
Introduction
The principle aims of pre-hospital care are to
preserve life, minimise complications
resulting from injury and reduce pain and
suffering (1).To achieve this, the pre-hospital
practitioner should be confident in the safe
use of a limited range of analgesic and
sedative drugs (1,2). In this article, a
summary of effective and safe techniques for
analgesia and sedation in both the civilian
and military pre-hospital environments is
presented. In the military context, the
material is relevant primarily to role one and
role two medical support. Pre-hospital
anaesthesia and the problems associated with
injured children will be discussed in later
articles in the series. Although every effort
has been made to ensure that the doses
stated are correct, readers should always
check these with current product
information and unit or departmental policy.

Analgesia
The neurobiology of pain and the use of
analgesic agents in the pre-hospital and
military environment have recently been
reviewed (3-6). This second article in the
pre-hospital care series revisits these issues
because pain is important and there is
evidence that it is inadequately managed in
both the pre-hospital (7-9) and hospital
settings (10-13). This is reflected by wide
variations in pre-hospital practice (7,14).
Pain relief is important for practical,
physiological and humanitarian reasons (15-
17). Controlling pain facilitates assessment
of injuries, helps reduce rescue and
extrication times and permits medical
interventions. Good analgesia also reduces
sympathetic overactivity and circulating
catecholamines in the acute phase of injury.
The peripheral vasoconstriction, tachycardia
and increased oxygen consumption
associated with excess catecholamines
exacerbates the effects and consequences of
hypovolaemia. Improvements in ventilation
and a reduction in psychological stress can
also be achieved. Pain relief is, to the
casualty, one of the most critical aspects of
their care. Effective analgesia is therefore a
fundamental component of quality
emergency care (3,15-17).

Pain is a complex phenomenon comprising
physiological, emotional, psychological and
behavioural components (fig 1). In
physiological terms, mechanical, chemical or

thermal injury to tissue initiates an acute
inflammatory cascade that is then sustained
by multiple chemical mediators. There is
increased activity of nociceptive neurons
(specialised nerve endings which receive and
transmit noxious stimuli) and other
peripheral sensory neurons such as
temperature and touch (whose threshold is
reduced by inflammation). This sensory
information is integrated in the dorsal horn
of the spinal cord. Ascending pathways then
relay the information to the thalamic, limbic
and cortical structures responsible for the
perception of and response to pain. Control
of pain reduces the extent and duration of
this entire nociceptive cascade (15-17).

Although the physiological responses
predominate in pain associated with physical
injury, the impact of the other components
should not be underestimated. Anxiety, fear,
anger, sadness, depression and fatigue all
lower the pain threshold. The casualty’s
personality and beliefs about the significance
of the pain also influence this threshold.This
was most strikingly demonstrated by the
observation that soldiers wounded in battle
requested less analgesia than civilian
casualties with comparable injuries (18-20).
To the soldier in battle, being wounded was
associated with being released from a
frightening and life threatening environment.
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Fig 1. The factors influencing the perception of pain.
Individual variations in physiology, response to injury and
response to treatment, the context of the injury (e.g. combat
vs training) and the presence of other factors such as
anxiety, fear and fatigue all modulate pain perception.
Adapted from reference 17.



The soldier could expect repatriation,
treatment and the end of the war. In contrast,
injuries represent a personal and possibly
financial disaster to civilians (18-20). A less
dramatic (but more common) example is the
casualty who believes that they have broken a
bone whose pain and analgesic requirement
diminishes on reassurance that there is no
fracture. The management of pain therefore
requires a combination of psychological,
physical and pharmacological treatments.
Psychological treatments in the acute phase
include reassurance and explanation. To
quote the British Association for Immediate
Care (BASICS) Monograph on Pain Relief:
‘It takes little effort to hold the patient’s hand
and say, "I am the doctor and I am here to
help you" ‘(1). Physical treatments include
simple measures such as immobilisation by
splinting or supporting wounds, covering
wounds (especially burns), applying
dressings and, in some cases, providing
definitive treatment (e.g. reducing a
dislocation or trephining a sub-ungual
haematoma). The remainder of this article
focuses on the pharmacological treatment of
acute pain.

Before discussing selection and
administration of analgesic drugs, it is worth
re-emphasizing three key principles of
treatment of acute pain in the pre-hospital
setting. Firstly, assessment and aggressive
treatment of life threatening conditions
according to the Battlefield Advanced
Trauma Life Support philosophy (21)
should always precede pain relief (with the
caveat that pain relief may facilitate
assessment and treatment). Secondly, in
emergency circumstances, only those drugs
and preparations that are familiar to the
practitioner should be used.Thirdly, severity
of pain should be measured and analgesia
titrated against severity in a logical and
stepwise manner. Despite the complexity of
pain, simple subjective scales such as the
‘pain ruler’ (figure 2) have been shown to be
valid assessment tools (6,8,22,23). Despite
this, few ambulance services use pain scales
on patient report forms and there is no

provision for the evaluation of pain and it’s
treatment on either the BASICS patient
report form or the tri-service FMed 826 field
medical card. In the absence of a formal pain
scale, it is reasonable to measure the effects
of treatment using a simple verbal rating of
pain (17).

