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Introduction

Total intravenous anaesthesia (TIVA) is a technique of general anaesthesia which uses a combination of agents given
exclusively by the intravenous route without the use of inhalation agents. This module explains how TIVA/TCI works,
the popular models used and how they affect different patient groups. It now includes the newer models, including
the Eleveld and Kim models.

Note: This is only a basic overview of TCI which is a very large and complicated topic.



Brief history

The history of intravenous (IV) anaesthetic drug administration starts in the 17" century when Christopher Wren
injects opium into a dog using a goose quill. The next major advance related to TIVA didn’t happen for 300 years until
the 1930’s when IV hexobarbital and pentothal (sodium thiopental) were released. It was the introduction of first
propofol (1986) and then the Diprufusor pump in the 1990’s which enabled Target Controlled Infusions (TCI) to enter
mainstream anaesthetics.

TIVA or TCI?
What is the difference between TIVA and TCI? While both terms are used interchangeably, there is a difference.

TIVA is Total Intravenous Anaesthetic, no volatile anaesthetic gases such as sevoflurane and desflurane. While it can
be given using a TCI pump this is not necessary, and it can be given through a simple mls/hour pump or even bolused
by hand (not recommended).

TCl or Target Controlled Infusion on the other hand, is giving an intravenous anaesthetic using a specialised
computer controlled syringe driver. With a TClI pump the anaesthetist enters the patient’s details, selects the target
concentration (plasma or effect-site) and the pump calculates the appropriate infusion rate, first for induction and
then for the maintenance of anaesthesia.

Why use TIVA?

Intravenous (V) anaesthesia whether TIVA or TCI has several advantages over inhalational anaesthetics:

e A faster/cleaner recovery for short cases.

e TIVA/TClis useful in surgical procedures involving the airway.

e Anaesthesia is continuous from the anaesthetic room through to theatre: there is no period of
disconnection, as with a volatile agent.

e Less post-operative nausea and vomiting.

e Less contamination from greenhouse gases than inhalational anaesthetics.

e Norisk of malignant hyperthermia.

It also has disadvantages:

e Unidentified disconnection or extravasation (tissuing) of the propofol infusion can lead to awareness.

e Extra training and setup are needed.

e Recovery can be slow after very long operations.

e All concentrations whether it be plasma or effect site are estimates made by the pump programme, not the
patient’s actual drug concentrations which cannot be measured clinically.

e There are significant differences in rates of drug delivery by different models and modes.



What drugs are used for TIVA?

Anaesthetic drugs with a fast onset and fast recovery, independent of the infusion time, are best suited for TCI. The
most common are propofol and remifentanil, although alfentanil and sufentanil can also be used. More recently
dexmedetomidine is being administered by TCI. This module only covers propofol and remifentanil which are the
most frequently used TIVA drugs.

Recovery time after an infusion is stopped is an important consideration in TIVA and can be estimated by the context
sensitive half-time (CSHT). This refers to the time required for the plasma concentration of an infused drug to fall by
half when the infusion is stopped. This is directly related to the wake-up time. The “context” is this case is the
infusion duration.
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Note: 2% propofol is sometimes used but all figures in this module relate to 1% propofol. Whichever strength is used
it in your department, it should be the only one stocked to prevent errors.

Why is a complex algorithm needed to run TCI?

When a single bolus of a drug is given intravenously it doesn’t stay in the circulation for long. It is redistributed
throughout the body to the tissues, muscles, organs, fat, as well as being eliminated from the body by the kidneys,
liver etc. This explains why a bolus of propofol only has an effect for a few minutes, as it is quickly redistributed
though the whole body, not just to the brain where the site of action is located. How long a drug is effective depends
on both its pharmacological characteristics and the physiology of the individual patient.
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How a drug performs during an infusion is more complicated. Most anaesthetic drugs conform closely to the three
compartment pharmacological model which describes how drugs are distributed and eliminated from the body
during an infusion.

