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Midazolam prcmcdica- 
tion reduces propofol 
dose requirements for 
multiple anesthetic 
cndpoints 

Purpose: This study investigates the interactions between midazo- 
lam premedication and propofol infusion induction of anesthesia for 
multiple anesthetic endpoints including: loss of verbal contact (LVC; 
hypnotic), dropping an infusion flex (DF; motor), loss of reaction to 
painful stimulation (LRP; antinociceptive) and attainment of elec- 
troencephalographic burst suppression (BUR; EEG), 

Methods: In a double blind, controlled, randomized and prospec- 
tive study, 24 ASA I-II patients received either midazolam 0,05 
mgkg I (PH; n 13) or saline placebo (P0; n I I)ivas premedica- 
tion. Twenty minutes later, anesthesia was induced by propofol 
infusion at 30 mgkg ~ hr ~. ED~0, EDg~ and group medians for 
times and doses were determined and compared at multiple anes- 
thetic endpoints. 

Results: At the hypnotic, motor and EEG endpoints, midazolam 
premedication significantly and similarly reduced propofol ED~0 
(reduction: 18%, 13% and 20% respectively; P <0.05 vs 
unpremedicated patients) and EDg~ (reduction: 20%, I1% and 
20% respectively; P <0.05 vs unpremedicated patients). For 
antinociception (LRP), dose reduction by premedication was 
greater for propofol EDg~ (reduction: 41%; P <0.05 vs unpremed- 
icated patients) than ED~0 (reduction: 18%; P <0.05 vs unpremed- 
icated patients). Hemodynamic values were similar in both groups 
at the various endpoints. 

Conclusions: Hidazolam premedication 20 rain prior to induction 
of anesthesia reduces the propofol doses necessary to attain the 
multiple anesthetic endpoints studied without affecting hemody- 
namics in this otherwise healthy population. The interaction differs 
for different anesthetic endpoints (e.g., antinociception vs hypnosis) 
and propofol doses (e.g., ED~0 vs EDge). 

Objectif : Examiner les interactions entre la pr~m~dication avec du 
midazolam et I'induction de I'anesth~sie avec une perfusion de propofol 
en regard de divers param~tres comprenant " la perte du contact verbal 
(PCV; hypnotique), le relSchement de la main (RM; moteur), I'absence de 
r~action 8 une stimulation douloureuse (ARD; antinociceptif) et la sup- 
pression des salves d'activit~ ~lectroenc~phalographiques (SUP; EEG). 

M~thodes : L'&ude prospective, contr61&, randomis& et 8 double insu 
conceme 24 patients ASA I-II qui ont re,u, soit 0,05 mgkg ~1 de mida- 
zolam (PM; n 13), soit une solution sal& placebo (PO; n I I) iv 
comme pr~m~dication. L'anesth~sie a ~t~ induite, 20 rain plus tard, 
avec une perfusion de propofol 8 30 mgkg I" h r  I. Les ED50, ED95 et 
les m~dianes pour les temps et les doses dans chaque groupe ont ~t~ 
d&ermin&s et compar&s pour divers param~tres anesth~siques. 

R~sultats : Pour les variables hypnotique, motrice et EEG, la pr~m~di- 
cation au midazolam a r~duit pareillement et de fa~on signiflcative la 
ED5o de propofol (r~duction : 18 %, 13 % et 20 % respectivement; P 
<0,05 vs les patients sans pr~m~dication) et la ED95 (r~duction: 20 %, 
I 1% et 20 % respectivement; P <0,05 vs les patients sans pr~m~di- 
cation). Concemant I'antinociception (ARD), la r~duction de la dose par 

la pr~m~dication a ~t~ plus importante pour la ED95 de propofol (r~duc- 
tion : 41%; P <0,05 vs les patients sans pr~m~dication) que pour la 
ED5o (r~duction : 18 %; P <0,05 vs les patients sans pr~m~dication). 
Les valeurs h~modynamiques ont ~t~ similaires chez les patients des 
deux groupes quant aux divers param~tres &udi~s. 