There are numerous randomised trials of
post-operative analgesia but few which
address pre-hospital or emergency
department care. Nonetheless, systematic
review of post-operative pain relief trials
provides a reasonable evidence base from
which recommendations can be derived
(24). A comprehensive and up to date
citation database of systematic reviews of
acute pain relief can be found at The Oxford
Pain Internet Site (25). These resources
allow us to create an analgesic formulary
based on the drugs that are likely to be most
effective for different intensities of pain (box
1).

A simple analgesic formulary for acute pain in adults

Drug and preparation Dose

Paracetamol 0.5 to 1 g every 4 to 6 hours
tablet 500 mg max. 4g daily
suppository 500 mg

Co-codamol 30/500
tablet (codeine phosphate 1 to 2 tablets every 4 to 6 hours
30 mg and paracetamol max. 8 tablets daily
500 mg)

Ibuprofen 
tablet 400 mg 1.2 to 1.8 g daily in 3 to 4 

divided doses, preferably after
food
max. 2.4 g daily

Diclofenac 75 mg by deep IM injection
suppository 100 mg max. twice daily for 2 days
injection 25 mg/ml (1 ml) 75 to 150 mg rectally in 

divided doses
max. 150 mg daily by any route 

Codeine phosphate 30 to 60 mg every 4 to 6 hours
tablets 30 and 60 mg max. 240 mg daily
injection 60 mg/ml (1 ml)

Morphine sulphate 10 to 15 mg IM 2 to 4 hourly
injection 10 mg/ml (1 ml) 2 to 5 mg IV followed by 1 mg 

increments titrated against pain

Ketamine 1 to 4 mg/kg IM
injection 10 mg/ml (20 ml) 0.25 to 0.5 mg/kg IV
and 100 mg/ml (10 ml) note that these are analgesic doses

Mild to moderate pain
Mild to moderate pain from injuries and
wounds can be difficult to manage unless the
practitioner has a clear strategy. Fig 3
provides an approach to analgesia for these
casualties. A key management decision is
whether the oral route of administration is
available. This decision clearly depends on
the severity of the pain, the urgency of the
situation, the need to restrict oral intake and
the availability of suitable drugs. In civilian
practice, it is normal to ensure that casualties
remain nil-by-mouth prior to arrival at
hospital and this negates the use of oral
agents. However, if there is delay in getting to
treatment or the injuries are such that it is
not necessary for the casualty to remain nil-
by-mouth, effective pain relief can be
achieved with oral drugs. This is particularly
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Fig 2. The pain ruler. The pain ruler includes a verbal
descriptor (‘mild stinging’), a visual analogue (the
numbered ruler) and a pain behaviour (‘disabling’) scale to
assess pain. Reproduced from reference 23.



relevant in the wilderness or military setting.
Oral agents may also be appropriate once
severe pain has been controlled or local
analgesics employed in the casualty whose
evacuation is delayed. Even if casualties do
take drugs orally with water prior to
evacuation and transfer to hospital,
subsequent general anaesthesia is unlikely to
be delayed. In elective surgery, there is
evidence to suggest that a small drink two to
three hours prior to induction has no
deleterious effects on either gastric volume or
acidity (26).

If the oral route is not possible due to
injury or nausea and vomiting, rectal or
intramuscular (IM) administration may be
required (along with a suitable anti-emetic).
There is, however, no evidence that either
route provides better or faster analgesia than
the same drug at the same dose given by
mouth (17,25). Service personnel injured in
the course of operational duties are likely to
have immediate access only to IM morphine.
It is worth noting however that systematic
reviews of oral analgesics vs. placebo in post
operative pain show that some non-steroidal
anti-inflammatory drugs (NSAIDs) are at
least as effective as 10 mg IM morphine over
4 to 6 hours. (15-17,24,25). Thus the oral
route is viable for casualties with mild to
moderate pain.

The common mode of action of NSAIDs
is to block the production of chemical
mediators of inflammation by inhibition of
cyclo-oxygenase. Despite this common
action, there are important differences
between different drugs. Paracetamol
(acetominophen), although broadly classed
as an NSAID, is a central cyclo-oxygenase
inhibitor and has a very different pattern of
activity. It is one of the safest and most
effective drugs in the management of mild to
moderate pain. Despite its ubiquitous use
and availability, paracetamol is often
neglected as a first line oral analgesic.
Paracetamol alone (in doses of 1g four times
a day) should be regarded as the first choice
(17). It can be given orally or rectally.
Although paracetamol is significantly less
effective than 10 mg IM morphine, the
combination of full dose paracetamol with a

full dose of codeine (60 mg four times a day)
has greater efficacy than paracetamol alone
and is at least as effective as 10 mg IM
morphine. (17,27,28). The paracetamol and
codeine can be given separately or together
as co-codamol 30/500. Codeine can also be
given as an IM injection. Codeine may be
associated with opioid side effects
(drowsiness, pruritis, respiratory depression,
nausea and vomiting).

The more typical NSAIDs that have been
shown to be most effective are ibuprofen and
diclofenac (17,25). These are peripheral
cyclo-oxygenase inhibitors and potent anti-
inflammatory drugs. Ibuprofen has the
lowest incidence of side effects of all the
NSAIDs and is one of the most effective
(29). It can only be given orally (or topically
in musculo-skeletal injuries), whereas
diclofenac can be given orally, rectally and by
deep IM injection. Where the option exists,
ibuprofen is safer and at least equally as
effective as diclofenac (29).

