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Target controlled infu- 
sion of ketamine as 
analgesia for TIVA with 
propofol 

I~., 'po~: To determine the accuracy of a target controlled infusion system for ketamine and to assess its suitability 
for the provision of analgesia when used in conjunction with a propofol infusion in spontaneously breathing patients. 
Methods: Nineteen, adult, ASA I-II patients scheduled for elective surgery were studied. After premedication 
with 20 mg temazepam an appropriate plasma concentration of ketamine was selected and, when the target con- 
trolled infusion (TCI) system indicated that this had been achieved, anesthesia was induced and maintained using 
a propofol infusion. The plasma ketamine concentration was measured at predetermined intervals and cardio- 
vascular and respiratory parameters recorded at 10 min intervals. Patients were reviewed in recovery and 24 hr 
postoperatively to assess the adequacy of their recovery and the presence of any undesirable side effects. 
~ u l t s :  The TCI system had a median performance error against predicted plasma concentrations of 18.9% (SE 
2.5%) and a median absolute performance error of 23.3% (SE 2.3%). Divergence was 20.3% (SE 30. I%) and 
wobble was 12.9% (SE 2. 1%). There was a mean decrease in arterial pressure of 6.4% (SD 19.7%) and a mean 
increase in heart rate of 4.3 % (SD 17.4%). Little respiratory depression occurred and all patients made a rapid 
postoperative recovery with none describing unpleasant dreams or hallucinations. 
Conc is ion :  The TCI system provided a clinically acceptable degree of control of the plasma ketamine concen- 
tration although some further improvement should be possible by amending the pharmacokinetic model. 
Clinically the combination with a propofol infusion proved to be a satisfactory anesthetic technique. 

Objr163 DEterminer la justesse d'un syst~me de perfusion cible contr61& pour I'administration de k&amine et 
Evaluer s'il convient ~ I'analg&ie quand il est utilisE en conjonction avec une perfusion de propofol chez des 
patients dont la respiration est spontan&. 
M&hod r  : Dix-neuf patients adultes, ASA I-II, admis pour une intervention chirurgicale Elective ont participE 
I'&ude. Apr& I'administration d'une premeditation de 20 mg de tEmazEpam, on a sElectionnE une concentra- 
tion de k&amine plasmatique appropri& et, celle<i Etant atteinte selon les indications du systEme de perfusion 
cible contr61& (PCC), on a induit et maintenu I'anesth&ie avec une perfusion de propofol. La concentration plas- 
matique de k&amine a EtE mesurEe ~ intervalles fixes et les param~tres cardiovasculaires et respiratoires ~ I 0 min 
d'intervalle. Les patients ont &E vus ~ la salle de r&eil et 24 h apr& I'op&ation pour Evaluer la qualitE de la 
rEcupEration et la pr&ence de tout effet secondaire indEsirable. 
~su l ta ts  : Le systEme de PCC a pr&ent~ une erreur de performance mEdiane de 18,9 % (erreur type de 2,5 
%) concemant les concentrations plasmatiques prEvues et une erreur de performance mEdiane absolue de 23,3 
% (erreur type de 2,3 %). La divergence a EtE de 20,3 % (erreur type de 30, 1%) et les fluctuations de 12,9 % 
(erreur type de 2, 1%). II y a eu une baisse moyenne de tension art&ielle de 6,4 % (erreur type de 19,7 %) et 
une baisse moyenne de la frEquence cardiaque de 4,3 % (erreur type de 17,4 %). Une faible depression respi- 
ratoire s'est produite et tousles patients ont connu une rEcupEration postop&atoire rapide sans r~ves 
d&agrEables ou hallucinations. 
Conclusion : Le systEme de PCC a fourni un degrE de contr61e de la concentration plasmatique de kEtamine 
acceptable en clinique quoique des ameliorations ultErieures seront possibles en modifiant le module pharma- 
cocin&ique. La combinaison clinique avec une perfusion de propofol s'est r~vEIEe une technique anesth~sique 
satisfaisante. 
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T 
HE intravenous anesthetic agent ketamine 
may be used in low doses to provide anal- 
gesia. I It causes little respiratory depres- 
sion 2 and may, therefore, be combined with 

propofol to provide analgesia in anesthetised sponta- 
neously breathing patients, so preventing reflex move- 
ments without causing apnea. It causes rises in arterial 
pressure and pulse rate through sympathetic nervous 
system stimulation s and therefore mitigates the 
hypotensive effects of propofol. 4 Propofol has been 
shown to prevent the emergence phenomena that may 
occur following the use of ketamine. 4 

