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NSAIDS IN CHILDREN 
 

Clearing the Controversies 
 

 

1. WHY DOES IT MATTER? 
 
 The International Associational for the Study of Pain defines pain as an unpleasant sensory 

and emotional experience, associated with actual or potential tissue damage[1].  This clas-
sification goes on to explain how each individual builds their own definition of pain from injury 
in early life.  This suggests that experiences during childhood provide the foundation for an 
individuals definition and understanding of pain[2].     

 
 In the 1970’s and 1980’s paediatric post operative pain was largely ignored or significantly 

under treated when compared to their adult counterparts with up to 75% of children reporting 
moderate to severe pain post operatively[3][4][5].  In the past two decades an increased 
understanding of paediatric acute pain physiology and clinical pharmacology has laid the 
foundation for theoretically improved post operative pain management[6].  However numer-
ous studies still demonstrate that paediatric post operative analgesia and pain is being in-
adequately managed[7].  The challenge thus remains to provide safe and effective pain 
management to all children.   

 
 Children in Sub Saharan Africa appear to be at increased risk of poorly managed pain.  Af-

rica bears 24% of the global burden of disease however it only has 3% of the global 
healthcare workforce[8].  Issues such as poverty, malnutrition, lack of sanitation and lack of 
access to adequate health care all equates to African children being at much higher risk of 
death or illness before the age of 5 when compared to others around the world [8].  This 
higher rate of illness and injury corresponds to increased risk of pain and suffering[8].  Con-
founders such as cultural diversity, language barriers, lack of access to analgesia, lack of 
education of healthcare workers about paediatric pain management all contribute to African 
children not having adequate access to pain care[8].  

 
 But why do clinicians manage paediatric post-operative pain and acute pain so poorly?  In 

the case of Non-steroidal anti-inflammatory drugs (NSAIDs) numerous clinical myths and 
clinician lack of knowledge appear to be notable barriers to this class of analgesic being 
readily adopted into the paediatric acute pain management armamentarium[6]. Unfortu-
nately systemic issues such a lack of infrastructure and availability of medications may also 
contribute to post-operative pain management continuing to be of low priority to medical 
personal[6]. 

 
 Successful post-operative pain management in infants and children requires a hands on 

approach[3].  Ideally each child should have an individualised pain management plan that 
should be discussed with the child and his/her caregiver and implemented by an acute pain 
service team.  This is followed by regular cycles of pain assessment, pain score documen-
tation, intervention and then re-assessment[3].  The many benefits of adequately managed 
post-operative pain include subjective patient comfort, decreased physiological and emo-
tional stress, earlier rehabilitation, possible shorter hospital stay  and improved patient and 
parent satisfaction[6]. 
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2. NSAIDS 
 
 Non-steroidal anti-inflammatory drugs (NSAIDs) are a diverse group of compounds some of 

which are chemically unrelated[9].  Despite this they do share common analgesic, anti-in-
flammatory and antipyretic properties[3].  NSAIDs are frequently prescribed for children and 
have many clinical indications - most commonly for fever, acute or post-operative pain and 
in chronic inflammatory conditions such a juvenile idiopathic arthritis (JIA) and Kawasaki 
disease[9].   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

WAO Journal 2008;1:29Y33 - Table demonstrating the diverse number of NSAID Groups 
 
 
2.1 Mechanism of Action 

 
NSAIDs primarily function via the inhibition of prostaglandin biosynthesis[9].  Prosta-
glandins are produced after the activation of arachidonic acid by COX or cyclo-oxy-
genase (also known as prostaglandin endoperoxide synthatase)[9]. COX has 2 cata-
lytic sites - a COX active site and a peroxidase active site.    Arachidonic acid is re-
leased from membrane phospholipids and and is first converted to prostaglandin en-
doperoxide G2 (PGG) by the COX active site.   Prostaglandin endoperoxide is then 
converted into prostaglandin endoperoxide H2 (PGH2) by the peroxidase active site.  

PGH2 is then further processed by specific isomerases to form prostaglandins, prosta-

cyclin  and thromboxane A2 [9].  It is important to note that NSAIDs inhibit COX by 
inhibiting its COX activity but not its peroxidase function[9]. 
 
COX exists in at least 2 iso-forms, namely COX-1 and COX-2.  These are not encoded 
for by the same genes and only share 60% protein homology[9].  They do however 
have a similar affinity and ability to turn arachidonic acid into prostaglandin endoper-
oxide H2 (PGH2).  COX-1 has mostly been regarded as the isoform involved in the 

production of prostaglandins responsible for cellular homeostasis[9].  Its functions in-
clude cytoprotection of the gastric mucosa, regulation of renal blood flow and control-
ling platelet aggregation.  Traditionally COX-2 has always been thought of as the in-
ducible isoform that is only required for the production of prostaglandins at the site of 
inflammation[9, 10].     
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Simplified schematic representation of the pathways leading to the production 
of prostaglandins from arachidonic acid [9] 
 
 
Based on these findings it was deduced that the beneficial effects of NSAIDs were due 
to the blockade of COX-2 and that their negative effects are due to the inhibition of 
COX-1[9, 10].  However new findings  have shown that this thinking may not be correct.   
COX-1 is indeed expressed in almost all human tissue, most famously in kidneys, 
stomach, platelets and the vascular endothelium but it has also been found to contrib-
ute to the production of inflammation in the synovial lining of the joints of patients with 
rheumatoid and osteoarthritis and bursitis [9].  Conversely COX-2 has been found in 
normal non-inflammatory human tissues, namely the kidney, brain, bone, small intes-
tine, ovaries and uterus[10].  This evidence shows us that the roles of COX-1 and 2 
are not as clear cut as once thought and perhaps selective inhibition of COX-2 may 
not prove to be as protective or as advantageous as once thought[9].   
 
The antipyretic effect of NSAIDs is due to the inhibition of prostaglandin endoperoxide 
E2 (PGE2) [9]. PGE2 is induced by endogenous pyrogens.  Its inhibition prevents the 
elevation of the set point temperature in the thermoregulatory centre of the hypothala-
mus, thus preventing fever[9].   
 
The analgesic effect of NSAIDs has both central and peripheral mechanisms.  Periph-
erally NSAIDs prevent prostaglandins from sensitising nociceptors to various mechan-
ical and chemical stimuli[9].  PGE2 is lowers nociceptor thresholds and potentiates the 
agents that cause pain such a bradykinin and histamine[10].  Some NSAIDs such as 
diclofenac and indomethacin have been shown to inhibit leukotrienes which may be 
aid in their analgesic ability.  Centrally mechanisms for NSAIDS analgesia include : the 
inhibition of central prostaglandin biosynthesis, activation of serotonin pathways, opi-
oid like effects and the inhibition of excitatory amino acids and NMDA pathways[9].   
  
