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Key questions  
 
This tutorial reviews the basic pharmacology of common intravenous (IV) 
anaesthetic drugs. By the end of the tutorial, you should be able to decide on 
the most appropriate drug to use in the situations below and for what reason:  
 
1. A patient with intestinal obstruction requires an emergency laparotomy.  
 
2. A patient with a history of throat cancer, showing marked stridor and 

signs of respiratory distress, requires a tracheostomy.  
 
3. A patient requiring a burn dressing change.  
 
4. A patient with a history of heart failure requires a general anaesthetic.  
 
5. A dehydrated hypovolaemic patient requires an emergency general 

anaesthetic. 
 
6. A patient with porphyria comes for an inguinal hernia repair and is 

requesting a general anaesthetic.  
 
7. A patient requires sedation on the intensive care unit.  
 
8. Anaesthesia in the prehospital environment. 
 
 



What are IV induction drugs? 
These are drugs that, when given intravenously in an appropriate dose, cause 
a rapid loss of consciousness. This is often described as occurring within 
“one arm-brain circulation time” that is simply the time taken for the drug to 
travel from the site of injection (usually the arm) to the brain, where they 
have their effect. They are used: 

 
• To induce anaesthesia prior to other drugs being given to maintain 

anaesthesia. 
• As the sole drug for short procedures. 
• To maintain anaesthesia for longer procedures by intravenous 

infusion. 
• To provide sedation. 

 
The concept of intravenous anaesthesia was born in 1932, when Wesse and 
Schrapff published their report into the use of hexobarbitone, the first 
rapidly acting intravenous drug. Two years later in 1934, sodium thiopental 
was introduced into clinical practice by Waters and Lundy, and this is still 
widely used today. A number of other drugs have since fallen in and out of 
fashion. The commonest drugs currently in use can be classified according 
to their chemical structure and include: 
 

 Barbiturates 
 Phenols 
 Imidazoles 
 Phencyclidines 
 Benzodiazepines 

 
The most commonly used examples of each class will be discussed below. 
 
 
From induction to wake up: what happens to a bolus of IV induction 
drug? 
On entering the blood stream, a percentage of the drug binds to the plasma 
proteins, with the rest remaining unbound or “free”. The degree of protein 
binding will depend upon the physical characteristics of the drug in question 
– such as lipid solubility and degree of ionization. The drug is carried in the 
venous blood to the right side of the heart, through the pulmonary 
circulation, and via the left side of the heart into the systemic circulation. 
The majority of the cardiac output (70%) passes to the brain, liver and 



kidney (often referred to as “vessel rich organs”); thus a high proportion of 
the initial bolus is delivered to the cerebral circulation. The drug then passes 
along a concentration gradient from the blood into the brain. The rate of this 
transfer is dependent on a number of factors: 
 
• the arterial concentration of the unbound free drug 
• the lipid solubility of the drug 
• the degree of ionization.  
 
Unbound, lipid soluble, unionized molecules cross the blood brain barrier 
the quickest.  
 
Once the drug has penetrated the CNS tissue, it exerts its effects. Like most 
anaesthetic drugs, the exact mode of action of the intravenous drugs is 
unknown. It is thought that each drug acts at a specific receptor – GABA-A, 
NMDA and acetylcholine receptors have all been studied as potential sites of 
action. 
 
Following the initial flooding of the CNS and other vessel rich tissues with 
non-ionized molecules, the drug starts to diffuse in to other tissues that do 
not have such a rich blood supply. This secondary tissue uptake, 
predominantly by skeletal muscle, causes the plasma concentration to fall, 
allowing drug to diffuse out of the CNS down the resulting reverse 
concentration gradient. It is this initial redistribution of drug into other 
tissues that leads to the rapid wake up seen after a single dose of an 
induction drug. Metabolism and plasma clearance have a much less 
important role following a single bolus, but are more important following 
infusions and repeat doses of a drug. 
 
