approxill1,tteh eCJl1al to liver 
blood flow. whi<:h means that changes in liwr hlood flow aj~ 
feet deamnce. Tlllls. the administration of a dmg sncll as 
halothane,. which reduces hepatic blood How. reduces keta
mine dearance I2 ) 12~ 

Pharm.acology 

Effects on the Central Nervous \~ 
System 

Ketamine produces dose-related 1I11C0l1scioHsness Hnd 
,lnalgesia (Chs. :3.5 and ,52). The anestlwtizecl sLlte has been 
tel1l?ecl riissociatilA:' lillcstill'sia because p<ltients who receiw 
ketamine alone appear to be in. a catctleptic state. lmlike 
other statps of anesthesia that rt'semble normal sleep. The 
ketamine-anesthetize(l patients ha\'e protillln<l analgesia h1lt 
keep then t')'es open and lllainLlill 111a11\' rpflexps. COllleal. 
cough. and swallow reflexes IlHl\- all be present hnt should 
not be ,\:;sllmed to lw protectiYe.]:l11 Then: is no rE'call of 
surgen or ,lllesthesia, h1lt ,lmnesi<1 is not as promint'nt with 
ketamine as with the benzOlliazepines, Because ketamilw 
has a low molecular weight, u pK" near the ph\'siologk pH. 
and relat'wh high lipid solllbilit\. it crosses the blood-hrain 
banier rapid}:-- and thereforE' has ,In onset of action \\ithin :30 
secontls of administr'ltion. TIlt' ma'\imal effect occurs in 
about llllinllte, After Ketamine administrMioll. p1lpils dilate 
lllml<ef<)teh' and 1l\'stagmus OCCllrs. Laui In <lti IJn <lnd sa!i\'a
tion ,]J't' e<illllllon. ',1S l~ increased skeletalll11lscle tone. ottt'll 
with coordinated hut seelllingh- p1ll1'oseless lll()\'ements of 
the arms, legs, trunk. and head. Although then' is gre,lt in
terindi\'illiwl \ <lriahilin-. phsl11<1 le\'els of D.G to l.O jJ.g/mL 
<!re cOlls:derell the minilllulll COllcentrations t(ll' !!ent'rnl 
,lJ1esthe5idJ2~_g~ but childl'l°n ~na\' re<ll1irt' ,Ii~h:l:< hi~ht'!' 
plasm'l le\-els (O.,'-;-4() jJ.!.!/mU.J·)1 TIle dm<\tion of kt't<lmine 
anesthesi,t ,ther a sill\!;le d(]ministratiol) of d l.!;enen1i ,mes .. 
tlletil- dose (2-I11~ikg'I\')is-li) to j,5 11lill1;Fe~rHJ (see fig.
9-1:3), and fllllorientatioll to person, place. ,111(] time ()CCl1rs 
within 15 to :3\) minntt's.l:l1 

~'~~~.. Dr:y,,;tiil:i-e"!";fTT;-.i I 
I:"It ern--) at 

Ch "pIer 8-N(J11<t~ttl·0i{,J.g& hill-<l~~~M~ :Afl~~ti\~~t.tFi2~\f· 

The S enantiomer enables (!ui<:ker re<:o\'er:' (b:' a couple 
of minutes) them the racemic mixtme ,I:3.3 This is thought to 
he due to the lower dose necessary to PJ~oduce an C eglli
<1nesthetic effect and to tIlt' 10 percent faster hepatic bio
tranSfOJ1l1atioll, J::H 

The duration of Ket<1mine anesthesia is ueteJ111ined bv the 
dose; higher doses produce more prolonged anesthesia,l3·'S 
and the concurrent use of' other anesthetics also prolongs 
the time of emergence. Because there is a re,lsonabl:' good 
con-elation benvt"en blood level of ketamine and CNS E'f
feet, it appears that ketallline's relathel;' sholi duration of 
action is due to its redistribution from the brain and blood to 
the other tisslles in the bock Thus, the termination of effect 
after a single bolm administration of ketamille is caused by 
drug redistJihlltio!1 from the well-perfllsed to the less well
pel{used tissues. Concomitant administration of benzodi
azepines, a common practice, ma~' prolong ketamine's er 
fect.l'3(; When used in combination with a benzodiazepine, 
the S enantiomer was no different in terms of <lWlU'Clless at 
:30 minutes, hilt it was signiflcalltl~' better at 120 mill1ltes 
than the racemic mixtllreY37 Analgesia O{'curs at consider
abl\' lower blood le\'els than loss of consciollsness. The 
plasma level at which pain thresholds are elevated is 0.1 
t;/rnL or hi\1;l1er.:2'1 This nwa11S that there is a considerable 
i)eriOcl of l)()stoperati\'e analgeSia after ketamine general 
anesthesia am1 that slIhanesthetic closes can he llsed to pro
dilce nn,dgesi,l. 

The pril1l<U:' site o/'CNS action ofketallline appears to be 
the thalamoneocortical projection s\·stem. 13,) The dl1lg St'
lecti."eh· depresses nemon,tl function in paJis of tllt' c())ie:-. 
(especiall\' associ,ltioll ,lre,1s) and thalamus while simultane
ously stinll1lating parts uf tlw limbic s~'stelll, inclllCling the 
hippocampus. This prol'ess creates what is telllled a jll/lC-

tiOl/(/l disol~!.!.(lIli::.f/lioIlJH) of nonspedfic pathw,,:-s in mid
hmin nnd th,llamic ,1re,\;;.n'l. 1-111 There is ,llso e\i(lence that 
].;etamine tlepre'5t" trallsmission of impulses in the llledial 
medllllary reticule!.r formation. which is impOliant to trans
mission oftlw aHt-l'ti\'e-t'l11otionall'()lllpOnents of l)odcep
tion from the spinal conI to higher hrain eenters,1-I1 Block
(l(lt' of eNS SI)(1irllll channels has heen shO\\1l not to be the 
mechanism of action h~- which kt'tallline produces anestlw
siH. J-l2 There is some e\'idence that ketnmine occnpies opiate 
recE'ptors in the lmlin ,lll(l spina) cord. and t11is property 
cuuld aCC()llnt tilr SDlllt' u( the analgesic efIects. J l,~. JHI 1-1:3. L-l-l 

The S-( +) t'llantiOl11er has heen showll to han' some opioid 
J.L-receptur 'Icti\-it\'. aCCollntmg fll1' part of its analgeSiC ef
fect, J-l') N-r-.1rtlwl-D-asparLlte (NMDA) reeeptor interactioJl 
mm' l1lt'di,ltr tIlt' l."t'lleral anesthetic etlects as well as some 
'lll,;I~esic acti()n~; :11' 1;t't'11lIille]-Iri-J-l,~ The spin,d cord anal
gesic effect of ketamillt' is postulated to be tillt' to inhibition 
uf dO]'.'aJ horn widt' lhllamk range 1lC'llroll<l1 al'ti\"it\.l-l~) Al
thCJu~h some clnlgs haw het'n llsed to allta~onize ketamine. 
llO specific rel't'ptor antagonist is ~'et knowll that re\erses ,111 
the CN S e!ficets of ketnl1line. 

K('tanlinl' ilw'east's ccrehral metaholism. CBE and in
tracLtJ1i,ll pressllrt' I JCF l. BeC<1l1St' of its e'\citatoJ'I' CN S d~ 
It-ets. whi~h ('all lw (]decled h ueneralized EEG lleyelop
Illen! or theta-\\'alt' adi\it\.]:15 '~IS well ,IS !l\' petit lllal 
seizllrc-·1il,t' ,lcii\it:, in the hippocalllpnsI'i1i ketamint' in
ci·e;isi:;:';- --c r-.l HD,~\'\ 'hen:<t.< tl1t'h:,\',1\:;';\l'H\;T\~skn,\ls·· t11t' 
analgeSiC ,1cti\it~ of ketalllil1t'. alpha \\'an's in{Jic,;te its ah
sence. Tl1t'n~ i:- ,In incrt'ast in CBF. which nppt'ars hig-Ilt'r 
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242 Chapter 9-Nonbarbiturate Intravenous Anesthetics 

_ the increase in CMR02 would mandate. With the in
crease in CBF as well as the generalized increase in sympa
thetic nervous s:-'stem response, there is an increase in ICP 
after ketamine.l.51.15Z The increase in CM RO~ and CBF can 
be blocked by the use of thiopentap.53 or di~zepaJll.1SZ . 1.54 
Cerebrovascular responsiveness to carbon dioxide appears 
to be preselved with ketamine; therefore, reducing PaCoz 
attenuates the rise in ICP after ketamine l52 (Ch. 56). 

Ketamine, like other phencyclidines, produces undesir
able psychologic reactions, which occur dUling awakening 
from ketamine anesthesia and are tenned emergence reac-
tions. The common manifestations of these reactions, which 
vary in severity and classification, are vivid dreaming, extra
corporeal experiences (sense of floating out of body), and il
lusion.s 0nisinterpretation of a real, external sensory e),'-peri
ence)l55 These incidents of dreaming and illusion are often 
associated with excitement, confusion, euphoria, and fear1l9 

They occur in the first hour of emergence and usually abate 
within 1 to several hours . It has been postulated that the 
psychic emergence reactions occur secondary to ketamine
induced depression of auditory and \1sual relay nuclei, lead
ing to misperception andlor misinterpretation of auditory 
and "isual stimuli. lIS Their incidence ranges from as low as 
3 to 5 percentllS. 1l9 to as high as 100 percent. 155 A clinically 
relevant range is probably 10 to 30 percent of adult patients 
who receive ketamine as a sole or major part of the anes
thetic technique. 

Factors that affect the incidence of emergence reactions 
are age, 156 dose,l19 gender,15, psychologicsusceptibility, 158 
and concurrent drugs. Playing music during anesthesia does 
not attenuate the incidence of psychotomimetic reac
tions 1 59 Pediatric patients do not report as high an inci
dence of unpleasant emergence reactions as do adult pa
tients , nor do men as compared with women. Larger doses 
and rapid administration of large doses seem to predispose 
patients to a higher incidence of adverse effects 160. 16 Fi
nally, certain personality types seem prone to the develop
ment Df emergence reactions. Patients who score high in 
psychotism on the Eysenck Personality Inventory are prone 
to develop emergence reactions,158 and people who com
monly dream at home are more likely to have postoperative 
dreams in the hospital after ketamine. l60 Numerous drugs 
have been used to reduce the incidence and severity of post
operative reactions to ketamine ll8. Jl9.162; the benzodi
azepines seem to be the most effective group of drugs to 
attenuate or to treat ketamine emergence reactions. Mid
azolarn,ll8 10razepam,l63 and diazepam l64 are useful in re
ducing reactions to ketamine. The mechanism is not known, 
but it is probable that both the sedative and amnesic actions 
of the benzodiazepines make them superior to other seda
tive-hypnotics. Midazolam has also been shown to reduce 
the psychotomimetic effect of the S enantiomer. l65 

Effects on the Respiratory System 

Ketamine has minimal effects on the central respiratory 
drive as r.eflected by anullllltered response to cllrbon dio;.;
ide. 166 There can be a transient (l-3-min) decrease in 
minute ventilation after the bolus administration of an anes
thetizing dose ofketamine (2 mg/kg IV).135.167.168 U nusu
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all" high closes can produce apnea,I()9 but this is seldom 
seen. AlteliaJ blood gases are generally preserved when 
ketamine is used alone for anesthesia or analgesia. However, 
with the use of adjuvant sedatives or anesthetic drugs, respi
ratory depreSSion can occur. Ketamine has been shown to 
affect ventilatorv control in children and should be consid
ered a possible' respiratory ~ep~essant when the drug is 
given to them in bolus doses 1 10. 1d 

Ketamine is a bronchial smooth muscle relaxant. 'When it 
is given to patients with reactive airway disease_ an51 bron
chospasm, pulmonary compliance is improved. lt2. 1,3 Keta
mine is as effective as halothane or enBurane in preventing 
experimentallv induced bronchospasm.1 74 The mechanism 
for this effect is probably a result of the sympathomimetic 
response to ketamine, but there are isolated bronchial 
smooth muscle studies shmving that ketamine can dIrectly 
antagonize the spasmogenic effects of carbachol and hista
mine .175 Owing to its bronchodilating effect, ketamine has 
been used to treat status asthmaticus unresponsive to con
ventional therapy. 176 

A potential respirator;' problem, espeCially in children, is 
the increased salivation that follows ketamine administra
tion. This can produce upper ainvay obstruction, which can 
be further complicated by laryngospasm. The increased se
cretions may also contribute to or may further complicate 
lar;rngospasm In addition, although swallow, cough, sneeze, 
and gag reflexes are relatively intact after ketamine, there is 
evidence that silent aspiration can occur dUling ketamine 
anesthesia. 130 

Effects on the Cardiovascular System 

Ketamine also has unique cardiovascular effects; it stimu
lates the cardiovascular svstem and is usuallv associated with 
increases in blood press~re, heart rate, and cardiac output 
(see Table 9-4). Other anesthetic induction drugs either 
cause no change in hemodynamic variables or produce va
sodilation with cardiac depreSSion. The S enantiorner, de
spite hope that redUcing the dose by half (equi-anesthetic 
potency) would attenuate side effects, is equivalent ~o the 
racemic mixture regarding hemodynamic response. l65 The 
increase in hemodynamic variables is associated with in
creased work and myocardial o>.ygen consumption. The 
healthy heart is able to increase oxygen supply by increased 
cardiac output and decreased coronary vascular resistance, 
so that coronary blood flow is appropriate for the increased 
oxygen consumption.l~~ The hemodynamic changes are not 
related to the dose of ketamine (e.g., there is no hemody
namic difference between administration of 0.5 and 1..5 
mg/kg 1V).1 i8 It is also interesting that a second dose of 
ketamine produces hemodynamic eff~cts less than or even 
opposite to those of the first dose.1,9 The hemodynamie 
changes after anesthesia induction with ketamine tend to be 
the same in healthy patients and in those wHh a variety of ac
quired or congenital heart diseasesl68,178, 180-IS2In patients 
with congenital heart disease, there are no Significant 
changes in shunt chrectiOJ1s or fraction l83 or systemic 0>')'

genation after ketamine induction of anesthesia. 184 In pa
tients who have elevated pulmonary artery pressure (as with 
mitral valvular and some congenital lesions), ketamiIw 
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seems to cause a more pronounced increase in pulmonary 
than Systii,C vascular resistance.lSZ; 183.1&5,166 