What is the three compartment model?
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The three compartment model

The pharmacokinetics of most anaesthetic drugs, including propofol and remifentanil, may be described using a
three compartment model. As a drug is infused into the central compartment, which consists primarily of the blood
and highly perfused organs (e.g., heart, liver, kidneys, etc), some of it is distributed by the body to the two other
compartments (C2 & C3) as well as the brain which is considered separate in this instance.

(These compartments are only theoretical and do not represent actual body compartments.)

e (Clisthe central blood compartment where drug distribution is virtually instantaneous.
e (2 consists of highly perfused tissue such as muscles. Drugs move in and out of them relatively fast.

e (3 contains less well perfused tissue such as fat; as a result movement of drugs into and out of this
compartment is slower.

o The effect site for propofol is the brain.

Drugs are removed by the body only from the central compartment (C1) by being eliminated or metabolised.

Once an infusion is stopped, drugs will move back out of C2 and C3 back into C1 as the level in the central
compartment drops due to elimination. It is often the speed that a drug moves back from C2 and C3 that determines
the patient’s wakeup time. If a patient has had a long anaesthetic and has a large amount of fatty tissue (C3), it will
take longer for them to wake up as C3 will be fully saturated and movement out of C3 back into C1 is relatively slow.

How does a TCI pump calculate the infusion rate?

After entering the patient’s details (height, weight, etc.) the desired target is set by the anaesthetist, and the pump
calculates and combines 3 separate infusions using the B.E.T model below. This infusion rate is adjusted continuously
by the pump. For these discussions we will presume the drug used for the TCl is propofol.



Bolus- An initial induction bolus to fill the central compartment (plasma, heart, kidneys etc) as soon as
possible.

Elimination-  This is a constant rate infusion to replace the drug lost through elimination (liver/kidneys) from the
central compartment.

Transfer- This infusion compensates for the loss through distribution to the peripheral compartments (C2 &
C3). It reduces over time as the levels equilibrate between the compartments. This transfer is
reversed once the infusion is stopped.

What is the difference between plasma concentration and effect site concentration?
TCl pumps use either of two methods to show the estimated concentration of drugs in the body.

Plasma concentration models

Plasma concentration (Cp) models are where the pump calculates and maintains an estimated concentration of the
drug in the plasma (blood). However, IV anaesthetics work on the central nervous system, specifically the brain, and
propofol infused into the blood is going to take longer to accumulate in the target site than the plasma due to having
to cross the blood brain-barrier. The concentration in the brain, thus the effect, will initially lag behind the plasma
concentration.

During a plasma concentration induction most pumps will give an initial induction bolus, followed by a slower
maintenance infusion. The infusion doesn’t stop and this results in a slow, stable induction.

Effect site models

Effect site models estimate the propofol concentration in the brain, the effect site (Ce). On Induction with effect site
targeting the pump will give a faster initial drug bolus (overshoot) and pause until the model predicts that the effect
site has reached its target. This is to give a faster induction as it tries to overcome the delay caused by the blood
brain barrier. The pump starts the infusion again, often after a pause of more than several minutes, to maintain the
chosen concentration level. This results in a faster induction, but the higher peak plasma level of propofol may lead
to unwanted effects such as hypotension. Care should be taken with fragile patients and a lower initial target set and
then titrated to effect.

Note: All the TCI calculations and concentrations are estimates as there is no way in clinical practice to measure the
actual plasma or brain (effect site) concentrations in any given patient.
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What are the propofol TCI models for adults?
There are three main propofol models for propofol TCl, Marsh, Schnider and Eleveld.

The Marsh model

The Marsh model was the first TCI model developed and is still in use. It is normally used in the plasma concentration
(Cp) mode. It is a fairly simple adult only model which uses a patient’s body weight to calculate the infusion rate and
adjusts the infusion rate every 10 seconds. Marsh (Cp) gives an overall larger dose of propofol in comparison to the
other models.

