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Editorial

Clinical Pharmacology on Display
Tony Gin, MD, FRCA, FANZCA, FHKCA

In this issue of Anesthesia & Analgesia are 3 articles that
most subscribers will never read.1–3 Not even the abstract
will garner their interest. Nevertheless, these articles and

related work help form the foundation underlying 2 recently
introduced commercial displays, Navigator Applications
Suite (GE Healthcare, Helsinki, Finland) and SmartPilot View
(Dräger Medical, Lübeck, Germany), intended for everyday
use in the operating room. These sophisticated displays show
the concentrations and predicted effects of combined
anesthetic drugs to facilitate more precise titration and
outcome. The accuracy of these displays depends on the
accuracy of the models they use. This editorial, and the
following two,4,5 attempt to explain how complex research in
pharmacokinetic/ pharmacodynamic (PK/PD) modeling is
being translated to everyday clinical practice.

We need to titrate anesthetic drugs because of the
individual variability in response, and the rapidly changing
level of stimulation in the operating room. We adjust our
dose according to the effect that we want to achieve.
However, because of our incomplete understanding of the
complex anesthetic state and consequent technical limita-
tions, we often have very little direct feedback to precisely
guide this titration. It would be helpful if we could “see”
the effect of our drugs in real time, as well as forward
projections of the current trajectory. For example, cardio-
vascular drugs are typically easy to titrate because we have
monitors that display heart rate and arterial blood pressure
in real time. Can we develop a real-time display showing
the effects of all our anesthetic drugs?

For many years, we have measured the effect of neuro-
muscular blocking drugs using peripheral nerve stimula-
tors. Although mechanomyography was a research tool,
electromyography was available for routine clinical prac-
tice more than 20 years ago using the Relaxograph (Datex,
Helsinki, Finland). The graphical trend of twitch height
depression and train-of-four ratio allowed one to appreci-
ate the time course of drug effect (Fig. 1). There has been a

resurgence of interest in neuromuscular monitoring, with
integration into anesthesia workstations permitting central-
ized displays of neuromuscular block. With this ready
display of drug effect, anesthesiologists have not generally
been interested in knowing the actual plasma concentration
of neuromuscular blocking drugs.

For the volatile anesthetics, the picture is more complex
because they cause more than one desirable effect. Is the
drug being titrated to cause hypnosis, suppress somatic
responses, or suppress autonomic responses? The effect of
volatile anesthetics on the suppression of somatic response
has long been characterized by the minimum alveolar
concentration (MAC). This value (sometimes uncorrected)
is displayed on many anesthetic monitors, permitting an-
esthesiologists to adjust inhaled anesthetic delivery to
obtain a desired fraction or multiple of MAC. MAC is an
effective dose (ED)50 on the quantal response/no response
curve, meaning that it is the concentration at which 50% of
subjects do not move. Who wants to give a concentration at
which half the patients move? Who knows at what concen-
tration or multiple of MAC nearly all patients (say 95%)
would not move? Instead of displaying the volatile concen-
tration as a fraction or multiple of MAC, it is possible to
display the volatile concentration as its effect on the quan-
tile dose-response curve. For example, 2.07% sevoflurane is
1.21 MAC, but this is also the ED95 for no movement (Fig.
2).6 Similarly, if our effect of interest was hypnosis, the
concentration could be displayed as an EDx where x% of
the population would be expected to not respond to verbal
command. This may be more useful than a fraction of MAC
(or multiple of MAC-awake). In contrast to the neuromus-
cular blocking drugs, some knowledge of the volatile agent
concentration seems important, but at least we can readily
measure it.

The population values of MAC and MAC-awake were
derived from patients that may be very different from any
particular patient. Is it possible to have a measure of
anesthetic drug effect in the patient currently undergoing
anesthesia, similar to that for neuromuscular block? Indi-
vidual monitoring of motor spinal reflexes is possible, but
rarely used. There is much more interest in monitoring
hypnosis using derived measures of the electroencephalo-
gram (EEG) such as the Bispectral Index (BIS) and entropy.
Although the raw EEG reflects the current state of the
patient, the derived indices are also based on models from
previous studies. The BIS is supposed to reflect the hyp-
notic component of anesthesia and help guide drug dosage

From the Department of Anaesthesia and Intensive Care, Chinese University
of Hong Kong, Prince of Wales Hospital, Hong Kong, China.
Accepted for publication May 3, 2010.
Disclosure: The author reports no conflicts of interest.
Address correspondence to Tony Gin, MD, FRCA, FANZCA, FHKCA,
Department of Anaesthesia and Intensive Care, Chinese University of Hong
Kong, Prince of Wales Hospital, Shatin, Hong Kong SAR, China. Address
e-mail to tgin@cuhk.edu.hk.
Copyright © 2010 International Anesthesia Research Society
DOI: 10.1213/ANE.0b013e3181e63008

256 www.anesthesia-analgesia.org August 2010 • Volume 111 • Number 2

EDITORIAL



Joe	 the	 plumber
•  male	 
•  40	 years
•  75	 kg
•  1,75	 m
•  ASA	 I
•  left	 inguinal	 hernia



Joe	 the	 plumber	  
•  Sufentanil	 15	 mcg
•  Propofol	 100	 mg	 +	 50	 mg	 +	 50	 mg	 =	 
200	 mg

•  BP=	 60/40mmHg
•  Et	 sevo	 2.3%	 	 (1.3MAC)
•  Ephedrine,	 ephedrine,	 ephedrine
•  zzzzzzzzzzzzzz	 
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Essentially	 all	 models	 are	 wrong	 
but	 some	 are	 useful.	 

George	 E.P.	 Box



flurane concentration versus response curve on the left edge
of figure 1, where the remifentanil concentration is 0. We
also know that an opioid alone cannot reliably render the
patient nonresponsive. This is reflected by the lack of a
remifentanil concentration versus response relationship on
the rightward edge of figure 1, where the sevoflurane concen-
tration is 0.

Each model tested by Heyse et al. makes a slightly differ-
ent assumption about the underlying biology. The most ro-
bust models incorporated a very specific assumption: opioids
attenuate the noxious stimulus that activates the neural re-
sponse circuitry, whereas hypnotics directly suppress the
neural response circuitry. Glass suggested this mental model
of the anesthetic state in 1998.12 The model for the interac-
tion of sevoflurane and remifentanil shown in figure 1 is a
mathematical representation of Glass’s suggestion. It accu-
rately describes the observed responsiveness to a wide range
of opioid and hypnotic concentrations. Because the model is
robust, it provides guidance for how the analgesic and hyp-
notic components interact and may inform our search for the
mechanism of general anesthesia.