The n~nism by which ketamine stimulates the circula
tory system remains enigmatic. It appears not to be ~ Eeriph
eral mechanism such as baroreBex inhibition, IS '. 68 but 
rather to be central.1S9-1!il There is some evidence that 
ketamine attenuates baroreceptor function via an etTect on 
NMDA receptors in the nucleus tractus solitarius.!92 Keta

}. mine injec1ed directly into the CNS produces an immediate 
r sympathetic nervous system hemodynamic response. 193 

Ketamine also causes the sympathoneuronal release of nor
epinephrine, which can be detected in venous bJood lS4 

Blockade of this effect is possible with barbiturates, benzo
diazepines, and droperidoJ.!91 ,193-J95 Ketamine in vitro 
probably has negative inotropic effects. Myocardial de~res
sion has been demonstrated in isolated rabbit hearts, l in
tact dogs,19'j chronically instrumented dogs,198 and isolated 
canine heart preparations. 100 However, in isolated guinea 
pig hearts. ketamine was the least depressant of all the major 
induction drugs.2OO The finding that ketamine may exert its 
myocardial effects by acting on myocardial ionic currents 
(which may exert different effects from species to species or 
among tissue types ) may explain the tissue and animal 
model vaniances in direct myocardial action.201 

The .ce~trall)' mediated sympathetic responses to keta
mine usually override the direct depressant effects of keta
mine. There are some pelipheral nervous system actions of 
ketamine that pla)l an undetennined role in the hemody
namic effects of the drug. Ketamine inhibits intnmeuJ'Onal 
uptake of catecholamines in a cocaine-like effect2D-Z. 203 and 
inhibits extraneuronal norepinephrine uptake.204.205 

Stimulation of the cardiovascular system is not always de
sirable, and certain pharmacologic methods ha\'e been used 
to block the ketamine-induced tachycardia and systemic hy
pertension . Successful methods include use of adrenergic 
antagonists (both a and f3 ), as well as a "alietv of vasodila
tors2(j6 and clonidine.207 However, probably tlie most fruit

i ' 

f 

ful approach has been prior administration of benzodi
azepines. Modest doses of diazepam. flunitrazepam, and 
midazoJam all attenuate the hemodynamic effects of keta
mine. It is also possible to lessen the'tachycardia and hyper
tension caused by ketamine by using a continuous infusion 
technique with or ",rithout a benzodiazepine .20S Other gen
eral anest i1etics, palticularly the inhalation anesthetics.209 

blunt the hemodvnamic effect of ketamine. Ketamine can 
produce hemod);lamic depreSSion in the setting of deep 
anesthesia, when sYlnpathetic responses do not accompany 
its administration. 

I Uses 

t 
~:

' 
. The man)' unigue features of ketamine pharmacology, es


pecially its propensity to produce unwanted emergence re
~ actions, have placed ketamine outside the realm of routine 
... 
clinical use. Nevertheless , ketamine has an important niche 

~\. in the practice of anesthesiology when its unique s'}111pa
~-;~. 

r" 
thomimetic activity and bronchodilating capabilities are in

'
i
:;
;~, 

: dicated dUling induction of anesthesia. It is used for pre· 
~ medication. sedation. illduction and maintenance of genf'~- " en'!l ailesth~$ia~ '. L~' 
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of Anesthesia J 

Poor-risk patients (ASA class IV) \vith respiratory <lI1d car- ~ 
diovascular s),stem disorders (excluding ischemic heart dis- ~ 
ease), represent the majority of candidates for ketamine ; 
induction; this is particularly true for patients with bron
chospastic airway disease or patients with hemodynamic 
compromise based either on hypovolemia or cardiomyopa
thy (not coronary artery disease). Ketamine bronchodilation 
and profound analgeSia allOwing the use of high o).),gen con
centrations make ketamine an excellent choice for induction 
in patients with reactive air.'1ay disease. OtheIWise healthy 
trauma victims whose blood loss is extensive are also candi
dates for rapid-sequence anesthesia induction with keta
mine .210 Patients with septic shock may also benefit from 
ketamine211 However, ketamine's intrinsic myocardial de
pressant effect may manifest in this situation if trauma or 
sepsis has caused depletion of catecholamine stores plior to 
the patient's arrival in the operating room. Use of ketamine 
in these patients does not obviate the need for appropriate 
preoperative preparation, including restoration of blood vol
ume. Other cardiac diseases that can be well managed with 
ketamine anesthesia are cardiac tamponade and restrictive 
pericarditis,Z12 The finding that ketamine preserves heart 
rate and right atrial pressure through its sympathetic stimu 
lating effects makes ketamine an excellent anesthetic induc
tion and maintenance dmg in this setting. Ketamine is also 
often used in patients with congenital heart disease, espe
cially those in whom the propensity for right-to-Ieft shunting 
exists. Use of ketamine has also been reported in a patient 
susceptible to malignant h~'Ptrthennia who had a large 
antelior mediastinal mass,21", ·when spontaneous ventilation 
was required and inhalation anesthetics were contraindi
cated.21~215 

Ketamine combined w1th diazepam or midazolam cal) be 
given bycontinuous infusion to produce satisfactory cardiac 
anesthesia for patients ",!jth valvular and ischemic heart dis
ease (Ch. 49).The combination ofa benzodiazepine2oSor ofa 
benzodiazepine plus sufentanil216 ",rit!l ketamine attenuates 
or eliminates the unwanted tachycardia and hypertenSion as 
well as postoperative psychologic derangements, With this 
technigue, there are minimal hemodynamic pelturbations, 
profound analgeSia, dependable amnesia, and an uneventful 
convalescence. No comparison of this technique \vith a con
tinuous benzodiazepine-opioid technique has been made . 

Low-dose ketarnine as an analgeSiC has been used follow
ing thoracic surgery,217 in which its lack of respiratory de
pressant properties and its eguivalent pain relief as com
pared with meperidine make it a third choice when one 
\\rishes to avoid narcotics because of their respirator), de
pressant effects and when there is reason also to avoid non
steroidal agents such as ketorolac. Additional analgesic use 
can be considered in asthmatic patients.21S 

Sedation 

Ketamine is particularly suited for sedation of the pedi
atlie patient undergOing procedures away from the operat
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".oom. Pediatric patients have fewer adverse emergellce 
reactions l .5Ci than adults, and this feature makes the use of 
ketamine in pediatJics more versatile. Ketamine is used for 
sedation ancVor general anesthesia for the folloWing pedi
atric procedures: cardiac catheterization. radiation therapv. 
radiologic studies. dreSSing changes,119 and dental work,1:36 
Caution is advised in use of ketamine for cardiac catheteri
zation in pediatric patients with elevated pulmonary vascu
lar resistance, because this can be increased bv ketamineJ20 

Ketamine is often used repeatedly in the 'same patient. 
Unfortunately, the literature does not prOvide infonnation 
on how manv times ketamine anesthesia can safelv be ad
ministered t~ one individual, whether frequency of ~dminis
tration is related to tolerance follOwing multiple administra
tions, and whether or not there are detrimental effects of 
frequent/long-tenn use. 

Usually, a subanesthetic dose (::; 1.0 mg/kg IV) is used for 
dreSSing changes; this dose gives adequate operating condi
tions but a rapid return to nomlal function, including the re
sumphon of eating, which is im~ortant in maintaining 
proper nutrition in bum pMientsll,'.119 Often, ketamine is 
combined \vith premedication of a barbiturate or benzodi
azepine and an antisialagogue (e.g., glycopyrrolate) to facili
tate management. The premedications reduce the dose re
quirement for ketamine , and the antisialagogue reduces the 
sometimes troublesome salivation. 

In adults and children, ketamine can be used as a supple
ment or an adjunct to regional anesthesia, extending the 
usefulness of the primary (local anesthetic) form of anesthe
siit. In this setting. ketamine can be used plior to the appli
cation of painful blocks,221 but more commonly it is used for 
sedation or supplemental anesthesia during long or uncom
fortable procedures. When used for supplementation of re
gional anesthesia, ketamine (0.5 mg/kg IV) combined with 
diazepam (0.15 mg/kg IV) is better accepted by patients and 
is not associated with greater side effects as compared \vith 
unsedated patients .222 Ketamine in low doses can also be 
combined with nitrous oxide and propofol for the supple
mentation of conduction or local anesthesia. These tech
niques of ketamine administration are. used in outpatient 
and inpatient settings, and although patients are comfort
able and cooperative, dreams and other unpleasant emer
gence reactions can occur. lJS In outpatients, premedication 
\vith midazolam, concurrent propofol infusion, and inter
mittent ketamine (for analgeSia) in doses less than 3 mglkg 
are recommended. 223 

Dos.~s and Routes of Administration 

Ketamine can be administered intravenouslv, intramuscu
larly, orally, nasally, and rectally,224 Most clinic;U use involves 
the intravenous and intramuscular routes, by which the drug 
rapidly achieves therapeutic levels. The dose depends on 
the desired therapeutic effect and on the route of adminis
tration. Table 9-7 contains general recommended doses for 
the intravenous and intramuscular administration of keta
mine for v,nious therapeutic goals,l18 Because of their side 
effects, most anesthetic drugs require Wlat dosage be re
duced in elderly and seriously ill patients; such a recommen
dation probably is prudent with ketamine, although data 
supporting this are not available. Patients who have been 

Table 9-7. Uses and '

Induction of !(eneral anesthesia" 
0.5-2 mglkg IV 
4-6111g1k!( IM 

tvhlintenanee of general anesthesia 
05-1 mglkg IV pm 
1.5-4.5 l1g1kglmin IV 
:30-:90 l1g1kglmin IV 

S",dation and ,1Il"II(<:'si" 
0.:2-0.8 mglkg i\' 
2-4 mglkg IM 

aLO\ver doses are llsed if adjuvi\llt drugs Sllth uS midazolalll' or thiopental ure also 
gn"PIl. 

critically ill for a prolonged period may have exhausted their 
catecholamine stores and may exhibit the circulatory de
pressant effects of ketamine.225 Ketamine can be given 
epidurally and intratbecally for operative and postoperative 
pain control. The dose used in cancer pain is 1.0 mg (with 
benzethOJium chloride as preservative and 0.0.5 mg mor
phine) twice daily, with additional morphine as required .226 

The peak action after intravenous administration occurs in 
30 to 60 seconds. Onset occurs in about .5 minutes, with 
peak effect in about 20 minutes after intramuscular adminis
tration. An oral dose of 3 to 10 mg/kg generates a sedative 
effect in 20 to 45 minutes. The continuous infusion of intra
venous ketamine with or without concomitant drugs is a sat
isfactory method to keep blood levels in the therapeutiC 
range. The use of concomitant drugs such as benzodi
azepines pen11its a lower dose requirement for ketamine 
while enhanCing recovery by redUcing emergence reactions. 
The interaction of ketamine with propofol is strictly additive 
and not synergistic; tbus. the dose of each would be reduced 
by about half when used together for induction.227 

For sedation, ketamine may be given intramuscularly if 
the patient wishes to avoid awareness of intravenous 
catheter placement. It has also been administered orally in 
doses of 3 to 10 mglkg, with 6 mglkg providing optimal con
ditions in 20 to 25 minutes in one study and 10 mglkg pro
viding sedation in 87 fu8rcent of children within 45 minutes 
in another study.228.2:..9 In at least one case, deep sleep was . 
produced by a supposedly sedative oral dose.230 

Side Effects and Contraindications 

The common psychologic emergence reactions are dis
cussed earlier. Contrainrucations to ketamine relate to spe
cific pharmaeologic actions and patient diseases. Patients 
with increased ICP and with intracranial mass lesions should 
not receive ketamine because it can increase ICP and has 
been reported to cause apnea on this basis.231 The S-( +) 
enantiomer also increases CBF and is probably similarly 
contraindicated.232 Kehlmine is also contraindicated in pa
tients with an open eye injury or other ophthalmolOgiC dis
order, in whom a ketamine-induced increase in intraocular 
pressure would bedehimental (Ch. 63). Because ketamine 
has a propensity to cause hypertenSion and tachycardia, with 
a commensurate increase in myocardial oxygen consump
tion , it is contraindicated as the sole anesthetic in patients 
with ischemic heart disease 181 Likewise, it is umvise to give 

"ith N,!O .50% in O2 
with N,!O .5(}-'jO% in O2 

without N20 

over 2-3 min 
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damin.pafients with vascular aneurysms beeause of the 
Issible sudden change in arterial pressure. Psychi;ltriC dis
se such as schizophreI\ia or a history of adverse reaction to 

:etamine or one of its congeners also constitutes a con
raindication. 119 One should also consider carefully using 

when there is a possibility of postoperative delir
, other causes (e.g .• delirium tremens, possibility of 

and a ketamine-induced psychomimetic effect 
cloud the differential diagnosis. 

