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Review Article
Human factors in preventing complications in anaesthesia: a
systematic review
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the breathing tube.
This emergency situation is well known to
anaesthetists. It has a name: ‘Can’t intubate,
can’t ventilate’. There is a clear emergency
procedure to deal with it. There is a simple
emergency mantra for dealing with this
eventuality: ‘Oxygenate not intubate’. The
protocol for the urgent management of this
situation escalates rapidly, including the
early abandonment of attempts to intubate
in favour of pursuing oxygenation by any
means, and culminating in the use of a piece
of equipment to reach the windpipe via the
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Seeing the Future of Anesthesia Drug Dosing: Moving
the Art of Anesthesia from Impressionism to Realism
R. Ross Kennedy, MBChB, PhD, FANZCA

Anesthesia&Analgesia 2010; Vol. 111, N. 2

T

he relationship among drug dosing, drug concentration, and drug response in anesthesia is complex and
differs considerably from the steady-state equilibrium pharmacokinetics that we were taught in medical
school. With inhalation anesthetics, end-tidal monitoring
can give us an estimate of drug concentrations in the body,
but we do not have any real-time monitor of drug concentrations for IV agents. We learn largely empirically the drug
doses and concentrations that produce appropriate responses (or lack thereof) in a wide variety of patients; this
is part of the art of anesthesia.
The relationships between dose or concentration and response can be illustrated for teaching and in clinical practice
using software packages such as StanPump, RUGLOOP,
IVA-SIM, and TIVATrainer, which have been reviewed
recently.1 These applications have been available online for
some years and incorporate a wide range of pharmacokinetic and pharmacodynamic models. However, they remain essentially tools for teaching, research, or the enthusiast. It has been the incorporation of this technology into
commercial clinical devices that has introduced and demonstrated these concepts to a wide range of users.
This process began in 1996 in many parts of the world
with the introduction of the Diprifusor (Astra Zeneca,
United Kingdom) for administering a target-controlled
infusion (TCI) of propofol. TCI devices allow the user to
select a drug concentration that the pump tries to attain
using a built-in pharmacokinetic model of the drug. The
user can observe how the infusion rate changes to meet the
set target. Many TCI pumps incorporate estimates of effectsite concentrations and some graphically display both the
history and predictions of future concentrations (at the
current infusion setting). More recently, “open TCI” pumps
have expanded the concept to a wider range of drugs. Some
of these devices allow the user to choose between various
pharmacokinetic models for a drug.

which model is the most accurate.3 In this issue, Masui et
al.4 have explored this question by examining the performance of 4 different propofol models under a range of
conditions. They looked at 3 conventional compartmental
models and 1 physiologically based recirculation model.
They also reviewed the history and derivation of these
models, providing useful background information and
context for the various models. Masui et al. concluded that
“the Schnider model. . . has the fewest shortcomings.”4 This
guarded recommendation suggests that we still have a way
to go to find ideal models.
Despite these limitations, TCI has been shown to be a
useful approach to drug delivery. When a TCI pump is not
available for a particular drug, or for volatile anesthetics for
which target control of volatile concentration is relatively
new, an alternative “advisory” approach utilizes embedded models that show drug concentrations in various
compartments along with their history and predictions in
the near future. The user adjusts drug delivery to achieve
the desired predicted drug concentration. We have developed this approach for use with inhalation anesthetics. In
our system, measured fresh gas flow rates and vaporizer
settings are used as inputs to a validated uptake model,
which is used to predict both end-tidal and effect-site
concentrations over the following 10 minutes. Because the
model is updated every 10 seconds, determining the inputs
that produce a desired pattern, such as adjusting the
vaporizer after reducing fresh gas flows or anticipating
various stages of surgery or anesthesia, is straightforward.
We have shown that this approach enables the user to make
changes more rapidly5 and may facilitate the reduction of
flow rates6 with a consequent significant cost reduction.
Although TCI frees the user from the complexities of
dosing, especially during induction, most systems attempt
to achieve a given target as rapidly as possible. With an
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Survey
An international survey evaluating factors influencing the use
of total intravenous anaesthesia
G. T. C. Wong*, S. W. Choi†, D. H. Tran‡, H. Kulkarni§, M. Irwin**

Summary
The purpose of this study was to evaluate factors influencing the use of propofol-based total intravenous anaesthesia (TIVA)
since despite TIVA being a well-established technique, it is used far less frequently than volatile anaesthesia. Questions were
formulated after reviewing the literature for perceived disadvantages of TIVA and meeting with a focus group consisting of
both senior and junior anaesthestists from our department. Once the survey had been formulated, specialist anaesthetists
from professional colleges and societies from several countries were invited to complete the survey on an electronic webbased platform to allow evaluation of the respondent’s rating of the importance of a range of factors in their decision not
to use TIVA for a particular case. Basic descriptive statistics were determined using SPSS statistical software, while graphical
depictions of data were handled using R for statistical analysis. A total of 763 survey responses were included in the final
analysis and stratified according to the frequency of TIVA use. Among the infrequent users, issues such as additional effort,
institutional preference, lack of real-time monitoring of propofol concentration, risk of missing drug delivery failure and
increased turnaround time were among the top reasons mentioned. Interestingly, these issues were considered far less
important among the frequent users when not choosing TIVA. We concluded that frequent and infrequent users respond quite
differently to similar technical TIVA-related factors. Non-technical factors may play an important role in the infrequent user’s
decision not to use TIVA for a particular case.