As George Box said, “all models are wrong, but some are
useful.”13 Response surface models are wrong. They reduce
our complex physiology to a few mathematical elements.
However, they are useful in guiding drug dosing and may
provide guidance in our search for the fundamental mecha-
nisms of general anesthesia.

Steven L. Shafer, M.D., Department of Anesthesiology, Co-
lumbia University, New York, New York. sshafer@columbia.edu
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HEM, Eleveld DJ, Luginbühl M, Struys MMRF: Sevoflurane
remifentanil interaction: Comparison of different response
surface models. ANESTHESIOLOGY 2012; 116:311–23

12. Glass PS: Anesthetic drug interactions: An insight into general
anesthesia: Its mechanism and dosing strategies. ANESTHESIOLOGY

1998; 88:5–6
13. Box GEP: Robustness in the strategy of scientific model

building, Robustness in Statistics. Edited by Launer RL,
Wilkinson GN. Waltham, Massachusetts, Academic Press,
1979, p 202

Fig. 1. Interaction of sevoflurane and remifentanil on the
probability of response to intubation.

Fig. 2. The same interaction as seen in Figure 1, viewed from
directly above.
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3. Normalization to a scale from 0 to 100 and calibration:
for ergonomic reasons (conformity with standard electro-
encephalographic monitoring), the increasing probability
of tolerating laryngoscopy (scale from 0 to 1) with in-
creasing drug concentrations was transformed into a de-
creasing value from 100 (probability of no-response to
laryngoscopy ! 0) to 0 (probability of no-response to
laryngoscopy asymptotically approaching 1) by transfor-
mation and by modifying the slope parameter of equation
6. The NSRI value can therefore decrease near 0 but never
be exactly 0. By using the same structural model as for the
probability of no-response to laryngoscopy, the NSRI is
defined as follows.

NSRI ! 100 " !1 #
"N/R lar#

sl

1$"N/R lar#
sl" (7)

where slope factor sl is an empirically calibrated scalar and
not an estimated model parameter or a mathematical trans-
formation of the slope parameter $. Regardless of the value
of sl, a PTOL of 0.5 corresponds to a NSRI of 50. The slope
factor sl was calibrated to transform a PTOL of 0.9 to an NSRI
of 20, yielding sl ! 2.18. The NSRI has the same underlying
structural model but is not a direct mathematical transfor-
mation of PTOL. The relationship between the NSRI and the
probability of tolerance of laryngoscopy is depicted in figure 2.

Data Evaluation and Statistics
The predicted propofol and remifentanil effect-site concen-
trations from the previous study4 were used to compute the
related NSRI according to equations 1, 4, and 7.

For comparison, PTOL was calculated according to equa-
tions 1 and 2. Primary independent variables (! predictors)
were the NSRI and the predicted propofol and remifentanil
effect-site concentrations. Primary dependent variables were
the modified OAAS (full scale, table 1), the presence or ab-

sence of the eyelash reflex, and the presence or absence of a
motor response to electrical tetanic stimulation of the fore-
arm (dichotomous), BIS, and AAI values (continuous data).
The BIS and the AAI were also used as predictors of OAAS
and response to eyelash and tetanic stimulation. A similar
analysis was performed for PTOL.

For all predictors, the PKs for all variables to be pre-
dicted were calculated. The prediction probability macro
(PKMACRO; Excel spreadsheet) developed by Smith et
al.,12 which was used for data evaluation in the previous
article,4 is designed for analysis of independent data. Because
the data were not independent, we applied a bootstrap tech-
nique with 1,000 random samples of the 263 data points for
each dependent variable for PK calculation using Matlab
(The Mathworks Inc., Natick, MA). Each sample included
one random data point per patient, that is, 44 data points.
The PK value was then calculated for each sample using the
PKMACRO functionality within Matlab. With this modifi-
cation, the assumption of independence of the data was not
violated. Because the PK values were not normally distrib-
uted, they are presented in box plots. To avoid assumptions
on the distribution of the bootstrap samples, the 2.5–97.5
percentile range of the 1,000 PK was calculated to approxi-
mate the 95% CI of the resampled PKs. The differences
between a median PKs of a given predictor (e.g., NSRI) and
another predictor (e.g., BIS) in predicting the same variable (e.g.,
OAAS) were considered statistically significant if the median PK

of the first was outside the 95% CI of the second predictor,
corresponding to an [alpha] of 0.05. Because statistical testing
with calculation of P values might be affected by the bootstrap
distribution and the number of resamplings, we restrict our PK

comparison to this rather crude and conservative method and
do not present the calculated P values.

To get a rough estimate of the intensity of the 2-s tetanic
stimulation, the NSRI associated with a 50% probability of
loss or response to tetanic stimulation was calculated using a
simple logistic regression analysis in NONMEM (Version V,
Globomax LLC, Hanover, MD). The naïve pooled data
method was applied for parameter estimation. Patient identifier,
NSRI, dependent variable (0 or 1), and missing dependent vari-
able (0 or 1) were the input data. No further model building
steps were performed, and no covariates were evaluated.

Fig. 2. The relation of the probability to tolerate laryngoscopy and nox-
ious stimulation response index (NSRI). The NSRI is calculated using the
same structural model as the probability to tolerate laryngoscopy (PTOL)
but with a modified slope constant. The figure related the PTOL to cor-
responding NSRI values. An NSRI of 50 and 20 corresponds to 50%
and 90% probability of tolerating laryngoscopy, respectively. The shape
of the curve is dependent on the slope constant.

Table 1. Modified Observer Assessment of
Alertness and Sedation Score as Applied by
Struys et al.4

Score Responsiveness

5 Responds readily to name spoken in normal tone
4 Lethargic response to name spoken in normal

tone
3 Responds only after name is called loudly an/or

repeatedly
2 Responds only after mild prodding or shaking
1 Responds only after painful trapezius squeeze
0 No response after painful trapezius squeeze
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Noxious Stimulation Response Index

A Novel Anesthetic State Index Based on Hypnotic–Opioid Interaction
Martin Luginbühl, PD Dr. med.,* Peter M. Schumacher, M.Sc., Ph.D.,† Pascal Vuilleumier, M.D.,‡
Hugo Vereecke, M.D., Ph.D.,§ Björn Heyse, M.D.,§ Thomas W. Bouillon, PD Dr. med.,!
Michel M. R. F. Struys, M.D., Ph.D.#