Fat makes little contribution to the early redistribution of free drug following 
a bolus due to its poor blood supply (vessel poor tissues), as is seen on the 
diagram below. However, following repeat doses or infusions, equilibration 
with adipose tissue forms a drug reservoir, often leading to a delayed wake 
up.  
 
 



 
 
 
 
 
 
 
How is this different in states of reduced cardiac output? 
In circumstances when cardiac output is reduced (shocked patients, the 
elderly), the body compensates by diverting an increased proportion of the 
cardiac output to the cerebral circulation, as preservation of cerebral blood 
flow in these situations is paramount. Thus a greater proportion of any given 
drug will enter the cerebral circulation. As a result, the dose of induction 
drug must always be reduced. Furthermore, as global cardiac output is 
reduced, the time taken for an induction drug to reach the brain and exert its 
effect is prolonged. The slow titration of a reduced dose of drug is the key to 
a safe induction in these patients. 
 
The properties of an ideal IV induction drug 
A number of properties, both physical and pharmacological 
(pharmacokinetic and pharmacodynamic) will be beneficial when designing 
our ideal intravenous anaesthetic drug. We will now look at these properties, 
and then see how our commonly used drugs compare. 



 
Physical properties 
• Water soluble & stable in solution 
• Stable on exposure to light 
• Long shelf life 
• No pain on intravenous injection 
• Painful when injected into an artery 
• Non-irritant when injected subcutaneously 
• Low incidence of thrombophlebitis 
• Cheap 
 
Pharmacokinetic properties 
• Rapid onset in one arm-brain circulation time 
• Rapid redistribution to vessel rich tissue 
• Rapid clearance and metabolism 
• No active metabolites 
 
Pharmacodynamic properties 
• High therapeutic ratio ( ratio of toxic dose : minimally effective dose ) 
• Minimal cardiovascular and respiratory effects 
• No histamine release/hypersensitivity reactions 
• No emetic effects 
• No involuntary movements 
• No emergence nightmares 
• No hang over effect 
• No adrenocortical suppression 
• Safe to use in porphyria 
 
 



Properties of specific IV induction drugs 
The ampoule sizes, contents and concentrations reflect what is commonly 
available within Europe. It is important to check what is available locally. 
 
Sodium Thiopental 
 
 

 
 
 
Thiopental (also referred to as thiopentone and Pentothal) is a barbiturate, 
supplied as a hygroscopic (attracts moisture from the atmosphere) pale 
yellow powder. Ampoules commonly contain 500mg of sodium thiopental 
with 6% sodium carbonate in an inert atmosphere of nitrogen. Reconstituted 
with 20ml of water this yields a 2.5% solution (25mg/ml) with a pH of 10.8. 
The alkaline solution is bacteriostatic and safe to keep for 48 hours. The 
molecular structure of thiopental is based upon the barbiturate ring – as 
shown above. A sulphur atom at the carbon R2 position confers the short 
duration of action. 

A dose of 4-5mg/kg of thiopental produces a smooth onset of hypnosis with 
good definitive endpoints within 30 seconds of intravenous injection. 
Recovery after a single dose is rapid due to redistribution and there is a low 
incidence of restlessness and nausea and vomiting.  

Thiopental is 65-85% protein bound in plasma. Metabolism is slow and 
occurs in the liver. Excretion of metabolites occurs mainly in the urine. 
Following repeated doses or infusions of thiopental, metabolism follows 
zero order kinetics; this means that a constant amount of drug is being 
eliminated per unit time, irrespective of the plasma concentration. Some 
drugs are metabolized by first order kinetics; a constant fraction of drug is 
eliminated per unit time, i.e. dependant on plasma concentration. Zero order 
kinetics occur when the metabolic pathways become saturated leading to an 
accumulation of the active drug and delayed recovery. 



 

Thiopental directly depresses the contractile force of the heart, reducing 
cardiac output and blood pressure. There may be a compensatory increase 
heart rate. It also decreases venous tone, causing pooling of blood in the 
peripheral veins; increasing the degree of hypotension, particularly in 
patients who are hypovolaemic (e.g. following haemorrhage).  

