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PERSONAL PRACTICE

Preoperative and postoperative pain control

R Howard

Interest in pain management for children in the
perioperative period has increased substan-
tially in the past few years and this has led to
very significant changes in this area of clinical
practice.
The quality of pain control that can be

achieved is more often a function of the time
and resources devoted to it, rather than the
actual regimens employed. A well coordinated
multidisciplinary approach will achieve the best
results and 'acute pain control teams' are being
established in many hospitals with this aim.

Acute pain treatment in children is subject to
special problems because they are such a diverse
population. The response to analgesics varies
with age and side effects are often unpredictable.
Pain is difficult to assess in preverbal children
which further complicates its management.

Fortunately there have been a number of
advances recently that have allowed improve-
ments in pain management. The mechanisms
of pain transmission are more completely
understood, the pharmacokinetics and phar-
macodynamics of analgesic drugs in small
children have been described, and new tech-
niques of pain control have come into practice.
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Aims ofmanagement
Pain has adverse psychological and physio-
logical effects which have been well docu-
mented.1i4 It is now accepted that patients of
all ages are capable of feeling pain and a sub-
stantial neuroendocrine response to pain can

be demonstrated even in premature neonates.5
The full significance of this response is not well
understood and although we do have the
means to completely ablate it, there is insuffi-
cient evidence to justify the potential risks
incurred in doing so as a routine.
The beneficial effects of reducing pain to

clinically acceptable levels are more obvious
and this is the objective in the perioperative
period. Patients should be comfortable after
surgery and a degree of sedation is particularly
important in younger children. It is not always
appropriate to remove all sensation of pain as

this may mask important clinical information
or induce undesirable or dangerous complica-
tions. A realistic understanding of what can

and should be achieved is important.

Pain assessment
Recognition and quantification of pain are

essential steps in pain management. Pain is a

complex sensory experience exclusive to the
individual and best assessed by that individual.
Assessment by observers is inferior to self
assessment, however it is often the only
practical method available in children.6

In adults postoperative pain is most fre-
quently measured using a linear visual ana-
logue scale. The patient scores his pain on a
line with end points 'no pain' and 'worst pain
imaginable'.7 Sensitive and reproducible
results are obtained using this method and it
can be used in normal children above the age
of 6 or 7 years.8 Attempts at self assessment
below this age have been made involving
diverse and imaginative methods, with varying
success. None has yet emerged as superior,
and in practice some sort of observer assess-
ment is most often used. A number of observer
rated behavioural scales have been devised and
they are useful especially when different treat-
ments are being compared.89 An important
effect of recording of pain assessment scores is
that it will increase awareness of the need for
analgesia which may improve the quality of
pain control. Children who cannot communi-
cate how they feel are best assessed by those
who know them well and at present this may be
the most sensitive measure we have at our dis-
posal.

General principles
A number of considerations have to be recon-
ciled when planning the most appropriate
management. The age, physical condition, and
capabilities of the patient are important. The
presence of preoperative pain and anxiety, the
site and extent of surgery, the planned tech-
nique of anaesthesia, and likely intensity
of postoperative pain must be carefully
considered. The intended postoperative moni-
toring and nursing must be appropriate to the
situation and if day case surgery is planned
discharge should be suitably timed.
The concept of balanced analgesia is to use

several drugs together in moderate doses to
achieve maximum efficacy with the least side
effects. The timing of analgesia in relation to
surgery may also be important and the pre-
emptive management of acute pain is gaining
credibility. Analgesia given before injury takes
place may be more effective than that given
later. The pathophysiology ofpain transmission
is incompletely understood but the appli-
cation of what we do know should help in the
rational and optimal use of available drugs and
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techniques. The choices are between three
groups of drugs: the local anaesthetics, non-
steroidal analgesics (NSAIDS) and paraceta-
mol, and the opioid analgesics. These drugs act
at different sites and are complementary in
effect.

Pain transmission after trauma and
acute injury
After injury pain receptors are activated by a
variety of stimuli including the many sub-
stances released as a result of tissue damage.
Pain is transmitted by primary afferents to the
primary interneurons in the dorsal horn of the
spinal cord, which is the site of the physiologi-
cal 'gate'. At this point signals are enhanced or
reduced by facilitatory or inhibitory mecha-
nisms before transmission to the brain where
pain is perceived.9
At the site of the injury and in neighbouring