Other side effects inc:lude potentiation of nondepolaJizing 
uscular blockade by an undefined mechanism .~33. 234 

inally, because ketamine's preservative, chlorobutanol, has 
demonstrated to be neurotoxic, subarachnoid adminis

.• ration is contraindicated. Z35 It is probably unwise to admin
ler the drug epidural)y for this reason. 

Etomidate (Amidate, Hypnomidate) was synthesized236 

.ill 1964 and was introduced into clinical practice23, in 19i2. 
lIs properties include hemodynamic stability, minimal respi
,;lIory depression, cerebral protection, and pha1111acokinet

i 'l 'S enabling rapid recovery follOwing either a single dose or 
continuous infusion. In animals, etomidate also prOVides a 

margin of safety (median eflective dose/median lethal 
1St:' [EDsdLD50]) than thiopental (26.4 versus 4.6).23R 

.llese beneficial properties led to 'widespread use of etomi
Lile for :induction, for maintenance of anesthesia, and for 

Ilonged sedation in critically ill patients. Anesthesiolo
,i.\/'\' enthusiasm for etomidate, however, was tempered by 
''Purts that the drug can cause temporary inhibition of 
Il'roid synthesis after both single doses and infusions.2.39-241 

is effect, combined with other minor disadvantages (e.g., 
Jl on injection, superficial thrombophlebitis, myoclonus, 

Ild a relatively high incidence of nausea and vomiting) led 
I several editorialsZ42-244 guestioning the role of etomidate 

in Illodern anesthetic practice. U se of the drug waned signif
iCllltly follOwing those editorials, but it has been expanding 

, .i'I\( 'J' the past several years owing to a rediscovery of etomi
:tle's beneficial physiologic profile combined with a lack of 
1>,1' new repOlts describing clinically significant adrenocorti
.t1 suppression. 

ysic()chemical Characteristics 

\~t()midate is an imidazole deJivative (R-(+ )-pentylethyl
\\·illlidazole-S carboxylate sulfate)231l lts chemical struc

!II '(' is illustrated in Figure 9-14. Etomidate exists as nvo 
S'"llers, but only the (+) isomer is active as a hypnotic.245 

Is Illolecular weight is 342.36 kd 24,s Etomidate is water in
,llIh)e and is unstable in a neutral solution. It therefore has 

,,·,'11 fonnulated \~~th several solvents.24 [; Currenth', it is 
pplied as a 2-mglmL propylene glycol (35% by v~lume) 

.. •,llIlioJ1 with a pH of 6.9 and an osmolality of 4,640 
"',osT1llL. '-Unlike' sodium tJ1iopental, _whenetolllidate is 

11'.1··<1 with other commonl" used anesthetic agents such 11S 

"Ilromu:;cular blockers, vasoacti"e drugs, or lidocaine, it 
,)t. , not cause precipitation.247 

D'ocuillE,nl Re ie,]sed Under tl ~,,; 
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Figure 9-14. The stml'tme of etomidate, an imidazoll' derivative. 

Metabolism, Induction, and 
Maintenance of Anesthesia 

Etomidate is metabolized in the liver primarily by ester 
hydrolysis to the corresponding carboxylic acid of etomidate 
(major metabolite) or by N-dealkylation.245 The main 
metabolite is inactive. Z4' Only 2 percent of the drug is ex
creted unchanged, the rest being excreted as metabolites by 
the kidney (85%) and bile (13%).247 

Etomidate has been used for both induction and mainte
nance of anesthesia (Table 9-8). The induction dose of 
etomidate varies from 0.2 to 0.6 mglkg,237.246,248.249 and it is 
reduced by premedication with an opiate, a benzodiazepine, 
or a barbiturate.237 Onset of anesthesia follOwing a routine 
induction dose of 0.3 mglkg etomidate is rapid (one ann
brain circulation ) and is equivalent to that obtained with an 
induction dose of thiopental or methohexital.237,246,25o The 
duration of anesthesia follOwing a Single induction dose is 
linearly related to the dose-each 0.1 mglkg administered 
prOvides about 100 seconds of sleep.251 Repeat doses of 
etomidate, either by bolus or infusion, prolong the duration 
cif ~~n_o.~is: 0 ~e~overy folIo~ng etomidate is still usually 
rapld.~3i._48,_5_-_S6 The addinon of small doses of fentanyl 
with etomidate for short surgical procedures reduces the re
qUiredaose of etomidate and allows earlier awakening. In 
children, induction by rectal administration of etomidate 
has been obtained \\~th 6.S mglkg. Hypnosis occurs in 4 
minutes. At this dose, hemodvnamics are unaltered, and re
covery is still rapid.25' ' 

Various infusion schemes have been devised to utilize 
etomidate as a maintenance agent for the hypnotic compo
nent of anesthesia. Most regimens aim to achieve a plasma 
level of 300 to SOO ng/mL, which is the concentration neces
sary for hypnosis. Z.S~161 Both nvo- and three-stage infusions 
have been successfully used. These consist of an initial rapid 
infusion .of 100 j.Lg/k9/Jllin for IO minutes followed by 10 
/-Lglkg/mm thereafter,_61 or of 100 /-Lglkg/mm for 3 mmutes, 
20 ILglkg/min for 27 minutes, and 10 /-Lglkg/min there

't~bl .~·· 9~;"m~?~n~p~~9f~tQmr~~'t+7;:--y · 

lndnl'ti()n of genpml ~nestlw,iil O.2-D.6 I1lglkg IV 
M ilinten,ml't"of general ,mL'sthesia 10 ~gfkglmin IV "ith N20 "nd 'Ill 

opiate 
Sed"tion and "nill",e,"" 5-ii ~glkg/mil1 IV Dill\' I'Dr ,hIlT'! 

pt'riods nLsellatio.n be.l'~llSe of 
inhibition of l'lrticosteroid 
5nlth,'si, 
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5.21 (1 )(b) 
~Si:~~, Daniel Galarneau To: Theresa Schopf/HC-SC/GC/CA@HWC 

/t."f,Jl;r:"-""\,_200 0 0 '3 P cc: Suzanne Trottier/HC-SC/GC/CA@HWC 
!lJ-l:.Y'iJ ·t'\' ''- A~~ 4-1 - 7 01. 1 M - K - 1'7.:. 
,:_c'l,!..;\~\:~' '''< :, Subject : Re: etamlnela 

Daniel  
Theresa Schopf  

• Theresa Schopt To: Daniel Galarneau/HC-SC/GC/CA@HWC 
cc: Suzanne Trottier/HC-SC/GC/CA@HWC~ / ,. 10/07/200411:37, " Subject: Ketamine , _~, AM 

t , ' , 0.' 

Hi Daniel, 

I spoke to Mark K quickly about this and he is looking into it. Ketamine may be a distant 
derivative of phencyclidine. You may want to hold on to the documents for the time being. ( 
not send to VDD and TPD yet) 

Theresa  
----- Forwarded by Theresa Schopf/HC-SC/GC/CA on 2004-10-07 11:34 AM ---- -

' " Theresa Schopf To: status@hc-sc.gc.ca 
cc: Shereen Khan/HC-SC/GC/CA@HWC, Cynthia", ..' , ' - ' 2004-10-05 03:34• Sunstrum/HC-SC/GC/CA, Mark',' • PM Kozlowski/HC-SC/GC/CA@HWC 

Subject: Ketamine 

Hli Mark, 

A vet from Toronto told me today that ketamine is a derivative of phencyclidine and  
therefore should be included under Schedule I Item 14 of the CDSA.  

I found one website www.rxlist. com/cgiigeneric3/ketamine .htm 
Ketamine hydroch loride is a nonbarbiturate anesthetic chemically designated (±)-2-(o 
-Chlorophenyl)-2-( methylamino) cyc:lohexanone hydrochloride. 

Please let me know if this is reasonable as it would impact our scheduling of ketamine. 

Thanks  
Theresa  

: .' ":, ~ . . 
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Franca Beraldin To: Mark Kozlowski/HC-SC/GC/CA@HWC 
cc: Richard Laing/HC-SC/GC/CA@ HWC 

2004-10-25 04:37 PM Subject: Ref. : Re: Ref. : Ketamine, a derivative of Phencyclidine~ 

Further to our discussion, Ketamine and Phencyclidine are anesthetic agents. From the pharmacological 
family, yes, Ketamine is a derivative of Phencyclidine. From the chemical Family, no, Ketamine is not a 
derivative of Phencyclidine but it is more an analog. In CDSA, the definition of "analog means a substance 
that, in relation to a controlled substance, has a substantially similar chemical structure;". 
The manufacturing of Ketamine and the manufacturing of Phencyclidine involved processes totally 
d,ifferent. This is why Ketamine is not the derivative of the Phencyclidine. 

This is our comprehension 

Thank you for your attention! 

Franca J Beraldin 
450-646-1353 poste 211 
Mark Kozlowski 

Mark Kozlowski Pour: Franca Beraldln/HC-SC/ClC/CA @ HWC 
cc: Richard Laing/HC-SC/GC/CA@HWC 2004-10-20 13:54 

Objet: Re: Ref. : Ketamine, a derivative of Phencyclidine~ 

Franca, 

I've just faxed you 2 articles, which to me seem to state otherwise. Perhaps, I am misunderstanding them. 
Could you please confirm . Thanks. 

tv'lark Kozlowski 
Evaluation and Authorization Officer / 
Agent d'avaluation et autorisations 
Office of Controlled Substances / 
Bureau des substances contr6h3es 
Health Canada / Santa Canada s.21 (1 )(a) 
T'9lephone / Teh~phone: (613) 957-1063 
Facsimile / Telecopieur: (613) 952-2196 

Franca Beraldin 

Franca Beraldin To: Mark Kozlowski/HC-SC/GC/CA@ HWC 
cc: Richard Lafng/HC-SC/GCICA@ HWC20/10/04 01 :03 PM  

Subject: Ref. : Ketamine, a derivative of Phencyclidine~ 


YI9S, Ketamine has a similar structure of Phencyclidine but it is not a derivative of Phencyclidine. 

You could send me the articles. If you need more informations, please don't hesitate to contact us. 

Fl'anca J Beraldin 
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4!50-646-1353 poste 211 
Mark Kozlowski 

Mark Kozlowskl Pour: 	Richard LainglHC-SC/GC/CA@HWC, Franca 
BeraldinlHC-SC/GC/CA@ HWC 2004-10-19 13:54 

GC: 

Objet: Ketamine, a derivative of Phencyclidine 

Good Afternoon, 
) 

I'm looking for some confirmation on Ketamine being a derivative of Phencyclidine. I have found journal 
aJ1icles stating this and I can fax them to you if required. Since, we are in the process of scheduling 
Ketamine, this will effect where it is placed in the CDSA. If you have any questions, please let me know. 
Tllank you . 

Mark Kozlowski 
Evaluation and Authorization Officer / 
Agent d'evaluation et autorisations 
Office of Controlled Substances I 5.21 (1 )(a)
Bureau des substances contr61ees 
Health Canada / Santa Canada 
T'3lephone / Telephone: (613) 957-1063 
Facsimile / Telecopieur: (613) 952-2196 

--"-- Forwarded by Mark Kozlowski/HC-SC/GC/CA on 19/10/0401 :51 PM -_._-

.""H~"" Cynthia Sunstrum To: Mark Kozlowski/HC-SC/GC/CA@HWC 
~-.. CC: Daniel Galarneau/HC-SC/GC/CA@HWC, Jaspinder ..~§{" 14/1010405:47 PM KomaVHC-SC/GC/CA@HWC, Shereen Khan/HC-SC/GC/CA@HWC, 

... Theresa Schopf/HC-SC/GC/CA@HWC, Carole Bouchard 
~L.u· .. WA 

Subject: Re: Ketamine~ 

Mark: 

Ti1ank you for your research. Your finding suggests that ketamine has always been captured under 
Schedule lItem 14 of the CDSA and therefore would not need to be "scheduled" per se. In view of the 
foregoing, please verify your findings with other chemists (in DAS?) and process this is the same way you 
would any formal ruling on status (i.e. through Carole's office), 

In the interim, we will do some further research into why ketamine was included in Schedule F of the FDA 
if indeed it was already a substance controlled under the CDSA or former NCA (Daniel - please coordinate 
with Shereen). 

Cynthia 
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Status 

Status To: Theresa SchopflHC-SC/GC/CA@HWC 
Sent by: Mark Kozlowski cc: Cynthia Sunstrunv'HC-SC/GC/CA@HWC, Shereen 

KhanJHC-SC/GC/CA@HWC, Jaspinder KomaIIHC-SC/GC/CA@HWC, 
2004-10-1403:12 PM Daniel Galarneau/HC-SCIGC/CA@ HWC 

Subject: Re: Ketaminei! 

Theresa, 

I've done the research and I have 2 articles, one from a book and one from a scientific journal, stating that 
Ketamine is a derivative of Phencyclidine. This being said, what should be done for requests received for 
Ketamine until it is scheduled. Thanks. 

MK 

Theresa Schopf 

Theresa Schopf To: status@hc-sc.gc.ca 
cc: Shereen Khan/HC-SC/GC/CA@HWC , Cynthia 05/10/04 03:34 PM 

Sunstrum/HC-SC/GC/CA, Mark KozlowskilHC-SC/GC/CA@HWC 
Subject: Kelamine 

Hi Mark, 

A vet from Toronto told me today that ketamine is a derivative of phencyclidine and therefore should be  
included under Schedule I Item 14 of the CDSA.  

I found one website www.rxlist.com/cgi/generic3Iketamine.htm 

Ketamine hydrochloride is a nonbarbiturate anesthetic chemically deSignated (±)-2-(crChlorophenyl)-2-(methylamino)  
cyclohexanone hydrochloride.  

Please let me know if this is reasonable as it would impact our scheduling of ketamine.  