Marsh (Cp) works well for standard healthy adults although not at extremes of weight, ages, etc. Although a patient
age is entered, it is only used to ensure the patient is over 16, otherwise the pump does not operate. This leads to
the issue that a 90yr old who weighs 70 kilograms will receive the same infusion rate as an 20yr old of the same
weight, which is not clinically correct.

Marsh now has an effect site mode but initial bolus can be overly large, so it is generally used in plasma
concentration mode. For effect site the Schnider or Eleveld models are usually preferred.
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Note: While operating in plasma concentration mode it does also show an estimated effect site concentration (Ce).

The Schnider model

The Schnider model is an adult model that is used predominantly in effect site (Ce) mode. It uses patient weight,
height, age and sex to calculate a lean body mass and bases the infusion rate on these parameters. It was developed
to improve dosing in the elderly.

It tends to give lower total dose of propofol than the Marsh model, both at induction and during maintenance,
although the rapid initial bolus can cause hypotension on induction, so a lower effect site concentration is often used
initially. Schnider’s lean body mass calculation can have issues with obese patents and is limited to BMlIs of 42 (male)
and 37 (female).

While available, plasma targeting (Cp) with Schnider is not recommended as it gives a very slow induction with an
inappropriately small initial bolus and may fail to induce anaesthesia to an acceptable level.



The Eleveld model

The Eleveld model is the most recent and the most advanced propofol model. It is based on 1000+ subjects from

over 30 different studies. It covers from neonates to the elderly (3kg to 160kg) across a wide range of BMls. It has
two effect site modes, propofol only and propofol with an opioid which adjusts for the propofol sparing effect of

remifentanil in TCI.

Recent studies of this model performance shows that the model performs at least as good as, or better, than other
models in almost all populations, but as the induction bolus on Eleveld is higher than on Schnider/Marsh, care should
be taken with fragile patients and a lower initial target set for induction and then titrated to effect.

Although only recently introduced into commercial TClI pumps, many predict that the Eleveld model will become the
dominant model in the future but remember the safest model is always that which the individual anaesthetist is
most familiar with and uses regularly.

Which is the best mode for the elderly?

Like many areas of anaesthesia there is debate over which model is best for elderly or frail patients, although none
of them are ideal. Although age is entered for the Marsh (Plasma site) model it is not used in the calculations and the
elderly can easily be overdosed.

Many consider the Schnider (effect site) model better for the elderly. While it gives a faster induction bolus, which
can drop the patient’s blood pressure, it gives a lower total volume throughout the case which may be beneficial to
frail patients.

The new Eleveld (effect site) model has the largest induction bolus of the three models, and it is recommended to
titrate the initial dose.

Whichever mode is selected a lower target of should be used initially with incremental increases every few minutes
or as the haemodynamic factors allow.

Is TIVA accurate for obese patients?

As with the elderly, neither the Marsh or the Schnider models are accurate when used with obese patients.
Confusingly the Marsh plasma concentration model can overdose obese patients on induction and underdose during
maintenance. The Schnider model is only accurate for BMIs <35 kg m™ for females or <42 kg m™ for males as it can
result in overdosing in higher BMls.

Eleveld is more accurate for obese patients then Marsh or Schinder, especially up to a BMI of 50.

When using TIVA in obese patients, titration to clinical effect and EEG monitoring is recommended and many
anaesthetists will use either Ideal Body weight (IBW), Lean Body Weight (LBW) or Adjusted Body weight (AdjBW) in
to calculate weights.

Are there different models for paediatrics?

Children have increased central compartment (C1) size and rapid clearance, therefore adult models may under-dose
them. There are two models specific for paediatric use, the Paedfusor (3—16 yr) and the Kataria model (1-16 yr),
both which are for ages up to 16 years old. Both the models are acceptably accurate, but both can result in larger
bolus doses than necessary when used in younger children



The newer Eleveld model covers all age ranges with reports of it being used successfully on premature babies only 1-
2 days old and from 1.4kg weight (Chan, 2023) and it is expected to replace the other paediatric models.