Conclusions : La pr~m~dication avec du midazolam, 20 min avant 
I'induction de I'anesth~sie, permet de r~duire les doses de propofol 
n&essaires 8 I'atteinte des divers objectifs anesth~siques &udi~s sans 
modifier I'h~modynamie chez une population de patients en bonne 
sant& Les interactions diff&ent en fonction des param~tres 
anesth~siques (ex., I'antinociception vs I'hypnose) et selon les doses de 
propofol (ex., ED5o vs ED95 ). 
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D RUG combinations are used frequently 
in clinical anesthesia. As well as widening 
the spectrum of action of anesthesia, the 
use of combinations can also decrease 

side effects, mainly by reducing the doses of individual 
drugs necessary via synergism. 

Because anesthesia is the result of several different 
actions, such as hypnosis, antinociception or myorelax- 
ation, studies of anesthetic drug interactions should 
ideally include multiple endpoints involved in anesthe- 
sia. However, most studies involving anesthetic drug 
interactions have so far investigated only single clinical 
endpoints, usually the hypnotic endpoint of loss of ver- 
bal contact or eyelash reflex, using single iv bolus tech- 
niques. Infusion induction titration models 1 3 
represent an interesting and increasingly validated 
alternative to bolus models for the study of drug inter- 
actions. They permit the evaluation of multiple end- 
points in one patient and session, include the clinically 
important time element and are easy to apply to clini- 
cal practice. Using such a model, we have recently been 
able to show that for thiopental, the interaction with 
midazolam premedication differs according to the 
anesthetic endpoint studied. 3 

Midazolam is a popular adjuvant drug for iv anes- 
thesia. It has been demonstrated to be hypnotically 
synergistic with propofol as a premedicant or co- 
inductant during induction using bolus techniques. ~6 
To our knowledge, the interactions ofmidazolam pre- 
medication with propofol have not been studied for 
multiple anesthetic endpoints. This investigation is 
designed to quantify the interaction of midazolam 
with propofol at multiple anesthetic endpoints using 
an infusion induction titration model. 

Methods 
After institutional Review Board and Ethics 
Committee approval as well as written informed 
patient consent, 24 ASA physical status I-II patients 
scheduled for elective back surgery were prospectively 
included in the study. Exclusion criteria comprised car- 
diovascular and neurological disease, diabetes mellitus, 
chronic hypnotic or analgesic medication and abnor- 
mal body weight (over 20% deviation from ideal). 

In the operating room, the electrodes for the elec- 
troencephalogram (EEG) were applied to the 
unpremedicated patients, an awake EEG obtained, 
and the patients allocated to receive either midazolam 
0.05 mg.kg 1 iv (PM; n=13) or placebo (NaC1 0,9%) 
(P0; n=11) by use of a random number table. Twenty 
minutes before anesthesia induction a person not 
involved in the study performed slow iv premedication 
(injection over 30 sec) of the patients. This design was 

chosen to simulate typical iv premedication (as 
opposed to co-induction) at our institution and also 
permitted us to obtain a stable baseline EEG under 
the influence of midazolam. Neither the investigator 
nor the person interpreting the EEG knew whether 
the patient had been premedicated or not. The EEG 
was interpreted by an experienced electroencephalog- 
rapher, present throughout the study period. 

Monitoring devices were next installed and the 
patient pre-oxygenated by face mask. Lung ventilation 
was assisted or controlled from induction onwards to 
maintain normal respiratory values (FiC~=I.0; SpO 2 
>95%; ETCO2=4-5 kPa). Anesthesia was induced by a 
continuous iv infusion of propofol 1% solution by 
syringe pump (Perfusor®, Braun Melsungen, Germany) 
at 30 mg.kg 1.hr 1 until the appearance of burst suppres- 
sion on the EEG. 