Respiratory depression is common and a period of apnoea is usually seen 
following a bolus dose. Airway reflexes are well preserved in comparison 
with propofol; as a result it is unsuitable for use when inserting a laryngeal 
mask airway (LMA) which may cause coughing and laryngospasm. 
Histamine release can occur which may precipitate bronchospasm. 

Thiopental reduces cerebral blood flow, cerebral metabolic rate and oxygen 
demand. It has potent anticonvulsant properties. Following traumatic brain 
injury, infusion of thiopental to produce a “barbiturate coma” lowers 
intracranial pressure and may improve neurological outcome. This is 
however associated with significant accumulation, causing a prolonged 
effect with multiple complications. 

The porphyrias are a group of disease characterised by overproduction and 
excretion of porphyrins (intermediate compounds produced during 
haemoprotein synthesis). Acute attacks may be precipitated by drugs, stress, 
infection, alcohol, pregnancy and starvation. Thiopental may precipitate 
porphyria due to hepatic enzyme induction in susceptible patients, and hence 
it should be avoided. 
 
 
 
 



Propofol (2,6 di-isopropylphenol) 
 

 
 
Propofol is usually presented as a 1 or 2% aqueous emulsion (tiny fat 
droplets in suspension, hence the white colour) containing soya oil, egg 
phosphatide and glycerol. It is isotonic to plasma and has a pH of 7.0 - 8.5. It 
can cause pain on injection into small veins. 

It is a short-acting general anaesthetic drug, with an onset of action of 
approximately 30 seconds. Recovery from anaesthesia is usually rapid. A 
smooth induction of anaesthesia usually follows a dose of 2-2.5mg/kg. 
Propofol should be titrated against the response of the patient until the 
clinical signs show the onset of anaesthesia. The best endpoint is loss of 
verbal contact with the patient. 

Following an IV bolus, there is rapid equilibration between the plasma and 
the highly perfused tissue of the brain as described earlier. Plasma levels 
decline rapidly as a result of redistribution, followed by a more prolonged 
period of hepatic metabolism and renal clearance. The initial redistribution 
half-life is between 2 and 4 minutes. Moderate hepatic or renal impairment 
does not alter the pharmacokinetics of propofol. 

Propofol causes the most marked fall in blood pressure of all the induction 
drugs. This is mainly due to systemic vasodilatation. There may be an 
accompanying slight increase in heart rate. The fall in blood pressure is dose 
dependent and is most marked in the elderly and in shocked patients. This 
can be minimized by slow injection – avoiding inadvertent overdose. 

With the exception of ketamine, all induction drugs act on the respiratory 
centre to cause respiratory depression. This effect is the most profound with 
propofol and a period of apnoea is usually seen. Propofol also markedly 
reduces airway and pharyngeal reflexes, making it the ideal drug to use with 
the laryngeal mask. 



Propofol has been associated with epileptiform movements, that must not be 
confused with true seizure activity, on induction and recovery, but it is 
anticonvulsant in normal doses. It has also been shown to reduce cerebral 
blood flow, metabolic rate and intra-cranial pressure. 

An infusion of propofol is used commonly to provide sedation for adult 
patients undergoing minor procedures and on the intensive care unit. It is 
also the most commonly used drug to provide total intravenous anaesthesia, 
TIVA. A number of infusion regimes are widely used, but detailed 
discussion is beyond the scope of this tutorial. 

Propofol infusion is contraindicated for sedation in children due to concerns 
regarding its safety. A “propofol infusion syndrome” has been described; 
effected children developing metabolic acidosis, lipidaemia, cardiac 
arrhythmias and an increased mortality. 

Experience suggests propofol is safe to use in patients susceptible to 
porphyria. 