ABSTRACT
Background: The noxious stimulation response index (NSRI) is a
novel anesthetic depth index ranging between 100 and 0, computed
from hypnotic and opioid effect-site concentrations using a hierar-
chical interaction model. The authors validated the NSRI on previ-
ously published data.
Methods: The data encompassed 44 women, American Society of
Anesthesiology class I, randomly allocated to three groups receiving
remifentanil infusions targeting 0, 2, and 4 ng/ml. Propofol was given at
stepwise increasing effect-site target concentrations. At each concen-
tration, the observer assessment of alertness and sedation score, the
response to eyelash and tetanic stimulation of the forearm, the bispec-
tral index (BIS), and the acoustic evoked potential index (AAI) were
recorded. The authors computed the NSRI for each stimulation and
calculated the prediction probabilities (PKs) using a bootstrap
technique. The PKs of the different predictors were compared
with multiple pairwise comparisons with Bonferroni correction.
Results: The median (95% CI) PK of the NSRI, BIS, and AAI for loss
of response to tetanic stimulation was 0.87 (0.75–0.96), 0.73 (0.58–

0.85), and 0.70 (0.54–0.84), respectively. The PK of effect-site
propofol concentration, BIS, and AAI for observer assessment of
alertness and sedation score and loss of eyelash reflex were be-
tween 0.86 (0.80–0.92) and 0.92 (0.83–0.99), whereas the PKs of
NSRI were 0.77 (0.68–0.85) and 0.82 (0.68–0.92). The PK of the
NSRI for BIS and AAI was 0.66 (0.58–0.73) and 0.63 (0.55–0.70),
respectively.
Conclusion: The NSRI conveys information that better predicts the
analgesic component of anesthesia than AAI, BIS, or predicted
propofol or remifentanil concentrations. Prospective validation stud-
ies in the clinical setting are needed.

THE cerebral effect of hypnotic drugs is frequently mea-
sured using processed electroencephalography with and

without stimulation. During general anesthesia, opioids are
administered according to response to clinical stimuli mostly
in terms of arterial pressure or heart rate increase. Several
indices measuring the balance between nociception and an-
tinociception during general anesthesia are under investiga-
tion, but no “analgesic state index” is available predicting
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What We Already Know about This Topic

❖ The noxious stimulation response index has been proposed
to predict, based on the effect-site concentrations of an opioid
and an anesthetic, the likelihood of response to a noxious
stimulus during anesthesia

What This Article Tells Us That Is New

❖ In data obtained from a previous study of 44 individuals, the
noxious stimulation response index better predicted the re-
sponse to noxious stimulation of the forearm than the bispec-
tral index, although the bispectral index better predicted mea-
sures of sedation/hypnosis

Presented at the Best Abstracts of the Meeting Session of the
American Society of Anesthesiologists Annual Meeting, October
19, 2009.

! Supplemental digital content is available for this article. Direct
URL citations appear in the printed text and are available in
both the HTML and PDF versions of this article. Links to the
digital files are provided in the HTML text of this article on the
Journal!s Web site (www.anesthesiology.org).
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System overview

NSRI (noxious stimulus response index)

The NSRI represents the anesthetic effect, consist-
ing of a hypnotic and an analgesic portion plus a 
synergy effect.

Unlike an EEG parameter, the NSRI incorporates 
the analgesic component.

The NSRI is generated by the same interaction 
model (hypnotic drug - analgesic drug) that is used 
for the isoboles on the 2D diagram.

The NSRI represents the probability of a reaction to 
a certain stimulus.

The NSRI provides a numerical value from 0 to 100 
which is correlated to certain reference stimuli 
according to the following table:

For further information refer to the chapter "Litera-
ture" on page 73.

Combination of drugs

SmartPilot View supports the following pharmaco-
dynamic effects of drug combinations:

Additive pharmacodynamics

SmartPilot View calculates the additive pharmaco-
dynamics of:

– Propofol and one volatile drug (i.e. Sevoflurane, 
Desflurane, Isoflurane, and Enflurane)

The calculated effect site concentration of the 
administered drug is displayed on the axes of the 
2D diagram.

Synergistic pharmacodynamics

SmartPilot View calculates the synergistic pharma-
codynamics of:

– Propofol and one volatile drug (i.e. Sevoflurane, 
Desflurane, Isoflurane, and Enflurane)

– N2O (nitrous oxide)

– 1 to 4 opioids

If an unknown drug is used, SmartPilot View cannot 
calculate pharmacokinetic data of the unknown 
drug or pharmacodynamic data of the drug combi-
nation.

Reference of combined drug 
effects

NSRI

Anesthesia lighter than TOSS 50.�
High probability for patient to be 
awake.

90 to 100

TOSS 50 91

TOSS 90 70.5

TOL 50/MAC 50 50

TOL 90/MAC 90 20

Anesthesia is deeper than�
TOL 90/MAC 90.�
High probability for tolerating highly 
painful stimuli.

0 to 19

NOTE 
Propofol can be converted to a volatile equivalent 
as well as the volatile drug can be converted to a 
propofol equivalent on the users choice.

NOTE 
For a list of supported drugs refer to the chapter 
"Supported drugs" on page 28.
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What	 if...



What	 if...



Back	 to	 work



Joe	 the	 plumber
•  male	 
•  44	 years
•  75	 kg
•  1,75	 m
•  ASA	 I
•  right	 inguinal	 hernia



Joe	 the	 plumber	  
•  Sufentanil	 25	 mcg
•  Wait,	 wait,	 wait	 (instead	 of	 ephedrine,	 
ephedrine,	 ephedrine)



Joe	 the	 plumber	  
•  Propofol	 30	 mg	 (no	 TOSS)	 +	 30	 mg	 
(TOSS)	 +	 40	 mg	 =	 100	 mg

•  TOL,	 BP	 and	 HR	 stable
	  



Joe	 the	 plumber
•  Sevoflurane	 Et	 target	 1.3%	 	 (0.7	 MAC)
•  Top-up	 25	 mcg	 sufentanil



Joe	 the	 plumber	  
•  Eyes	 open	 at	 removal	 of	 the	 drapes
•  No	 pain







Sufentanil	 	 ���
context-sensitive	 t½	 
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(LMA) and laryngoscopy (LAR). Bispectral index (BIS), state and response en-
tropy (SE, RE), composite variability index (CVI) and surgical pleth index (SPI) 
were either recorded or computed from raw electroencephalographic and 
plethysmographic data retrospectively. Sevo and Remi concentrations were 
recorded. The combined potency of Sevo and Remi according to the fixed 
C50O hierarchical interaction model (U) and the noxious stimulation response 
index (NSRI) were the population-based predictors. We used the prediction 
probability (PK) to assess the performance of these parameters on the prob-
ability of response. Bootstrapping (n=1000) was used to produce 84%-confi-
dence intervals of the PKs, with significance being achieved if the confidence 
intervals did not overlap (p < 0.05).
Results and Discussion: The parameter PKs per stimulus are summarised 
in Table 1. 