Thanks  
TI1eresa  
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To: Mark Kozlowski/HC-SC/GC/CA@ HWC:a She...n Kh.n 
~... _' _'·s2004-11-02 11 :02 AM 

Thanks Mark.  

sk  

Mark Kozlowski  

Mark Kozlowski 

2004-11 -02 11 :00 AM 

Stlereen, 

cc: 
Subject: Re: Ketamine~ 

To: Shereen KhanlHC-SC/GC/CA@HWC 
cc: 

Subject: Re: Ketamine~ 

I'm still waiting for a response, from one more chemist, Richard Lainu, on this issue. I haven't received 
anything, but I have received the followin~l from Franca Beradlin: 

"Further to our discussion, Ketamine and Phencyclidine are anesthetic agents. From the pharmacological 
family, yes, Ketamine is a derivative of Phencyclidine. From the chemical Family, no, Ketamine is not a 
delrivative of Phencyclidine but it is more an analog. In CDSA, the definition of "analog means a substance 
that, in relation to a controlled substance, has a substantially similar chemical structure;". 
The manufacturing of Ketamine and the manufacturing of Phencyclidine involved processes totally 
different. This is why Ketamine is not the derivative of the Phencyclidine. 

This is our comprehension 

Thank you for your attention! 

Franca J Beraldin 
4500-646-1353 poste 211 " 

Hope this helps. If you have any more questions, please let me know. 

MIK 

Stlereen Khan 

To: Mark KozlowskiIHC-SC/GC/CA@HWC 
~ "., ; ' ,'. , 02/11/0409:44 AM cc: 

Subject: Re: Ketamine 

••Sh....nKh.n ... -. -
/~?j~ 

mtM1~ ::';:: _ ;~~ !J ~ : !:' :::::; ' li:;:~ : ;': :"I\)./"::"'·:~;';~_:;.. ·. : ; . I.~: :O: : ;-_~:·./~ ~:: ' : :~ ' :::::~ : '· I :!.', :: · ,,:· ;1::1' ;: ;:)'~'.:. '. ". ":' , ", . 

~. 

Hi Mark, I'd like to know, what is the current the status of the "status decision" regarding the ketamine 
issue? 

000026 
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If you could get back to me before noon today that would be great because there is a meeting this 
af1ternoon with HPFB and Cynthia would like to bring this issue up with them. 

Hlanks 

Shereen Khan 

RBgulatory Officer 
Policy and Regulatory Affairs Division 
Office of Controlled Substances 
Drug Strategy and Controlled Substances Programme 
HECS Branch, Health Canada 
Phone: (613) 946-0121 
Fax: (613) 946-4224 
----- Forwarded by Shereen Khan/HC-SC/GC/CA on 2004-11-02 09:40 AM -----

Status To: Theresa SchopflHC-SC/GC/CA@HWC 
Sent by: Mark Kozlowski cc: Cynthia SunstrumlHC-SC/GC/CA@HWC, Shereen 

Khan/HC-SC/GC/CA@HWC, Jaspinder Komal/HC-SC/GC/CA@HWC, 
2004-10-1403:12 PM Daniel GalarneauIHC-SC/GC/CA@HWC 

. Subject: Re: Ketamine~ 

Theresa, 

I've done the research and I have 2 articles, one from a book and one from a scientific journal, stating that 
KEltamine is a derivative of Phencyclidine. This being said, what should be done for requests received for 
Ketamine until it is scheduled. Thanks. 

MI{ 

Theresa Schopf 

Theresa Schopf To: status@hc-sc.gc.ca 

05/10/04 03:34 PM cc: Shereen KhanlHC-SC/GC/CA@HWC, Cynthia 
Sunstru m/HC-SC/GC/CA, Mark Kozlowski/HC-SC/GC/CA@HWC 

Subject: Ketamine 

Hi Mark,  

A vet from Toronto told me today that ketamine is a derivative of phencyclidine and therefore should be  
included under Schedule litem 14 of the CDSA.  

I found one website www.rxlist.com/cgilgeneric3Iketamine.htm 

KEltamine hydrochloride is a nonbarbiturate anesthetic chemically deSignated (±)-2-(o-Chlorophenyl)-2-(methylamino)  
cyclohexanone hydrochloride.  

Please let me know if this is reasonable as it would impact our scheduling of ketamine.  

Hianks  
Theresa  

4· ·~1"'--~~-·~-- ·-- - .-. --.- -- ------ 
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~, . i~, Dani~1 ~alarn~au :~~ Cynthia Sunstrum/HC-SC/GC/CA@HWC . 

h--J;&~ 2004 11 0811.07 AM Subject: Re: Ketamine: Schedule StatusDl 

What is December 13, 19957 (at least that is how you respond in Jeopardy!).  

Cynthia Sunstrum  

~ Cynthia Sunstrum To: Daniel Galarneau/HC-SC/GC/CA 
~..f cC' 

.,~~.. ~~05/2004 02 :58 Subject: Ketamine: Schedule Status 
.... . 

-.v...t..Ju...-.u.u. 

Daniel: 

Has Shereen made any progress in tracking down information on when ketamine was added 
to Sched u le F7 

Cynthia 

----- Forwarded by Cynthia Sunstrum/HC-SC/GC/CA on 2004-11-0502:56 PM -----

~ Cynthia Sunstrum To: Hieu Vu/HC-SC/GC/CA@HWC, Eric 
~~ Ormsby/HC-SC/GC/CA@HWC, Brigitte to. 2004-11-0502:56Iv )'oj . Zirger/HC-SC/GC/CA@HWC, Ian .. .... PM 

Alexander/HC-SC/GC/CA@HWC, Ben 
~~,.~.." '" Lobo/HC-SC/GC/CA@HWC 

cc : Daniel Galarneau/HC-SC/GC/CA, Shereen_Khan, Theresa 
Schopf, Jaspinder Komal/HC-SC/GC/CA@HWC, Mark 
Kozlowski/HC-SC/GC/CA@HWC 

Subject: Ketamine: Schedule Status 

As discussed at the HPFB/HECS bilateral meeting earlier this week, an issue has arisen with 
regards to our proposed regulatory action to schedule ketamine under the CDSA and the 
Schedule to Part G of the FOR. As you recall, ketamine is currently on Schedule F. 

Issue: Is ketamine is a derivative of phencyclidine? As such, it would be captured under  
Schedule I Item 14 of the CDSA.  

Background: 

Item 14. of the CDSA: Phencyclidi ne (1--(1--phenylcyclohexyl)piperidine), its salts,  
derivatives and analogues and salts of derivatives and analogues  

"analogue" is defined in the CDSA as a substance that, in relation to a controlled substance, 
has a substantially similar chemical structure; derivative is not defined in the CDSA. 

A veterinarian from Toronto contacted oes to advise that ketamine is a derivative of  
phencyclidine .  

Our research thus far has yielded conflicting views. Information includes the following: 
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www.rxlist.com/cgiJgeneric3/ketamine.htm states that 
ketamine hydrochloride is a nonbarbiturate anesthetic chemically designated (±)-2-(o 
-Chlorophenyl)-2-(methylamino) cyclohexanone hydrochloride. 

- two articles have been found, one from a book and one from a scientific journal, stating 
that Ketamine is a derivative of Phencyclidine. 

- comment from a chemist: "Ketamine and Phencyclidine are anesthetic agents. From the 
pllarmacological family, yes, Ketamine is a derivative of Phencyclidine. From the chemical 
Family, nOr Ketamine is not a derivative of Phencyclidine but it is more an analog. The 
manufacturing of Ketamine and the manufacturing of Phencyclidine involved processes 
totally different. This is why Ketamine is not the derivative of the Phencyclidine 

Advice requested: 

We would appreciate obtaining your input on the following:  
- whether ketamine iSr or should be consideredr a derivative or analog of phencyclidine?  
- historicallYr whether this issue may have been considered when ketamine was added to  
Schedule F (when was it added).  

It would be greatly appreCiated if you get back to us before the end of November so that the  
issue can be resolved and we can progress with the regulatory submission. DSCS will make  
the final determination based on all information collected.  

Ttlanks in advance for your ongoing cooperation.  

Cynthia  
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Y1"rf'1"'":n ""t" Cynthia Sunstrum To : Eric Ormsby/HC-SC/GC/CA@HWC 
,~ .. cc: Mark Kozlowski/HC-SC/GC/CA@HWC, Jaspinder ...( t=:\.. 2004-11-09 10:41 AM Komal/HC-SC/GC/CA@HWC, Theresa Schopf, Daniel..~ Galarneau/HC-SC/GC/CA, Shereen_Khan• ~~ .. "+t..U...i..U Subject: Re: Ketamine: Schedule Status~ 

Excellent Eric... thanks for quick response . 

Eric Ormsby 

Eric Ormsby To: Cynthia Sunstrum/HC-SC/GC/CA@HWC 
cc:2004-11-09 10:20 

Subject: Ketamine: Schedule StatusAM 

Amirthini does our nomenclature a nd structure stuff for schedule F ... hope this helps 

-- --- Forwarded by Eric Ormsby/HC-SC/GC/CA on 11/09/2004 10: 19 AM ----- 

Amirthini Rajkumar To: Eric Ormsby/HC-SC/GC/CA@HWC 
cc:11/09/2004 10 : 14 Subject: Ketamine: Schedule StatusAM 

Hello Eric, 

Regarding the request you sent I did some research on Ketamine and Phencyclidine. 

Ketamine ( (as ketamine hydrochloride) ) is a non-barbiturate anesthetic approved for use in 
humans and animals. It is currently listed in Schedule F to the Food and Drug Regulations as 
Ketamine and its salts 
Chemical name of Ketamine hydrochloride: (±)-2-(o-Chlorophenyl)-2-(methylamino) 
c'/clohexanone hydrochloride 

Phencyclidine is listed as a controlled substance in CDSA. Chemical name of Phencyclidine 
is I-phenyl-cyclohexylpiperidine (PCP) 
PI1encyclidine was formerly used as a surgical anesthetic in both humans and veterinary practice, but it 
is not currently manufactured, and has been placed under Schedule n of the Controlled Substance Act 
(CSA) in the US. Ketamine is listed in Schedule III of the CSA. 
e.g: http://en. wikipedia .org/wiki/Controlled_Substances_Act 

Structures of both drugs are given below: 

---------.------~--
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Derivatives are defined as: A compound that can be imagined to arise from a parent 
compound by replacement ofone atom with another atom or group of atoms ( 
http://www.chemistry-dictionary.com ). e.g: Esters are derivatives of their corresponding acids 
Hence Ketamine is not considered as a derivative of Phencyclidine. 

Ketamine is pharmacologically similar to Phencyclidine. Based on the structures given 
above, both ketamine and Phencyclidine are structurally related. 
The following article indicates Ketamine as an analog of Phenycyclidim:. Several other pep analogs are also 
listed in this article. 
http://www.rhodium.ws/chemistry/pcp/pcp_index.html 

However, as per the definition stated in US Control Substance Act, Ketamine is not considered as an 
an:alogue of Phencyclidine. Currently, th(~re are only three PCP analogs listed in Schedule I of CSA 
(Thiophene analog of Phencyclidine, Ethylamine analog of Phencyclidine and Pyrrolidine analog of 
Phencyclidine). Ketamine is listed in Schedule DI of CSA 

According to US, Control Substance Act, the term "controlled substance analogue" means a substance -

(i) the chemical structure ofwhich is substantially similar to the chemical structure ofa 
controlled substance in schedule I or 11; 

(ii) 	which has a stimulant, depressant, or hallucinogenic effect on the central nervous system 
that is substantially similar to or greater than the stimulant, depressant, or 
hallucinogenic effect on the central nervous system ofa controlled substance in schedule 
I or 11; or 

(iii) with respect to a particular person, which such person represents or intends to have a 
stimulant, depressant, or hallucinogenic effect on the central nervous system that is 
substantially similar to or greater than the stimulant, dEpressant, or hallucinogenic effect 
on the central nervous system ofa controlled substance in schedule I or 11. 

Such 	 e-

(i) a controlled substance; 

(ii) . '.... .':,".: , . 	 .,' . . ~ , 
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(iii) with respect to a particular person any substance, ifan exemption is in effect for 
investigational use, for that person, under section 355 ofthis title to the extent conduct 
with respect to such substance is pursuant to such exemption; or 

(iv) 	any substance to the extent not intendedfor human consumption before such an 
exemption takes effect with re.!:.pect to that substance, 

Conclusion: Based on the above information, Ketamine is not considered as a derivative or an analog of 
Phencyclidine. 

Regards, 
Amirthini 

-----_._---- ----~-------,---------"'''- --.---------------.-~.-----,,----
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~~ Cynthia Sunstrum To: Ian Alexander/HC-SC/GC/CA@HWC 
cc: Arnost Vilim/HC-SC/GC/CA@HWC, Benr-"'"..~~,. 2004-11-18 10:50 AM Lobo/HC-SC/GC/CA@HWC, Brigitte  

..- Zirger/HC-SC/GC/CA@HWC, Daniel  ............. "u...4£.U  Galarneau/HC-SC/GC/CA@HWC, Denis 
Girard/HC-SC/GC/CA@HWC, Eric 
Ormsby/HC-SC/GC/CA@HWC, Hieu Vu/HC-SC/GC/CA@HWC, 
Jaspinder Komal/HC-SC/GC/CA@HWC, Mark 
Kozlowski/HC-SC/GC/CA@HWC, Shereen_Khan, Theresa 
Schopf/HC-SC/GC/CA@HWC 

Subject: Re: Ketamine: Schedule Status~ 

Thanks Ian, Very helpful. We will be in touch wiht our final determination and should this 
have any impact on our proposed regulatory submission. 