 

Etomidate 
 

 

 

Etomidate is an imidazole ester. It is usually presented as a lipid emulsion or 
as a clear solution containing propylene glycol at a concentration of 2mg/ml. 
Pain on injection is common and there is a high rate of thrombophlebitis in 
the post operative period. 

The standard induction dose is 0.3mg/kg, and recovery is rapid due to 
redistribution to muscle and fat. Induction of anaesthesia can be 
accompanied by involuntary movements which may be mistaken for 



generalized seizure activity. Recovery is frequently unpleasant and 
accompanied by nausea and vomiting. It is rapidly metabolized by hepatic 
and plasma esterases to yield inactive metabolites. Excretion is 
predominantly urinary and the elimination half life varies from 1 – 5 hours 

Etomidate causes the least cardiovascular depression of the IV anaesthetic 
drugs, with only a small reduction in the cardiac output and blood pressure. 
In the past, etomidate was widely used to induce anaesthesia in the shocked, 
elderly or cardiovascularly compromised patient. However, more recently it 
has become less popular (see below).  

Etomidate causes transient apnoea, though less so than other drugs, and can 
cause cough or hiccups. Thus like thiopental, it is not ideally suited to use 
with the LMA. Post operative nausea and vomiting is common after 
Etomidate administration.  

Etomidate inhibits 11-B-hydroxylase, an enzyme important in adrenal 
steroid production. A single induction dose blocks the normal stress-induced 
increase in adrenal cortisol production for 4-8 hours, and up to 24 hours in 
elderly and debilitated patients. Continuous infusion of etomidate for 
sedation in critically ill patients has been shown to increase mortality. 
Although no increase in mortality has been identified following a single dose 
during induction of anesthesia, the use of etomidate has declined in recent 
years due to a perceived potential morbidity.  

 



Ketamine 
 
 

 
 
Ketamine is a derivative of phencyclidine, a dissociative drug formerly used 
as an anaesthetic agent, which exhibited hallucinogenic and neurotoxic 
effects. A dissociative drug is one which reduces signals to the conscious 
mind from other parts of the brain, typically the senses. Ketamine can take 
the form of two stereo-isomers, R and S ketamine, as shown above. Stereo-
isomers are molecules in which the same atoms are bonded together in the 
same order, but they show a different 3D arrangement in space making them 
non-superimposable (they are often referred to as “mirror images” of each 
other). It is usually presented as a racemic mixture of the 2 stereo-isomers, 
but S ketamine has recently become available due to its more desirable 
pharmacological properties, as we shall later see. Ketamine is prepared in a 
slightly acidic solution (pH 3.5–5.5) containing 10, 50 or 100mg of 
Ketamine per ml. Standard ampoules also contain a preservative which 
prevents intrathecal or epidural use. It is also available as a powder for 
reconstitution. 
 
Ketamine has hypnotic, analgesic and local anaesthetic properties. Its effects 
are mediated primarily by noncompetitive antagonism at the N-methyl-D-
aspartate (NMDA) receptor in the brain and spinal cord. Other mechanisms 
of action of ketamine may include an interaction with opioid receptors; 
however naloxone does not antagonize the analgesic effects of ketamine in 
humans. 
 



Ketamine produces so-called ‘dissociative’ anaesthesia. This unique clinical 
state is typified by catalepsy in which the eyes may remain open with a slow 
nystagmic gaze & the corneal and light reflexes remain intact. Varying 
degrees of hypertonus and occasional purposeful movements unrelated to 
painful stimuli can be seen, even during adequate surgical anaesthesia. 
Psychic sensations including alterations in mood state, floating sensations, 
vivid dreams and hallucinations are common during emergence from 
ketamine anaesthesia. These usually disappear on full wakening. 
Benzodiazepine premedication reduces this emergence delirium. 
 
As mentioned, the ketamine molecule exists in two stereo-isomers - R and S 
ketamine. These isomers exhibit pharmacological and clinical differences. S-
ketamine is three times as potent as R-ketamine and the recovery time and 
psychomimetic sequelae are reduced. This may however be a consequence 
of the reduced dose requirement required with the more potent S-Ketamine. 
 