 U NSRI Sevo Remi BIS SE RE CVI SPI

SAS 96% 96% 89% * 60% * 95% 93% 93% 92% 57% *

TET 96% 94% 79% * 69% * 84% * 84% * 84% * 83% * 53% *

LMA 98% 95% 81% * 63% * 83% * 81% * 81% * 79% * 57% *

LAR 98% 95% 76% * 72% * 78% * 78% * 77% * 74% * 58% *

[Table 1. Parameter prediction probabilities]
* p < 0.05, compared to U and NSRI

The PK for U and NSRI were highest for all stimuli. Ef fect site concentrations of 
either Sevo or Remi alone were significantly worse predictors. BIS, SE, RE and 
CVI were significantly worse at predicting tolerance to the three painful stimuli, 
but similar to U and NSRI for SAS. SPI performed poorly overall.
Conclusion: U and NSRI perform significantly bet ter than EEG-derived pa-
rameters and single drug ef fect site concentrations in predicting tolerance 
to noxious stimuli. Therefore both U and NSRI could be useful parameters in 
anaesthetic practice.
References: 
1. Heyse B, Proost JH, Schumacher PM, et al. Anesthesiology 2012;116:311-23. 

ESAPC1-4
Does total intravenous anesthesia decrease postoperative 

behavioral changes af ter adenotonsillectomy in children?

Stojanovic Stipic S., Kardum G., Carev M., Roje Z., Milanovic Litre D., 
Elezovic N.
Universit y Hospital Split, Dept of Anaesthesiology & Intensive Care, Split, 
Croatia

Background and Goal of Study: Postoperative behavioral changes (PBC) 
occur in up to 50% of children undergoing surgery and general anesthesia. 
They include general anxiety, sleep disorders, enuresis and temper tantrums; 
if PBC persist, the emotional and cognitive development may be significantly 
af fected (1). Total intravenous anesthesia (TIVA) is increasingly used in routine 
pediatric anesthesia. The aim of this study was to assess whether the choice 
of dif ferent anesthetic techniques for adenotonsillectomy may impact upon 
the incidence of PBC in repeated measurements.
Materials and Methods: The children (n=36), age 6-12 yrs, were randomized 
into 2 groups: TIVA (n=18) and sevoflurane (S) (n=18). Af ter applying EMLA 
cream, all patients had iv line before the induction and were given midazolam 
0.05 µg/kg. In TIVA group anesthesia was induced with propofol, fentanyl 
and vecuronium,and maintained with continuous infusion of propofol. In S 
group, af ter fentanyl 1 µg/kg anesthesia was induced and maintained with 
sevoflurane in O2/N20 (50:50) mixture. BIS monitoring was used and depth 
of anesthesia accordingly adjusted. All patients were given paracetamol 
15 mg/kg and dexamethasone 0.2 mg/kg. PBC were evaluated with Post 
Hospitalization Behavior Questionnaire (PHBQ), consisting of 27 items de-
scribing 6 subscales: General Anxiety, Separation Anxiety, Sleep Anxiety, 
Eating Disturbances, Aggression Against Authority and Apathy/Withdrawal 
(2). PHBQ was fulfilled by parents at days 1,3,7 and 15, as well as 6 months 
af ter surgery. The data were statistically analyzed with repeated measures 
ANOVA.
Results and Discussion: Regarding the Separation Anxiety, Eating 
Disturbances and Aggression Against Authority subscales, there were sig-
nificant dif ferences between TIVA and S group (P< 0.05) in all repeated 
measurements, with greater mean values of PBC in S group. Regarding the 
General Anxiety, Sleep Anxiety and Apathy/Withdrawal subscales, there were 
no significant dif ferences either in repeated measurements within groups, or 
between TIVA and S group, although higher mean values of PBC were re-
corded in group S (P>0.05).
Conclusion: The choice of anesthetic technique could af fect PBC. Children 
anesthetized with TIVA for adenotonsillectomy had significantly less separa-

tion anxiety, eating disturbances and aggression against authority estimated 
by results of PHBQ.
References: 
1. Kain ZN et al. Anesth Analg 2004;99:1648. 
2. Karling M et al. Acta Paediatr 2006;95:340.

ESAPC1-5
Genetic factors contribute to enhanced fibrinolytic activity in 

patients undergoing cardiac surgery

Ozolina A., Strike E., Jaunalksne I., Nikitina Zake L., Harlamovs V., Vanags I.
Pauls Stradins Clinical Universit y Hospital, Dept of Anaesthesiology & 
Intensive Care, Riga, Latvia

Background and Goal of Study: Low plasma levels of plasminogen activator 
inhibitor -1 (PAI-1) and tissue plasminogen activator/PAI-1 (t-PA/PAI-1) complex 
are associated with enhanced fibrinolysis. The Renin Angiotensin Aldosteron 
system (RAAS) regulates the fibrinolysis. Angiotensin IV and Aldosteron trig-
ger the generation of PAI-1 whereas Bradykinin stimulates secretion of t-PA. 
Recent studies indicate that genetic factors determine the plasma levels of 
PAI-1 and t-PA/PAI-1, influencing blood loss af ter surgery employing cardio-
pulmonary bypass (CPB).
The goal: To investigate the potential ef fects of PAI-1 4G/5G and 844 A/G gene 
polymorphisms and Angiotensin converting enzyme (ACE) intron 16 I/D gene 
polymorphism on fibrinolytic activity in patients af ter cardiac surgery with 
CPB.
Methods: Af ter ethical approval, 90 patients were studied prospectively, 
whereof 7 were excluded because of surgical bleeding. In 83 patients, PAI-1 
gene 4G/5G and 844 A/G, and ACE intron 16 I/D polymorphisms were ana-
lyzed. To asses fibrinolysis, PAI-1 and t-PA/PAI-1 complex were determined 
preoperatively and 24 h postoperatively, respectively, and D-dimer at 0 h, 6 h 
and 24 h af ter surgery. Postoperative accumulated 24 h bleeding volume was 
registered. Associations between 24 h blood loss, genetic polymorphisms, 
parameters of fibrinolysis were analyzed separately for each polymorphism 
using SPSS 18. 
Results: The following genotypes were detected: PAI-1 gene 4G/5G, 4G/4G, 
5G/5G, PAI-1 844 A/A, A/G, G/G and ACE intron16 I/I, I/D, D/D genotypes. The 
lowest PAI-1 levels preoperatively were associated with PAI-1 5G/5G (17±11 
ng/ml), PAI-1 844 G/G (18±12 ng/ml) and ACE intro 16 I/I (18±11 ng/ml) gen-
otype groups. The t-PA/PAI-1 complex reached the lowest level in the ACE 
intron 16 I/I carriers (2.8±2 ng/ml).
24-hour blood loss dif fered significantly between PAI-1 4G/4G and 5G/5G 
(432±168 vs 568±192 ml; p=0.02), PAI-1 4G/4G and 4G/5G (432±168 vs 
609±321 ml; p=0.02) and PAI-1 844 G/G and A/A carriers (601±221 vs 
436±266 ml; p=0.03). 24-hour blood loss in the ACE intron16 gene genotype 
groups did not dif fer significantly.
PAI-1 5G/5G carriers displayed the highest D-dimer levels at 6, 24 h af ter sur-
gery and PAI-1 844 G/G carriers at 24 h. Within the ACE intron16 I/D groups, 
D-dimer did not dif fer significantly. 
Conclusions: Enhanced fibrinolysis may be associated with PAI-1 gene 
5G/5G, 844 G/G and ACE Intron 16 I/I genotypes which can influence the 
blood loss. 