Cynthia 

I,m Alexander 
5.21 (1 )(a) 
5.21 (1)(b)lan Alexander To: Cynthia Sunstrum/HC-SCjGC/CA@HWC 

cc: Ben Lobo/HC-SC/GC/CA@HWC, Brigitte2004-11-1808:29 AM 
Zirger/HC-SC/GC/CA@HWC, Daniel 
Galarneau/HC-SC/GC/CA@HWC, Eric 
Ormsby/HC-SC/GC/CA@HWC, Hieu Vu/HC-SC/GC/CA@HWC, 
Jaspinder Komal/HC-SC/GC/CA@HWC, Mark 
Kozlowski/HC-SC/GC/CA@HWC, Shereen_Khan, Theresa 
Schopf/HC-SC/GC/CA@HWC, Denis 
GirardjHC-SC/GCjCA@HWC, Arnost Vilim/HC-SC/GCjCA@HWC 

Subject: Re: Ketamine: Schedule Status~ 

Hi Cynthia, 

Ian 

Phencyclidine, [l-(l-phenylcyclohexyl)piperidine)] and Ketamine,  
[2-(2-chlorophenyl)-2-(methylamino) cyclohexanone] are chemically quite different in  
structure.  

In my opinion, ketamine is not a derivative of phencyclidine.. Phencyclidine is a tertiary 
amine while ketamine is a secondary amine with a ketone functional group derived from 
cyclohexanone. It is not substantially similar in chemical structure to be considered as an 
analogue of phencyclidine as defined in the CDSA. The name Ketamine is probably derived 
from the fact that it can be considered as a keto-amine (or ketamine in short) based on the 
chemical functional groups it contains. 

Although not strickly right from a chemical structure point of view Ketamine is often referred 
to in a pharmacological context as a "derivative" of phencyclidine. From a chemical 
structure point of view, I agree that ketamine is not a derivative of phencyclidine but rather 
an analogue since in my view there is substantial similarity in structure with phencyclidine. 
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Cynthia Sunstrum 

""""'"~ Cynthia Sunstrum To: Hieu Vu/HC-SC/GC/CA@HWC, Eric 
7,-'''' Ormsby/HC-SC/GC/CA@HWC, Brigitte2004-11-0502:56 ..~§).? 	 Zirger/HC-SC/GC/CA@HWC, ran PM 

Alexander/HC-SC/GC/CA@HWC, Ben 
~~ '" Lobo/HC-SC/GC/CA@HWC 

cc: 	 Daniel Galarneau/HC-SC/GC/CA, Shereen_Khan, Theresa 
Schopf, Jaspinder Komal/HC-SC/GC/CA@HWC, Mark 
Kozlowski/HC-SC/GCjCA@HWC 

Subject: Ketamine: Schedule Status 

As discussed at the HPFBjHECS bilateral meeting earlier this week, an issue has arisen with 
regards to our proposed regulatory action to schedule ketamine under the CDSA and the 
Schedule to Part G of the FDR. As you recall, ketamine is currently on Schedule F. 

Issue: Is ketamine is a derivative of phencyclidine? As such, it would be captured under 
Schedule I Item 14 of the CDSA. 

B:t!ckground: 

Item 14. of the CDSA: Phencyclidine (l--(l--phenylcyclohexyl)piperidine), its salts, 
derivatives and analogues and salts of derivatives and analogues 

"cmaJogue" is defined in the CDSA as a substance that, in relation to a controlled substance, 
has a substantially similar chemical structure; derivative is not defined in the CDSA. 

A veterinarian from Toronto contacted OCS to advise that ketamine is a derivative of 
phencyclidine. 

Our research thus far has yielded conflicting views. Information includes the following: 

www.rxlist.comlcgilgeneric3/ketamine.htm states that 
ketamine hydrochloride is a nonbarbiturate anesthetic chemically designated (±)-2-(o 
-Chlorophenyl)- 2 - (methylam i no) cyc:lohexanone hydrochloride. 

- two articles have been found, one from a book and one from a scientific journal, stating 
trat Ketamine is a derivative of Phencyclidine. 

- comment from a chemist: "Ketamine and Phencyclidine are anesthetic agents. From the 
pharmacological family, yes, Ketamine is a derivative of Phencyclidine. From the chemical 
Family, no, Ketamine is not a derivative of Phencyclidine but it is more an analog. The 
manufacturing of Ketamine and the manufacturing of Phencyclidine involved processes 
totally different. This is why Ketamine is not the derivative of the Phencyclidine 

Advice requested: 

We would appreciate obtaining your input on the following:  
- whether ketamine is, or should be conSidered, a derivative or analog of phencyclidine?  
- historically, whether this issue may have been considered when ketamine was added to  
Schedule F (when was it added).  
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It would be greatly appreciated if you get back to us before the end of November so that the 
issue can be resolved and we can progress with the regulatory submission. DSCS will makE! 
the final determination based on all information collected. 

Tlhanks in advance for your ongoing cooperation. 

Cynthia 
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Mark Kozlowski To: Richard LainglHC-SC/GC/CA@HWC 
cc:

2004-11-2201:14 PM Subject: Ketamine: Schedule Status 

Richard, 

I will be forwarding you some email I received regarding Ketamine, as background for the status decision 
that is coming through. Thanks. 

MK 

----- Forwarded by Mark Kozlowski/HC-SC/GC/CA on 22111/04 01 :11 PM --.. --

".,....,.,~ Cynthla Sunstrum To: Hieu VuIHC-SC/GC/CA@HWC, Eric Ormsby/HC-SC/GC/CA@HWC, 
Brigitte ZirgerfHC-SCfGCfCA@HWC, lan ..~§:>....r.--' 05/11/0402:56 PM AlexanderIHC-SCfGCfCA@ HWC, Ben Lobo/HC-SC/GC/CA@ HWC 

cc: Daniel GalarneaufHC-SC/GC/CA, Shereen_Khan, Theresa Schopf, ~:"1o'''UUA. Jaspinder Komal/HC-SC/GC/CA@HWC, Mark 
KozlowskilHC-SC/GC/CA@HWC 

Subject: Ketamine: Schedule Status 

As discussed at the HPFB/HECS bilateral meeting earlier this week, an issue has arisen with regards to  
our proposed regulatory action to schedule ketamine under the COSA and the Schedule to Part G of the  
FDR. As you recall, ketamine is currently on Schedule F.  

Is:sue: Is ketamine is a derivative of phencyclidine? As such, it would be captured under Schedule litem 
14 of the CDSA. 

Background: 

Item 14. of the CDSA: Phencyclidine (1--(1--phenylcyclohexyl)piperidine), its salts, derivatives and 
analogues and salts of derivatives and analogues 

"analogue" is defined in the CDSA as a substance that, in relation to a controlled substance, has a 
substantially similar chemical structure; derivative is not defined in the CDSA. 

A veterinarian from Toronto contacted OCS to advise that ketamine is a derivative of phencyclidine. 

Our research thus far has yielded conflicting views. Information includes the following: 

www.rxlist.com/cgilgeneric3Iketamine.htm states that  
ketamine hydrochloride is a nonbarbiturate anesthetic chemically designated (±)-2-(o-Chlorophenyl)-2-(m3thylamino)  
cyclohexanone hydrochloride.  

- two articles have been found, one from a book and one from a scientific journal, stating thatKetamine is 
a derivative of Phencyclidine. 

- comment from a chemist: "Ketamine and Phencyclidine are anesthetic agents. From the pharmacological  
family, yes, Ketamine is a derivative of Phencyclidine. From the chemical Family, no, Ketamine is not a  
derivative of Phencyclidine but it is more an analog. The manufacturing of Ketamine and the  
manufacturing of Phencyclidine involved processes totally different. This is why Ketamine is not the  
derivative of the Phencyclidine  

Advice requested: 

,---_._---- --- - - - -- --~--- ----~. - - --- -- ----- ------ ~ - - ------- -
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We would appreciate obtaining your input on the following:  
- whether ketamine is, or should be considered, a derivative or analog of phencyclidine?  
- historically, whether this issue may have been considered when ketamine was added to Schedule F  
(when was it added).  

It would be greatly appreciated if you get back to us before the end of November so that the issue can be  
resolved and we can progress with the regulatory submission, DSCS will make the final determination  
based on all information collected.  

Thanks in advance for your ongoing cooperation.  

Cynthia  

i .---~---- ..~-- --------- "---------~-----
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Mark Kozlowskl To: Richard LaingIHC-SC/GC/CA@HWC 
cc: 

2004-12-0309:23 AM Subject: URGENT - Status decision of Ketamine 

Richard, 

This one is becoming more urgent, as they want to move on the scheduling. Thanks. 

MlK 

--._-- Forwarded by Mark Kozlowski/HC-SC/GC/CA on 03/12104 09:20 AM ----

Mark Kozlowski To: Richard Laing/HC-SC/GC/CA 

22/11/04 01 :28 PM cc: 
Subject: Status decision of Ketamine 

Good Afternoon Richard, 

We received the attached status request on the following substance. This substance should be 
considered controlled under the CDSA because, the substance is an analogue of Phencyclidine, which is 
Item 14 in Schedule I of the CDSA. I have the documents that states this if you require them. I have also 
forwarded you different emails on the topic. The substance is: 

K,etamine 
2-·(2-Chlorophenyl)-2-(methylamino)cyclohexanone 

Cl 
o 

NH 

I 
CH3 o 

Ketamine Phencyclidine 

Do you agree that this substance is controlled under the CDSA? Thank you. 

MK 

----- Forwarded by Mark KozlowskilHC-SC/GC/CA on 22/11/04 01 :18 PM --"--

'fTffT'n~ Cynthia Sunstrum To: Richard LainglHC-SC/GC/CA@HWC 
p. .-....,. 

cc: Theresa Schopf/HC-SC/GC/CA, Jaspinder ~ 18/11/04 11 :07 AM 
.. I~ " Komal/HC-SC/GC/CA@HWC, Daniel .. "-... Galarneau/HC-SC/GC/CA@HWC. Margare! Fuller/HC-SC/GC/CI\ 

~".·UUA Shereen Khan/HC-SC/GC/CA@HWC, Mark 
KozlowskilHC-SC/GC/CA@HWC, Louis Proulx/HC-SC/GC/CA@ HWC 

Subject: Re: Ketamine: Schedule Status 

Richard: 
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It was great to see you again at the Meth Summit. 

Further to our very brief discussion concerning ketamine, attached is the latest input we have received 
from the Veterinary Drugs Directorate. I don't know if Mark has been sending you the other comments WE~ 
received in response to my e-mail of November 5, 2004 (if not - Mark please forward to Richard and any 
other DAS personnel who have had input thus far). 

Your comments and others indicate that the determination is leaning toward classification of ketamine as 
an analogue of phencyclidine but not a derivative. If an analogue, as per the definition in the CDSA, it 
would still be captured in Schedule I. As such, it remains unclear how it ended up in Schedule F of the 
FDA when scheduled in December 1995. 

Wllen you spoke, you indicated agreement that ketamine should be explicitly listed in the CDSA SchedulE!S 
in any event. The issue will be in which schedule to list it. Our proposal before the analogue business 
unfolded was CDSA Schedule III and SchHdule to Part G of the FDR (the draft RI AS is attached FYI - will 
need to be revised to reflect latest developments). This would implement same offences, controls, 
penalties as per other club drugs including ecstacy, GHB and crystal meth. In view of comments made 
about re-scheduling of meth, do you have any comments about our proposed 
sclheduling for ketamine? 

As communicated to Mark, I would like to have a status decision ASAP but before the end of this month so 
that we can proceed with the scheduling (or re-scheduling?) of ketamine under the CDSA. Urgency 
further reinforced by Meth Summit data (including yours!). 

Thanks 

Cynthia 

RIAS-draft-E-2.wpd 
s.21(1)(a) 
s.21(1)(b) 

----- Forwarded by Cynthia Sunstrum/HC-SC/GC/CA on 2004-11-1809:49 AM -----

lan Alexander To: Cynthia SunstrunnIHC-SClGC/CA@HWC 
cc: Ben Lobo/HC-SC/GC/CA@HWC, Brigitte Zirger/HC-SC/GC/CA@HWC,2004-11-18 08:29 AM 

Daniel Galarneau/HC-SC/GC/CA@HWC, Eric 
Ormsby/HC-SC/GC/CA@HWC, Hieu Vu/HC-SC/GC/CA@HWC, 
Jaspinder Komal/HC-SC/GC/CA@HWC, Mark 
Kozlowski/HC-SC/GC/CA@HWC, Shereen_Khan, Theresa 
Schopf/HC-SC/GC/CA@I-IWC, Denis Girard/HC-SC/GC/CA@HWC, 
Arnost VilimlHC-SC/GC/CA@HWC 

Subject: Re: Ketamine: Schedule Status/l 

Hi Cynthia, 

lan 
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Phencyclidine, (1-(1-phenylcyclohexyl)piperidine)) and Ketamine, (2-(2-chlorophenyl)-2-(methylamino) 
cyclohexanone] are chemically quite different in structure. 

In my opinion, ketamine is not a derivative of phencyclidine. Phencyclidine is a tertiary amine while  
ketamine is a secondary amine with a ketone functional group derived from cyclohexanone. It is not  
substantially similar in chemical structure to be considered as an analogue of phencyclidine as defined in  
the CDSA. The name Ketamine is probably derived from the fact that it can be considered as a  
keto-amine (or ketamine in short) based on the chemical functional groups it contains.  

Although not strickly right from a chemical structure point of view Ketamine is often referred to in a  
pt,armacological context as a "derivative" of phencyclidine. From a chemical structure point of view, I  
auree that ketamine is not a derivative of phencyclidine but rather an analogue since in my view there is  
substantial similarity in structure with phencyclidine.  