For all drugs administered intravenously, to achieve 
and maintain a stable plasma concentration, it is neces- 
sary to give a loading dose, followed by a continuous 
infusion. This infusion replaces drug removed from the 
plasma by distribution and elimination and, thus, its 
rate declines exponentially. To increase the plasma con- 
centration during anesthesia a bolus will be required, 
followed by an altered infusion rate. Reductions in plas- 
ma concentrations may be achieved by stopping the 
infusion for an appropriate time and adjusting the sub- 
sequent infusion rate. The formulae for calculating sup- 
plementary loading doses and revised infusion rates are 
complex. Therefore, we have designed a target con- 
trolled infusion (TCI) system for ketamine. 5 We pro- 
grammed a palmtop computer with a weight-adjusted 
pharmacokinetic model for ketamine (Table I ) ,  6 and 
used it to control a Graseby 3400 infusion pump to 
achieve and maintain the desired plasma concentration. 

The TCI system for ketamine aims to allow appro- 
priate alterations in analgesia, where clinically indicat- 
ed, to be achieved rapidly while reducing the wide 
swings in plasma concentrations which are likely with 
a manual infusion system. 

The aim of this study was to evaluate the predictive 
performance of the ketamine TCI system by compar- 
ing computer predicted plasma concentrations with 
measured plasma concentrations and to assess the suit- 
ability ofketamine delivered by the TCI system for use 
with propofol during total intravenous anesthesia 
(TIVA) in spontaneously breathing patients. 

Methods 
The protocol was approved by the local Ethics 
Committee, and written informed consent was 
obtained from each patient. Nineteen patients (13 
male) of ASA Grade 1 or 2, aged between 18 and 80 
yr (mean 61 yr), within 20% of ideal body weight and 
scheduled for elective surgery for which a sponta- 
neously breathing technique was appropriate were 
entered into the study. Surgical procedures performed 
included inguinal hernia repair, ligation and avulsion 

TABLE I Pharmacokinetic parameters of  ketamine used for com- 
puter model 

(mean • S.E.M.) 

A 1.97 • 0.29 (~g.m1-1) 
ct 0.0632 • 0.01 (min q )  
B 0.39 • 0.05 (pg-m1-1) 
fl 0.004576 • 0.0008 (min -1) 
k21 0.03296 • 0.003 (min -1) 
kl2 0.03296 • 0.005 (min -l) 
kel 0.02023 • 0.004 (min -1) 
V 1 60.3 • 4.1 (1) 
Vd. ~ 203.5 + 21.6 (1) 
f 0.3 • 0.05 
Vd, s 214.3 • 35.2 (1) 
Clto t 1226.8 • 285 (ml.min) 

Using linear open two compartment model C = Ae -t + BeStand 
where V= = volume o f  distribution at steady state, and V d ~ at (- 
phase; fr = fraction of  dose in central compartment;  Clio t "" total 
clearance. 

of varicose veins, trans-urethral resection of the 
prostate and hemorrhoidectomy, the duration varying 
from 29 - 122 min. Patients with arterial pressures 
greater than 160/100, ischemic heart disease, psychi- 
atric disease, major abnormalities of liver function and 
patients for day case surgery were excluded. 

Patients were premedicated with 20 mg temazepam 
po one hour before surgery. After pre-oxygenation a 
predicted plasma ketamine concentration was selected 
and the infusion started. Previous studies had suggest- 
ed that a plasma ketamine concentration of 200 ng.m1-1 
would be an appropriate initial target3 Our initial expe- 
rience with this system, however, suggested that this 
target concentration did not provide a satisfactory level 
of analgesia and subsequently an initial plasma ketamine 
concentration of 300 ng.m1-1 was selected. As soon as 
the computer predicted that this concentration had 
been achieved a bolus ofpropofol was given at a rate of 
600 ng.m1-1 by infusion pump until a laryngeal mask 
airway could be inserted. A propofol infusion was then 
started at a rate of 10 mg.kg.hr -t for 10 min, 8 
mg.kg.hr -I for 10 min and then maintained at 6 
mg.kg.hr -1 thereafter, or adjusted according to clinical 
response. Patients breathed an air/oxygen mixture at 
an FiO z sufficient to maintain an arterial oxygen satura- 
tion greater than 95%. Following the start of the oper- 
ative procedure the target concentration of ketamine 
was increased and decreased at least once to allow an 
assessment of the system's accuracy when such changes 
were made, and additionally adjusted if clinical respons- 
es indicated an inappropriate level of analgesia. The ket- 
amine and propofol infusions were discontinued when 
clinically indicated. 