Tissue inflammation is the end result of a complex chain of events involving numerous 
mediators, one of them being prostaglandins.  The anti-inflammatory effect of NSAIDs 
can be partly accredited to the inhibition of prostaglandin production but this cannot 
explain why some NSAIDs (like the sodium salicylate derivatives, Aspirin) are strong 
analgesics and anti-inflammatories but are weak inhibitors of COX[9, 10].  Their anti-
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inflammatory effect may be contributed to by their ability to inhibit the activation and 
function of neutrophils[9].   
  
There are important differenced between the COX-1 and COX-2 isoforms that have 
important physiological and clinical ramifications[10].  Differences between COX-1 and 
2 can be found in their gene sequences.  The gene structure of COX-2 demonstrate 
that it is a highly inducible ‘immediate early gene’ with a short half life while COX-1 is 
constitutively expressed[10].  With regard to the protein structure of the two isoforms 
they are both homo-dimers of an 71kDa monomeric unit.   
 
Each dimer has three independent folding units: 
1.  an epidermal growth factor like domain 
2.  a membrane binding domain and  
3. an enzymatic domain.   
 
With in the enzymatic domain there is a peroxidase catalytic site and an adjacent site 
for COX activity at the end of a long, hydrophobic channel[10].  There are some struc-
tural differences between COX-1 and COX-2, some of which may contribute to their 
inhibitor specificity.   
 
The most important difference is the shape and size of the inhibitor binding site within 
the COX active site[10].  COX-2 has a secondary internal pocket off the inhibitor bind-
ing site that is not seen in COX-1.  This inhibitor binding site in COX-2 is 25% larger 
than that of COX-1 with the additional internal pocket contributing significantly to its 
larger volume.  This internal pocket of COX-2  is important as it is shown to be inhibited 
by certain compounds that do not inhibit COX-1 - namely the selective COX-2 inhibitor 
drugs[10].   
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Diagram demonstrating the protein structures of the COX isoforms[11] 
Table summarising the structure, distribution and regulation of COX-1 and COX-2[10] 
 
 
Selective COX-2 inhibitors were developed in the hope that the anti-inflammatory and analgesic 
effects of NSAIDs would be maintained while reducing the risk of gastric irritation and bleed-
ing[12].  Inhibition of COX-1 and COX-2 using whole blood assay systems is conventionally ex-
pressed as the IC80[12].  This is concentration required to inhibit 80% of COX activity[10].  A low 
COX-2/COX-1 ratio implies that the agent is relatively selective for COX-2.   
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

Relative selectivity of different NSAIDs 
for COX-1 or COX-2. Values were extrap-
olated from inhibition curves for each 
compound against COX-1 and COX-2 
that were generated in a human modified 
whole blood assay. Bars represent the 
ratio of IC80 concentrations, plotted log-
arithmically 



Page 8 of 26 

n adults, the theoretical improved safety benefit of selective COX-2 inhibitors has been 
marred by increased incidence of adverse cerebral and cardiac thrombotic events[10].  
There appears to very little literature with regard to the use of selective COX-2 inhibi-
tors in children.  They are seemingly used ‘off-label’ in children with some authors 
describing their use in ‘at-risk’ children (those with gastrointestinal symptoms with non-
selective COX inhibitors) but there is no apparent evidence for this.  Unlike adults, 
children are at minimal risk of gastropathy related to NSAIDS thus there is no obvious 
advantage in efficacy or safety over currently available NSAIDs.  The degree of COX-
2 selectivity, pharmacokinetic profile, adverse effects and use of parental forms of cox-
ibs have not been adequately studied in children[12].   

 
2.2 NSIADs Commonly Available in South Africa 

 

 In the 2013 ‘Standard Treatment Guidelines and Essential Medicines List for South 
Africa’ paediatric edition, aspirin and ibuprofen are the only included NSAIDs.  Cur-
rently diclofenac suppositories (trade name Panamor) and ketorolac (trade name to-
radol) are available in some  public hospital theatres in the greater durban area.  If a 
paediatric patient in a government hospital requires diclofenac or ketorolac in the ward 
it needs to be motivated for by the attending physician.  

 
 Good prescribing practise is essential when prescribing NSAIDs to children and this 

includes choosing the most appropriate drug and prescribing it according to the childs 
weight.  It should be administered at regular intervals and via the least invasive route 
possible[13]. 

 
 
Below is a table of the dosages of the commonly used NSAIDs 
 

DRUG DOSE DOSING INTERVAL ROUTE 

Ibuprofen 5-10mg/kg/dose 4-8 hourly oral 

Diclofenac 1 mg/kg/dose 
1-3 mg/kg/dose 

8-12 hourly 
daily 

oral 
per rectum 

Ketorolac STAT DOSE: 
1mg/kg - do not exceed 30mg 
0.5mg/kg - do not exceed 15mg 
MULTI-DOSING 
0.5mg/kg 

 
STAT 
 
STAT 
 
6 hourly 

 
intra-muscular 
 
intra-venous 
 
intra-muscular OR intra-venous 

 
 

2.3 Adverse Effects 
 

Serious toxicity related to NSAID use appears to be rare in children.   
 
Gastrointestinal effects 
Concerns about gastrointestinal (GI) adverse events with the use of NSAIDS in chil-
dren is ever present.  Thankfully unlike their adult counterparts GI adverse events from 
NSAIDS is rare in children.  The true incidence of these events is uncertain this is likely 
due to under reporting of mild symptoms[14].  In a double blinded study of children 
taking ibuprofen (n=76) and paracetamol (n=74) for up to 3 days only one GI event  
that could be attributed to treatment occurred (diarrhoea) and this was in the ibuprofen 
group[15].   
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Another much larger larger practitioner-based randomised clinical trial involving 83 915  
healthy children with fever between the ages of 6 months and 12 years demonstrated 
a remarkably low rate of gastrointestinal adverse events [16].  These children were 
randomly selected to received paracetamol 12mg/kg/dose, ibuprofen 5 mg/kg/dose or 
ibuprofen 10 mg/kg/dose.  The median number of doses received was between 6 and 
10 and the median duration of treatment was 3 days[9].  Overall 1% of these children 
were hospitalised (795 children) and there was no difference in hospitalisation rates 
between treatment groups.  Of this hospitalised group only 4 children were hospitalised 
for acute, non-major gastrointestinal bleeding they were all managed conservatively 
and upper endoscopy was not required [16].   This study found that the risk of GI  
bleeding was low with an incidence of 7.2 per 100 000 for ibuprofen and 0 per 100 000 
for paracetamol[16].  In this study no children were admitted for NSAID associated 
acute renal failure, anaphylaxis or hepatotoxicity.  
 