Cynthia Sunstrum 

~~ Cynthla Sunstrum To: Hieu Vu/HC-SC/GC/CA@ HWC, Eric Ormsby/HC-SC/GC/CA@HWC, 
Brlgitte ZirgerIHC-SC/GC/CA@HWC, lan~ . <f 2004-11-0502:56 PM  ..§.i p Alexander/HC-SC/GC/CA@HWC, Ben Lobo/HC-SC/GC/CA@HWC .. ., . cc: Daniel GalarneauIHC-SC/GC/CA, Shereen_Khan, Theresa Schopf, 

.... 1>£011 , .....w Jaspinder KomaIlHC-SC/GC/CA@HWC, Mark 
Kozlowski/HC-SC/GC/CA@HWC 

Subject: Ketamine: Schedule Status 

As discussed at the HPFB/HECS bilateral meeting earlier this week, an issue has arisen with regards to  
our proposed regulatory action to schedule ketamine under the CDSA and the Schedule to Part G of the  
FDR. As you recall, ketamine is currently on Schedule F. 


Issue: Is ketamine is a derivative of phencyclidine? As such, it would be captured under Schedule I Item  
14 of the CDSA.  

Background:  

Item 14. of the CDSA: Phencyclidine (1--(1--phenylcyclohexyl)piperidine), its salts, derivatives and  
analogues and salts of derivatives and analogues  

"analogue" is defined in the CDSA as a substance that, in relation to a controlled substance, has a  
substantially similar chemical structure; derivative is not defined in the CDSA.  

A veterinarian from Toronto contacted OCS to advise that ketamine is a derivative of phencyclidine.  

Our research thus far has yielded conflicting views. Information includes the following:  

www.rxlist.comlcgi/generic3lketamine.htm states that  
ketamine hydrochloride is a nonbarbiturate anesthetic chemically designated (±)-2-(o-Chlorophenyl)-2-(methylamino)  
cYGlohexanone hydrochloride.  

- two articles have been found, one from a book and one from a scientific journal, stating thatKetamine is  
a derivative of Phencyclidine.  
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- comment from a chemist: "Ketamine and Phencyclidine are anesthetic agents. From the pharmacological  
family, yes, Ketamine is a derivative of Phencyclidine. From the chemical Family, no, Ketamine is not a  
derivative of Phencyclidine but it is more an analog. The manufacturing of Ketamine and the  
manufacturing of Phencyclidine involved processes totally different. This is why Ketamine is not the  
derivative of the Phencyclidine  

Advice requested:  

WH would appreciate obtaining your input on the following:  
- whether ketamine is, or should be considered, a derivative or analog of phencyclidine?  
- historically, whether this issue may have been considered when ketamine was added to Schedule F  
(when was it added).  

It would be greatly appreciated if you get back to us before the end of November so that the issue can be  
resolved and we can progress with the regulatory submission. DSCS will make the final determination  
based on all information collected.  

Thanks in advance for your ongoing coopmation.  

Cynthia  

-~----.--~-------~--- ----------- --- --- _.- --- -
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REGULATORY IMPACT ANALYSIS STATEMENT  
RESUME DE L'ETUDE D'IMPACT DE LA REGLEMENTATION  

(This statement is not part of the Regulation.) 
(Ce resmn(~ ne fait pas partie du reglement.) 

Department or Agency 	 Ministere ou organisme 

Health 	 Sante 

Title of Proposal 	 Titre du projet 

Addition of the substance Ketamine to 
Schedule III of the Controlled Drugs and 
Substances Act, and Part I of the Schedule to 
Part G of the Food and Drug Regulations 

Statutory Authority 	 Fondement legislatif 
Controlled Drugs and Substances Act, c. 19, Loi reglementant certaines drogues et autres 
subsection 55(1) substances, ch. 19, paragraphe 55(1) 

Submitted for Consideration for: 	 Soumis en vue de: 

Pre-publication (7S-day comment period) 	 Publication prealable (periode de 
comrnentaires de 75 jours) 

Minister of Health / Ministre de la Sante 

-------------------'---- .._----_.. """ .. - .-.-.-- ._---- -------------_." 
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REGULATORY IMPACT ANALYSIS STATEMENT 
(This statement is not part ofthe regulation) 

Description 

The purpose of this regulatory initiative is to add the substance ketamine hydrochloride 
(ketamine) to Schedule III of the Controlled Drugs and Substances Act (CDSA), and to Part 101' 
the schedule to Part G of the Food and Drug Regulations (FDR), which will provide a higher 
level of control over the substance than currently exists. 

Ketamine is a non-barbiturate anaesthetic used in humans and animals. It is currently listed in 
Schedule F, Part I ofthe FDR, which means that it requires a prescription for human and 
veterinary use. In Canada ketamine is commonly used as an anaesthetic for animals. 

Concern expressed by health professionals and law enforcement has resulted in requests to 
Health Canada for action to be taken to prevent the theft and illicit use ofth1s substance. 

Ketamine has become popular as a "party drug" at raves due to its dissociative effects; it creates 
the illusion of an "out of body experience". Ketamine is also used as a "date rape" drug. 
Ketamine seizures by police have been increasing in recent years. The main source of illicit 
ketarnine is through the diversion of legitimate pharmaceutical products. For these reasons 
additional controls over ketamine in Canada are warranted. 

To address this issue we propose to control ketamine within the framework of the CDSA and its 
related regulations. The CDSA provides a legislative framework for the control of substances 
that can alter mental processes and may produce harm to the health of an individual or to society 
when diverted or misused. Except as authorized under its regulations, activities such as 
possession for trafficking, trafficking, importation, exportation, possession for exportation, and 
production of controlled substances are prohibited under the CDSA. 

The substances controlled under the CDSA are grouped into eight schedules (Schedules I to 
VID). Schedules I to V list the controlled substances, Scheduh: VI lists precursor chemicals, and 
Schedules VII and VIII refer exclusively to cannabis and cannabis resin. 

Each schedule is associated with particular offences, prohibitions, and punishments described in 
Part I of the Act. Schedules I, II and III are subject to the same offences with varying 
punishments. These offences include: possession, trafficking, possession for the purpose of 
trafficking, importation, exportation, possession for the purpose of exportation, and production. 
The offences for Schedule N are similar to those of Schedules I, IT, and III except that there is no 
offence for simple possession. The offences for Schedules V and VI include: importation, 
exportation and possession for the purpose of exportation. 
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Part G of the FDR derives its legislative authority from the CDSA, and governs the activities of 
producers, distributors, importers, exporters, health care professionals, and hospitals related to 
controlled drugs (e.g., stimulants, sedatives, and androgenic anabolic steroids). Part G is divided 
into Parts I, IT and rn. Drugs listed in Part I have a higher abuse liability and increased level of 
control within the regulations compared to drugs listed in Parts II and m. 

Canada is a signatory to United Nations drug control conventions, and as such has an obligation 
to meet international requirements. Although ketamine is not Gurrently listed in any of the 
United Nations drug control conventions, a number of countries have chosen to impose strict 
controls over it, including the United States, Australia, Belgium, Italy, France, Greece, 
Luxembourg, and China. 

Alternatives 

To determine in which schedule to the CDSA a substance should be listed, Health Canada 
considers several factors, including: international requirements, the dependence potential and 
likelihood of abuse of the substance, the extent of its abuse in Canada, the danger it represents to 
the safety ofthe public, and the usefulness of the substance as a therapeutic agent. 

Options for CDSA Schedule 
Listing of ketamine under Schedule III of the CDSA was the only option considered as it would 

be consistent with Canada's treatment of two other drugs subject to abuse and used in drug 
facilitated sexual assault: gamma-hydroxybutyrate (GHB), and flunitrazepam. Schedule ill of 
the CDSA was also considered appropriate because it allows for a simple possession charge to be 
laid. In the case ofketamine, a possession charge could serve as a deterrent to non-medical use, 
arld act as an added tool for law enforcement. Controlled substances listed in Schedule ill of the 
CDSA that have some therapeutic use are commonly regulated either under Part G of the FDR or 
the Benzodiazepines and Other Targeted Substances Regulations (Targeted Substances 
Regulations) with the former having more stringent controls over distribution. 

Options for Regulatory Control 
Substances listed in Schedule III of the CDSA are generally re:gulated under one of three sets of 

regulations under the CDSA: 

Part I to Part G of the FDR 

Part J of the FDR 

Targeted Substances Regulations 

Each of these regulatory instruments carries a different level of control, which impacts licensed 
dealers, pharmacists, practitioners, and hospitals. 

Substances listed in Part I to Part G of the FDR have an increased risk of abuse liability 
compared to substances listed in Parts IT and III to Part G of the FDR. Currently the majority of 

000044 
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substances in Part I are found in Schedule ill of the CDSA. As previously mentioned, GRB is a 
substance abused in a manner similar to ketamine, and is regulated under Part I. It was originally 
developed as an anaesthetic, and like ketamine, had gained popularity as a date rape and party 
drug. 

Part J of the FDR regulates controlled substances that have no recognized medical use; 
substances listed in the Schedule to Part J of the FDR are defined as "restricted drugs", and 
include such substances as LSD and mescaline. Ketamine is a marketed drug with recognized 
medical use, therefore Part J is not a viable option for control. 

The majority of substances under the Targeted Substances Regulations are classified as 
benzodiazepines, and have legitimate therapeutic uses. They do, however, possess a risk ofbeing 
abused. Presently all substances within the Targeted Substances Regulations can be found in 
Schedule N to the CDSA except for one, flunitrazepam, which was placed in Schedule III of the 
CDSA as a result of the danger associated with its use as a date rape drug. As previously 
mentioned, Schedule III of the COS A allows for a possession charge to be laid. 

Since ketamine is currently used by veterinarians as an anaesthetic for animals, Part J of the 
FDR was not considered to be a viablE: option for regulatory control. However, because 
ketamine posses an increased risk of abuse, a characteristic shared by many of the substances 
listed in the Part I of the Schedule to Part G of the FDR, regulation ofketamine under this part 
would be consistent with the existing regulatory framework, and would provide adequate 
protection for the Canadian public. 

Benefits and Costs 

Benefits and costs involved with the control ofketamine will derive increased security 
requirements such as special storage, :md record keeping practices. This will affect practitioners, 
pharmacists, hospitals, pharmaceuticall industry, law enforcement. and the Canadian public as 
follows: 

Practitioners, Pharmacists, and Hospitals 
In the case of products containing ketamine, the three mentioned groups will be affected in a 

similar manner. They will face increased record keeping requirements, and will be required to 
retain information regarding products containing ketarnine such as prescriptions received in 
pharmacies, or information regarding the use ofketamine by practitioners. They will also be 
required to take additional steps to protect products containing ketamine in their possession from 
loss or theft, and to report to the Minister ofHealth within 10 days of the discovery of a loss or 
theft. 

The cost to these groups should be minimal as most of them will have the required security 
setting in place, as well as experience in handling the various record keeping requirements for 
other controlled substances with which they deal. The increased security will aid in protecting 

:..:> 
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these groups from future potential loss and theft. Regulation of ketamine within the framework 
of the CDSA will not create an obstacle for its legitimate use. 

Pharmaceutical Industry 
Currently parties that fabricate, package or label, perform tests, distribute, import or wholesale 

products containing Schedule F drugs require an establishment licence to carry out these 
fimctions as prescribed by section C.OIA.003 of the FDR. In order to continue performing the 
mentioned functions, these parties will be required to obtain adealer's licence for controlled 
substances if they do not already hold one. Those currently holding a dealer's license for other 
controlled substances will need to amend their licence to include ketamine. 

Once a dealer's licence is obtained f,Df products containing ketamine, it will be necessary for the 
licensed dealer to abide by the regulations in Part I ofPart G of the FDR, which are under the 
scope of the CDSA. This will require them to ensure that product is stored according to security 
requirements detailed in a publication entitled "Directive on Physical Security Requirements for 
Controlled Substances". 

In addition, the prescription status label currently found on products containing ketamine must 
be replaced with a controlled drug label, reSUlting in a cost to the industry. In Canada, all 
prescription drugs must have a 'Pr' on the outside label of the product, and all controlled drugs 
must have a 'C' on outside labels as dictated by section C.01.004 of the FDR. This cost will be 
minimized by proposing a deferred implementation of the labelling requirements until one year 
from the date on which the amendments come into force. This transition period will allow the 
industry to organize an appropriate method for implementing the new labelling requirement. 
Overall costs should be minimal for those already possessing a dealer's licence. 

Law Enforcement 
Law enforcement agencies will benefit from this initiative by being able to charge persons who 

illegally possess ketamine, a charge that could not be exercised with ketamine as a prescription 
drug. Punishments for participating in illicit activities are more severe under the CD SA 
compared to the FDA, and this should act as a deterrent to non-medical use. Costs will be 
minimal for the required enforcement activities. 

Canadian Public 
This regulatory amendment will benefit Canadians as the control of ketamine will aid in 

reducing diversion, health risks, and crime associated with its illicit use. Those possessing it 
iBegally will be subject to sanctions wlder the CDSA. 

Consultations 

A Notice of Intent (NOI) to interested stakeholders was published in Canada Gazette, Part I 
(CG!) on February 7,2004. The following stakeholders were notified directly of the publication: 

-------.-----.----------------------------~-- ,-'- ---------
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The pharmaceutical industry including licensed dealers, 

Pharmaceutical associations, 


• Deans of Pbannacy, Medicine, Dentistry and Veterinary Medicine, 
• Provincial and Territorial Ministries of Health, 
• Registrars of Pharmacy, Medicine, Dentistry and Veterinary Medicine 

Comments received from stakeholders were supportive of the decision to place ketamine within 
the framework of the CDSA. 