Gray et aL: TARGET CONTROLLED KETAMINE 959 

Plasma ketamine concentrations were measured 
using gas liquid chromatography 7 from samples taken 
from a dedicated venous cannula as a baseline before 
starting the infusion and five minutes later; before an 
increase in target concentration, three and five min- 
utes later; before a decrease in target concentration, 
on reaching it and five minutes later; prior to, five and 
ten minutes after discontinuing the infusion. 

Patient monitoring comprised FiO2, ECG, capnog- 
raphy, pulse oxymetry and non-invasive arterial pres- 
sure. Episodes of  apnea of  >15 sec and reflex patient 
movements were recorded as were pupil size and reac- 
tion at 10 min intervals during the procedure. The 
times of  the patients first opening their eyes and of  
remembering their date of  birth were recorded by 
recovery nurses who constantly observed the patients 
until awake and they were monitored in recovery and 
questioned the following day as to the occurrence of  
vivid dreams or hallucinations. 

For each sample point the percentage performance 
error was calculated as 

PE(%)=  M-P .100  
P 

where M and P are the measured and predicted con- 
centrations. Performance error data were evaluated 
using the statistical methods suggested by Varvel e t  

al .  8 The median performance error (MDPE) and 
median absolute performance error (MDAPE) were 
calculated for each patient and for each sampling time. 
The MDPE is a signed value which provides a measure 
of  the direction of  the performance error (bias) where- 
as the MDAPE disregards the sign of  the error and is 
a measure of  the precision of  the system. Divergence, 
a measure of  time-related changes in performance, 
and wobble, a measure ofintrasubject variation in per- 
formance error were also calculated. 

All four performance measures, MDPE, MDAPE, 
divergence and wobble were then calculated for the 
whole study population using a standard two stage 
approach, s 

Results 
In the population studied the MDPE was 18.9% (95% 
confidence interval 14.0 - 23.8%), and MDAPE was 
23.3% (18.8 - 27.8%). The divergence was -20.3%.hr -l 
(-79.3 - 38.7%.hr -1) and wobble was 12.9% ( 8.8 - 
17%). The MDPE was positive for each sampling time, 
the largest deviation from predicted values occurring 
three minutes after an increase in the target concen- 
tration (Table II). 

A mean change in arterial pressure of-6.4% (95% 
confidence interval -45.8 - 33%) occurred and a mean 
variation in heart rate of  4.3% (-29.8 - 38.4%). Six 
patients suffered brief apneic episodes following 
induction of  anesthesia but no further apneic episodes 
occurred. The mean end tidal CO 2 concentration was 
5.8% (range 3.6 - 8.5%). The mean induction dose of  
propofol required was 2.21 mg.kg -1 (range 1.51 - 
3.33 mg.kg-1). The system allowed anesthesia to be 
performed using a conventional manual propofol infu- 
sion technique, the mean total requirements being 9.3 
mg-kg.hr -1 with patients breathing an air/oxygen 
mixture. The mean dose of  ketamine used was 0.94 
mg.kg.hr -1 with individual patient requirements o f  
0.40 - 1.41 mg.kg.hr -1. The depth of  anesthesia 
appeared light as judged by pupil size and reaction but 
there were few instances of  involuntary movement, 
none of  which interfered with surgery, and no recall of  
awareness. The mean time from discontinuing the 
propofol infusion until eye opening was 13.3 min 
(range 4 - 25 min) and until stating date of  birth 22.3 
min (range 7 - 43 min). Regression analysis failed to 
reveal any relationship between the total doses ofket-  
amine or propofol given or the duration of  the proce- 
dure and these recovery times. No patient described 
unpleasant dreams or hallucinations, no major anes- 
thetic complications occurred and all patients were 
well enough to be discharged from hospital at the 
planned time. 

Discussion 
The study had two purposes: to assess the accuracy of  
the computer programme for target controlled keta- 
mine infusion and to test its suitability as an anesthet- 
ic technique in clinical use in conjunction with a 
propofol infusion. 

The MDPE of  the system was 18.9% demonstrating 
a tendency for the measured plasma ketamine concen- 
trations to be higher than those predicted by the TCI 
system. The MDAPE, a measure of  the precision of  
the system, was 23.3%. The negative value obtained 
for divergence of  the system, -20.3%, demonstrated a 
tendency for the difference between predicted and 
measured values to decrease with time, while the 
degree of  intrapatient variability was given by a value 
for wobble of  12.9%. 

It has been suggested that a TCI system can be 
considered clinically acceptable if the MDPE is less 
than 20% 9 and the MDAPE between 20 and 30%, 9,1~ 
both of  which criteria were met by this system. There 
were, however, some sampling points where the posi- 
tive bias was greater, notably three and five minutes 
after an increase in the target concentration (Table II). 
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TABLE I I Summary of predicted errors for each sampling point with range of errors for each sampling point in brackets. 