Ketamine is unique amongst induction drugs in that it can be administered 
i.v, i.m, orally, nasally, rectally, and the preservative-free solution 
epidurally. The dose depends on the route of administration and the desired 
therapeutic effect. For induction of anaesthesia a dose of  0.5–1.5 mg/kg can 
be given i.v, or 4–10 mg/kg i.m. The onset of action is slower than other 
induction drugs (unconsciousness in 1-2min for IV use), and the end point 
may be difficult to judge with patients staring into the distance for a short 
period of time. The duration of action of a single dose is approximately 5-10 
minutes. Ketamine is metabolised in the liver, and conjugated metabolites 
are excreted in the urine. The elimination half life is 2.5 hours. 
 
Ketamine has a unique combination of cardiovascular effects. Its 
administration, unlike other induction drugs, is usually associated with 
tachycardia, increased blood pressure, and increased cardiac output. This 
makes ketamine useful in the shocked, unwell patient. 
 
Ketamine has a minimal effect on central respiratory drive, although a 
transient decrease in ventilation can occur after bolus administration. This, 
coupled with the fact that the protective airway reflexes remain relatively 
preserved, makes ketamine the ideal anaesthetic drug to be used in the 
prehospital environment.  It does however increase salivation which can lead 
to upper airway obstruction. Salivation can be reduced by premedication 
with antimuscarinic drug such as glycopyrrolate. Ketamine is a bronchial 



smooth muscle relaxant, and therefore has a special role in the management 
of severe asthma.  
 
In the past, ketamine was thought to increase cerebral blood flow and 
intracranial pressure, thereby limiting its use in patients with a head injury. 
However, providing hypoventilation and hypercapnia are avoided, this does 
not occur and there is some evidence that ketamine may have some cerebral 
protective effects via its action on NMDA receptors. 
 
Ketamine is thought to be safe to use in porphyria. 
 
Midazolam 
 
 

 
  
  UNIONIZED                                             IONIZED 
 
Although not strictly speaking an intravenous induction drug, because of its 
pharmacokinetics midazolam can be used to induce anaesthesia. Midazolam 
is a water soluble benzodiazepine. It comes as a clear solution, usually at a 
concentration of 2mg/ml. Midazolam exhibits a form of isomerism known as 
tautomerism.  In the ampoule, as an acidic solution, the molecule exists in an 
ionized form. At physiological pH the molecule changes to becomes a 
highly lipid soluble unionized ring, accounting for its rapid onset of action. 
It does not cause pain on injection. 
 
Like other benzodiazepines, midazolam acts at specific receptors closely 
allied to the GABA-A receptor. Activation of the benzodiazepine receptor 



increases chloride influx to neuronal cells via the GABA-A receptor, causing 
neuronal hyperpolarisation and the clinical effects seen. 
 
Midazolam is usually used for sedation at a dose range of 0.05-0.1mg/kg 
(IV). Its advantage in this setting is its short duration of action and amnesic 
properties. In children it is useful as premedication - 30 minutes 
preoperatively at an oral dose of 0.5mg/kg. It can be used as a sole iv 
induction drug, at a dose of 0.3mg/kg, but its duration of onset is slow, 
limiting its use. Its duration of action is around 30 minutes which is longer 
than that of the other induction drugs. It undergoes hepatic metabolism and 
renal elimination. In the elderly, the lower hepatic blood flow and metabolic 
activity result in a significantly prolonged half life. 
 
Midazolam has mild cardiovascular and respiratory depressant effects, so 
monitoring is important duration sedation. When used as a sole induction 
drug, midazolam causes apnoea in up to 70% of patients.  
 
The effects of midazolam can be reversed with flumazenil, a competitive 
benzodiazepine antagonist. This should be given by intravenous injection in 
100 mcg increments and should act with in 2 minutes. Flumazenil must be 
used cautiously, as it can cause agitation and seizures. 
 