In a recent case control study (done over 11 years) of children admitted to hospital via 
the emergency department for upper GI complications related to drugs found no sig-
nificant difference between paracetamol ( adjusted OR 2.0: 95% CI 1.5-2.6) compared 
with ibuprofen (adjusted OR 3.7: 95% CI 2.3-5.9)[17].   Caution should be used when 
prescribing NSAIDS for children with possible GI infection as there is an apparent syn-
ergism between NSAIDS  and Helicobacter pylori for the development of gastric peptic 
ulcers[14].   
 
Renal effects 
 
The use of NSAIDS in children has been associated with the occuranve of several 
different types of renal toxicity namely, reversible renal insufficiency, acute renal fail-
ure, acute interstitial nephritis, nephrotic syndrome, papillary necrosis and salt and wa-
ter retention[18].  The mechanism of this injury is thought to be due to the decrease of 
renal prostaglandin synthesis which is required to regulate renal blood flow.  Although 
it has serious consequences it is a rare complication of NSAID use in children.   In a 
large practitioner based population study nearly 56 000 children treated with ibuprofen 
there was not one incidence of acute kidney injury[16].  These results were echo’ed by 
a large paediatric study done by Ashraf and colleagues where no renal injury occurred 
while treated 30 000 children with either ibuprofen or paracetamol[18].   
 
There have however been rare case reports of reversible acute kidney injury associ-
ated with NSAID use in children but most of these have either been in the presence of 
hypovolaemia.   A recent, 2014, retrospective chart review of 1015 children who de-
veloped AKI during an eleven year period demonstrated that 2.7% of these cases were 
due to NSAIDS[19].  This paper did cause alarm but it does have some shortfalls.  The 
most important of these is that children with volume depletion, which is an independent 
predictor of acute kidney injury, were not exclude from this study[14]. Thus one cannot 
exclude that these dehydrated children developed AKI independent to their NSAID 
use[14].   
 
With this in mind one should exercise caution when prescribing NSAIDS to children 
with risk factors such as dehydration, hypovolaemia, hypotension, pre-existing renal 
disease or who are on other potentially nephrotoxic therapy (aminoglycosides, cyclo-
sporin, tacrolimus), steroids or anticoagulants[20].  Renal function should be monitored 
in these at-risk children and in children who are receiving long term NSAID therapy.  
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 Hepatic effects 
 
Hepatotoxicity with raised transaminase levels can occur in children who are treated 
with any NSAID but most commonly it occurs with aspirin.  One needs to be aware that 
raised transaminases may be due to the underlying disease (such as a viral illness or 
systemic Juvenile idiopathic arthritis) or due hepatotoxic therapy such as TB medica-
tion, ARV’S or methotrexate.  Raised transaminases due to NSAIDS are rarely of clin-
ical importance and may resolve spontaneously or with dose adjustment.   
 

 Reye’s Syndrome 
 
Reyes syndrome was first described in Australia in 1963 by RDK Reye[9].  This is a 
potentially fatal condition that is characterised by fatty degeneration of the liver and 
acute non-inflammatory encephalopathy, which is usually proceeded by a viral illness.  
It almost exclusively affects children and adolescents.  The precise pathophysiology of 
Reyes syndrome is unknown but there is a strong link between the use of aspirin during 
a viral illness and the development of Reyes syndrome in children[9].   
 
The clinical and histological findings of Reyes syndrome are mimicked by Inborn errors 
of metabolism.  Thus all children with manifestations of Reye syndrome should be 
tested for inborn errors of metabolism.  In some cases initiating presumptive treatment 
for IEM may be helpful in preventing poor outcome and permanent neurological im-
pairment.     
  
In the United states the incidence of Reyes syndrome peaked in the late 1970’s and 
early 1980’s ( 650 cases were reported in the US from 1977-1978).  There has been a 
marked decline in the incidence of Reyes syndrome likely due to increased public 
awareness of the condition.  Thankfully it is now a rare disease with only 4 cases were 
reported in the UK from 2001-2009.  There was no available data about the incidence 
rate in Africa.  It may be higher due to lack of knowledge about the condition and de-
creased availability of NSAIDs other than aspirin.   It is important to note that no other 
NSAIDS other than aspirin have been associated with Reyes syndrome[9] 
 
Other 
 
Ibuprofen should be avoided in children with Varicella or Herpes Zoster infection as 
there appears to be an increased risk of severe skin and soft tissue infections with 
group A Beta-haemolytic streptococci when they are used together[9].   Another cau-
tion is the association between the development of aseptic meningitis in patients with 
SLE or mixed connective tissue disease and the use of ibuprofen.  
 
The risk of complications from overdose with NSAIDS appears to be rare in children.  
In a case series of 1033 patients ( adults and children) presenting to an emergency 
department with suspected NSAID overdose - 705 ( 65%) were asymptomatic, 199 
(18%) had mild symptoms and 23 (2%) had moderate symptoms[21].  Reported fatal-
ities for NSAID overdose usually have complicating factors related to other drug inges-
tion or associated illness[21].  Symptoms following ingestion of ibuprofen 100mg/kg 
are rare and overdose is usually not life threatening unless more than 400mg/kg is 
ingested[22].   
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2.4 Pharmacokinetic Properties 
 
 Generally the pharmacokinetics of most NSAIDS can be described by the one com-

partment model[9].  This implies that all drugs start in a central compartment (Vc) be-
fore distributing into the peripheral compartment (Vt).  The literature on specific 
NSAIDS and their pK in children is scarce[9].  The information that we do have demon-
strates that: a) information regarding infants less than 6 months is lacking b) there is a 
paucity of data in children less that 2 years of age and c) there is vast inter-individual 
variability for each of the pharmacokinetic parameters[9].  

 
 After oral administration NSAIDS are quickly absorbed from the gastrointestinal tract 

in children.  Time to reach maximum plasma concentration (t max ) is between 1 to 2 
hours[9].  Food does not affect their bioavailability but it does however affect the peak 
plasma concentrations(Cmax) which is decreased and the time to maximum concen-
tration (t max) which is increased[9].   