Continuous EEG recording (standard 10-20 system 
16 channel montage, Medilog®, Oxford, UK) was 
started five minutes before iv premedication and 
acquired until the end of the study. Arterial blood pres- 
sure (non-invasive, automated oscillometry) and heart 
rate (ECG monitor) were measured at one-minute 
intervals and recorded specifically at four endpoints. 
The following endpoints were determined and docu- 
mented on the EEG record: 1) hypnotic: loss of verbal 
contact (LVC), by questioning every ten seconds 
"please open your eyes"; 2) motor: drop flex (DF), time 
at which a 500-ml plastic infusion bag held in the hand 
was dropped; 3) antinociceptive: loss of reaction to pain 
(LRP), time at which purposeful somatic movement to 
transcutaneous constant current tetanic electric stimula- 
tion by a nerve stimulator ceased (Digistim®, Biometer 
A/S ,  Copenhagen, DK; stimulation started after LVC 
and DF was applied via self adhesive electrodes on the 
side of the index finger at 100 Hz/40 mA/0.2 msec 
and avoided stimulating major nerves); and 4) elec- 
troencephalographic: burst suppression (BUR) (first 
occurrence of three seconds isoelectricity between 
bursts in the dominant side, fronto-parietal channel). 

The times and cumulative propofol doses at each 
endpoint were recorded. Vecuronium 0.1 mg.kg 1 to 
facilitate intubation was given only after the patient 
ceased reacting to painful stimulation. On reaching 
EEG burst suppression, the trachea was intubated and 
the study ended. 

Statistical analysis 
Using data from bolus studies by Short 4,Sand Vinik 6 
and infusion model data from Peacock, 7 we estimated 
the group size necessary to detect a clinically relevant 
difference of 20% in ED 50values for loss of verbal con- 
tact to be 11 (alpha=5%; beta=10%; two-tailed). As 
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TABLE I Mean arterial pressures and heart rates, and median times and doses at endpohlts 
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Grosp Event MAP H R  Time Dose Dose ratio 
(mmHg) (rain 1) (sec) (mg.kg 1) (PO:PM 

P0 BL 94 (12) 77 (14) 
PM BL 88 (16) 76 (12) 
PO LVC 89 (12) 78 (15) 232 1.9 1.3 

(120400)1 (1.0 3.3)1 
PM LVC 90 (18) 74 (12) 180 1.5 

(105487)1 (0.9 2.4)1 
P0 DF 89 (10) 77 (14) 220 1.8 

(121 360)I (i.0 3.0)I 1.2 
PM DF 88 (21) 77 (12) 180 1.5 

(lOO473)1 (0.8 2.3)1 
P0 LRP 85 (12) 78 (17) 381 3.2 

(216~90)* (1.8 6.6)* 1.2 
PM LRP 87 (20) 79 (14) 310 2.6 

(220 515)* (1.84.3)* 
P0 BUR 82 (15) 81 (14) 569 4.7 

(390 1212)* 1 (3.3 10.1)* 1 1.1 
PM BUR 86 (17) 85 (11) 473 4.3 

(290 885)* 1 (2.4=7.4)* 1 

Data presented as mean and standard deviation (hemodynamics) or median and 95% comqdence hlterval (times and doses) at the different 
endpohlts. 
LVC loss of verbal contact; DF drop flex; LRP loss of response to pain; BUR EEG burst suppression; BL baseline; P0 group without 
midazolam premedication; PM group with midazolam premedication; Dose ratio potency ratio for doses;.* significantly dill?rent from 
LVC value; I significantly difl?rent from LRP value (P <0.05). 

these results are of  limited applicability to our study, 
we pre-planned post hoc power testing based on 
results at LVC and BUR. 

Patients' physical characteristics and median times 
and doses at endpoints were compared using Mann- 
Whitney U or Wilcoxon signed rank testing as appro- 
priate. H e m o d y n a m i c  data were analysed with 
repeated measures ANOVA and post hoc Tukey test- 
ing. The endpoint  dose ratios DF:LVC, LRP:LVC 
and BUR:LVC were calculated and their medians 
compared non-parametrically (Mann-Whitney U or 
Wilcoxon). To investigate dose-response relationships, 
the percentage response rate (percent patients attain- 
ing endpoint) was probit- transformed and multiple 
linear regression analysis of  the resulting probi t  
response log dose curves performed. EDs0 and ED 95 
values were calculated and 95% confidence intervals 
estimated. The significance of EDs0 and ED95 differ- 
ences within or between groups was assessed using 
Students'  t testing (paired or unpaired as appropriate). 
The same procedure was applied to comparisons of  
regression curve parallelism via regression coefficients 
and the significance of  parallel curve shifts via inter- 
cepts. For all statistical analyses, multiple testing was 
Bonferroni-corrected as necessary, and P <0.05 con- 
sidered statistically significant. 