uninjured areas a state of increased sensitivity
occurs manifest as abnormally painful touch
sensation, tenderness, and pain on movement
of the affected area. In the periphery, sub-
stances such as the prostaglandins E2 and 12,
peptides, hydrogen ions, and catecholamines
do not cause pain but lower the threshold of
pain receptors to other stimuli. Similar changes
in surrounding areas not directly injured are
due to antidromic axoaxonal stimulation and to
increased excitability of spinal neurones, that is:
central sensitisation. These effects are an
example of plasticity within the central nervous
system. Events at the periphery have initiated
changes in the central nervous system which
alter the perception of pain by augmenting
inputs from normally innocuous stimuli. I 101
The basis of pre-emptive analgesia is an

attempt to prevent the development of these
centrally sensitising systems by abolishing the
barrage of nociceptive inputs during surgery.
This should reduce the degree of postoperative
pain, particularly by reducing the hyperalgesia
and sensitivity of the surrounding area. Local
anaesthetics and opioids have been shown to
exhibit this effect in a small number of
studies. 12-14
These mechanisms account for the comple-

mentary effects of different analgesics. Local
anaesthetics block nerve conduction directly
either as peripheral nerve blocks or centrally in
spinal and epidural analgesia. Opioids alter the
transmission and perception of painful stimuli
in the spinal cord and brain. The NSAIDS
reduce the prostaglandin mediated sensitisa-
tion of pain receptors at the site of injury.

The preoperative phase
At this time the postoperative analgesic plan
can be explained to the patient and parent and
any questions answered. This is particularly
important if the patient is to be expected to
actively participate after anaesthesia and
surgery, for example, in the use of patient con-
trolled analgesia (PCA, see later).

Psychological factors are known to influence
the degree of acute pain reported by patients,
fear of the unknown and anticipation of

pain are contributory to this and must be
considered. 15 16 The extent to which discussion
and reassurance will allay anxiety varies greatly
and often pharmacological aids are necessary.
Pre-emptive analgesic administration at this
time may be beneficial.'7 Opioid analgesics are
indicated for their analgesic, sedative, and anxi-
olytic effects unless they are going to be used
later in the subarachnoid or epidural space, as
previous administration tends to increase the
likelihood of respiratory depression. The route
of drug administration chosen at this time is
important. Preoperative medication should be
as pleasant as possible to administer and
receive, therefore intramuscular injection is
rarely indicated. Preoperative fasting does not
preclude oral medication and a number of oral
preparations of opioids exist that may be used.
If venepuncture is intended before the induc-
tion of anaesthesia then EMLA cream (ligno-
caine and prilocaine, Astra) should be applied
approximately 90 minutes beforehand.

Treatment for postoperative pain
MILD ANALGESICS
Paracetamol and the NSAIDS are suitable for
use after minor surgery, alone or in conjunc-
tion with a local anaesthetic nerve block. After
major surgery they may complement more
potent opioid drugs. Paracetamol and ibupro-
fen are commonly used in children. Diclofenac
and ketorolac, newer, more potent NSAIDS,
are entering paediatric practice, although
they are not licensed for postoperative use in
children at the present.
The exact mechanism of action of these

drugs is not known. They are inhibitors of
prostaglandin production through their action
on the enzyme prostaglandin synthetase
(cyclo-oxygenase). Paracetamol has least effect
on prostaglandin production. Prostaglandins
have many functions including neurotransmis-
sion, actions on platelet adhesiveness, and
effects on local tissue blood flow particularly in
brain and kidney. They are involved in the
inflammatory response and in the modification
of nociception, they do not cause pain directly
but sensitise nerve endings to the effects of
pain producing substances. There is a variation
in response between individuals to these drugs
and all exhibit a maximum efficacy, or ceiling
effect, after which further increases in dosage
will not improve analgesia.

Oral administration is not normally toler-
ated for several hours after anaesthesia and
gastrointestinal function may not return for
several days after major surgery, which limits
the use of these drugs. Paracetamol and
diclofenac are available in a rectal formulation.
Diclofenac and ketorolac can be given
parenterally but diclofenac is painful by the
intramuscular route.

Paracetamol is the most widely used and is
the weakest analgesic. First introduced in
1893, it has little peripheral anti-inflammatory
activity and does not depress renal or platelet
function. It is suitable for all age groups
including neonates. Ibuprofen and diclofenac
are stronger analgesics and ketorolac may be
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even more efficacious.'8 These drugs cause
platelet dysfunction and may increase bleeding
if given preoperatively, although research in
adults suggests this effect is clinically insignifi-
cant (it has not been studied in children).
Renal dysfunction can occur and is reversible
on discontinuing treatment and chronic inges-
tion is associated with gastrointestinal irrita-
tion. The possibility of cerebral and renal
vasoconstriction make NSAIDS unsuitable for
use in neonates, although little information is
available on their effects in this group. Whether
they are effective for pre-emptive analgesia is
still open to debate.19 NSAIDS are best intro-
duced early in the postoperative phase.20 They
have been shown to reduce opioid require-
ments after surgery in adults, and intravenous
ketorolac is currently being evaluated for this
use in children.2' 22

