The	 SmartPilot©:
how	 I	 use	 it
Rik	 Carette	 MD
OLV	 hospital	 Aalst	 Belgium

SECOND INTERNATIONAL SYMPOSIUM ON
AUTOMATED LOW FLOW ANESTHESIA AND
VISUAL DRUG DISPLAY SYSTEMS!

"
Seeing the Depth of Anesthesia"

"
Economics, Environment, Ethics!

"

"

! Engineering a PKPD visualization system "
Dwayne Westenskow, USA ""

! Isocapnic hyperventilation"
Joseph Fisher, Canada
""

"

"

! The SmartPilot and Navigator: how I use it ""
Ross Kennedy, New Zealand
""
Rik Carette, Belgium
"
"
""

! CO2 absorbers: how to rationalize your choice "
Jan Hendrickx, Belgium"
! Greening the operating room"
Jeffrey Feldman, USA
""

"

! Anesthesia depth: EEG or non-EEG derived?"
Pedro Gambus, Spain
""

"

! ENIGMA II: long live N2O? Do the clinical benefits
outweigh the environmental impact?
Philip Peyton, Australia"

"

! How fast does the inhaled % have to rise? "
Michel Struys, The Netherlands "
"

"

""

Automated Low Flow Anesthesia: !
From Principles to Practice!
"

! Rebreathing kinetics "
James Philip, USA

"
"" !
Xenon?" Xenon!
"

! Anesthetic or drug? An overview"
Mervyn Maze, USA"

"

! How to avoid hypoxic mixtures from developing "
Andre De Wolf, USA"
""

Endorsed(by(

"

! Aisys, FLOW-i, VitaQ, Zeus and beyond"
Jan Hendrickx, Belgium"

NO	 CONFLICTS	 OF	 INTEREST
"

! End-expired CO2 controlled ventilation"
Marcelo Gama de Abreu, Germany"

August 2010 - Volume 111 - Issue 2
pp: 249-588

Editorials

Editorials

Using Response Surfaces to Expand the Utility of MAC
Short, Timothy G.

Seeing the Future of Anesthesia Drug Dosing: Moving the Art of Anesthesia from Impressionism to Realism
Kennedy, R. Ross

Clinical Pharmacology on Display
Gin, Tony

An Evolving Role of Anesthesiologists in the Management of Thoracic Aortic Diseases
Cheung, Albert T.

EDITORIAL

Editorial

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

I

n 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.

resurgence of interest in neuromuscular monitoring, with
integration into anesthesia workstations permitting centralized 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 anesthesiologists 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
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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.,!
PERIOPERATIVE
MEDICINE
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 hierarchical interaction model. The authors validated the NSRI on previously 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 concentration, the observer assessment of alertness and sedation score, the
response to eyelash and tetanic stimulation of the forearm, the bispectral 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 –

Table 1. Modified O
Alertness and Sedat
Struys et al.4

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 between 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 studies in the clinical setting are needed.
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NSRI

The NSRI provides a numerical value from 0 to 100
which is correlated to certain reference stimuli
according to the following table:
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
0 to 19
TOL 90/MAC 90.
High probability for tolerating highly
painful stimuli.
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For further information refer to the chapter "Literature" on page 73.
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• 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
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SmartPilot©	 limitations
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WARNING
Instructions for use

Strictly follow these instructions for use
Any use of the device requires full understanding 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 statements throughout these instructions for use.
Failure to observe these instructions is to
operate the medical device outside its
intended use.
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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)
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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.)
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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
August 2010 • Volume 111 • Number 2
complex anesthetic state and consequent technical limitations, 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

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 concen257
tration or multiple of www.anesthesia-analgesia.org
MAC nearly all patients (say 95%)
would not move? Instead of displaying the volatile concentration as a fraction or multiple of MAC, it is possible to
display the volatile concentration as its effect on the quantile dose-response curve. For example, 2.07% sevoflurane is
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