 
 NSAIDS have a relatively small volume of distribution (Vd/F) and tend to be highly 

protein bound.  The extent of protein binding is not well documented in healthy children.  
Within therapeutic ranges NSAIDS bind to plasma proteins in a linear manner.  As 
doses increase protein saturation occurs and nonlinear binding occurs thus increasing 
the unbound fraction.  It is this extensive protein binding that makes NSAIDS suscep-
tible to drug interactions[9].  Pharmacokinetic studies have demonstrated that children 
require a higher than expected dose per kilogram when compared to adults, this is 
likely due to increased volume of distribution in infants and children[9]. 

 
 NSAIDS are extensively metabolised by the liver via phase I and II biotransformation 

enzymes.  Their metabolites are weakly active when compared to the parent drug.  
Sixty to seventy percent of the drug  and its metabolites are excreted in the urine and 
the remaining 30% is excreted in the faeces[9].  Due to their hepatic metabolism and 
mainly renal excretion it goes without saying that the administration of NSAIDS to chil-
dren with renal or hepatic impairment should be avoided.   

 
 
2.5 Therapeutic Uses 
 
 Fever, post-operative/acute pain and inflammatory conditions such a Kawasaki dis-

ease and Juvenile Idiopathic Arthritis are amongst the most common indications for 
the use of NSAIDS in children.  Other less common indications for their use in children 
include familial adenomatous polyposis, Bartters syndrome, nephrogenic diabetes in-
sidious, migraine and primary dysmenorrhoea [9]. 

 
Fever 
 
Fever is extremely common in childhood and its underlying cause is generally be-
nign[9].  While the treatment of fever in at risk children (those with metabolic, neuro-
logical or endocrine disease) may be beneficial the treatment of low-risk childhood 
fever is still controversial.   
 
The reason for  treating only the distressed, feverish child seems to be that there is no 
absolute correlation between body temperature and severity of infection[14].   In addi-
tion there is no evidence that lowering body temperature with anti-pyrexials will prevent 
febrile convulsions[23].  In light of this data recent guidelines suggest only to treat the 
symptoms of fever in children who have discomfort or ‘distress’ rather than aim for 
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normothermia[14].  The distress experienced by feverish child may be related to the 
mismatch of body and environmental temperature and illness related pain.  The rapid 
relief of symptoms in a feverish child is important as a comfortable child is more likely 
to maintain normal function, hydration and nutrition.  
 
Over the past 3 decades a vast majority of the antipyretic efficacy trials have been 
directed toward comparing paracetamol and ibuprofen[9].  While some studies have 
demonstrated equal efficacy for ibuprofen and paracetamol at doses of 5-10mg/kg and 
8-12.5mg/kg respectively, others have shown ibuprofen to be superior in terms of max-
imum temperature reduction and duration of fever reduction[14].  Major research meth-
odology differences in these trials i.e.: study design, initial temperature, patients age, 
primary measure/s of efficacy all contribute to conflicting results. Studies that used 
AUC of percentage reduction of temperature as measure of antipyretic efficacy clearly 
demonstrate that ibuprofen 7-10mg/kg is superior to paracetamol 10-12.5mg/kg at fe-
ver reduction.  At a dose of 15mg/kg paracetamol is equally effective to ibuprofen 
10mg/kg at fever reduction [24].  A 2010 meta-analysis suggests that ibuprofen re-
duces fever quicker and for longer when compared to paracetamol[24].  
 
With regard to the reduction of discomfort in children with fever the PITCH (Paraceta-
mol plus Ibuprofen for the Treatment of fever in Children) study found that a greater 
percentage of children recorded having no discomfort at 24 hours when treated with 
ibuprofen compared to paracetamol (69% for ibuprofen vs 44% for paracetamol)[25].   
 
In a study done by Autret-Leca and colleagues  parents of feverish children treated 
with ibuprofen found the drug ‘ very efficacious’  compared to parents whose children 
were treated with paracetamol.  This was despite the fact that this study demonstrated 
no significant antipyretic  difference  between the two drugs[26].  This suggests that 
ibuprofens symptom relief may be superior to paracetamol for other reasons that de-
creasing temperature alone [14].  It is likely that this ‘other reason’ is ibuprofens effi-
cacy at relieving pain.  Many studies in different settings  have demonstrated that ibu-
profen is superior to paracetamol in decreasing paediatric acute pain - this suggests 
that pain may be an important contributor to a childs’ overall discomfort when they are 
suffering from a febrile  illness[14].   
 
Post-Operative and Acute Pain 
 
NSAIDS play a critical role in the prevention and treatment of moderate to severe pain 
in children[3].  
 
Pre-emptive analgesia is based on the hypothesis that administration of an analgesic 
drug before a painful stimulus takes place will help prevent a change in the central 
nervous system by blocking afferent input[27]  This may decrease central sensitisation, 
prevent amplification of pain and decrease the risk of chronic pain syndromes.  The 
pre-emptive effect of NSAIDS in children have been explored in some studies.  
Romsing et al reviewed the analgesic efficacy of Ketorolac given either pre or post-
operatively to children undergoing tonsillectomy[28].  Rescue analgesic requirements 
in the immediate post-operative period was less in the pre-operative ketorolac group.  
There was however no difference between pain scores in these 2 groups in the first 24 
hours after surgery.  The pre-emptive effect of ketoprofen (a carboxylic acid related to 
ibuprofen, not available for use in children in South Africa) has been studied exten-
sively in post-operative children who have undergone tonsillectomy.  In three large 
studies there was no difference in pain intensity between children who received keto-
profen pre or post-operatively[27].  The above information suggests that the timing of 
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NSAID administration may be important for immediate post-operative pain but it does 
not appear to support the existence of a pre-emptive analgesic effect[29].   
 
NSAIDS play a crucial rule in the concept of multimodal analgesia[27].  Multimodal 
analgesia implies that a combination of analgesic modalities and techniques are ap-
plied simultaneously so as to improve patient satisfaction and safety[3].  A combination 
of local anaesthetic techniques plus NSAIDs with or with-out paracetamol has been 
found to be an extremely useful combination in paediatric surgery.  In a recent meta-
analysis, by Michelet et al, it was found that the peri-operative administration of 
NSAIDs reduces opioid consumption and post-operative nausea and vomiting (PONV) 
during the post-operative period in children[30].   
 