Results 
The study was completed without  incident. The 
patients in the groups were similar with regard to age 
(without midazolam, P 0 : 4 6  + 15; with midazolam, 
PM: 48 _+ 11 yr), weight (P0:72 _+ 12; PM: 72 _+ 12 kg) 
(means _+ standard deviations) and sex ratio (M:F; P0: 
5:6; PM: 9:4). Post hoc power testing, based on results 
at the hypnotic (LVC) and EEG (BUR) endpoints, 
demonstrated that the group size (n=11) was more 
than adequate to demonstrate clinically relevant differ- 
ences of 20% (alpha=5%; beta=10%; two-tailed testing). 

Premedication did not  significantly affect m e d i a n  
values of  time to, dose at, and hemodynamics at any 
endpoint (Table I). In both patient groups, median 
times and doses at the motor  (DF, drop flex) and hyp- 
notic (LVC, loss of  verbal contact) endpoints were 
similar. At antinociceptive (LRP) and EEG (BUR) 
endpoints, these values were significantly greater than 
at the hypnotic endpoint  for premedicated and 
unpremedicated patients. The antinociceptive end- 
point was statistically distinct from all other endpoints 
in both groups for times and doses. The median dose 
potency ratios (i.e., median dose at given endpoint for 
unpremedicated patients divided by median dose at 
same endpoint for premedicated patients) were similar 
for all endpoints. The relationship between the dose at 
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the hypnotic endpoint and dose at the other endpoints 
was similar for both patient groups (Table II). 

Premedication did, however, significantly lower 
E Dso and ED 9 5 values at all endpoints (Figure, Table 
I I I )  with one exception (ED95 at the motor  endpoint, 
DF). In both patient groups, the hypnotic endpoint 
(LVC) was statistically distinct from the antinociceptive 
(LRP) and EEG (BUR) endpoints for EDso and ED 9 

TABLE II Median endpoint ratios compared to LVC 

Group D F:L VC LRP:L VC B UR:L VC 

PO (dose) 1.0 (0.5 2.0) 2.0 (1.3 3.3) 3.0 (2.1~f.3) 
PM (dose) 1.0 (0.6 1.3) 2.0 (1.3 3.2) 2.8 (2.0 3.6) 

Results are mediums of ratio "endpohlt dose divided by LVC dose" 
and 95% comfidence intervals. 
LVC loss of verbal contact; DF drop flex, LRP loss of response 
to pain; mad BUR EEG burst suppression. P0 group without 
midazolam premedication; PM group with midazolam premedica 
tion. There are no statistically sigifificant diflbrences between the 
groups at any point. 

As for median doses, EDs0 and ED95 dose potency 
ratios (i.e., dose at given endpoint for premedicated 
patients divided by dose at same endpoint  for 
unpremedicated patients) were alike for the hypnotic, 
motor  and EEG endpoints. For the antinociceptive 
endpoint, dose reduction with midazolam premedica- 
tion increased from ED s 0 to ED 9 5 from 18% to 41%. 
This was brought about by significant steepening of the 
propofol dose-response curve for antinociception with 
premedication, bringing its slope to a value close to that 
of  the other dose-response curves, generally similar for 
all other endpoints in both patient groups. 

Discussion 
Midazolam premedicat ion decreases the dose of  
propofol necessary to reach all the anesthetic end- 
points investigated. In this otherwise healthy patient 
population, there were no accompanying changes in 
hemodynamic behaviour for the drug doses studied. 
For antinociception, dose reduction accompanying 
midazolam premedication markedly increases with 
increasing propofol  dosage (i.e., from EDs0to ED9 s). 
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FIGURE Multiple linear regression curves for log dose propofol ps probit response at hypnotic (loss of verbal contact; LVC), motor 
(dropping of hffusion bag; DF), amhlociceptive (loss of reaction to pain; LRP) and EEG (attahmlent of burst suppression; BUR) end 
points. P0 goup without midazolam premedication; PM group with midazolam premedication. Details of the curve characteristics are 
given in Table III. 
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TABLE III Results: log dose probit response multiple linear regression analysis 
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Group Event R R e P Intercept Slope EDs o REDs o EDgs REDgs 