Note: If high dose propofol infusions are used in children for extended periods (i.e. more than 24hrs), there is a very
small risk of propofol infusion syndrome which can lead to cardiac failure, rhabdomyolysis, metabolic acidosis, and
kidney failure, it can be fatal.

What are the common TCI effect site settings?

The common induction target with TIVA is 4-6 ug/ml at the effect site (Ce) although this, like all anaesthetic drugs,
depends on the patient’s age, health, weight and other drugs administered (esp. opioids). There is no one
concentration that is appropriate for all patients and titration to individual patient response and surgical stimulus is
recommended.

The starting target may need to be as high as 8ug/ml in a young, fit, anxious male and considerably lower in older,
frail or unwell patients. In this latter group it is better to start low i.e. 1-3pug/ml and slowly increase the rate.

Experienced anaesthetists often note at which effect-site concentration the patient loses response to stimulus (jaw
thrust) and use this to tailor TIVA levels to the individual patient.

During maintenance of anaesthesia a target concentration of 3.0-6.0 pug/ml is suggested. This can be dropped to 2.5-
4.0 ug/ml when opioids are used because there is a synergistic effect when propofol and opioids, especially
remifentanil, are given together and this allows for a reduction in the dose of propofol by up to 50%.

Where remifentanil is the opioid administered, target remifentanil concentrations of 2-6 ng/ml are commonly used.
With concentrations greater than 1.5 ng/ml the patients may need assisted ventilation.

Note: Propofol concentrations are micrograms/millilitre (ug/ml) where remifentanil concentrations are nanograms/
millilitre (ng/ml)

) Suggested effect site concentration
Circumstance . Notes
(micrograms/ml)
Induction 4-6
Slow induction (i.e. elderly) 1-3
Maintenance 3-6
Maintenance with opioids 2.5-4
Concentration on waking 1-2 Wa.rnlng: This is extremely
variable
Rgmlfentaml concentration when used 2-6 ng/ml el
with propofol

Suggested effect site concentrations




What model is used for remifentanil?

Remifentanil is a short-acting synthetic opioid frequently used as part of TCl anaesthesia due to its favourable
pharmacokinetic profile, which includes rapid onset, short context-sensitive half-time, and predictable elimination. It
is also synergistic with propofol reducing the dose required of each when given together. These properties make
remifentanil ideal for administration via target-controlled infusion.

The context-sensitive half-time of remifentanil is only 3 to 4 minutes, although clinically it takes about 6-12 minutes
before a patient will resume spontaneous ventilation after a remifentanil infusion is stopped.

Remifentanil TCl historically has used the Minto model which calculates a sex-specific lean body mass for anyone
over 12yrs. It can be used in either plasma or effect site concentrations, although is using effect site Minto gives a
much higher initial bolus (3—4 times bolus size compared to plasma site) of remifentanil and has an increased risk of
side effects such as chest wall rigidity, apnoea and bradycardia.

There are two newer remifentanil models. The Kim-Obara-Egan Remifentanil model (Kim model) captures a wide
patient population and can allow Remifentanil TCl in age ranges from 6 months old to 99 years of age, and from 2.5
to 215 kg.

Secondly, the Eleveld remifentanil model which is similar to the Minto model, but the paediatric pharmacodynamic
data is extrapolated from that in adults, and therefore is probably best used cautiously in children.

Minimising the risk of awareness
Rates of awareness are higher with TIVA than when using volatile anaesthetics. Proper equipment and precautions
can prevent the majority of these.

The syringes and infusion set through which TIVA is delivered must have luer-lock connectors to reduce the risk of
accidental disconnection and an anti-syphon valve on the drug delivery line(s) to prevent uncontrolled infusion from
a damaged syringe.

Where more than one infusion is given through a single IV cannula (or central venous catheter lumen) an anti-reflux
valve should be present to prevent backward flow of drug up the infusion tubing. It is particularly important that this
is present on the IV fluid administration line. TIVA specific infusion lines containing these safety features are
commercially produced.
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Diagram 4: TIVA infusion set

IV access should be visible, well secured and checked regularly. If either the patient in paralysed, or the cannula is
not visible, then EEG monitoring/BIS is recommended.