Although NSAIDs have an important role
in maintenance of analgesia, their use is
associated with some risks. Inhibition of
prostaglandin synthesis in the kidney may
precipitate acute renal failure in those who
have lost > 10% of blood volume. Inhibition
of thromboxane production in platelets
prolongs the bleeding time and carries a
theoretical risk of haemorrhage (15). NSAID
associated peptic ulceration and bleeding can
also be problematic (regardless of route of
administration). In serious injury, it is
therefore regarded as inappropriate to give
NSAIDs before the casualty is adequately
resuscitated or within the first 24 hours (15).
In contrast, when NSAIDs are used
postoperatively, they can considerably reduce
opioid requirements - the opioid sparing
effect – and thus the risk of opioid side effects
(30). Anxieties concerning NSAID induced
exacerbation of asthma and drug interactions
are less relevant to the military population
who should all be medically fit prior to
deployment. However, provision of pre-
hospital care to unselected civilian
populations may temper the use of NSAIDs.

There are of course many other NSAIDs
and their comparative efficacy is only
currently being defined (25). IM ketoprofen
has been used successfully in battle casualties
with minor shrapnel injuries while awaiting
treatment and IV ketorolac was recently
recommended for military use (6). Ketorolac
can be given intravenously (IV) or IM.
However, current data from systematic
reviews indicates that oral ibuprofen is as
effective as IM ketorolac and rectal
diclofenac is as effective as IV ketorolac.
These comparisons do not suggest that
ketorolac is an ineffective analgesic, rather
that it is not necessary to use it when equally
effective, safer and more widely available
alternatives exist (15,17). Thus in the
treatment of mild to moderate pain the
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Fig 3.The drug management of mild to moderate pain with
stepwise progression through analgesics of increasing
efficacy and utilising combinations of oral (po), rectal (pr)
and intramuscular (im) routes of administration.



evidence supports the use of combinations of
oral paracetamol, paracetamol supplemented
with codeine, ibuprofen supplemented with
paracetamol or all three (fig 3). Where the
oral route is not available, combinations of
rectal paracetamol, IM codeine and IM or
rectal diclofenac provide equivalent safe and
effective alternatives. If acute pain is not
controlled, the possibility of a missed
diagnosis should be considered and the
presence of complications such as arterial
injury or compartment syndrome should be
excluded before progressing to further
analgesia.

Severe pain
Intravenous analgesia is recommended for

the first line treatment of severe acute pain
(1,2,4-6,15-17). The options are opioids or
ketamine or combinations of the two.
Although there is no trial data to compare
the two, IV opioids are widely regarded as the
most effective analgesic agents available and
of these, morphine and diamorphine are the
most appropriate agents for pre-hospital use
(1-6,31,32). The use of ketamine as an
analgesic is considered in the discussion on
sedation below.

The term opioid is used for all opioid
receptor specific substances. Opioids reduce
inflammation at the site of injury and act at
the dorsal horn to impede transmission of
nociceptive stimuli.They also act centrally to
activate inhibitory pathways that descend to
the spinal segment (3,32). There are a
number of opioid receptors; the three broad
classes of importance for analgesia being: µ
(mu), κ (kappa) and σ (sigma). Morphine is
the standard opioid against which others are
judged (32). It is a pure agonist at µ receptors
(responsible for analgesia, euphoria and
respiratory depression).The usual dose is 0.1
to 0.2 mg/kg commencing with a bolus of
between 2 and 5 mg followed by 1 mg
increments titrated against pain intensity.
This is best achieved by making up a 10 ml
syringe with 1mg/ml solution. The full effect
is within 15 – 20 minutes. Diamorphine is a
semisynthetic morphine derivative which is
much more lipid soluble and therefore more
potent than morphine. It has a more rapid
onset but shorter duration of action. The
usual dose is 0.1 mg/kg titrated to effect as
above. Because morphine and diamorphine
cause nausea and vomiting it is common to
administer an anti-emetic. In general,
phenothiazines (e.g. prochlorperazine
12.5mg IM 8 hourly) and metocolpromide
(10 mg IM/IV 8 hourly) are effective in drug
induced nausea but an antihistamine may be
better if motion sickness complicates
evacuation (e.g. cyclizine 25 to 50 mg IM/IV
6 hourly). Fixed preparations of anti-emetic
and opioid should be avoided (e.g.
Cyclimorph®) because the opioid should be
titrated to effect whereas a full dose of anti-
emetic should be given. The widely held

belief that diamorphine is associated with
less hypotension and nausea than morphine
(and a greater sense of euphoria) is currently
the subject of a controlled trial (33).

Pethidine has been used widely in pre-
hospital and emergency care. There is no
evidence that pethidine has any specific
advantages over other opioids (32,34).
Morphine, diamorphine and codeine have
active metabolites. The problem of their
accumulation is prevented by titration to
effect (rather than administration of fixed
doses). Pethidine, however, has a toxic
metabolite, norpethidine, which accumulates
with multiple dosing and in renal
impairment (34).This may lead to twitching,
tremor, agitation and convulsions. Thus in
the absence of any specific advantage of
pethidine, there seems little justification in
exposing the casualty to these risks. The
belief that pethidine provides better analgesia
for colicky pain than other opioids has not
been substantiated (17).