P0 # LVC 0.97 0.94 0.000003 1.61 + 0.15 3.00 + 0.26 1.7 * 3.0 * 

PM LVC 0.99 0.98 0.000000 1.05 + 0.06 3.08 + 0.13 

1.2 1.3 
(1.6 1.8) (2.7 3.4) 
1.4 2.4 
(1.3 1.5) (2.3 2.5) 

P0 § DF 0.94 0.87 0.00005 1.58 + 0.22 3.13 + 0.40 1.6" 2.8 
i . i  i . i  

PM DF 0.98 0.97 0.000000 0.96 + 0.07 2.82 + 0.16 
(1.5 1.8) (2.4 3.5) 
1.4 2.5 
(1.3 1.5) (2.3 2.8) 

P0 § LRP 0.95 0.89 0.00003 2.33 + 0.29 1.95 + 0.23 3.3 *]. 7.6 *]. 

PM LRP 0.99 0.98 0.000000 3.13 + 0.15 3.16 + 0.15 

1.2 1.7 
(2.9 3.7) (6.2 10.6) 
2.7]. 4.5]. 
(2.6 2.8) (4.34.8) 

P0 # BUR 0.99 0.98 0.000000 4.60 + 0.22 2.88 + 0.13 4.9 *]. 8.7 *]. 
1.3 1.2 

PM BUR 0.98 0.97 0.000000 3.74 + 0.23 2.77 + 0.16 
(4.8 5.1) (8.1 9.3) 
3.9] 7.0]. 
(3.74.0) (6.4 7.6) 

The results of multiple linear regression analysis of log dose ps probit response curves are displayed. Slopes and intercepts are means + stml 
dard deviations; EDs0 and ED95 values (mg.kg 1) are medians and 95% co~mdence intervals. REDs0 and RED95 are potency ratios 
(P0/PM) for EDs0 and ED 9 s values. 
P0 group without midazolam premedication; PM group with midazolam premedication. LVC loss of verbal contact; DF drop flex; 
LRP loss of response to pain; BUR EEG burst suppression. 
Pvalues in the Table refer to the fit of file curve. 
* sigMficmlfly diflbrent from PM value; } significantly diflbrent from LVC value (P<0.05). # P0 and PM curves are statistically parallel 
(slope), sigmficant stfift present (intercept); § curves are not parallel. 

The  anes thet ic  endpo in t s  hypnosis ,  an t inoc icep t ion  
and  E E G  burs t  suppress ion are statist ically dis t inct  
wi th  regard  to  doses and  t imes in bo th  pa t ien t  groups.  
P remed ica t ion  does n o t  al ter  the  re la t ionship be tween  
dose to reach the hypnot ic  endpo in t  and  dose to reach 
o the r  s tudy endpoin ts .  

We have found  no o ther  studies invest igat ing the 
in terac t ion  be tween  midazo lam premedica t ion  and 
propofo l  for mult iple anesthetic endpoints  during infu- 
sion induct ion  o f  anesthesia. In  pat ients  unde rgo ing  
induct ion  o f  anesthesia with a p ropofo l  infusion at 33.3 
m g . m i n  1 and p remed ica ted  with oral t emazepam and 
fentanyl 0.75 pg.kg 1 iv, Peacock et al. 7 de te rmined  a 
mean induct ion  t ime o f  145 sec and a mean induct ion  
dose o f  1.36 mg.kg  1, similar to our  results in the mida- 
zo lam-premed ica ted  group (medians:  180 sec and 1.5 
mg.kg  1 respectively). 