Compliance and Enforcement 

This regulatory initiative will not alter existing compliance and enforcement mechanisms under 
the CDSA and its regulations. These mechanisms can now be applied in situations involving 
ketamine. Compliance activities are carried out by local and federal law enforcement agencies as 
well as federal inspectors. This amendment will provide law enforcement with the tools 
necessary to combat illegal possession, trafficking, importation, exportation, and production of 
ketamine. Failure to comply with the proposed regulatory amendment could lead to 
administrative sanctions such as revocation of a licence or pennit, and criminal sanctions such as 
fines or imprisonment. 

Contact 

Shereen Khan 
Office of Controlled Substances 
Drug Strategy and Controlled Substances Programme 
Healthy Environments and Consumer Safety Branch 
Address Locator: 3503D 
Ottawa, Ontario KIA IB9 

Telephone Number: (613) 946-0121 
FAX: (613) 946-4224 
Electronic Mail: OCS_Policy_and_Regulatory_Mfairs@hc-sc.gc.ca 
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Richard Laing To: Mark KozlowskilHC-SC/GC/CA@HWC~ cc:,: ".'" . "<1). 2004-12-03 01 :52 PM Subject: Re: Status decision of KetaminelliIil-- :,(\ 

Good Morning Mark, 

I have reviewed the documentation and opinions regarding the chemistry and modes of action of Ketamine 
in relation to Phencyclidine, Item 14 Schedule I of the CDSA. 

I concur that Ketamine is an analogue of Phencyclidine (PCP) whereby chemically it shares a high degme 
of similarity to PCP and to other PCP analogues, such as PCE, and has a similar mode of action and 
effect. As such, Ketamine should be considered a controlled substance under the CDSA. 

Sincerely yours, 

Richard Laing 
AlManager Drug Analysis Service Laboratory - Burnaby 
3155 Willingdon Green, 
Burnaby, BC 
V5G 4P2 

phone 604-666-3582 
cell 604-240-0235 
Mark Kozlowski 

Mark Kozlowski To: Richard Laing/HC-SC/GC/CA@ HWC 

2004-11-22 10:28 AM cc: 
Subject: Status decision of Ketamine 

Good Afternoon Richard, 

We received the attached status request on the following substance.. This substance should be 
considered controlled under the CDSA because, the substance is an analogue of Phencyclidine, which is 
Item 14 in Schedule I of the CDSA. I have the documents that states this .if you require them. I have also 
forwarded you different emails on the topic. The substance is: 

Ketamine 
2-(2-Chlorophenyl)-2-(methylamino)cyclohexanone 
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Ketamine Phencyclidine 

Do you agree that this substance is controlled under the CDSA? Thank you. 

MK 

----- Forwarded by Mark KozlowskVHC-SC/GC/CA on 22111/04 01 :18 PM --.. --

.'.'hT'hn Cynthla Sunstrum To: Richard Laing/HC-SC/GC/CA@HWC .. .., 
cc: Theresa Schopf/HC-SC/GC/CA, Jaspinder?§.4 ~ 18/11/04 11 :07 AM KomaIlHC-SC/GC/CA@HWC, Daniel  

.....- " Galarneau/HC-SC/GC/CA@HWC, Margaret Fuller/HC-SC/GC/CA,  
......... &..............  Shereen Khan/HC-SC/GC/CA@HWC, Mark 

KozlowskilHC-SC/GC/CA@HWC, Louis ProulxlHC-SC/GC/CA@HWC 
Subject: Re: Ketamine: Schedule Status 

Richard: 

It was great to see you again at the Meth Summit. 

Further to our very brief discussion concerning ketamine, attached is the latest input we have received  
from the Veterinary Drugs Directorate. I don't know if Mark has been sending you the other comments we  
received in response to my e-mail of November 5, 2004 (if not - Mark please forward to Richard and any  
other DAS personnel who have had input thus far).  

Your comments and others indicate that the determination is leaning toward classification of ketamine as  
an analogue of phencyclidine but not a derivative. If an analogue, as per the definition in the CDSA. it  
would still be captured in Schedule I. As such, it remains unclear how it ended up in Schedule F of the  
FDA when scheduled in December 1995.  

When you spoke, you indicated agreement that ketamine should be explicitly listed in the COSA SchedulHs  
in any event. The issue will be in which schedule to list it. Our proposal before the analogue business  
unfolded was CDSA Schedule III and schedule to Part G of the FDR (the draft RIAS is attached FYI - will  
need to be revised to reflect latest developments). This would implement same offences, controls,  
penalties as per other club drugs including ecstacy, GHB and crystal meth. In view of comments made  
about re-scheduling of meth, do you have any comments about our proposed  
scheduling for ketamine?  

As communicated to Mark, I would like to have a status decision ASAP but before the end of this month so  
that we can proceed with the scheduling (or re-scheduling?) of ketamine under the CDSA. Urgency  
further reinforced by Meth Summit data (including yours!).  

----"'-.- ----------------------_._---------
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Thanks 

Cynthia 

RIAS-draft-E-2.wpd• 
----- Forwarded by Cynthia Su nstrurnlHC-SC/GC/CA on 2004-11-18 09:49 AM -----

lan Alexander To: Cynthia SunstrumlHC-SC/GC/CA@HWC 
cc: Ben LobofHC-SC/GC/CA@HWC, Brigitte Zirger/HC-SC/GC/CA@HWC, 2004-11-18 08:29 AM 

Daniel GalarneauIHC-SC/GC/CA@HWC, Eric 
Ormsby/HC-SC/GC/CA@ HWC, Hieu Vu/HC-SC/GC/CA@HWC, 
Jaspinder KomaIlHC-SC/GC/CA@HWC, Mark 
KozlowskilHC-SC/GC/CA@HWC, Shereen_Khan, Theresa 
Schopf/HC-SC/GC/CA@HWC, Denis Girard/HC-SC/GC/CA@HWC, 
Arnost Vilim/HC-SC/GC/CA@HWC 

Subject: Re: Ketamine: Schedule Status ~ 
5.21 (1 )(a) 

Hi Cynthia, 5.21 (1 )(b) 

lan 

Phencyclidine, [1-(1-phenylcyclohexyl)piperidine)) and Ketamine, [2-(2-chlorophenyl)-2-(methylamino) 
cyclohexanonej are chemically quite different in structure. 

In my opinion, ketamine is not a derivativ~~ of phencyclidine. Phencyclidine is a tertiary amine while 
ketamine is a secondary amine with a ketone functional group derived from cyclohexanone. It is not 
substantially similar in chemical structure to be considered as an analogue of phencyclidine as defined in 
the CDSA. The name Ketamine is probably derived from the fact that it can be considered as a 
keto-amine (or ketamine in short) based on the chemical functional groups it contains. 

Although not strickly right from a chemical structure point of view Ketamine is often referred to in a 
pharmacological context as a "derivative" of phencyclidine. From a chemical structure point of view, I 
agree that ketamine is not a derivative of phencyclidine but rather an analogue since in my view there is 
substantial similarity in structure with phencyclidine. 

Cynthia Sunstrum 

h.Y~~'";i';n~ Cynthia Sunstrum To: Hieu Vu/HC-SC/GC/CA@HWC, Eric Ormsby/HC-SC/GC/CA@HWC, 
Brigitte Zirger/HC-SC/GC/CA@HWC, lan• ~ 2004-11-0502:56 PM 
Alexander/HC-SC/GC/CA@HWC, Ben Lobo/HC-SC/GC/CA@HWC. .... 

cc: Daniel GalarneauJHC-SC/GC/CA, Shereen_Khan, Theresa Schop'l, 
...Y.o\ .... "uJU.'" Jaspinder KomaIIHC-SC/GC/CA@HWC, Mark 
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... ,......... ,.,...  Kozlowski/HC-SC/GC/CA@HWC•r-,.'" Subject: Ketamine: Schedule Status 

As discussed at the HPFS/HECS bilateral meeting earlier this week, an issue has arisen with regards to  
our proposed regulatory action to schedule ketamine under the CDSA and the Schedule to Part G of the  
FOR. As you recall, ketamine is currently on Schedule F,  

Issue: Is ketamine is a derivative of phencyclidine? As such, it would be captured under Schedule litem  
14 of the COSA,  

Background: 

Item 14. of the CDSA: Phencyclidine (1--(1--phenylcyclohexyl)piperidine),its salts, derivatives and  
analogues and salts of derivatives and analogues  

"analogue" is defined in the CDSA as a substance that, in relation to a controlled substance, has a  
substantially similar chemical structure; derivative is not defined in the COSA.  

A veterinarian from Toronto contacted OCS to advise that ketamine is a derivative of phencyclidine.  

Our research thus far has yielded conflicting views. Information includes the following:  

www.rxlisLcom/cgi/generic3Iketamine.htm states that  
ketamine hydrochloride is a nonbarbiturate anesthetic chemically designated (±)-2-(o-Chlorophenyl)-2-(methylamino)  
cyclohexanone hydrochloride.  

- two articles have been found, one from a book and one from a scientific journal, stating thatKetamine is  
a derivative of Phencyclidine.  

- comment from a chemist: "Ketamine and Phencyclidine are anesthetic agents. From the pharmacological 
family, yes, Ketamine is a derivative of Phencyclidine. From the chemical Family, no, Ketamine is not a 
derivative of Phencyclidine but it is more an analog. The manufacturing of Ketamine and the 
manufacturing of Phencyclidine involved processes totally different. This is why Ketamine is not the 
derivative of the Phencyclidine 

Advice requested: 

We would appreciate obtaining your input on the following: 
- whether ketamine is, or should be considered, a derivative or analog of phencyclidine? 
- historically, whether this issue may have been considered when ketamine was added to Schedule F  
(when was it added).  

It would be greatly appreciated if you get back to us before the end of November so that the issue can be  
resolved and we can progress with the regulatory submission. DSCS will make the final determination  
based on all information collected.  

Thanks in advance for your ongoing cooperation. 

Cynthia 

-------_.. --- -- ---- ..-----------~---------
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STATUS DECISION OF CONTROLLED 


AND NON-CONTROLLED SUBSTANCE(S) 


Substance: Ketamine 

Based on the current infonnation available to the Office of Controlled 
Substances, it appears that the above substance is: 

Controlled )i  
Not Controlled 0 


under the schedules of the Controlled Drugs and Substances Act (CDSA) for the 
following reason(s): 

- this substance is an analogue of Phencyclidine, which is Item 14 in Schedule I 
of the CDSA 

Supporting document(s) attached: ~ 

41 j 
Prepared by: Il-.- . Date: ~1/1' i", '" 

MARK KOZLOWSKI 

Verified by: See emaiI Date: 03/Il;/a·j. 
RICHARD LAING 

Approved by: c::-~ ,../? Date: f (/;/6 '-1 c Lfn d~-) 
DIRECTOR, OFFICE OF 'D ~ P/<J~ F:J 
CONTROLLED SUBSTANCES 4)L.c.. 
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Ketamine 

o 
Phencyclidine 

L:\DATA \BDD\WP\lcJ\sCIENTIF\StatusDecision\C-Ketamine-22-11-04.wpd 
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To: OCS Policy and Regulatory Affairs/HC-SC/GC/CA@HWC" OCS PoHey and", :. t Regulatory Affairs ce: (bee: 8eth Pieterson/HC-SC/GC/CA) 
~\ Subject: Notice: Status of ketamine under CDSA -- Avis: Statut de la ketarnine 

\• .. en vertu de la LRCDAS2005-05-02 01 :26 PM 

Notice: Status of ketamine under CDSA 

On February 7, 2004, Health Canada pubbshed a Notice to Interested Parties in Canada Gazette, 
Part I, with respect to a proposal to control ketamine under the Controlled Drugs and Substances 
Act (CDSA) and its Regulations. 

Ketamine is a non-barbiturate anaesthetic approved for use in both humans and animals. It has 
been listed in Schedule F of the Food and Drug Regulations (FDR) since at least 1995. 
Ketamine has become popular as a "party or club" drug due to its dissociative effects; it creates 
the illusion of an "out of body experience". Ketamine is also used as a "date rape" drug. 

Further research and analysis of the options for scheduling under the CDSA concluded that 
ketamine is an analogue of phencyclidine (PCP), and is, therefore, captured as item 14 in 
Schedule I of the CDSA and item 14 in the Narcotic Control Regulations (NCR) which states: 

"Phencyclidine (l--(1--phenylcyclohexyl)piperidine), its salts, derivatives and analogues 
and salts of derivatives and analogues" 

Section 58 of the CDSA gives priority to substances listed under its Act and Regulations, stating: 

"In the case of any inconsistency or conflict between this Act or the regulations made 
under it, and the Food and Drugs Act or the regulations made under that Act, this Act and 
the regulations made under it prevail to the extent of the inconsistency or conflict." 

With this determination, all offences and penalties associated with Schedule I to the CDSA are 
now applicable to ketamine including: possession, trafficking, possession for the purpose of 
trafficking, importation, exportation, possession for the purpose of exportation, and production. 

Any persons involved in the distribution of any product containing ketamine must now comply 
with the requirements of the NCR. All persons conducting research using ketamine must now 
apply for an exemption under CDSA. 

Health Canada will take action to remove ketamine from Schedule F of the FDR and explicitly 
list it in Schedule I to the CDSA and the Schedule to the NCR within the next months to avoid 
further confusion with respect to the regulatory status of this substance. Notification of this 
amendment will be published in Canada Gazette, Part n. 