LOCAL ANALGESIA
Local analgesic techniques are widely used in
paediatrics ranging from simple peripheral
nerve blocks to more complex central blocks
such as continuous epidurals. Unlike adults,
children will usually require general anaes-
thesia during surgery. Analgesia can be
provided intraoperatively and for several hours
postoperatively by a single local anaesthetic
block performed after the induction of general
anaesthesia. These techniques are appealing
because they provide high quality analgesia
without the administration problems and sys-
temic side effects of opioid drugs and will often
be effective until the oral route is available after
surgery. If a local anaesthetic block is not
possible, infiltration of the surgical incision
with local anaesthetic will often substantially
reduce further analgesic requirements.

Local anaesthesia is contraindicated in the
presence of infection or bleeding diathesis.

PERIPHERAL NERVE BLOCK
Specific nerves usually can be anaesthetised by
a single injection, for example iioinguinal and
iliohypogastric nerves for inguinal hernia repair
and orchidopexy or the dorsal nerve of penis
for circumcision. These are relatively easy to
perform and complications and side effects are
few.23 They are particularly suitable for day
case surgery.24 Bupivacaine has the longest
duration of effect, lasting at least four hours
and sometimes much longer.

CENTRAL NERVE BLOCKS
These blocks can provide analgesia at spinal
segmental levels from thoracic to sacral
depending on the site of the block and the
volume and concentration of local anaesthetic
used. The duration of effect can be extended
by infusion of local anaesthetic and the
addition of low dose opioid drugs.

Subarachnoid block
Small volumes of local anaesthetic injected
into the cerebrospinal fluid will give profound

analgesia of up to four hours' duration. Some
degree of motor block is invariable, causing
weakness of the legs. Opioids by this route give
prolonged analgesia, however the incidence of
respiratory depression is unacceptably high.25

Epidural block
This is a versatile technique with wide applica-
tions.2628 Continuous epidural analgesia
through a catheter can be used for several days.
Access to the epidural space can be gained at
the sacral (caudal), lumbar, or thoracic region
as required. The first is easiest to perform and
is suitable for surgery below the umbilicus;
four to six hours analgesia is obtained after a
single injection of bupivacaine. The shorter,
straighter spine of neonates will allow a
catheter to be fed from the sacrococcygeal liga-
ment to the lumbar or thoracic region. In older
children catheters are inserted at the required
level. Profound analgesia with few systemic
side effects can be achieved and hypotension
that occurs in adults is rare in children.28 In
particular, postoperative respiratory function is
excellent, with good preservation of the func-
tional residual capacity of the lungs and cough
reflex. Epidurals are also particularly effective
in blunting the hormonal and biochemical
response to surgery. There are some disadvan-
tages; local anaesthetics alone may produce an
uneven degree of analgesia which is difficult to
rectify, strong solutions cause unwanted motor
weakness and tachyphylaxis occurs. There is
little or no sedative effect.

Addition of small doses of opioids will help
to reduce these problems but unfortunately
introduces a new range of side effects which
can be troublesome. Itching, nausea and
vomiting, urinary retention, and delayed onset
respiratory depression are features of central
opioid administration. These side effects can
often be effectively treated with low doses of
naloxone given systemically which do not
reverse the central analgesic effect, but signifi-
cant numbers of patients are affected and the
need for urinary catheterisation in particular
can be unacceptably high.28 29

Technical problems can also occur, the fine
gauge epidural catheters may become dis-
placed, kinked, or blocked necessitating
premature termination of the technique.
Management of continuous epidural analgesia
requires close supervision by specially trained
staff to achieve the best results and for the
present, it has a limited place unless these
problems can be resolved. Single injection
techniques have clearer indications, and are
more widely used.

OPIOID ANALGESICS
Morphine is the prototype opioid analgesic and
is still the mainstay of postoperative pain
treatment. It has been in use for many years and
its effects are well known if incompletely
understood. It is the standard to which
others are compared. A degree of respiratory
depression is common and this effect should be
monitored whenever the drug is used in the
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perioperative period. Morphine clearance
reaches adult values between 6 months and 2-5
years of age.30 At younger ages the effects of
opioids are less predictable and respiratory sup-
port is often required. In neonates plasma con-
centrations are very variable and rebound
increases can occur between 10 minutes to 15
hours after a single dose of some opioids.31 32
Repeated administration causes marked cumu-
lation and very high concentrations can be
achieved.33 34 About 70% of intravenous
morphine is metabolised in the liver to the con-
jugated metabolites morphine-3-glucuronide
(M3G, 55%) and morphine-6-glucuronide
(M6G, 15%). M6G is a potent analgesic (200
times stronger than morphine in animal studies)
and causes respiratory depression. In contrast
M3G is not analgesic, it has excitatory effects
and caused respiratory stimulation in an animal
model.35 Age, pharmacogenetic and other fac-
tors influence the relative proportions of these
metabolites produced by an individual. It is
possible that alterations in the balance of M3G
to M6G can explain some ofthe differences seen
between individuals in response to morphine.