ESAPC1-6
Safety of epidural and spinal regional anesthesia in 

over 100,000 consecutive major lower extremity joint 

replacements - a case series

Pumberger M., Memtsoudis S.G., Stundner O., Herzog R., Boettner F., 
Hughes A.P.
Hospital for Special Surgery, Weill Medical College of Cornell Universit y, 
Depar tments of Anesthesiology and Or thopedic Surgery, New York, United 
States

Background and Goal of Study: A feared complication of spinal or epidural 
anesthesia is the development of epi- or intradural hematomas with subse-
quent neural element compression. Most data available are derived form the 
obstetric literature. However, lit tle is known on the frequency of its occurrence 
in the orthopedic joint arthroplasty population, which is usually elderly and 
suf fers from significant comorbid burden. We sought to study the incidence 
of clinically significant lesions af ter spinal and epidural anesthesia and further 
describe their nature.
Materials and Methods: We analyzed charts of all patients who underwent 
THA or TKA under neuraxial anesthesia at our institution between January 
2000 and October 2010. Patients with radiographically confirmed epidural le-
sions were identified and further analyzed.
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The neuroprotective effects of oxaloacetate and puruvate in 
a rat model of subarachnoid hemorrhage is mediated by its 
blood glutamate scavenging activity
Boyko M., Gruenbaum S.E., Gruenbaum B.F., Dubilet M., Zlotnik A.
Soroka Universit y Medical Center, Facult y of Health Sciences, Ben Gurion 
Universit y of the Negev, Depar tment of Anesthesiology and Critical Care, 
Beer Sheva, Israel

Background and Goals of Study: Subarachnoid hemorrhage (SAH) is as-
sociated with significant morbidity and mortality. Glutamate scavengers have 
been shown to decrease glutamate concentrations in the blood and improve 
neurological outcome following ischemic stroke and traumatic brain injury in 
rats. 
This study examines the value of blood glutamate scavengers, pyruvate and 
oxaloacetate, as a therapeutic neuroprotective strategy in a rat model of SAH. 
We additionally investigated whether glutamate scavenging was the mecha-
nism responsible for any resulting neuroprotection. 
Materials and Methods: SAH was induced in 60 rats by autologous arte-
rial blood injection into the cisterna magnum. 20 additional rats served as 
the sham group, with a 0.3 ml saline injection into the cisterna magnum. 60 
minutes later, rats were treated with isotonic saline, 250 mg/kg oxaloacetate, 
or 125 mg/kg pyruvate by intravenous infusion for 30 minutes at a rate of 0.1 
ml/100g/min. Prior to the induction of SAH (baseline) and 90 minutes af ter 
SAH, blood samples were collected. Rats’ neurological status was measured 
24 hours following SAH. Glutamate concentrations in the CSF of half of the 
rats were also measured 24 hours following SAH. The blood brain barrier 
(BBB) permeability in the parieto-occipital and frontal lobes was assessed in 
the remaining half via histological analysis 48 hours following SAH. 
Results and Discussion: Blood glutamate levels were decreased in rats 
treated with pyruvate or oxaloacetate at 90 minutes following SAH (p < 
0.001). CSF glutamate was decreased in rats treated with pyruvate (p< 0.05). 
Neurological performance improved significantly in rats treated with pyruvate 
(p< 0.01) or oxaloacetate (p< 0.05). There was less BBB breakdown in the 
parieto-occipital lobes in rats treated with oxaloacetate (p< 0.01) or pyruvate 
(p< 0.01), and in the frontal lobe in rats treated with pyruvate (p< 0.05).
Conclusions: This study suggests the ef fectiveness of blood glutamate scav-
engers, pyruvate and oxaloacetate, in the treatment of SAH in rats. The data 
suggests that the observed neuroprotection with treatment of pyruvate or oxa-
loacetate is mediated via their blood glutamate scavenging ef fect.
Acknowledgements: This work was supported by the grant awarded to 
Alexander Zlotnik MD, PhD from the European Society of Anesthesiologists 
in 2010. 

ESAPC1-2
Re-evaluation of the effectiveness of ramosetron in preventing 
post-operative nausea and vomiting: a meta-analysis without 
Fujii et al.’s RCTs
Mihara T., Tojo K., Goto T.
Yokohama Cit y Universit y School of Medicine, Dept of Anaesthesiology & 
Intensive Care, Yokohama, Japan

Background: 5-hydroxy-tryptamine receptor 3 antagonists (e.g. ramosetron) 
are used to prevent post-operative nausea and vomiting (PONV). Ramosetron 
has been shown to have a very strong ef fect (Relative Risk = 0.3) in prevent-
ing PONV in previous meta-analyses. However, these previous meta-analyses 
included a number of studies by Fujii et al. which have now been proven 
to have been fabricated. We believe that the conclusion will change if ramo-
setron is re-evaluated without Fujii et al.’s studies. The aim of the present 
meta-analysis was to re-evaluate the ef fectiveness of ramosetron in prevent-
ing PONV af ter excluding Fujii et al.’s randomized controlled trials (RCTs).
Methods: We searched MEDLINE, CENTRAL, Embase, and Web of Science. 
All double-blind RCTs that tested the ef ficacy of ramosetron compared 
with a placebo in the prophylaxis of PONV were considered to be eligible. 
Dichotomous data were summarized using risk ratio (RR) with a 95% confi-
dence interval (CI). Heterogeneity was quantified with the I2 statistic. 
Publication bias was assessed using a funnel plot and Egger’s regression 
asymmetry test.
Results: A total of 734 patients were included in the final analysis. In com-
parison with a placebo, ramosetron reduces the incidence of early PON (RR 
[95%CI] 0.59 [0.47, 0.73]), late PON (RR 0.65 [0.49, 0.85]; Figure 1), early 

POV (RR 0.48 [0.31, 0.74]) and late POV (RR 0.50 [0.35, 0.73]; Figure 2). 
No regression asymmetry test results for the funnel plots were statistically 
significant.
Conclusions: This meta-analysis excluding Fujii et al.’s RCTs suggests that 
ramosetron has a significant ef fect in preventing PON and/or POV compared 
with a placebo, but less than that reported in previous analyses. 