Recent studies of pre-hospital analgesia
have helped to refute arguments that
morphine and diamorphine are associated
with a high incidence of dangerous side
effects (8,31). Ambulance services that
routinely use opioids in the UK (Cumbria)
and USA have experienced little difficulty
with the safe and effective field
administration of both morphine and the
more potent diamorphine (14,35,36).
Nevertheless, the pre-hospital practitioner
must be able to recognise and deal with the
three most important side effects: respiratory
depression (decrease in minute volume and
sensitivity to carbon dioxide), cardiovascular
depression (systemic vasodilatation following
histamine release) and nausea and vomiting.
In all cases, facilities for airway and
ventilatory support and the µ antagonist
naloxone must be available. Doses of opioids
greater than that required to control pain will
cause respiratory depression. This is
prevented by careful and deliberate titration
to effect. If respiratory depression does
occur, it is easily reversed by naloxone 0.1
mg titrated at 1 min intervals against
respiratory rate and pain (to a maximum of
10 mg - best achieved by making up a 0.1
mg/ml solution). Naloxone has a short
duration of action and may itself cause
nausea, vomiting, tachycardia and
hypotension. Large doses may completely
reverse analgesia and expose the patient to a
sudden severe exacerbation of their pain. In
patients with head injuries, chest injuries and
abdominal pain, the decision on whether to
use opioids should depend on whether the
patient is expressing pain. The maxim that
there is a safe analgesic for all those who are
able to express a need for pain relief applies
to opioids as well as other analgesics (31).
They are often avoided in head injured
patients because of anxiety over masking
pupillary responses. Opioids cause
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constriction of the pupils by stimulation of
the third cranial nerve nucleus but do not
prevent pupil dilatation caused by
compression of the third cranial nerve by an
expanding haematoma or herniation (a late
sign in head injury and unlikely to be present
in an alert patient). Similarly, in abdominal
pain, withholding analgesia in case it masked
the signs necessary for diagnosis has been
shown to be unfounded (17).

Morphine and diamorphine are safe,
effective and well understood analgesics.
Despite the principle of titration to effect, the
rapid reversibility of adverse effects with
naloxone and the lack of evidence to suggest
that therapeutic use in treating acute pain
leads to addiction (37), medical and political
anxieties have resulted in stringent controlled
drug regulations concerning their storage
and use (38). These have been the driving
forces for the development of synthetic
alternatives. The two alternative drugs most
commonly used in pre-hospital care in the
UK are nalbuphine and tramadol. These
partial agonists at the µ receptor do not
produce better analgesia than morphine but
may cause fewer side effects and are not as
addictive (and thus free from controlled drug
legislation) (3,16,17,32).

Nalbuphine is used extensively by the
ambulance service (14,39). It is an agonist at
the spinal kappa κ receptor (causing
analgesia, sedation and respiratory
depression) and an antagonist at the µ
receptor. It is thought that at doses above 10
mg, µ receptor antagonism predominates so
a ceiling limit to both respiratory depression
and analgesia may occur (14,32). Recent
studies have raised questions about the use of
nalbuphine in trauma. Although equally as
potent as morphine (30 mg nalbuphine is
equivalent to 10 mg morphine) and found to
be effective at the scene (39), many patients
require further analgesia in the resuscitation
room (40). In cases where further opioid
analgesia is required, there is a theoretical
risk and some clinical evidence that
nalbuphine may oppose the analgesic effect
of morphine and thus result in a higher
morphine requirement for the patient
(41,42). There is currently debate on the
evidence for this effect (43-45). Some
suggest using further doses of nalbuphine to
prevent this problem occurring (46) but the
ceiling effect of nalbuphine (and tramadol)
may result in inadequate relief of severe pain.
The usual dose of nalbuphine is 10 to 20 mg
which can be increased by increments up to
a total of 40 to 60 mg.

Tramadol is a weak agonist at all three
main opioid receptors and also has some
non-opioid mechanisms of analgesia. It is
used much less frequently than nalbuphine
and is associated with an increased incidence
of nausea and vomiting (47). Tramadol is
usually given as an initial IV bolus of 100 mg
(equivalent to 10 mg morphine) followed by

further doses of 50 mg every 10 to 20
minutes up to a maximum of 250 mg in the
first hour. Subsequent doses are 50 to 100
mg every 4 to 6 hours up to a daily maximum
of 600 mg.

There are currently plans to conduct
controlled trials of nalbuphine, tramodol and
other opioids (43,47). However, the Joint
Royal Colleges Ambulance Liaison
Committee (JCALC) have recently
submitted an application to the Home Office
to add morphine to the list of drugs which
can be carried and given by ambulance
service paramedics. With mountain rescue
teams, midwives, ships masters and one
ambulance service already using opioids
(36,48), it seems likely that other ambulance
services will follow suit provided the legal
requirements for storage and documentation
can be met (38). Questions about the value
of alternative synthetic opioids may then be
less important. Nonetheless, synthetic
opioids may be the only permissible opioids
in some services and countries and it is
important to be aware of their use.

Although IV administration of opioids for
severe pain is preferable, the IM route may
be all that is available – particularly in the
military setting where personnel are issued
with pre-filled morphine autojets (49).
Practitioners should be aware that service
personnel are likely to have received IM
morphine before arrival of a medical team
(or arrival at a field medical facility).
Although the IM (and subcutaneous) route
provides effective analgesia (50), the
absorption is unpredictable and onset may
be delayed in hypothermic or hypovolaemic
casualties (51). Nonetheless, it may be the
only method available, particularly for
multiple casualties, expectant treatment of
the severely injured (e.g. the casualty with
burns) and where medical skills are limited.
The principles of titration to effect still apply
and have been clearly described for
intermittent IM use in the military setting
(6,21,49).