 
 



Answers to key clinical questions  
Having reviewed the pharmacology of the common intravenous drugs, let us 
now attempt to answer the questions form the beginning of the tutorial. 
 
 
1. A patient with intestinal obstruction requires an emergency laparotomy. 
Which induction drug would you use? 
 
Any patient with intestinal obstruction must be assumed to have a potentially 
full stomach. Traditionally a rapid sequence induction would be performed 
with preoxygenation, cricoid pressure, thiopental and suxamethonium. 
Thiopental is chosen due to its rapid, well defined onset at a predetermined 
dose. This is also the method of choice of induction for caesarean section. 
 
2. A patient a history of throat cancer has signs of respiratory distress and 
marked stridor requires a tracheostomy. Which IV induction drug would 
you use? 
 
IV induction drugs and muscle relaxants should be avoided in this case due 
to their respiratory depressant properties. It may not be possible to perform 
facemask ventilation should this patient become apnoeic. Inhalational 
induction with halothane or sevoflurane should be employed.  
 
 
3. A patient requires a burns dressing change. Which induction drug 
would you use? 
 
Ketamine is an ideal drug to be used for minor procedures. For burns 
dressing changes, a sub-anaesthetic dose can be used. It will provide 
sedation and analgesia, preserving the protective airway reflexes. Ketamine 
is often combined with benzodiazepine premedication to reduce the dose 
requirement and emergence reactions, and sometimes an anti-sialagogue 
(e.g. glycopyrrolate, glycopyrronium bromide) to reduce airway secretions.  
 
 
4. A patient with a history of heart failure requires a general anaesthetic. 
Which induction drug would you choose? 
 
This is a difficult question - to which there is not necessarily a correct 
answer. Many clinicians drug of choice would be etomidate due to its 



limited effect on the cardiovascular system. However some anaesthetists 
avoid etomidate all together due to its effect on steroid synthesis. Ketamine 
could also be considered due to its relative cardiovascular stability. Propofol 
and thiopental are also options, but potentially cause more cardiac 
depression. The important issue is that which ever induction drug is used, 
the lowest possible dose is given, it is given slowly and it is titrated to effect. 
Intra-arterial blood pressure monitoring should be considered if available.  
  
 
5. Which IV induction drug would be most appropriate to use in a 
hypovolaemic patient? 
 
In this situation, excessive vasodilatation would further compromise the 
blood pressure and organ perfusion. Ketamine or etomidate could be 
considered due to their relative cardiovascular stability, but as in question 4, 
whichever drug is used, careful dose titration is paramount.  
 
 
6. A patient with porphyria comes for an inguinal hernia repair and is 
requesting a general anaesthetic. Which induction drug would you use? 
 
The porphyrias are a group of disease characterised by overproduction and 
excretion of porphyrins (intermediate compounds produced during 
haemoprotein synthesis). Acute attacks may be precipitated by drugs, stress, 
infection, alcohol, pregnancy and starvation. Propofol would be the ideal 
induction drug to use in this case – being safe to use in patients with 
porphyria. Thiopental and etomidate should be avoided as they can 
precipitate a porphyric crisis. 
 
 
7. An adult patient requires sedation on the intensive care unit. Which of 
the induction drugs would be appropriate to run as an infusion? 
 
A propofol infusion would be appropriate. Midazolam could also be given in 
addition, or as an alternative to propofol. Thiopental should be avoided due 
to accumulation, and etomidate should be avoided due its effect on adrenal 
steroid hormone synthesis. 

 



8. Which induction drug lends itself well for use in the prehospital 
environment? 
 
Ketamine is the most commonly used induction drug in the prehospital and 
battle field environment. Its haemodynamic stability lends itself well to use 
in patients who are shocked, and ventilation and airway reflexes are well 
preserved when advanced airway equipment is not available/practical. It also 
has the benefits of potent analgesia.  
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