Esfuerzo
adicional

No
disponibilidad
Bombas TCI

Key Words: propofol, anaesthesia, intravenous: propofol, surveys and questionnaires

Propofol-based total intravenous anaesthesia (TIVA) is
well established in clinical practice1 and has a number of
potential advantages over volatile anaesthesia2. Populationbased pharmacokinetic modelling has been developed to
produce target-controlled infusion (TCI) which can achieve
and maintain a set plasma- or effect-site concentration,
allowing the anaesthetist fine control over drug delivery in a
manner analogous to a vaporiser for volatile anaesthetics3. As
propofol concentration at loss of consciousness corresponds
remarkably well with that at return of consciousness4, TIVA
with TCI also allows excellent titration. In the last 20 years,
open TCI systems in ‘smart’ pumps using generic propofol
have improved safety and reduced drug costs5. Remifentanil
is a fast-onset opioid with a consistently short contextsensitive half-life which makes it suitable for combination
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with propofol for the analgesic component of TIVA2,6. While
some of the advantages of TIVA are well known, such as
its rapid and smooth recovery profile and reduction in
postoperative nausea and vomiting7-9, others are being
increasingly recognised such as lower emergence agitation in
children and less pain after surgery10. Recent research even
suggests that long-term survival after cancer surgery may be
improved in patients anaesthetised with TIVA compared to
volatile anaesthesia11.
While the disadvantages associated with TIVA remain
relatively unchanged, the conditions for using TIVA continue
to improve, and advantages with its use continue to
be uncovered. However, TIVA accounts for only a small
percentage of general anaesthetics even in countries where
it is well established12. Against this background and based
on existing perceived disadvantages from the literature,
we designed a survey to investigate this. Our aim was to
investigate the relative importance different users place on
each factor to see whether any patterns could be identified.

modelos
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Materials and methods
A literature search was performed for publications that
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k41 = 0.231; Dr. Navarrete, Havanna (Cuba) Dr. Albrecht,
Domino EF et als, Clin Parmacol Ther. 1984; 36(5) 645-653
t_peak = 1.62 / vc = .063 * mass

Remark: (k41 is recalculated to match t_peak after entry of patient data)

k41 = 0.119 (Scott, Cooke, & Stanski)
t_peak = 5.588 (Shafer/Varvel) / vc = 14.3
Remark: (k41 is recalculated to match t_peak after entry of patient data)

1. Propofol
Concentración(es) de la solución: 10 mg/ml, 20 mg/ml

Remark: (k41 is recalculated to match t_peak after entry of patient data)

DEXMEDETOMIDINE

Dyck (Neuroanaesthesia)

t_peak = 1.600 / plasma only / vc = 8.0574
Anesthesiology 78:821-828, 1993

Para un total de 25 fármacos, incluyendo sevorane, desflurane y isoflurane, y son
mas de 55 modelos Farmacocinéticos.
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Fig 1 Effect-site targeted TCI. At time zero the target is set at 3 mg ml21, at 5 min it is increased to 6 mg ml21, and at 10 min
3 mg ml21. At each target change the system manipulates the blood concentration to rapidly achieve the target effect-site concentration.
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Fig 2 Effect-site targeted TCI for propofol (Marsh model), showing the
effect of the choice of keo. If a slow keo is used, then a large overshoot in
plasma concentration will result when the target concentration is
increased.

Methods for estimating keo
Journal of Anaesthesia 103 (1): 26–37 (2009)
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INTRODUCTION
The current global pandemic of coronavirus disease (COVID-19) has forced medical trainees

Conclusiones
• Pro
• Situaciones nuevas, poco frecuentes y
complejas.
• permite la formación de los médicos
del mañana sin poner en riesgo a los
pacientes de hoy.
• brinda la oportunidad de alcanzar la
competencia en habilidades difíciles.
• el entorno simulado permite a los
participantes cometer errores.
• los elementos difíciles de un
procedimiento pueden practicarse
selectivamente una y otra vez hasta
que se dominan.

• Contras
• Precio y el acceso.
• no todas las simulaciones se ejecutan
en tiempo real.
• también introducen nuevas formas de
error
• requerir diferentes conocimientos y
habilidades en la materia
• igual que con cualquier herramienta,
se requiere aprender a usarlo.
• estándar de alto desempeño, y
dominios.
• Tiempo.

http://itiva.co/dload.html

luego de descargar "iTIVA plus", abran el menú lateral y presionen QR scanner, y
escaneen el código QR, si es la primera vez que presionan QR Scanner, se debe dar
aceptar en el mensaje para autorizar el acceso a la cámara.
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