Some trials have shown that the addition of an NSAID to paracetamol is of far greater 
analgesic benefit than using paracetamol alone[27].  Pickering et al demonstrated that 
by adding ibuprofen to paracetamol there was a 50% reduction in the need for early 
analgesia in children who had undergone tonsillectomy[31].  Similarly these results 
were echoed by two other studies that describe the used of a diclofenac/paracetamol 
analgesia combination in children undergoing tonsillectomy and adenoidectomy.  This 
combination appears to be highly effective as only 10 out of 110 children (9%) required 
any kind of rescue analgesia[32].  As mentioned before the combination of NSAID with 
paracetamol has also been shown to decrease the incidence of PONV as when com-
pared to a NSAID/opioid combination - these has been demonstrated for strabismus 
surgery and tonsillectomy. 
 
The use of NSAID with local anaesthetics is also effective.  Morton et al conducted a 
study in 80 children aged between 5-13 years who had an appendicectomy.  All re-
ceived local wound infiltration with Bupivicaine, and were randomised to receive post-
operative analgesia with PCA morphine alone, morphine plus diclofenac 1 mg/kg, mor-
phine plus paracetamol 15-20 mg/kg or morphine plus a combination of both diclofenac 
and paracetamol[33].  The children that received diclofenac demonstrated significantly 
less opioid consumption and improved pain scores despite using less morphine.  In 
this study the addition of paracetamol was not found to be beneficial[33]. 
 
In recent years there has been a radical shift toward performing surgeries on children 
on a day-case (outpatient or ambulatory) basis[34].  Generally children make wonder-
ful candidates for day case surgery as they lack co-morbid disease and require ‘simple’ 
minor to intermediate surgical procedure[34].  Aside from major financial benefits, day 
case surgery has many advantages for the patient and their family[34].  These include 
less psychological and emotional impact and reduced impact on family life/routine.  
Reduced exposure to possible hospital acquired infection is also beneficial.  To provide 
this type of service is complex and requires in-depth multi-disciplinary co-operation 
and planning.  This will not be discussed any further in this booklet.  NSAIDs form an 
important part of post-operative analgesic management for day case surgery.  They 
are advantageous as they have an opioid sparing effect, cause minimal sedation and 
lack emetic side effects[34].  For short procedures early administration of NSAID after 
induction of anaesthesia assists in good post-operative analgesia.  Similarly a NSAID 
can be given as a premedication.  If rectal dosing is considered pre-induction in a con-
scious child consent of the parents, in if appropriate the child, should be taken[34].   
 
There is little evidence to suggest that NSAIDs are superior to other analgesics when 
prescribed alone for moderate to severe pain.  But there is substantial evidence to 
show that they play a vital role in managing acute pain when combined with other 
analgesics and local anaesthetic modalities.   
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Neonates 
 
Pain management in neonates has changed drastically in the past 20 years[35].  His-
torically, neonates rarely received analgesics, even up to the late 1980’s there are 
reported cases of neonates undergoing specific surgeries without anaesthesia[12].   
 
Neonates were believed to experience less pain due to an immature nervous system 
but more recent data suggests that the perinatal period could be a time of increased 
sensitivity to pain[12].   The physiological responses to pain have been measured in 
the neonate.  Changes in the cardiovascular, respiratory, hormonal and metabolic sys-
tems have been noted to be similar to but greater in magnitude, but shorter in duration 
than what is measured in adults[35].  This is due to neonatal ascending pain pathways 
being fully developed thus allowing for the transmission of painful stimuli but the de-
scending inhibitory pathways are not yet established.    
 
As a result painful stimulation may reach the brain without modulation possibly leading 
to a more extreme pain sensation in neonates when compared to older age groups 
[12].  Studies have shown that untreated pain in neonates is associated with altered 
response to future episodes of pain both.  Pain in preterm infants has been associated 
with increased risk of intraventricular haemorrhage which is a serious cause of mor-
bidity and mortality[35].   
 
As we are aware ibuprofen and indomethacin are potent prostaglandin inhibitors.  Both 
of these drugs have been used in neonates for the past 30 years[11].  Namely for the 
pharmacological closure of haemodynamically significant patent  ductus arteriosus 
(HS-PDA) and for the prevention of intra-ventricular haemorrhage in preterm in-
fants[11].   
 
Indomethacin was the most frequently used non-selective NSAID for PDA. In a large 
national collaborative trial involved 421 preterm infants less than 1750 grams that had 
HS-PDA, duct closure was observed in 79% of the indomethacin treated infants com-
pared to the 35% with placebo.  Its success in PDA closure rate appears to be related 
to dose used and weight of the infant.  The usual treatment regimen for closure of PDA 
involves an initial dose of 0.2mg/kg followed by two doses of 0.1-0.2mg/kg every 12 
hours given intravenously[36].  In cases of failure of closure or relapse of PDA following 
initial treatment  a second course may close the PDA in up to 44% of cases[36].  In a 
study done by Sperandio et al a once off high dose of indomethacin was used (1mg/kg) 
with an overall successful PDA closure rate of 98.5% - there was no overall increase 
in adverse effects with this high dose compared to the conventional one.  The success 
of PDA closure with indomethacin is also related to the neonates birth weight - Gersony 
et all reported an 80-86% closure rate in infants weighing 1000-1750g and only 54% 
closure in those weighing less than 1000g[36].   
 
Ibuprofen is also effective in closing PDA without reducing cerebral, intestinal and cer-
ebral blood flow[36].  The rate of preterm closure varies considerably in the literature 
and is also related to the number of courses given.  Studies have shown anywhere 
from 45-92% closure after the first course, 40-54% closure after the second course 
and anywhere from 19-66% closure after the third course[36].  This variability in out-
come is likely due to  differences in study design and methodology.  The usual dosing 
guideline consists of an initial  dose of 10mg/kg loading dose followed by 5mg/kg/daily 
for two days - thus 3 doses in three days.   
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Adverse effects in neonates exposed to NSAIDs have been reported.   
 
Untoward gastrointestinal  events such as spontaneous intestinal perforation (SIP) and 
necrotising enterocolitis (NEC) occur with increased frequency in neonates treated 
with ibuprofen and indomethacin.  The risk appears to be greater with indomethacin.  
With both drugs the mode of administration is important with increased gastrointestinal 
toxicity with enteral and rectal forms[11].  Adverse renal affects (increased urea and 
creatinine, oliguria, water retention, reduced renal blood flow) have been noted follow-
ing treatment with indomethacin in neonates.  This may be related to the non-cycloox-
ygenase pathways of Indomethacin and these transient renal changes can usually be 
supported medically.  Ibuprofen does not decrease neonatal renal blood flow and has 
been associated with increased renal blood flow at 120 minutes [11].   
 