Notices are being sent to the following groups: 
• Provincial and territorial licensing authorities for medicine, dentistry, veterinary 

medicine, and pharmacy 

• Associations for practitioners, pharmacists and hospitals 

------~-.---. -~---- --.~--- .. - -- ----- - - ---- -.-- .. .. - ,---~---------- -- - - ' - --_.,----- 
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• 	 Manufactures and distributors involved in the distribution ofketamine 
Deans ofPhannacy, Medicine" Dentistry, and Veterinary Medicine at all Universities 

across Canada 
Law enforcement agencies, and 

• 	 Federal prosecutors. 

A notice will also be posted on Office of Controlled Substances website with contact infonnation 
(http://www.hc-sc.gc.ca/hecs-sesc/hec si dscs _ whatsnew .htrn). 

All parties will be expected to come into full compliance with these new requirements by August 
31,2005. 

Avis: Statut de la ketamine en vertu de la LRCDAS 

Le 7 fevrier 2004, Sante Canada a publie un Avis aux interesses dans la Gazette du Canada, 
Partie I, dans lequel il proposait d'ajouter la ketamine aux substances figurant dans les annexes 
de la Loi reglementant certaines drogues et autres substances (LRCDAS) et de ses reglements 
d'application. 

La ketamine est un anesthesique non barbiturique dont l'utilisation est approuvee tant chez 
l'humain que chez les animaux; elle figure al'annexe F du Reglement sur les aliments et drogues 
(RAD) depuis au moins 1995. La ketamine est devenue populaire dans les partys et les boHes de 
nuit en raison de ses effets dissociatifs, c'est-a-dire qU'elle donne I'illusion de vivre une « expe 
rience extra-corporelle ». La ketamine est egalement utili see comme « drogue du viol ». 

A la lurniere de recherches et de l'analyse des options associees a l'ajout de la ketamine aux 
substances figurant dans les annexes de la LRCDAS on en est arrive it la conclusion que la ke 
tamine etait un analogue de la phencyclidine (PCP) et que, par consequent, eHe etait visee par 
l'article 14 de l'annexe I de la LRCDAS et par I 'article 14 de I'annexe du Reglement sur les stup 
efiants (RS), qui se lisent comme suit: 

Phencyclidine ((phenyl-l cyclohexyl)-l piperidine), ses sels, derives et analogues, ainsi 
que les sels de ses derives et analogues. 

L' article 58 de la LRCDAS donne preseance aux substances repertoriees dans sa Loi et son re 
glement d' application, lequel stipule: 

«Les dispositions de la presente 10i ou de ses reglements l'emportent respectivement sur 
les dispositions incompatibles de la Loi sur les aliments et drogues ou de ses reglements. 
» 

Suite it cette decision, toutes les infractions et amendes associees al'annexe I de la LRCDAS, 
s'appliquent dorenavant ala ketamine; il est donc interdit de possecter de la ketamine, d'en faire 
le trafic, d'en posseder en vue d'en faire le trafic, d'en produire, d'en importer, d'en exporter Oll 

d'en posseder en vue d'en faire }'exportation. 

,.:e~;s 
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Toutes les perSOIll1eS impliquees dans la distribution de n'importe quel produit contenant de la lee 
tamine doivent maintenant se confonner au RS. Toutes Ies personnes dont Ies travaux de 
recherche font intervenir de la ketami.ne doivent dorenavant faire application pour obtenir une 
exemption en vertu de la LRCDAS. Le Bureau des Substance Contr6Iees examinera les 
demandes au cas par cas. 

Sante Canada prendra les mesures necessaires pour retirer la ketamine de l'annexe F du RAD et 
}'inscrire formellement it I'annexe I de la LRCDAS et dans I'annexe du RS au cours des 
prochains mois afm de dissiper toute confusion it I' egard du statut reglementaire de la ketamine. 
Cette modification sera annoncee dans la Gazette du Canada, Partie n. 
Des avis ont eM envoyes aux organismes suivants: 

Organisme de reglementation professionnelle provinciaux et territoriaux de medecine, de 
medecine dentaire, de medecine veterinaire et de pharmacie 

Associations de praticiens, de pharmaciens et des h6pitaux, 
Fabricants et distributeurs de ketamine 
Doyens de faculte de pharmac:ie, mectecine, medecine dentaire, et medecine veterinaire de 

toutes les universites canadiennes 
• 	 Organismes d'application de la 10i 

Procureurs f6deraux 

L'avis sera afficher sur le site Internet du BSC ( 
http://www.hc-sc.gc.ca/hecs-sesc/sesc/sasc_quoideneuf.htm). 

Toutes les parties devront se conformer aux nouvelles exigences d'ici le 31 aout 2005. 
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To: Cynthia Sunstrum/HC-SC/GC/CA@HWC, Carole ' ," " Daniel Galarneau  
Sent by: Suzanne Bouchard/HC-SC/GC/CA@HWC, Beth  

• , I Trottier Pieterson/HC-SC/GC/CA@HWC 
cc: Daniel Galarneau/HC-SC/GC/CA@HWC 

Subject: Status of Ketamine regulatory submission 2005-06-10 10:28 AM 

The ketamine regulatory submission was hand-delivered to ADMO yesterday, June 9th, 2005, 

C T-..:J u'Zo nne T'otiie'r 

Regulatory Clerk 

Policy and Regulatory Affairs Division 

Office of Controlled Substances 

MacDonald Bldg, 123 Slater St., Room A304 

Address Locator: 3503D 

Ottawa, ON K1A OK9 

Tel: (613) 946-0124 
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Mark Kozlowskl To: Richard LainglHC-SC/GC/CA@HWC 
cc:

2004-12-0309:23 AM Subject: URGENT - Status decision of Ketamine 

Richard, 

This one is becoming more urgent, as they want to move on the scheduling. Thanks. 

MK 

----- Forwarded by Mark Kozlowski/HC-SC/GC/CA on 03/12104 09:20 AM -----

Mark Kozlowski To: Richard LainglHC-SC/GC/CA  

22111/04 01 :28 PM cc:  
Subject: Status decision of Ketamine 

Good Afternoon Richard, 

We received the attached status request on the following substance. This substance should be 
considered controlled under the CDSA because, the substance is an analogue of Phencyclidine, which is 
Item 14 in Schedule I of the CDSA. I have the documents that states this if you require them. I have also 
forwarded you different emails on the topic. The substance is: 

Ketamine 
2-(2-Chlorophenyl)-2-(methylamino)cyclohexanone 

o 
Ketamine Phencyclidine 

Do you agree that this substance is controlled under the CDSA? Thank you. 

MK 

----- Forwarded by Mark Kozlowski/HC-SC/GC/CA on 22/11/04 01: 18 PM -----

""'@>.~'T;hr. Cynthia Sunstrum To: Richard LainglHC-SC/GC/CA@HWC 
cc: Theresa Schopf/HC-SC/GC/CA, Jaspinder .. ~ 18/11/04 11 :07 AM 

Komal/HC-SC/GC/CA@HWC, Daniel 
• 4.• Galarneau/HC-SC/GC/CA@HWC, Margaret Fuller/HC-SC/GC/CA, ..........-~ 
 Shereen Khan/HC-SC/GCICA@ HWC, Mark 

Kozlowski/HC-SC/GC/CA@HWC, Louis ProulxlHC-SC/GC/CA@HWC 
Subject: Re: Ketamine: Schedule Status 

Richard: 

000058 
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It was great to see you again at the Meth Summit. 

Further to our very brief discussion concerning ketamine, attached is the latest input we have received 
from the Veterinary Drugs Directorate. I don't know if Mark has been sending you the other comments we 
received in response to my e-mail of November 5, 2004 (if not - Mark please forward to Richard and any 
other DAS personnel who have had input thus far). 

Your comments and others indicate that t~le determination is leaning toward classification of ketamine as 
an analogue of phencyclidine but not a derivative. If an analogue, as per the definition in the CDSA, it 
would still be captured in Schedule I. As such, it remains unclear how it ended up in Schedule F of the 
FDA when scheduled in December 1995. 

When you spoke, you indicated agreement that ketamine should be explicitly listed in the CDSA Schedules 
in any event. The issue will be in which schedule to list it. Our proposal before the analogue business 
unfolded was CDSA Schedule III and SchHdule to Part G of the FDR (the draft RIAS is attached FYI - will 
need to be revised to reflect latest developments). This would implement same offences, controls, 
penalties as per other club drugs including ecstacy, GHB and crystal meth. In view of comments made 
about re-scheduling of meth, do you have any comments about our proposed 
scheduling for ketamine? 

As communicated to Mark, I would like to Ihave a status decision ASAP but before the end of this month so 
that we can proceed with the scheduling (or re-scheduling?) of ketamine under the CDSA. Urgency 
further reinforced by Meth Summit data (including yours!). 

Thanks 

Cynthia 

11 5.21 (1 )(a) 
RIAS-draft-E-2.wpd 5.21 (1 )(b) 

----- Forwarded by Cynthia Sunstrum/HC-SC/GC/CA on 2004-11-18 09:49 AM -----

lan Alexander To: Cynthia Sunstrum/HC-SC/GC/CA@HWC 
cc: Ben loboIHC-SC/GC/CA@HWC, Brigitte Zirger/HC-SC/GC/CA@HWC, 2004-11-18 08:29 AM 

Daniel Galarneau/HC-SC/GC/CA@ HWC, Eric 
Ormsby/HC-SC/GC/CA@HWC, Hieu Vu/HC-SC/GC/CA@HWC, 
Jaspinder KomaIlHC-SC/GC/CA@HWC, Mark 
KozlowskilHC-SC/GC/CA@HWC, Shereen_Khan, Theresa 
Schopf/HC-SC/GC/CA@HWC, Denis Girard/HC-SC/GC/CA@ HWC, 
Arnost VilirnlHC-SC/GC/CA@HWC ~ 

Subject: Re: Ketamine: Schedule Status~ ~ ~ 
~OG \ 

Hi Cynthia, 

lan 
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Phencyclidine, l1-(1-phenylcyclohexyl)piperidine)] and Ketamine, l2-(2-chlorophenyl)-2-(methylamino) 
cyclohexanone] are chemically quite different in structure. 

In my opinion, ketamine is not a derivative of phencyclidine. Phencyclidine is a tertiary amine while 
ketamine is a secondary amine with a ketone functional group derived from cyclohexanone. It is not 
substantially similar in chemical structure to be considered as an analogue of phencyclidine as defined in 
the CDSA. The name Ketamine is probably derived from the fact that it can be considered as a 
keto-amine (or ketamine in short) based on the chemical functional groups it contains. 

Although not strickly right from a chemical structure point of view Ketamine is often referred to in a 
pharmacological context as a "derivative" of phencyclidine. From a chemical structure point of view, I 
agree that ketamine is not a derivative of phencyclidine but rather an analogue since in my view there is 
substantial similarity in structure with phencyclidine. 

Cynthia Sunstrum 

Tf"'~~h::h", Cynthla Sunstrum To: Hieu VuIHC-SC/GC/CA@HWC, Eric OrmsbyIHC-SC/GC/CA@HWC, 
Brigitte Zirger/HC-SC/GC/CA@HWC, lan .. ~ 2004-11-0502:56 PM 
Alexander/HC-SC/GC/CA@HWC, Ben LoboIHC-SC/GC/CA@HWC .... '" cc: Daniel Galarneau/HC-SC/GC/CA, Shereen_Khan, Theresa Schopf, '''U.l'·•...u.u. Jaspinder KomaVHC-SC/GC/CA@HWC, Mark 
KozlowskilHC-SC/GC/CA@ HWC 

Subject: Ketamine: Schedule Status 

As discussed at the HPFB/HECS bilateral meeting earlier this week, an issue has arisen with regards to  
our proposed regulatory action to schedule ketamine under the COSA and the Schedule to Part G of the  
FOR. As you recall, ketamine is currently on Schedule F.  

Issue: Is ketamine is a derivative of phencyclidine? As such, it would be captured under Schedule I Item  
14 of the CDSA.  

Background:  

Item 14. of the COSA: Phencyclidine (1--(1--phenylcyclohexyl)piperidine), its salts, derivatives and  
analogues and salts of derivatives and analogues  

"analogue" is defined in the CDSA as a substance that, in relation to a controlled substance, has a  
substantially similar chemical structure; derivative is not defined in the CDSA.  

A veterinarian from Toronto contacted OCS to advise that ketamine is a derivative of phencyclidine.  

Our research thus far has yielded conflicting views. Information includes the following:  

www.rxlist.comfcgifgeneric3lketamine.htm states that  
ketamine hydrochloride is a nonbarbiturate anesthetic chemically designated (±)-2-(o-Chlorophenyl)-2-(methylamino)  
cyclohexanone hydrochloride.  

- two articles have been found, one from a book and one from a scientific journal, stating thatKetamine is  
a derivative of Phencyclidine. \'S Dou 

DV0 

...-~---, -------_ ..- . --. - - -_ - - --- 
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- comment from a chemist: "Ketamine and Phencyclidine are anesthetic agents. From the pharmacological 
family, yes, Ketamine is a derivative of Phencyclidine. From the chemical Family, no, Ketamine is not a 
derivative of Phencyclidine but it is more an analog. The manufacturing of Ketamine and the 
manufacturing of Phencyclidine involved processes totally different. This is why Ketamine is not the 
derivative of the Phencyclidine 

Advice requested: 

We would appreciate obtaining your input on the following:  
- whether ketamine is, or should be considered, a derivative or analog of phencyclidine?  
- historically, whether this issue may have been considered when ketamine was added to Schedule F  
(when was it added).  

It would be greatly appreciated if you get back to us before the end of November so that the issue can be  
resolved and we can progress with the regulatory submission. DSCS will make the final determination  
based on all information collected.  

Thanks in advance for your ongoing cooperation.  

Cynthia  

bK 
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