Local anaesthetics
(local analgesics)
Local anaesthetic techniques can be very
sophisticated with the use of peripheral nerve
stimulators and indwelling catheters.
However, in pre-hospital care, the options
are limited to wound management
(infiltration and field blocks), simple regional
nerve blockade and haematoma blocks.
These techniques are described in detail in
standard works (1,2,52-54) and are best
learnt under direct supervision in the
anaesthetic room or emergency department.
Local anaesthetics are underutilised for
control of acute pain. The judicious use of
regional nerve blockade and haematoma
blocks can completely abolish pain due to
serious injury (1,2,15-17). This has the
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additional advantage of avoiding or reducing
side effects from other analgesics. There are
three local anaesthetic agents in common
use: lidocaine (lignocaine), prilocaine and
bupivicaine (box 2).

Local anaesthetic formulary
Drug and preparation Dose, onset & duration of action

Lidocaine (lignocaine) 3 mg/kg – onset < 5 mins, lasts 60 
0.5, 1 and 2% solutions mins

max. 200 mg

Prilocaine 6 mg/kg – onset < 5 mins, lasts 90 
0.5, 1, 2 and mins
4% solutions max. 400 mg

Bupivicaine 
0.25 and 0.5% solutions 2 mg/kg – onset 20 mins, lasts 7 to 

24 hrs
max. 150 mg 

All can be safely used in the pre-hospital
setting. Prilocaine is similar to lidocaine but
can be given in larger volumes. It is only
routinely used in the UK for intravenous
regional anaesthesia (Bier’s block) despite
the fact that it acts just as quickly, has at least
an equal duration of action and can be used
in twice the volume of lidocaine.
Bupivicaine, although the most toxic of the
three, has the advantage of a long duration of
action. These three drugs act by causing a
reversible block to conduction along nerve
fibres in a dose dependent manner. The
minimal effective doses block pain and
temperature sensation selectively. With
increasing doses, autonomic, touch and
motor fibres are also blocked. The local
anaesthetic agents discussed here are all
available with added epinephrine
(adrenaline). The epinephrine causes local
vasoconstriction to counter the vasodilating
effect of the anaesthetic. This prolongs its
action and decreases the risk of toxicity by
limiting systemic absorption. However, the
risk of inadvertent IV injection and rapid
systemic absorption is greater in the pre-
hospital setting and there is little justification
for using solutions with added epinephrine
out of hospital. A longer acting local
anaesthetic without epinephrine can achieve
a longer duration of block more safely.

The principles of safe local anaesthetic
administration are a thorough understanding
of dose calculations and maximum safe
doses, an awareness of toxic effects and
complications and a good understanding of
the specific techniques available. Dose
calculations often cause the greatest anxiety.
The percentage concentration of the solution
is based on the number of grams dissolved in
100 ml. Thus 1% lidocaine is 1 g lidocaine
dissolved in 100 ml (or 1000 mg dissolved in
100 ml) to give a 10 mg/ml solution. A
simple rule of thumb is to multiply the
percentage solution by ten to obtain the
quantity of local anaesthetic in milligrams
per millilitre. For example, a 1 % solution
contains 10 mg/ml of active drug whereas a
0.5% solution contains 5 mg/ml. A 60 kg
casualty can safely have 120 mg of

bupivicaine (2 mg/kg). This could be
administered as 48 mls of 0.25% solution or
24 mls of 0.5% solution depending on the
technique being used and the volume of local
anaesthetic desired. Small volume, high
concentration local anaesthetics may be used
for well localised nerve blockade where it is
desirable to minimise tissue distortion and
pressure. Dose calculations should always be
completed and checked prior to
administration of local anaesthetics as
significant errors in dose can easily occur.

All local anaesthetic drugs are potentially
toxic.Toxic effects are more likely to occur if
the drug is injected accidentally into a vessel
(or rapidly absorbed in an area of acute
inflammation) or if an overdose is given by
using either too high a volume or too high a
concentration. Casualties may experience a
feeling of inebriation, warmth, drowsiness
and lightheadedness followed by anxiety,
tinnitus and circum-oral tingling. Depression
of the central nervous system may progress
to unconsciousness with twitching and
possibly convulsions. There may also be
hypotension secondary to direct myocardial
depression. These effects may be very rapid
on IV injection but more commonly occur
during maximum arterial plasma
concentrations some 10 to 25 minutes after
administration. Rarely, true allergic reactions
can occur. Toxic effects can be minimised by
using the most dilute solution. Blood levels
(which reflect systemic absorption) tend to
be higher when more concentrated solutions
are used; for example, 5ml of a 20 mg/ml
(2%) solution will produce higher blood
levels than 10 ml of a 10 mg/ml (1%)
solution. Using dilute solutions also allows
larger volumes to be used that in turn make
precise anatomical placement less critical.
Treatment of toxic side effects is primarily
supportive and symptomatic. Anaesthetic
injection should be stopped, resuscitation
commenced and, if necessary, hypotension,
convulsions and bradycardia treated
conventionally.