Ibuprofen is 99% plasma protein bound thus theoretically it may displace bilirubin from 
albumin increasing free bilirubin levels and theoretically increasing the risk of kernic-
terus[11].  Rheinlanender et al did report significantly elevated bilirubin levels in neo-
nates treated with ibuprofen for HS-PDA when compared to the indomethacin group.  
However this did not translate into a differences in the number of days of phototherapy, 
nor did it affect the neuro-developmental outcome at two years of age between the 
ibuprofen and indomethacin groups[11].   
 
As anaesthesiologists, it is unlikely that we will be required to treat neonatal PDA.  
However it is likely that at some point in our careers we will be called on to provide 
neonates with anaesthesia and analgesia.  Currently there appears to be an absolute 
lack of information regarding the use of NSAIDs in neonates and children less than six 
months for analgesic purposes.  Often analgesic guidelines (as seen below from 
drugs.com) provide conflicting information.  It is understandable that one should take 
caution when prescribing any drug to neonates and infants.  However the evidence 
presented from the use of indomethacin and especially ibuprofen in neonatal PDA sug-
gest that if given at the correct dose, at the correct interval and for the correct duration 
these NSAIDs may be safely used for acute pain in the neonatal population.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Recommended Ibuprofen dosing guidelines from: http://www.drugs.com/ibuprofen.html 
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3. THE USE OF NSAIDS IN CHILDREN WITH FRACTURES 
 
Bone healing is a complex physiological process that involves a cascade of events.  Its aim 
is repair of fractured bone without the formation of scar tissue[37].  Bone healing can either 
be primary/direct or secondary/indirect. Primary bone repair occurs when there is no gap 
between the fracture edges.  This direct contact repair is mediated by intraosseous Haver-
sian system osteoblasts and osteoclasts without a cartilage phase[38].  The majority of frac-
tures heal by indirectly and this process can be divided into 3 phases: 
 
1.  Inflammatory phase: (hours-days) a broken bone results in disruption of local blood 

supply, hypoxia and haematoma formation.  An inflammatory process with the release 
of cytokines, growth factors and prostaglandins results.  This is important in bone heal-
ing as it induces a mitogenic and osteogenic effect on osteoprogenitor cells.  The frac-
ture haematoma becomes organised and is infiltrated by fibrovascular tissue which 
forms a matrix for bone formation and primary callus[37].   

2.  Reparative phase: (days-weeks) Neo-vasularisation, further prostaglandin and growth 
factor production promotes differentiation of mesenchymal stem cells toward chondro-
genic or osteogenic lineages[37].  In this way soft callus is remodelled into hard callus 
over several weeks.  Soft callous is malleable and can easily bend or deform is not 
properly supported[37].  Hard callous is weaker than normal bone but can withstand 
shearing forces and clinically equates to the stage of ‘union’. 

3.  Remodelling phase: (months-years) This is the longest phase of bone healing and it is 
characterised by an extended period of reabsorption and new bone formation as a 
response to activity, external forces, functional demands and growth.  With time total 
mechanical strength and stability is restored[37]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Diagram of fracture healing process[37] 
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Children have a faster rate of fracture healing than adults[39].  This is due to the formation of 
larger sub-periosteal haematoma  and a thicker, much more vascular periosteum that contributes 
to rapid callous formation[39].  The periosteum consists of two distinct layers, a fibrous outer layer 
and an inner cambium layer that has important osteoblastic potential[39].   
 
This cambium layer is highly cellular and is made up of mesenchymal and differentiated osteo-
genic progenitor cells, osteoblasts and fibroblasts in a collagenous matrix[40].  This layer is thick-
est in the foetus and becomes gradually thinner with age.  In an adult it cannot be distinguish from 
the outer fibrous layer.  As its thickness decreases so too does its osteoblastic potential[40].  An-
other reason for rapid bony repair is that due to growing an osteogenic environment is already 
present at the time of fracture.  Also in children's favour for rapid fracture healing is that in the 
majority of cases they are healthy .   They are not yet ‘victim’ to adult ills such as smoking, alcohol, 
chronic diseases such as diabetes, peripheral vascular disease, hypothyroidism.  These all con-
tribute to poor fracture healing [39].  

 
   

 
  A 
 

 
  B 
           pictures from: rch.org.au 

  
  Young children have excellent remodelling potential.  

A. These are sequential radiographs of a child who sustained a fracture of the midshaft of the 
right humerus during birth. There is  very rapid healing with extensive callus by day 7 followed 
by remodelling.  

 
B.  These are sequential radiographs of a 14 month child who sustained a fracture of the midshaft 

of the right femur. Again, note the rapid healing with extensive callus by day 18. 

 
 
NSAIDS have been shown to be successful in the treatment of pain due to musculoskeletal 
injury and acute fractures in children[41].  But despite this the use of NSAIDs  for the treat-
ment of pain associated with bony fracture and healing has become controversial[41].  The 
controversy is due to the theory that NSAIDS may delay bone healing[41].   
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Studies with regards to the effect of NSAIDs on the bones of adult animals are plentiful.  
Generally small mammals such as mice, rabbits and rats are used and the results from these 
studies are conflicting.  Some report inhibition of bony repair with the use of various NSAIDs 
while others demonstrate no effect of NSAIDs on bone formation or fracture healing[41].  
The results from these studies have proven to be so inconsistent that there are animal stud-
ies done by different researchers, with the same animal fracture model, same drug, given 
at the same dose but that have opposite outcomes[37].    
 
A recent 2013 study by Cappello et al appears to be one of the only studies conducted on 
juvenile animals.  In this study 45 juvenile rats received surgically induced unilateral tibial 
shaft fractures.  Twenty four of these rats received ketorolac 5mg/kg six days a week and 
the other twenty one received saline.  The animals were randomly assigned to groups and 
euthanised at days 7,14 and 21.  This study found that strength, stiffness and quality of 
callus of all  of the tibias in both of the ketorolac and control groups improved with time and 
that ketorolac did not have any deleterious effect on bone healing in this juvenile rat 
model[41].   
 
Interestingly studies exploring the effect of NSAIDs in larger mammals such a dogs or goats 
show no negative effect on bone growth or healing with the use of NSAIDs.   
 
The published clinical studies on human adults are also conflicting.  Multiple small studies 
investigating the effects of ketorolac on spinal fusion showed that it may inhibit bony heal-
ing[41] while another larger clinical trial by Pradhan et al demonstrated no difference in 
pseudo arthritis and non-union rates between the ketorlac and control groups[42].  Pradhan 
et al conducted a retrospective study involving 405 patients who underwent primary lumbar 
posterolateral inter transverse process fusion.   All 405 procedures were performed by the 
same surgeon - 228 patients received ketorolac and 177 did not received ketorolac.  The 
minimum follow up rate for this study was 24 months.  Pseudoarthris was identified in 5.3% 
of the patients who received ketorolac and 6.2%  of those who did not. There was no signif-
icant difference between non-union rates in the two groups (P > 0.05).   