Finally, if using two or more syringes, the pumps should not be programmed until the syringes are loaded to prevent
errors.

BIS monitor

Ending a TIVA case

Towards the end of the case as the surgical stimulus is reduced the target concentration can be gradually reduced.
If remifentanil is used, a longer acting opioid such as morphine or oxycodone should be given 15-20 minutes before
the end of the case to prevent any gap in analgesia.

The countdown timer (Decrement time) on Alaris pumps will give an estimated time for the concentration to drop to
1.0 ug/ml as a rough indication of a wakeup time, but this will be very variable and depends on the amount of
analgesia given and the length of the case.

Experienced operators often note at which effect-site concentration the patient loses response to noxious stimulus
(jaw thrust) and use this as an indication to the level they may wake up at. Beware this is a guide only and also very
variable.

All infusion lines should be flushed prior to handover in PACU, especially the remifentanil line to prevent inadvertent
boluses post-operatively.

References:

Al-Rifai, Z. and Mulvey, D. (2016). Principles of total intravenous anaesthesia: basic pharmacokinetics and model descriptions.
BJA Education, 16(3), pp.92-97.

Al-Rifai, Z. and Mulvey, D. (2016). Principles of total intravenous anaesthesia: practical aspects of using total intravenous
anaesthesia. BJA Education, 16(8), pp.276-280.

Aston, D., Rivers, A. and Dharmadasa, A. (2014.). Equipment in anaesthesia and critical care. Scion Publishing Ltd.

Chan, W. K., Mohtar, S., & Teo, S. C. (2023). Total intravenous anaesthesia in neonatal surgery: a case series using the Eleveld
model. Malaysian Journal of Anaesthesiology, 2(1), 82—90.

Davey, A.J., Diba, A. and Ward, C.S. (2012). Ward’s anaesthetic equipment. Edinburgh: Elsevier.
Davey, A. and Ince, C.S. (2007). Fundamentals of operating department practice. London: Cambridge University Press.

Eleveld, D.J., Proost, J.H., Cortinez, L.I., Absalom, A.R. and Struys, M.M.R.F. (2014). A General Purpose Pharmacokinetic Model for
Propofol. Anesthesia & Analgesia, 118(6), pp.1221-1237.



Harrington, J., Strong, E., and Carragher, L. (2019) Total Intravenous Anaesthesia for Adults. St. John’s Hospital, Lothian NHS.

Marsh, B., White, M., Morton, N. and Kenny, G.N.C. (1991). Pharmacokinetic model driven infusion of propofol in
children. British Journal of Anaesthesia, 67(1), pp.41-48.

Miller, R.D. and Cohen, N. (2015). Miller's anesthesia. Philadelphia, Pa: Elsevier, Saunders.

Miller, T.E. and Gan, T.J. (2015). Total Intravenous Anesthesia and Anesthetic Outcomes. Journal of Cardiothoracic and Vascular
Anesthesia, [online] 29, pp.S11-S15.

Nimmo, A.F., Absalom, A.R., Bagshaw, O., Biswas, A., Cook, T.M., Costello, A., Grimes, S., Mulvey, D., Shinde, S., Whitehouse, T.
and Wiles, M.D. (2018). Guidelines for the safe practice of total intravenous anaesthesia (TIVA). Anaesthesia, [online] 74(2),

pp.211-224. doi:https://doi.org/10.1111/anae.14428.

Struys, M.M.R.F., De Smet, T., Glen, J. (lain) B., Vereecke, H.E.M., Absalom, A.R. and Schnider, T.W. (2016). The History of Target-
Controlled Infusion. Anesthesia & Analgesia, 122(1), pp.56—69.

Siva.ac.uk. (2025). The Society for Intravenous Anaesthesia [online] Available at: https://siva.ac.uk
Copyright perioperativeCPD Itd. (2026)

This module is for information and education purposes only, it is not intended to be a policy or guideline.
Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0)

©0Ee