Apart from toxicity, the greatest dangers
with use of local anaesthetics are peripheral
nerve damage and the adverse effects of any
other systemic analgesia (such as opioids)
once the painful stimulus is removed.
Casualties receiving intermittent doses of
opioid analgesia (either IM or IV) without
respiratory depression who then receive
successful nerve block must have their opioid
dose reduced (55). Nerve damage is
minimised by good technique and avoidance
of regional nerve blocks in anaesthetised or
unconscious casualties. The bevel of the
needle being used should, ideally, be aligned
along the direction of the nerve fibres rather
than across them to reduce damage if the
nerve is actually punctured. Some
practitioners deliberately blunt needles prior
to use. If a patient reports pain or paraeshesia
on insertion of the needle or injection, the
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needle should be withdrawn 2 to 3 mm
before continuing with injection. The needle
should be re-positioned if there is persistent
resistance to injection. Other unwanted
effects may be pain on injection, complete
anaesthesia of the limb (which renders it
susceptible to other injuries and may make
the casualty more anxious), and unwanted
additional nerve blocks. Again, good
technique and a sound anatomical
knowledge reduce these effects. There is
good evidence from clinical studies that
warming and buffering the local anaesthetic
agent can dramatically reduce pain due to
local anaesthetic administration (53).
Buffering with sodium bicarbonate is not
practical in the pre-hospital setting but it
takes little effort to warm the ampoule before
administration.

Perhaps the most valuable techniques are
femoral nerve block, digital nerve block,
haematoma block, intercostal nerve block
and blocks around the ankle and wrist. The
following comments concern specific
features worth re-emphasising for some of
these techniques. Femoral nerve bock is one
of the most valuable techniques. Excellent
analgesia to the anterior of the thigh and the
periosteum of the middle third of the femur
is produced and it is ideal for the patient with
a femoral shaft fracture. The femoral nerve
runs deep to the inguinal ligament and lateral
to the femoral artery. The nerve is best
blocked immediately below the inguinal
ligament.While palpating the femoral artery,
a needle should be inserted perpendicular to
the skin to a depth of 3 to 4 cm immediately
lateral to the artery (the abdominal wall
should be retracted if the casualty is sitting).
The sensation of penetration of the femoral
fascia helps judge the depth. After aspirating
to ensure that the femoral artery has not
been punctured, local anaesthetic (usually
1% lidocaine for rapid effect or a mixture of
lidocaine and bupivicaine) is injected in a fan
like manner to cover an area up to 3 cm
lateral to the entry point. If the artery is
punctured, the needle should be withdrawn
and the artery compressed for at least 5
minutes. A more extensive block (the ‘three-
in –one’ block) can be achieved if pressure is
applied with the palm of the hand to the
femoral sheath distal to the block during and
after injection and volumes of 20 to 30 ml are
used. The local anaesthetic will track up the
femoral sheath to anaesthetise the obturator
nerve and the lateral cutaneous nerve of the
thigh as well as the femoral nerve. This
provides analgesia for the hip as well as the
anterior and lateral aspects of the thigh and
femur (2).

Haematoma blocks involve identifying a
fracture haematoma and injecting
anaesthetic directly into the haematoma.
This is the only injection technique where
the practitioner deliberately injects after
aspirating blood. Correct anatomical

placement is thus important and the risk of
rapid systemic absorption is relatively high.
There is also the risk of introducing infection
into the fracture site. To reduce this risk, an
aseptic technique, and exclusion of fractures
which are over 24 hours old is important.
Sufficient time must be allowed for the block
to take good effect, particularly if the fracture
is to be manipulated.

Digital nerve blocks are generally
considered for finger injuries including
entrapment, crush injuries and amputations.
Digital nerves can also be blocked at the level
of the metacarpals in the hand. The danger
with digital nerve blocks is that following
injection, the pressure within the digit may
become high enough to impede venous
return and cause increased pain and swelling
in the digit. A metacarpal digital nerve block
reduces this problem but provides equally
adequate analgesia. The landmark for a
metacarpal block is the distal palmar skin
crease. Local anaesthetic can be injected
through the palm either side of the
metacarpal (3 to 5 ml). Epinephrine
(adrenaline) must never be used for nerve
blocks or local anaesthesia of digits or of any
other appendage.

Intercostal nerve blocks are valuable in
managing the patient with rib fractures, a
flail segment or intercostal drains. These
blocks involve injecting local anaesthetic
around the neurovascular bundle on the
inferior aspect of several ribs (at the angle of
the rib). There is thus a risk of causing a
pneumothorax. However, if the blocks are
placed when a chest drain is in situ, the
consequences of inducing a pneumothorax
are less relevant. The other important risk
associated with intercostal nerve blocks is
rapid systemic absorption of local anaesthetic
from the chest wall.

Nitrous oxide 
Nitrous oxide is discussed alone because a
mixture of nitrous oxide and oxygen
containing 50% of each gas (e.g. Entonox ®)
is a simple and effective analgesic which can
be used with immediate effect to help gain
rapid control of acute pain (1,2,4). It
produces analgesia equivalent to 10 mg IV
morphine (1) without loss of consciousness.
The onset of action is very rapid (2 to 5
minutes for full effect) but reversal is equally
rapid when the gas is no longer being
inhaled.The response to nitrous oxide is very
variable. Some casualties achieve good
analgesia, others do not. Similarly, some
casualties enjoy the sensation they
experience when breathing nitrous oxide
whilst others experience nausea and light
headedness.The main role of nitrous oxide is
in providing rapid initial pain relief that may
facilitate movement, medical interventions
and administration of other analgesics.