 

Tables from the study by Pradhan et al [42] 
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This study highlighted some of the short falls of other human and animal studies.  In this 
study none of the participants were smokers.  Smoking has been associated with a 2-5 
increased risk of pseudoarthrosis [39]  In this study patients received 1.5mg/kg/day of ke-
torolac prescribed on the ‘around the clock’ basis for only 48 hours.  This is a much more 
appropriate dose when compared to some animal studies that used doses from  3-10 
mg/kg/day given for anywhere from 7 days to 12 weeks.  Thus dosing and duration of treat-
ment is very important.   
 
With regard to ketorolac use in children retrospective studies do not associate its use with 
any inhibitory effects on bone healing for posterior spinal fusion, operative fracture care or 
osteotomy healing [43].  Currently there is no evidence in the clinical paediatric orthopaedic 
literature to suggest that NSAIDS delay bone healing in this population[44].   
 

 

4. THE USE OF NSAIDS IN CHILDREN WITH ASTHMA 
 

There has been a controversy with regard to the use of NSAIDS in asthmatic children for a 
long time.  Over the last 2 decades the incidence of childhood asthma has increased dra-
matically (13.1% of children in the UK) and withholding NSAIDS from all of these children 
would mean depriving a large group of the paediatric population from effective analgesia.   
The majority of asthmatic children are not NSAID sensitive.  Aspirin intolerant asthma (AIA) 
is a distinct type of asthma that effects 3-11% of adults with asthma.  This problem is much 
less common in children with AIA occurring in only 2% of children with mild-moderate 
asthma.  Only 5% of these children will have cross sensitivity with other NSAIDS [3].  
 
In a small study conducted by Short et al 70 asthmatic children aged 6-12 were recruited at 
a respiratory clinic[45].   They measured the peak flow and forced expiratory flow-volume 
loops of these children 10, 20 and 30 minutes after they had been administered 1-1.5mg/k 
of effervescent diclofenac[45].  They considered a 15% reduction of results after diclofenac 
as being significant.  None of the children in this study showed a significant decrease in 
spirometry results after diclofenac nor was there any reports of wheezing or increased bron-
chodilator use.  With these findings the authors suggest that a diagnosis of asthma is not a 
contraindication to the short term use of NSAIDs[45].    
 
In another small randomised, double-blind, placebo-controlled trial by Debley et al 100 
known asthmatic children ( between the ages of 6 and 18) were randomised to receive 
10mg/kg of ibuprofen[46].  Only 2 of these children demonstrated a drop in FEV1 of 35% 
and had clinical manifestations of acute bronchospasm one hour after ibuprofen.  There 
symptoms and pulmonary function improved after the administration of albuterol.  Two other 
children had a drop in FEV1 of 15% but had no clinical manifestations of acute bron-
chospasm.  Thus this study demonstrates a 2% prevalence of ibuprofen-induced bron-
chospasm[46].   
 
The risk of Aspirin or NSAID sensitive asthma in children is highest in those that give a 
history of chronic nasal congestion, rhinorrhea, nasal polyps, eczema or those with severe 
or poorly controlled asthma[3].  NSAIDS should thus be avoided in children who give a his-
tory of NSAID sensitivity, nasal polyps, atopy and severe or poorly controlled asthma.  As 
for other asthmatics who give no history of NSAID sensitivity, are well controlled asthmatics 
and have no background history of atopy or nasal polyps it is likely that NSAIDs can be used 
with only a small risk of acute bronchospasm.  If the benefit of an NSAID outweighs the risk 
of possible bronchospasm it is reasonable for a clinician to give the first dose of NSAID and 
observe the patient in a controlled environment such as the recovery room or ward. 
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Below is a helpful reference guide supplied by the National Asthama council of Australia to 
assist asthmatics who have never used aspirin or NSAIDs before in their decision making 
of whether or not to use aspirin or any other NSAID containing pain reliever medication.   
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5. THE USE OF NSAIDS IN CHILDREN UNDERGOING TONSILLECTOMY 
 
Paediatric tonsillectomy is one of the most common surgical procedures performed globally 
with up to 45 000 of these procedures performed annually in the UK alone[47, 48].  This 
procedure is associated with severe postoperative pain and as a result opioids are often 
used during the peri-operative period.  This results in increased incidence of unwanted opi-
oid side-effects such as nausea and vomiting, sedation, constipation, respiratory depression 
and pruritus.  Vomiting is a common side effect of tonsillectomy and is the most common 
reason for un-planned re-admission after day-case tonsillectomy[49].  The use of peri-oper-
ative opioids in this population group is questionable as a large percentage of these children 
will have pre-operative sleep apnoea which may persist in up to a third of these children 
post-operatively. Thus they are at increased risk of post-operative respiratory embarrass-
ment when peri-operative opioids are used.   
 
Due to their opioid sparing effect NSAIDs are appealing analgesics for paediatric tonsillec-
tomy[49].  They have been found to be both opioid-sparing and to have similar analgesic 
efficacy to opioids in children[49].  However their use has become somewhat limited due to 
reports of : a. increased intra-operative blood loss b. increased re-operation c. increased 
secondary haemorrhage associated with their use[49].   
 
Thus  the negative effects of opioids and the potential for bleeding with NSAIDs has resulted 
in a clinical quandary for many clinicians.  The sequelae of this is that children who have 
had a tonsillectomy are at increased risk of poorly or inadequately managed post-operative 
pain[49].   
 
A large number of the systemic reviews and meta-analysis are available on the topic of 
NSAIDs, tonsillectomy and the risk of post-operative bleeding.  The results one finds are 
mixed and often there are no clear signals coming through to guide clinical practice.  One 
of the reasons for this includes the fact that post-tonsillectomy bleeding is rare (3-5%).  Thus 
a large number of ‘events’ needs to occur to start to deduce clear causal relationships[47].  
Also many variables such as type of NSAID used, route of administration, timing of admin-
istration (pre/intra/post-operative), surgical technique, age of included patients leads to het-
erogeneity of data that can be difficult to interpret.   
 