[Figure 1]

[Figure 2]

ESAPC1-3
Drug interaction models are better predictors of tolerance/
response to noxious stimuli compared to individual measured 
parameters
Hannivoort L.N., Proost J.H., Eleveld D.J., Struys M.M.R.F., Luginbühl M., 
Vereecke H.E.M.
Universit y of Groningen, Universit y Medical Center Groningen, Dept of 
Anaesthesiology, Groningen, Netherlands

Background and Goal of Study: This study continues the pursuit of the pa-
rameter with the best correlation to the probability of response to noxious 
stimuli of dif ferent intensity. We used data from a previous study by Heyse 
et al.1 on the interaction of sevoflurane and remifentanil to compare several 
parameters.
Materials and Methods: Af ter institutional review board approval, 40 adult 
patients were randomised to receive dif ferent combinations of sevoflurane 
(Sevo) and remifentanil (Remi) according to a criss-cross design. Af ter reach-
ing pseudo-steady state, the patients were assessed for tolerance of ‘shake 
and shout’ (SAS), tetanic stimulation (TET), insertion of laryngeal mask airway 
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For your safety and that of your patients

6 Instructions for use SmartPilot View SW 2.0n for C700 for IT

General safety information

The following WARNING and CAUTION state-
ments apply to general operation of the medical 
device.�
WARNING and CAUTION statements specific to 
subsystems or particular features of the medical 
device appear in the respective sections of these 
instructions for use or in the instructions for use of 
other products being used with this device.

Strictly follow these instructions for use

Patient data

Patient safety

The design of the medical device, the accompany-
ing literature, and the labeling on the medical 
device are based on the assumption that the use of 
the equipment is restricted to trained professionals, 
and that certain inherent characteristics of the med-
ical device are known to the user. Instructions, 
warnings, and caution statements are limited, 
therefore, largely to the specifics of the Dräger 
design.

This publication excludes references to various 
hazards which are obvious to a medical profes-
sional and operator of this medical device, to the 
consequences of medical device misuse, and to 
potentially adverse effects in patients with abnor-
mal conditions.

Medical device modification or misuse can be dan-
gerous.

WARNING 
Strictly follow these instructions for use�
Any use of the device requires full under-
standing and strict observation of all portions 
of these instructions. The device is only to be 
used for the purpose specified under 
"Intended use" on page 10 and in conjunction 
with appropriate patient monitoring. Strictly 
observe all WARNING and CAUTION state-
ments throughout these instructions for use. 
Failure to observe these instructions is to 
operate the medical device outside its 
intended use.

CAUTION 
Incorrect data

Incorrect patient data leads to incorrectly calcu-
lated data.

CAUTION 
Display of incorrectly calculated data

SmartPilot View does not take into account pre-
medication of the patient with other drugs than 
specified in these instructions for use. This 
applies in particular to the manual dosage of 
drugs and after using the heart lung machine.

NOTE 
The individual patient can differ from implemented 
population models.

This may imply erroneously high or low predicted 
effect site concentrations of drugs and corre-
sponding errors in the probability of response to 
the reference stimuli, i.e. over- or under-prediciton 
of drug effect.

Drugs have to be dosed according to the individual 
clinical effect. As in standard practice the clinician 
remains responsible for the dosing.

NOTE 
Limitations in patient demographics

The SmartPilot View limits the patient demograph-
ics to certain ranges based on statistical data. This 
applies to height, weight, and age. If the patient 
demographics are outside these ranges, the soft-
ware will lower the demographic values to the 
upper limit or heighten them to the lower limit.

Application
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Intended use

SmartPilot View is a software which monitors and 
logs the dosage of intravenous and volatile drugs 
administered to a human being. Additionally it cal-
culates the drug effect based on pharmacokinetic 
models and the drug interaction based on pharma-
codynamic models. These calculated effects are 
logged and displayed by the software.

SmartPilot View is intended for use in hospitals and 
in operation theaters by trained personnel only. It is 
intended for supporting the decision-making pro-
cess during the anesthesia case.

Contraindications

SmartPilot View provides the health care profes-
sional with theoretical information about the mod-
elled effect of supported anesthesia 
pharmaceuticals delivered to the patient.

SmartPilot View is not intended to be the sole 
source for patient specific guidance on clinical deci-
sions, including dosing decisions for anesthetic 
drugs. Always refer to the appropriate drug label-
ling for dosing information and guidance.

Patient data

SmartPilot View is intended for use with data from 
adults only. The demographic ranges for these 
patient data are as follows:

Furthermore the software is not intended for data 
from:

– Alcoholics

– Obese patients (BMI >35)

– Seriously ill patients (ASA score tIV)

CAUTION 
 SmartPilot View is a software for use by persons 
with specific training and experience in its use 
only.

Height 150 cm to 200 cm

Weight 40 kg to 140 kg

Age 18 to 90 years

NOTE 
There are situations where the patient characteris-
tics differ from those of the study populations; 
examples are pregnancy, severe shock, central 
nervous system diseases, premedication with opi-
oids, substance abuse, and hypothermia. Pharma-
cokinetic and pharmacodynamic models are not 
available for this patient population.

NOTE 
The limitations in the demographic patient data 
apply as a result of the scientific models on which 
all calculations are based.

Instructions for use

SmartPilot View

Software 2.0n for C700 for ITWARNING
To properly use this medical device, 
read and comply with these instruc-
tions for use.



SmartPilot©	 limitations
Instructions for use

SmartPilot View

Software 2.0n for C700 for ITWARNING
To properly use this medical device, 
read and comply with these instruc-
tions for use.