Nitrous oxide is normally administered by
the casualty via a demand valve. Gas can only
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be released by holding the facemask against
the face and breathing in deeply. Slow, large
volume breaths are required. A mouthpiece
can be used for those with facial injuries and
for children. The casualty must therefore be
conscious, co-operative and have sufficient
respiratory excursion to operate the demand
valve. It is sometimes desirable to over-ride
the demand valve and deliver continuous
50% nitrous oxide in oxygen. Casualties with
upper limb injuries and those with difficulty
using the apparatus may benefit from this.
However, over-riding the demand valve
negates the failsafe of a conscious casualty
regulating his or her own analgesic needs.
There is a risk that sufficient nitrous oxide
will be inhaled to render the patient
unconscious. This should be regarded as a
general anaesthetic.

The only absolute contraindication to
nitrous oxide is nitrogen decompression
sickness (the ‘bends’ or ‘Caisson disease’).
However, care must be taken when
administering nitrous oxide to casualties who
may have an air-containing closed space
since nitrous oxide may diffuse into the space
and possibly increase the pressure. Actual or
potential pneumothorax and basal skull
fractures which extend into the nasopharynx
are the two injuries most likely to be
complicated by nitrous oxide administration.
Another problem with nitrous oxide / oxygen
mixtures is liquefaction of the nitrous oxide
component in cylinders at temperatures
below minus 7°C. When liquefied, the two
gases separate out, resulting in pure oxygen
being administered first followed by pure
nitrous oxide. At these temperatures, it is not
sufficient to simply agitate the cylinder to
provide the correct mixture. The data sheet
for Entonox ® requires the cylinder to be
rewarmed at 10°C for 2 hours then agitated,
or more rapidly warmed by immersion in
water at 37°C for 10 minutes and then
agitated. Neither of these options is practical
for field use and the logistic and safety
problems associated with compressed gas
cylinders in a tactical environment have
resulted in nitrous oxide being used less
often in military practice. In contrast it has
become the mainstay of analgesia in civilian
pre-hospital care and has stood the test of
time (despite little systematic review
evidence) (14,17,25,56).

Sedation
The injured casualty is likely to be
frightened, anxious, distressed and restless.
The contribution of these feelings to the
perception of pain has already been
emphasized (fig 1). Sedative and anxiolytic
agents may thus be useful adjuncts to
analgesia in the management of such
casualties. However, anxiety must not be
confused with restlessness due to hypoxia,
hypovolaemia or other complication of
injury. Once these have been excluded, it is

also important to reassess pain control before
considering sedatives. In those cases where
anxiety and agitation are still problematic
despite adequate analgesia, or where medical
interventions require sedation as well as
analgesia (e.g. reduction of fractures or
dislocations), then a sedative agent should be
used (57-59).

Sedation can be described as either
conscious or deep. Conscious sedation can
be defined as a pharmacologically induced,
minimally depressed level of consciousness
that retains the casualty's ability to maintain
a patent airway independently and
continuously, and respond appropriately to
physical stimulation and/or verbal command.
In contrast, deep sedation is a state of
depressed consciousness from which the
casualty is not easily aroused.The casualty is
not able to respond purposefully to physical
stimulation or verbal command. Deep
sedation may be accompanied by a partial
loss of protective reflexes, including the
ability to maintain a patent airway. It
therefore has risks to the casualty equivalent
to those of general anaesthesia. In
considering sedating a casualty, the drugs,
doses, and techniques used should carry a
margin of safety wide enough to minimise
the risk of unintended deep sedation.
Opioids have a sedative effect but they are
unpredictable for planned sedation (10 fold
variation in dose requirement). The most
appropriate agents for pre-hospital use are
midazolam and ketamine (1,2,4,5).

Midazolam is a water soluble
benzodiazepine with a short half life (2 to 4
hours) and no active metabolites. It produces
sedation with amnesia but has no analgesic
properties. For sedation, 2 mg should be
given IV over 30 seconds, followed by
incremental doses of 0.5 to 1 mg after 2
minutes to achieve adequate sedation. The
onset is rapid and the typical dose range in
adults is 2 to 8 mg (approx. 0.1 mg/kg). If
opioid analgesia has already been used, lower
doses of midazolam are required.The effects
(and side effects) of benzodiazepines and
opioids are additive and include
cardiovascular depression, hypotension and
respiratory depression (58,59).

Adverse side effects from the
administration of midazolam can be reversed
by the administration of the benzodiazepine
receptor antagonist flumazenil. The initial
dose is 200 micrograms over 15 seconds then
a further 100 micrograms at minute intervals
up to a total of 1 mg. It is preferable to titrate
the dose of midazolam to avoid over sedation
rather than have to reverse the effects.
Flumazenil is associated with significant side
effects of its own, including nausea, flushing
and convulsions. Furthermore, its half life is
shorter than midazolam and there is a risk
that casualties will become re-sedated.
Flumazenil is not licensed for this indication.
Nevertheless, for practitioners who plan to
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give IV midazolam (or any other
benzodiazepine) flumazenil should be
immediately available (2,4,57-59).