One of the first influential quantitative systemic reviews on the association between NSAIDs, 
bleeding and tonsillectomy was published by Moiniche et al in 2003 (Nonsteroidal Anti-
inflammatory Drugs and the Risk of Operation Site Bleeding After Tonsillectomy)[50].  In this 
review 25 studies (all studies randomised, 18 were properly blinded) with data from 970 
patients who received a NSAIDs and 883 who received a placebo or non-NSAID treatment 
were examined.  Of the 25 studies 14 were in children, 9 in adults and 2 in both.  Four 
bleeding end-points were analysed (intra-operative blood loss, post-operative bleeding, hos-
pital admission and re-operation because of bleeding).   
 
The use of NSAIDs was only associated with an increased risk of re-operation, especially 
when given post-operatively : OR 2.33, 95% CI 1.12-4.83 and number-needed-to treat, 60 
(95% CI, 34-277).  This review did demonstrate that there was a lack of evidence with regard 
to NSAIDs leading to increased intra-operative blood loss, post-operative bleeding or re-
admission due to bleeding.  It also found that NSAIDs are equi-analgesic to opioids  and the 
risk of post-operative nausea and vomiting is decreased when NSAIDs are used (relative 
risk, 0.72: 95% CI, 0.63-0.85, numbers-needed-to-treat, 9, 95% CI, 5-19).  The authors did 
comment that the results from this review were “ambiguous and should be interpreted care-
fully” [50] and that instead of influencing clinical practice this review should stimulate further 
research into the topic.   
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In 2013 Riggin et al published a systemic review and meta-analysis of 36 randomised con-
trolled trials  which found “ no apparent effect of non steroidal anti-inflammatory agents on 
the risk of bleeding after tonsillectomy” [48].  In this review 36 studies met the inclusion 
criteria - these included 1446 adults and 1747 children.  The main objective was to compare 
bleeding rates and severity between those who received a NSAID versus  placebo or opioid 
analgesia for tonsillectomy.  The outcome was that there was no increased risk of bleeding 
associated with using NSAIDs after tonsillectomy (general population OR 1.3,  95% CI 0.9-
1.88 and in children OR 1.06 CI 0.65-1.74).  Sub analyses demonstrated no notable differ-
ence between the different types of NSAID and the time of administration in relation to bleed-
ing.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ABOVE: Riggen et al[48] - a summary of outcomes in the general population 
 
 
 
 
 
 
 
 
 
 
LEFT: Riggen et al[48] - a summary of outcomes 
in children (n=no. of studies N=no. of patients) 
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The strengths of the systemic review/meta-analysis by Riggin at el is that it is currently the 
largest meta-analysis with over 3000 patients.  It also included 36 studies opposed to others 
that had between 7-25 studies.  This increased number of studies and patients with similar 
odds ratios lends the meta-analysis to having increased power and generalisability.  Another 
valuable part of this review is that they attempted to investigate separate NSAIDs in both 
adults and children.  Some of the limitations in this study were variations in dose of NSAID, 
differences in the control groups and the outcomes measured[48].  From their study results 
the authors of this study felt that it was reasonable to conclude that NSAIDs should be con-
sidered safe as analgesia for children undergoing tonsillectomy. 
 
Another meta-analysis publish in 2013 was a Cochrane review by Lewis et al. It is titled - 
Nonsteroidal anti-inflammatory drugs and preoperative bleeding in paediatric tonsillec-
tomy[47].  This review was first published in 2005 and updated again in 2010 and 2012.  The 
main objective of this meta-analysis was to assess the effect of NSAIDS on bleeding in 
children having tonsillectomy.  Fifteen studies with a total of 1101 children were included 
into the review.   
 
This analysis deduced that the use of NSAIDs is associated with a marginal increased risk 
of bleeding needing surgical intervention (OR 1.69, 95% CI 0.71-4.01).  Ten studies  involv-
ing 365 children reported peri-operative bleeding not needing surgical intervention. It ap-
pears that NSAIDS did not greatly influence these bleeds (OR 0.99, 95% CI 0.41-2.4) but 
due to the confidence intervals the authors felt that the risk could not be excluded.  Thirteen 
of the included studies involving 1021 children commented on post-operative nausea and 
vomiting - a review of these studies found that PONV is 25% less likely when NSAIDs are 
used as analgesics during tonsillectomy (risk ratio (RR) 0.72, 95% CI 0.61-0.85).  
 
This meta-analysis was unable to quantify bleeding risk with each individual NSAID but it 
was able to compare Ketorolac with the other NSAIDS.  Ketorolac has been previously de-
scribed as having the highest bleeding risk but this meta-analysis found no increased risk 
of bleeding with ketorolac when compared to other NSAIDs.  The authors of the meta-anal-
ysis comment there is not enough evidence currently to exclude the risk of bleeding associ-
ated with NSAIDs in paediatric tonsillectomy but they do believe that they are beneficial with 
regard to the decreased risk of PONV[47].   
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6. CONCLUSION 
 
 Non-steroidal anti-inflammatory drugs play an important role in the management of paedi-

atric moderate to severe acute post-operative pain.  They form part of an anaesthetist ar-
mamentarium when providing multi-modal or balanced analgesia and their opioid sparing 
effect is extremely valuable in certain clinical settings.   

 
 When the appropriate NSAID is given at the correct dose and interval the risk of adverse 

events from NSAIDs appears to be minimal in healthy children.  Perhaps anaesthetist could 
utilise  the information available on NSAIDs in neonates (for the pharmacological closure of 
HD-PDA’s) and consider using NSAIDs in this population group peri-operatively for analge-
sic purposes.  This is an area that requires further research.  NSAIDs should be avoided in 
children with signs of hypovolaemia, renal dysfunction, bleeding tendencies or history of 
NSAID sensitivity. 

 
 Currently there is no evidence in the paediatric orthopaedic literature so suggest that 

NSAIDs delay bone healing in children.  A great deal of available literature on this topic is 
misleading as it is based on animal or adult studies.  Due to children rapid bone growth and 
lack of confounders such as smoking and co-morbidities NSAID use for acute pain associ-
ated with fracture does not delay bone healing.     

 
 With regard to asthmatic children only 2% of asthmatic children have aspirin sensitive 

asthma.  If an asthmatic child does not have a history of NSAID sensitivity, nasal polyps, 
atopy or poorly controlled asthma it can be assumed that it is safe to give that child an 
NSAID.   

 
 NSAID use in paediatric tonsillectomy has an opioid sparing effect and decreased incidence 

of PONV which is beneficial in this patient group.  The current evidence points more toward 
NSAIDs not causing increased peri-operative bleeding in paediatric tonsillectomy.   
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