All  o ther  comparisons  were der ived f rom bolus 
induc t ion  and are thus no t  directly comparable  with 
the present  invest igat ion.  Nagu ib ,  8,9 Shor t ,  4,5 van 
Hemel r i j ck  1° and  Vinik  6 r e p o r t  ED 50 values for anes- 

thesia induc t ion  o f  1 -1 .5  mg .kg  1 for p ropofo l  alone,  
slightly lower than ours (hypnot ic  [ LVC ]: 1.7 mg.kg  1; 
m o t o r  [DF]:  1.6 mg.kg  1; Table I I I ) .  For  a slightly dif- 
ferently conf igured analgesic endpoin t ,  Shor t  5 deter- 
m i n e d  a p r o p o f o l  ED 50 o f  1.97 mg.kg  1, lower than 
our  LRP value o f  3.3 m g . k g  1. The  h igher  doses in our  
s tudy,  as compared  to bolus adminis t ra t ion,  are likely 
to  be the  result  o f  infusion t i t ra t ion  me thodo logy .  Slow 
infusion tends to result  in longer  t imes and  h igher  
doses due to ongo ing  redis t r ibut ion  into the "fast 
c o m p a r t m e n t "  as well as ove r shoo t}  Useful quanti ta-  
tive compar ison  be tween  these studies and ours is lim- 
i ted by the differences in exper imental  design. 

Us ing  a bolus t echn ique  and  varying doses o f  bo th  
midazo l am and  p ropofo l  in f i xed  propo r t i ons  (ou r  
study: f i x ed  m i d a z o l a m  dose,  therefore  vary ing  pro-  
por t ions ) ,  bo th  S h o r t < S a n d  Vinik  6 showed  significant 
supra-addi t ive  interact ions be tween  the two drugs for 
hypno t i c  ( and  Shor t ,  5 for an t inoc icep t ive)  ED50 end-  
points .  In  females u n d e r g o i n g  d i la ta t ion  and  curet-  
t a g @  1 iv p remed ica t ion  with  m i d a z o l a m  0.03 pg .kg  1 
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reduced time to loss of lid reflex by about 40% from 
75 to 44 sec (our study: about 20%; 232 vs 180 sec) - 
without affecting dose. Again the differences in 
methodology between our study and the studies cited 
preclude meaningful quantitative comparisons. In par- 
ticular the design of the present study does not permit 
the construction of isobolograms and hence conclu- 
sions as to supra- or infra-additivity. 

We have previously conducted a study of identical 
design using a thiopental infusion at 55 mg.kg 1.hrl,3 
approximately equipotent to the present dosage of 
propofol. While such a comparison of two studies must 
be treated with due caution, it is interesting to note that 
the reported scale of the dose reduction due to mida- 
zolam premedication is similar for both drugs (for 
E D 5 d thiopental 12-19%, propofol 13-20%; for ED 9 
thiopental 10-34%, propofol 11-41%). Other similari- 
ties include the large thiopental dose reduction (31%) 
with midazolam premedication from ED 50 to ED95 for 
antinociception, and the median dose endpoint ratio for 
the antinociceptive vs hypnotic endpoint (LRP:LVC) of 
about two. Suggested differences are the higher "safety 
margin" between EEG burst suppression and surgical 
analgesia for thiopental, and the large motor endpoint 
(DF) thiopental dose reduction (29%) from EDs0 to 
E D 95 with midazolam premedication. 

The infusion titration model we chose for this study 
is well-validated and has several advantages compared 
to bolus methodologies. 2,3A major benefit is the abil- 
ity to study multiple endpoints in one patient and ses- 
sion; other advantages include that timing and dosage 
values derived are applicable to every-day clinical 
bolus administration.2, 3 Results of this model may 
become rate-dependent at higher infusion rates. This 
has not been formally studied for propofol, but for 
thiopental, 12 infusion rate dependence has been 
demonstrated for infusion rates of 150-1200 
mg.min 1, approximately equivalent to propofol 
80-650 m g . m i n  1 and well above the infusion rates 
used in our study. 