Ketamine 
A valuable adjunct or alternative to opioids is
the phencyclidine derivative ketamine. This
produces profound analgesia at low doses (1
to 4 mg/kg IM or 0.25 to 0.5 mg/kg IV)
which slides imperceptibly into dissociative
general anaesthesia at higher doses (2-4
mg/kg IV). Ketamine is an effective analgesic
either alone or in combination (e.g. with an
opioid) (4,16,59-61). The characteristics of
the dissociative state are unique.The sedated
casualty is dissociated from normal
consciousness and appears in a trance like or
‘fugue’ state with the eyes open. At higher
doses, the casualty will have increased
muscle tone and catalepsy (may move or be
moved into a position which is self-
maintaining). Analgesia and amnesia are
often complete.There will also be occasional
purposeless movements with clonus and
nystagmus. Laryngeal and pharyngeal
protective reflexes are maintained more than
with any other sedative or anaesthetic agents
(62), but they may still be partially
suppressed. A combination of increased
masseter tone, increased salivation and
marginally suppressed cough and upper
airway reflexes can result in a compromised
airway. This suppression will be increased if
any other sedative or analgesic agents have
been used. Similarly, hypoxic and
hypercarbic driving stimuli to respiration are
minimally suppressed by ketamine so
respiratory depression does not occur unless
it is administered rapidly (IV) or
concomitantly with other analgesics or
sedatives.

Other effects of ketamine include an
increase in mean arterial pressure, pulse rate
and cardiac output secondary to an increase
in sympathetic activity. Thus ketamine is
contraindicated in casualties in whom an
elevation of blood pressure would constitute
a serious hazard.This explains why the use of
ketamine in casualties with major head
injuries and loss of cerebral autoregulation is
generally discouraged (even though ketamine
may have a direct neuroprotective effect
related to blockade of N-methyl-D-aspartate
type glutamate receptors). The main
disadvantage of ketamine sedation is
hallucination during the recovery phase.This
can be readily blocked by concurrent use of
a small dose of midazolam and by ensuring
that the recovery environment is as free from
visual and auditory stimuli as possible (63).

Ketamine has been extensively used as an
analgesic and sedative agent in both civilian
and military pre-hospital settings
(1,2,60,64,65). For those who have the
necessary anaesthetic experience, ketamine
can also be used for emergency airway
management, rapid sequence induction and

resuscitative surgery in the field (66-69). In a
study of ketamine analgesia in a field
hospital, the average initial dose required to
produce adequate analgesia without losing
verbal contact was 20.5 mg (given as 5 mg
increments every 3 minutes) (65). However,
in contrast to midazolam (which has no
analgesic properties), analgesic doses of
ketamine were considered to have no
anxiolytic properties. Analgesic doses of
ketamine were also less effective than opioids
in removing the pain associated with visceral
injuries (65).

The IV route provides more effective and
predictable sedation than the IM route and
should be used unless the casualty is trapped
with no IV access (64,70). An initial dose of
2mg/kg produces deep sedation within 30
seconds for 5 to 10 minutes. This should be
achieved by slow injection (over a minute) to
avoid respiratory depression. Recovery is
indicated by nystagmus, vocalization  and
movements in response to stimulation (as
opposed to purposeless movements). This
initial profound sedation may allow painful
procedures to be carried out including
extrication from entrapment (64,70), and
manipulation of fractures. Facilities for
airway management must be available
although use of ketamine in this way (as
opposed to prolonged procedures under
general anaesthesia) has few risks in
published series (71). If sedation has been
performed in order to complete a painful or
distressing procedure, it is generally
considered that the casualty will be fit for
further evacuation (with minimal
observation) if they have stable vital signs, are
able to walk unsupported (if appropriate)
and have adequate analgesia.

Summary
Pre-hospital care covers a wide spectrum of
medical activity from sophisticated
peacetime emergency medical services to
wilderness environments with minimal
medical support and long lines of
communication. It is difficult to provide
guidance on safe and effective analgesia and
sedation for all conceivable environments
and operations.The experienced practitioner
will make best use of scarce resources and
choose a variety of agents in combination to
combat pain and anxiety. However, the
guidance in this article will hopefully help the
inexperienced to provide analgesia in a
logical and stepwise manner with a wide
margin of safety (fig 4). The brief
descriptions of the role of nitrous oxide, local
anaesthetics, midazolam and ketamine will
remind the experienced of the value of these
agents in acute pain and give the
inexperienced some insight into their use in
the pre-hospital environment. There is,
however, no substitute for practical
experience of these drugs and techniques
gained in a controlled environment such as
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an Accident and Emergency Department or
an anaesthetic room. The drugs described
are all on the essential drugs list of the World
Health Organisation (72). It is therefore
likely that the modest formulary described
here will be equally accessible across
different national medical services and
countries. Time spent becoming familiar
with their use during peacetime will not be
wasted.

The effective management of pain in the
pre-hospital environment may be the most
important contribution to the survival and
long term well being of a casualty that we can
make. As our understanding of the
consequences of unchecked pain develop
further, the impact of effective analgesia will
be better understood. General Patton said
‘Pain is just like the enemy.You keep moving
and the enemy cannot hit you. Same way
with pain, the quicker you break away from
the pain, the quicker you will drive the pain
out of your system’ (73). The pre-hospital
practitioner has the first and perhaps only
opportunity to break the pain cascade.
Regardless of the drugs used, application of
the following principles will ensure that this
is achieved as quickly and effectively as
possible:
• Look for and treat life threatening

problems first.
• Assess pain routinely and treat it as early as

possible.

• Use non-drug and drug interventions
synergistically.

• Deliberately choose appropriate drugs,
route and mode of delivery.

• Titrate analgesic and sedative drugs to
effect.

• Reassess pain regularly and alter analgesia
as necessary.

• Use combinations of systemic and local
analgesics.

• Opt for simplicity and safety as far as
possible.
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