Oral administration
Morphine, codeine, and dihydrocodeine are
popular choices for oral administration in
children, particularly in liquid form. However,
in the early postoperative period, parenteral
treatment is generally required as gastro-
intestinal absorption is unreliable.

Intramuscular administration
Numerous painful injections are obviously to
be avoided. There is declining acceptance of
intramuscular opioid injections, although they
have a long record of safety. Administration is
simple and special equipment is not required,
absorption is reliable and predictable, reaching
therapeutic concentrations soon after injec-
tion. The drug must be given regularly and the
dose flexible if analgesia is to be satisfactory,
but this rarely occurs and can be difficult to
achieve. Indwelling cannulas can be placed
during anaesthesia for subsequent use, this
practice has not been widespread, however,
and there are concerns that absorption of some
drugs may become unpredictable after a time.
Administration algorithms can improve the
quality of analgesia obtained by intramuscular
dosing. The technique has a place but is really
only suitable for short periods of time unless
other methods are not available.

Intravenous administration
All intravenous techniques require continuous
direct supervision by specially trained staff.
Various infusion techniques are available and
are increasing in popularity as different facili-
ties become available. A simple continuous
morphine infusion adjusted as necessary is
often satisfactory but may be too inflexible.
Analgesic requirements vary widely between
patients and for the same patient depending on
the circumstances. Adjustments to the rate of

infusion of morphine within narrow limits will
only very slowly change the plasma concentra-
tion and clinical effect. Subtherapeutic or
unnecessarily high concentrations may be
inadvertently obtained. Delivery of the drug is
more easily tailored to an individual's require-
ments using a programmable syringe pump or
PCA.

PCA
Specially designed tamper proofpumps allow a
preset continuous infusion or background
infusion to be supplemented by bolus doses,
triggered from a patient operated handset. A
minimum dose interval known as the lockout
period is also preset together with a maximum
total dose within a defined period.

This technique is becoming popular in
paediatric practice after its successful use in
adults.36 37 Normal children above the age of 6
years are usually able to understand the con-
cept and physically accomplish PCA. Before
starting PCA the patient is first made pain free
by a suitable loading dose of morphine, this is
normally done in the operating theatre or the
recovery room where the pump is programmed
and started. The greatest safety feature ofPCA
is that only the patient operates the handset.
The requirement for a small background
infusion varies and tends to be inversely related
to the age of the patient. The technique is very
safe provided staff are properly trained and
clear protocols devised for the management of
complications, such as nausea and vomiting,
excessive sedation, and respiratory depression.

Nurse controlled analgesia
In children too young to use PCA the appara-
tus can be used as a modified continuous
opiate infusion known as nurse controlled
analgesia. The pump is programmed to deliver
a moderate background infusion with the
option of one or two extra boluses per hour to
be triggered by the named nurse who is caring
for the patient. Analgesia is supplemented
before painful procedures while the constant
infusion remains at a relatively low level. The
system has flexibility and is efficient particu-
larly as the nursing staff are not required to
spend long periods of time checking and
administering controlled drugs.

Subcutaneous administration
The techniques described above can also be
used to administer morphine subcutaneously
provided suitably high concentration, low
volume solutions are used. An intravenous
cannula is sited in the subcutaneous tissue and
covered with a clear occlusive dressing. The
site should be changed when necessary (weekly
is usual) and EMLA cream makes this less
uncomfortable.

The future
Improvements in the current techniques of
pain management are constantly being
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described. New analgesic drugs are being
researched. Antagonists to neuropeptide medi-
ators in pain transmission such as substance P
and neurokinin A have been discovered and
these may lead to new drugs with novel
mechanisms of action. Opioids and NSAIIDS
with more specific effects are also a possibility
with enhanced therapeutic effect and
decreased liability to side effects.
A recent report on the management of pain

after surgery emphasised that a named individ-
ual or individuals should take responsibility for
the safe and adequate provision of analgesia in
every institution and that outcomes should be
carefully audited.38 In its publication Children
First the Audit Commission has outlined its
proposals to assess the quality of care given to
children in hospital; pain relief is named as one
of 10 indicators to be used and is further
suggested to be the subject of continuous
appraisal.39 It is likely that we can expect
further interest and development in the field of
acute pain management in the coming years.
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