Instructions for use SmartPilot View SW 2.0n for C700 for IT 11

Application

Premedication

Infusion pumps

IVenus pumps

Fresenius pumps

Pumps in TCI mode

Alaris pumps

CAUTION 
Incorrectly calculated data

SmartPilot View does not take into account any 

premedication and no other drugs than those 

mentioned in these instructions for use when 

showing patient effects.

SmartPilot View offers an interface for the input of 

premedication and manual drugs or additional 

infusion pumps with drugs mentioned in these 

instructions for use.

The correct manual input is under the responsibil-

ity of the clinician. The effect and interaction cal-

culation then does take the manual input into 

account.

CAUTION 
Risk of incorrect data

The dosing of the same drug via two different infu-

sion pumps could lead to a wrong data calculation 

of SmartPilot View.

CAUTION 
Display of incorrectly calculated data

If a Bolus is given manually on IVenus infusion 

pumps, the Zeus anesthesia workstation will not 

detect the Bolus automatically. This could lead to 

incorrectly calculated data on SmartPilot View.

CAUTION 
Display of incorrectly calculated data

If a Bolus is given manually on Fresenius Module 

DPS Base A infusion pumps, SmartPilot View will 

not detect the Bolus automatically. This could lead 

to incorrectly calculated data on SmartPilot View.

NOTE 
When connecting pumps in TCI mode to SmartPi-

lot View, the calculated concentrations can be 

slightly divergent of each other due to technical 

deviations.

For TCI models supported by SmartPilot View, see 

chapter "Literature" on page 77.

NOTE 
Due to a different implementation of the models or 

when using other TCI models which are not sup-

ported by SmartPilot View, the calculated concen-

trations can be widely divergent of each other. It is 

recommended that the Schnider model is always 

used for pumps in TCI mode.

For TCI models supported by SmartPilot View, see 

chapter "Literature" on page 77 and refer to the rel-

evant instructions for use of the pumps operated in 

TCI mode.

CAUTION 
Risk of incorrect data

When switching off a Carefusion Alaris pump, it 

can take more than one minute to detect that the 

pump has stopped. During that time, the infusion 

rate will be assumed as running.
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Application

Utilization

The current version of SmartPilot View is intended 
to receive data from a dedicated anesthesia work-
station or combination of workstation and other 
devices. 

The connected anesthesia machine, patient mon-
monitor, and intravenous pumps are hereafter 
referred to as "source device".

The software visualizes the drug effect based on 
pharmacokinetic models and the drug interaction 
based on pharmacodynamic models known from 
scientific literature. For further information refer to 
"Literature" on page 73.

The software visualizes the synergetic and additive 
drug effect on a screen in a specially developed 2D 
pharmacodynamic diagram. Furthermore a phar-
macodynamic parameter (NSRI) is calculated 
based on the synergetic drug effects.

The software monitors and calculates data for the 
use during the anesthesia case. The software also 
logs data during the anesthesia case for a retro-
spective analysis.

CAUTION 
Incorrectly calculated data

SmartPilot View does not take into account other 
drugs than those mentioned in these instructions 
for use.

The correct manual input is under the responsibil-
ity of the clinician.



Start	 working	 with	 the	 SmartPilot©

Ce	 is	 calculated,	 not	 measured���


-	 Interindividual	 variability

-	 Probability	 of	 no-response	 is	 a	 prediction	 
(a	 good	 one	 though)���




Start	 working	 with	 the	 SmartPilot©	  
See	 depth	 and	 composition	 of	 your	 
anesthesia

Gain	 confidence	 with	 depth	 of	 anesthesia	 
monitors	 and	 by	 minimizing	 use	 of	 NMB

Fine	 tune	 for	 better	 hemodynamic	 stability,	 
faster	 awakening,	 better	 titrating	 opioids
	  



If	 you	 don’t	 have	 a	 SmartPilot©
Currently	 limited	 use

Sufentanil	 <<5	 minutes>>	 propofol

Use	 depth	 of	 anesthesia	 monitors	 and	 minimize	 
NMB	 	 for	 better	 titration	 (TIVA/TCI,	 inhaled	 
below	 1	 MAC)

Sufentanil	 continuous	 infusion	 (better	 HD	 
stability,	 context-sensitive	 t½	 not	 an	 issue)





Editorial

Clinical Pharmacology on Display
Tony Gin, MD, FRCA, FANZCA, FHKCA

In this issue of Anesthesia & Analgesia are 3 articles that
most subscribers will never read.1–3 Not even the abstract
will garner their interest. Nevertheless, these articles and

related work help form the foundation underlying 2 recently
introduced commercial displays, Navigator Applications
Suite (GE Healthcare, Helsinki, Finland) and SmartPilot View
(Dräger Medical, Lübeck, Germany), intended for everyday
use in the operating room. These sophisticated displays show
the concentrations and predicted effects of combined
anesthetic drugs to facilitate more precise titration and
outcome. The accuracy of these displays depends on the
accuracy of the models they use. This editorial, and the
following two,4,5 attempt to explain how complex research in
pharmacokinetic/ pharmacodynamic (PK/PD) modeling is
being translated to everyday clinical practice.

We need to titrate anesthetic drugs because of the
individual variability in response, and the rapidly changing
level of stimulation in the operating room. We adjust our
dose according to the effect that we want to achieve.
However, because of our incomplete understanding of the
complex anesthetic state and consequent technical limita-
tions, we often have very little direct feedback to precisely
guide this titration. It would be helpful if we could “see”
the effect of our drugs in real time, as well as forward
projections of the current trajectory. For example, cardio-
vascular drugs are typically easy to titrate because we have
monitors that display heart rate and arterial blood pressure
in real time. Can we develop a real-time display showing
the effects of all our anesthetic drugs?

For many years, we have measured the effect of neuro-
muscular blocking drugs using peripheral nerve stimula-
tors. Although mechanomyography was a research tool,
electromyography was available for routine clinical prac-
tice more than 20 years ago using the Relaxograph (Datex,
Helsinki, Finland). The graphical trend of twitch height
depression and train-of-four ratio allowed one to appreci-
ate the time course of drug effect (Fig. 1). There has been a

resurgence of interest in neuromuscular monitoring, with
integration into anesthesia workstations permitting central-
ized displays of neuromuscular block. With this ready
display of drug effect, anesthesiologists have not generally
been interested in knowing the actual plasma concentration
of neuromuscular blocking drugs.