We chose to give midazolam to our patients 20 min 
before anesthesia induction because we wanted to 
simulate typical premedication at our department - as 
opposed to co-induction - and to enable us to obtain 
a stable baseline EEG under midazolam premedica- 
tion. The dose of midazolam chosen is standard for iv 

premedication at our institution and is within the 
range typically quoted in the literature 3 6,11 Three- 
compartment pharmacokinetic computer simulation 
(IVA-SIM, J. Schtittler and S. Kloos, Institut ftir 
Anaesthesiologie, Bonn University, Germany, © 
1989-1991) predicts that our regime will achieve 
peak effect site midazolam levels of approximately 0.11 

~lg.mk 1 seven minutes after injection, falling by a third 
to approximately 0.07 ~lg.mk 1 at the time of anesthe- 
sia induction 20 min after midazolam injection, and 
falling by another third to about 0.03 ~lg.mk 1 around 
the time EEG burst suppression was typically achieved 
some 70 min after premedication. 

Numerous studies have used and validated the end- 
points loss of verbal contact and dropping an object as 
relevant measures for the induction of anesthesia. ~6'9 
Loss of reaction to tetanic transcutaneous electrical 
stimulation has been described and utilized as a surro- 
gate marker for surgical analgesia in several investiga- 
tions, 4,5 while the attainment of EEG burst suppression 
is particularly relevant in the intensive care context. 

Our study suggests that the two commonly used 
induction endpoints of loss of verbal contact (hypnot- 
ic endpoint; LVC) and dropping an object (motor 
endpoint; DF) are equivalent with regard to timing 
and dosage. It is important to realize that the end- 
point representing surgical analgesia (i.e., antinocicep- 
tion, LRP) is distinct from the hypnotic endpoint 
(LRP-EDs0is about 2x LVC-ED50) for both premed- 
icated and unpremedicated patients. Thus patients 
unresponsive to pain can be presumed to be asleep - 
but  not vice-versa. Patients sedated to EEG burst sup- 
pression by propofol can safely be assumed to be ade- 
quately protected against nociception (ED s 0- BUR is 
about 11/2 x LRP-ED 50), again with and without mida- 
zolam premedication. 

Both propofol and benzodiazepines act at the 
gamma-amino-butyric acid A (GABAA) receptor. 13 
Recent experimental work 13 demonstrates that propo- 
fol-midazolam interactions are dependent on the con- 
centration of GABA at the receptor, suggesting that the 
nature and extent of propofol-benzodiazepine interac- 
tions should change with changing ratios of the two 
drugs, in accordance with our results showing differ- 
ences in the interaction from ED 50to ED 95. This is par- 
ticularly visible for the nociceptive endpoint, likely to 
involve more subcortical or spinal elements than the 
hypnotic or EEG burst suppression endpoints. For 
unpremedicated patients the propofol dose-response 
curve for nociception (LRP) is flatter than for other 
endpoints, and midazolam premedication is accompa- 
nied by significant (non-parallel) steepening of the 
dose-response curve. Such non-parallel shifting of the 
dose-response curve points to a change in underlying 
pharmacological mechanisms. These changes might be 
due to the above-mentioned changes in interactions 
within the GABA A receptor complex, 13 but may also 
include increased access to other central nervous system 
biophases (e.g., spinal or subcortical vs cortical) or the 
recruitment of other receptor populations with increas- 
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ing propofol concentrations. Overall, the differences of 
interaction at the different anesthetic endpoints under 
study are likely to be the consequence of the unique 
pharmacokinetic (biophase access) as well as pharmaco- 
dynamic (internal and external pattern of receptor acti- 
vation) characteristics of each of their biophases. 

In summary, propofol dose requirements are reduced 
at multiple anesthetic endpoints by midazolam premed- 
ication, without concomitant hemodynamic changes. 
The interaction is most marked for antinociception. The 
characteristics of the interaction depend upon the anes- 
thetic endpoint chosen as well as the dose of propofol. 
The dosages ofpropofol needed to attain hypnosis, anal- 
gesia and EEG burst suppression are distinct in both 
unpremedicated and premedicated patients. Patients 
receiving propofol monoanesthesia who exhibit EEG 
burst suppression can therefore safely be presumed to 
have surgical analgesia, whereas patients who have just 
achieved hypnosis with propofol should not be assumed 
to be adequately protected against surgical nociception. 
We suggest that future studies of drug interaction in 
anesthesia include multiple relevant endpoints and that 
further effbrts be made to understand the nature of the 
different biophases involved. 
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