Median predicted Median absolute 
error (%) predicted error (%) 

5 min after starting infusion 
Prior to start of procedure 
Prior to concentration increase 
3 min after concentration increase 
5 min after concentration increase 
Prior to concentration decrease 
On reaching new concentration 
5 min after reaching new concentration 
Prior to ending infusion 
5 min after ending infusion 
10 min after ending infusion 
Population 

28.5 [-26.9 - 109.1] 28.5 [2.1 - 109.1] 
15.05 [-17.5 - 46.1] 16.95 [2.5 - 46.1] 
21.05 [2.3 - 67.4] 21.05 [2.3 - 67.4] 
59.5 [13.7 - 119.4] 59.5 [-13.7 - 119.4] 
36.4 [0.5 - 83.9] 36.4 .[0.5 - 83.9] 
23.5 [-17.5 - 75] 23.5 [4.6 - 75] 
9.3 [-24.3 - 40.7] 15.7 [0.1 - 40.7] 
6.65 [-24.5 - 60.7] 14.85 [0.2 - 60.7] 
25.9 [-22.3 - 81.5] 25.9 [0.5 - 81.5] 
3.9 [-33.7 - 51.7] 15.5 [0.9 - 51.7] 
10.6 [-34.6 - 62.7] 15.6 [1.3 - 62.7] 
18.9 [95% confidence 23.3 [95% confidence 
interval 14 - 23.8] interval 18.8 - 27.8] 

Venous samples were used for concentration measure- 
ments since it was felt that an indwelling arterial can- 
nula risked further morbidity which could not  be 
justified in the patients chosen or surgical procedures 
performed.  Since the venous concentration is lower 
than the arterial, the real bias at these points is likely 
to be even higher than that calculated. This might  be 
of  importance if the actual plasma ketamine concen- 
trations achieved were high enough to produce unde- 
sirable effects. In  fact, there were no clinical 
indications during anesthesia o f  any undesirable effect, 
nor  were there any indications postoperatively that 
harm had resulted. This may not  be surprising given 
that the plasma ketamine concentrations aimed for to 
provide analgesia meant  that, even in the event o f  a 
considerably higher concentration being achieved, this 
still fell below the plasma concentrations achieved 
when ketamine is used as an induction agent. I In addi- 
tion it is not  possible to measure ketamine concentra- 
tions at the actual effector site. After an increase in 
target concentration the effector site concentration is 
likely to be lower than the measured plasma concen- 
tration 11 and this would tend to reduce the bias at 
these points if  this could be accurately measured. 

Performance errors in the T C I  system may be due 
to a basic error in the pharmacokinetic parameters 
used for the computer  model but  a major source of  
error is likely to be interindividual pharmacokinetic 
variability. Drug  distribution, metabolism and excre- 
tion will be affected by the patients '  age, weight and 
genetic predisposition as well as co-existing disease 
states and concurrent  drug treatment.  Such variability 
will always affect the efficiency o f  a T C I  system but  
measures such as precision and bias are less important  
in clinical use than the ability, as with other methods 
for providing analgesia, to titrate the target drug con- 

centration against clinical effect. 
The T C I  ketamine system when used in conjunc- 

tion with a manual propofol infusion proved to be an 
acceptable anaesthetic technique in clinical use. The 
overall propofol requirements o f  9.3 mg.kg-l .hr  -1 
while breathing an a i r /oxygen mixture were compara- 
ble with those in previous studies where an air /ni trous 
oxide mixture was breathed 12 and there was no pro- 
longation in recovery time when compared to the 
combination of  propofol and nitrous oxide I2 or isoflu- 
rane and nitrous oxide. I3 None  o f  the patients in the 
study voiced any dissatisfaction with their experience 
when reviewed either in the recovery ward or 24 hr 
post-operatively. 

The mean decrease in blood pressure of  6.4% com- 
pares favourably with that observed in previous stud- 
ies using propofol  infusions with some studies 
demonstrating decreases in systolic and diastolic pres- 
sures o f  up to 47%, 14'15'16 and isoflurane anesthesia 17 
although the degree o f  variability (95% confidence 
interval -45.8 - 33%) was greater than hoped. In only 
one patient was the fall in arterial pressure considered 
clinically unacceptable and this was quickly corrected 
by intravenous fu id  administration. 

We conclude that the system as used was clinically 
satisfactory, providing an adequate level o f  anesthesia for 
the procedures performed with a good ability to titrate 
analgesia rapidly to meet requirements and that such a 
system might provide an alternative to propofol/alfen- 
tanil TIVA systems where the sympathetic stimulating 
effects of  ketamine could be considered beneficial. 
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