For the volatile anesthetics, the picture is more complex
because they cause more than one desirable effect. Is the
drug being titrated to cause hypnosis, suppress somatic
responses, or suppress autonomic responses? The effect of
volatile anesthetics on the suppression of somatic response
has long been characterized by the minimum alveolar
concentration (MAC). This value (sometimes uncorrected)
is displayed on many anesthetic monitors, permitting an-
esthesiologists to adjust inhaled anesthetic delivery to
obtain a desired fraction or multiple of MAC. MAC is an
effective dose (ED)50 on the quantal response/no response
curve, meaning that it is the concentration at which 50% of
subjects do not move. Who wants to give a concentration at
which half the patients move? Who knows at what concen-
tration or multiple of MAC nearly all patients (say 95%)
would not move? Instead of displaying the volatile concen-
tration as a fraction or multiple of MAC, it is possible to
display the volatile concentration as its effect on the quan-
tile dose-response curve. For example, 2.07% sevoflurane is
1.21 MAC, but this is also the ED95 for no movement (Fig.
2).6 Similarly, if our effect of interest was hypnosis, the
concentration could be displayed as an EDx where x% of
the population would be expected to not respond to verbal
command. This may be more useful than a fraction of MAC
(or multiple of MAC-awake). In contrast to the neuromus-
cular blocking drugs, some knowledge of the volatile agent
concentration seems important, but at least we can readily
measure it.

The population values of MAC and MAC-awake were
derived from patients that may be very different from any
particular patient. Is it possible to have a measure of
anesthetic drug effect in the patient currently undergoing
anesthesia, similar to that for neuromuscular block? Indi-
vidual monitoring of motor spinal reflexes is possible, but
rarely used. There is much more interest in monitoring
hypnosis using derived measures of the electroencephalo-
gram (EEG) such as the Bispectral Index (BIS) and entropy.
Although the raw EEG reflects the current state of the
patient, the derived indices are also based on models from
previous studies. The BIS is supposed to reflect the hyp-
notic component of anesthesia and help guide drug dosage
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points such as no autonomic response to surgical incision.10

This would seem to be a rational (but seldom used) method
for adjusting opioid dose, although variability in response
is large. Using this information, we could aim for an opioid
concentration at the end of anesthesia with a high probabil-
ity of analgesia but a low probability of apnea.

As if the effects of single drugs were not difficult enough
to display, an additional complication is that there are drug
interactions among our anesthetics affecting all our end
points. Indeed, we take advantages of the synergies be-
tween our drugs to produce the anesthetic state with the
least amount of drug, minimizing side effects. Some propo-
fol infusion pumps display a predicted time to wake up
after the infusion is stopped. This is necessarily inaccurate
because it only considers propofol and does not adjust for
the effects of other drugs. Still, we do have a good
understanding of drug interactions that have been charac-
terized using response surface methodology, as explained
in the subsequent editorial.4 Programs have been written to
predict the effect of drug combinations, and suggestions
were made more than 10 years ago for appropriate target
concentrations of combinations of drugs.10

We titrate anesthetic drugs empirically to effect, occa-
sionally influenced by measured or predicted concentra-
tions. Software has long been available to provide more
information about predicted drug concentrations and ef-
fects, but only few researchers and enthusiasts have used
these diverse programs. They are not in a format easy to
use by most anesthesiologists who do not even perceive a
great need for them. However, there is now (controversial)
evidence that anesthetic drugs may cause long-term ad-
verse effects, and morbidity, when excessive doses are
used.11,12

Effective graphic displays of complex information have
improved decision-making in high-risk environments.13

The novel displays from GE Healthcare and Dräger try to
translate the wealth of PK/PD research to create usable
tools for everyday clinical practice. These displays show
past and present estimates of drug concentrations and
predicted effects of our combined anesthetic drugs, as well
as predicted future paths if one continues (or changes) drug
dosing. We can see more clearly where we might be going!
What pilot or driver or anesthesiologist would not appre-
ciate knowing where the potential dangers might be ahead
of them? There are many expectations, limitations, and
unanswered questions about this new technology. The 2
displays were developed in collaboration with 2 different
PK/PD groups using slightly different models. The pre-
dicted effects are based on population models of only some
of the drugs that we use, and modified by only a few
patient covariates. Are the predictions accurate (or at least

accurate enough)? Can we individualize the predictions?
What training and expense will be required to make this
technology worthwhile? Which interface has more style?14

I hope that anesthesiologists will be interested in this
technology, and that it will improve the accuracy with
which we titrate anesthetic drugs, benefiting patient care. It
is the translation to everyday clinical practice of the nearly
unreadable articles, published by the anesthetic PK/PD
community over the past 20 years, that mathematically
characterize the behavior of our anesthetic drugs.
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with the presumption that we do not want the patient to be
awake during surgery or receive more drug than neces-
sary.7 The BIS is presented as a number from 0 to 100, and
the user is expected to understand what the numbers
indicate, as a guide to dosage. It is possible to relate the BIS
to the probability of the patient responding to verbal
command (Fig. 3).8 However, the BIS versus probability of
consciousness curve is different for different drugs and

drug combinations. Comparing the BIS and the predicted
hypnotic effects (from sometimes predicted concentrations)
may be a useful check for the models (and the patient)!

For IV anesthetics such as propofol, the effect of interest
is also hypnosis, but unlike the volatile anesthetics, the
concentration cannot be measured in real time. One can use
a target-controlled infusion pump that can calculate and
deliver a target propofol concentration. However, we need
to know what concentrations are required for the effect that
we want, and consider the limitations of the PK model
being used.9 As for inhaled anesthetics, one can use EEG
measures such as the BIS to guide propofol titration.

For opioids, a useful measure of effect has been more
difficult to derive. In clinical practice, we usually use a
combination of experience and cardiovascular signs to
titrate dose. One can also use software programs to predict
the opioid concentration given the dosing history and PK
model. One can then relate predicted concentrations to
opioid concentration versus response relationships for end

Figure 2. Dose-response curve for sevoflurane and
the probability of no movement. The AD95 is the
concentration at which 95% of patients do not move
in response to skin incision. MAC ! minimum
alveolar concentration; S.E. ! standard error.
(From Katoh and Ikeda,6 with permission from
Lippincott Williams & Wilkins.)

Figure 3. The relationship between Bispectral Index
and probability of response to verbal command for
propofol alone and in combination with alfentanil.
(From Iselin-Chaves et al.,8 with permission from
Lippincott Williams & Wilkins.)

Figure 1. Time course of neuromuscular block. The black bar shows
the height of the first twitch (T1) as a percentage of control and the
blue bar shows the train-of-four ratio as percentage. x-axis ! time
stamp; y-axis ! scale from 0% to 100%.
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Thank	 you!



People	 asking	 

questions	 
about	 extraterrestrial	 

intelligent	 life	 will	 be	 subject	 
to	 immediate	 removal	 from	 
the	 audience	 by	 laser	 

evaporation


