
Review Article

Even with the rapid development of pediatric postoperative pain management, pediatric patients have remained under-
treated for postoperative pain because of difficulty in pain assessment and concerns regarding side effects of opioid an-
algesics. Although there are no perfect pain assessment techniques and no absolutely safe analgesics, proper monitoring 
and an individualized analgesic plan after due consideration of age, operative procedures, and underlying illness, using 
multimodal analgesics may improve the quality of pain control in children. (Korean J Anesthesiol 2014; 66: 183-188)
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Introduction

Pediatric postoperative pain management has developed 
rapidly accompanying the development of new drugs. How-
ever, children have remained undertreated for postoperative 
pain because of the difficulty of pain assessment, apprehension 
regarding cardiorespiratory depression, restriction of national 
insurance, etc. Anesthesia and operative fields are unfamiliar 
and unpleasant environments for children. In addition, separa-
tion from caregivers, hunger, fear of strange places, and periop-
erative pain can cause stress and result in indistinct behavioral 
and physiological changes. Although pain is often regarded as 
an inevitable consequence of operative procedures, its control is 
important to improve both clinical outcome and patient comfort 
[1]. As preoperative anxiety is associated with greater pain dur-
ing postoperative recovery in children [2], preoperative plan-
ning for postoperative pain control is desirable [3]. Postopera-
tive pain control should begin with preoperative assessment of 

anxiety, as well as assessment of pain and the efficacy and safety 
of analgesic techniques and drugs in pediatric patients.

Postoperative Pain Assessment

Although numerous pain assessment tools are available, 
many scoring tools are complicated and not well validated, and 
are difficult to use in clinical practice. When choosing a pain 
assessment tool, it is necessary to take into consideration the 
child’s age, stage of development, and clinical condition [4]. In 
addition, cultural appropriateness, language, familiarity, and 
training requirements of tools are also important. However, no 
individual tool can be universally recommended in children of 
all ages. 

Several physiological changes are used to assess pain in 
children; i.e., increases in heart rate, respiratory rate, and blood 
pressure, sweating, and decreases in oxygen saturation and vagal 
tone. Heart rate is the simplest and the most appropriate indica-
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tor. However, physiological parameters are influenced by as-
sociated clinical conditions, such as sepsis, distress, hypoxemia, 
hypovolemia, and fever. Therefore, physiological changes alone 
cannot be used to properly evaluate pain in children. Behavioral 
changes are also used for pain assessment but these are influ-
enced by other states of distress, such as hunger, fear, and anxi-
ety [5,6]. 

Many composite tools include both physiological and behav-
ioral measures for determining pain scores, such as the COM-
FORT scale [7], Children Hospital of Eastern Ontario Pain scale 
[8], and Face, Leg, Activity, Cry, Consolability (FLACC) tool 
[9] (Table 1). No single composite scale is clearly superior to the 
others [10]. 

Self-reporting is the most reliable indicator of pain. Unfortu-
nately, this is usually possible only in the children over 4 years 
who are cognitively and emotionally mature. At this age, chil-
dren can localize and quantify the intensity of pain and can use 
a Faces Pain scale. Children older than 6-8 years can use visual 
analog scales [11]. There are many pain rating scales for self-
reporting in verbal children, including the Wong-Baker FACES 

scale [12], Faces scale of Bieri [13], OUCHER Scale of Beyer 
and Wells [14], Visual Analog Scale, and Verbal rating scale [15] 
(Table 2). For optimal pain measurement, it may be helpful to 
have the participation of the parents.

Systemic Analgesics

Morphine

Morphine has long been the opioid of choice for postop-
erative pain control in children. Its pharmacokinetics are well 
known even in pre-term infants [16,17]. The volume of distribu-
tion of morphine is similar regardless of age, while its half-life 
and clearance are related to age. The half-life was estimated to 
range from 9 h in pre-term neonates, decreasing with age to ~2 
h for infants and children aged 11 days to 15 years [16,18]. 

Although many clinicians are cautious regarding the risk of 
respiratory depression associated with morphine administra-
tion, acute pain counteracts the respiratory depression induced 
by opioids [18]. Background infusion of low-dose morphine 

Table 1. Postoperative Pain Assessment Tools for Neonates and Preverbal Children

Scale Clinical setting Age group Indicators Score

CRIES scale [53]

COMFORT Scale [7]

CHEOPS [8]

FLACC [9]

Postoperative pain

Postoperative and 
  periprocedural pain

Postoperative and 
  periprocedural pain

Postoperative and
   periprocedural pain

Neonate-6 months

Term neonates  
  and < 3 years

1-7 years

2 months-7 years

Crying, Requires oxygen, Increased vital signs  
  from baseline, Expression, Sleeplessness

6 behavioral items
Alertness, Calmness, Muscle tone, Movement
Facial tension, Respiratory response for ventilated/crying  
  for nonventilated 
2 physiological items
Heart rate, Mean arterial Pressure
Crying, Facial expression, Verbal expression
Torso position, Touch, Leg position

Facial expression, Leg movement, Activity
Cry, Consolability

0-10
  > 4 additional    
  analgesic
8-40

4-13
  > 6 additional 
  analgesic
0-10 
4-6 = moderate, 
7-10 = severe 

CHEOPS: Children's Hospital of Eastern Ontario Pain Scale.

Table 2. Postoperative Pain Assessment Tools for Verbal Children

Scale Features Clinical setting Age group Remark

Faces Pain Scale by Bieri [13]

OUCHER [14]

Visual analogue scale

Verbal rating scale [15]

Self-report,
  Training necessary
Self-report,
  Training necessary
Self-report,
  Training necessary

Self-report,
  Training necessary

Perioperative pain

Postoperative pain

Postoperative pain

Postoperative pain

> 5 years

> 3 years

> 3 years

> 5 years

Children were asked to place the seven faces in order, 
from most to the least painful.

A number scale for older children and a picture scale for 
younger children.

Patients specify their level of pain to a statement by 
indicating a position along a continuous line between 
two end-points.

This is similar to the VAS with the addition of the 
numbers 0 through 10 spaced along the line.
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(4 μg/kg/h) in a patient-controlled analgesia (PCA) regimen for 
children did not increase the incidence of side effects and was 
associated with less hypoxemia and a better sleep pattern than 
no background infusion [19]. It is important to note that there is 
no advantage of high or multiple doses of morphine with regard 
to analgesic effect [20,21]. 

Even considering its advantages of cost and familiarity, mor-
phine may not be superior to other systemic analgesics, especially 
with regard to analgesic efficacy and the incidence of side effects, 
such as vomiting, sedation, and pruritus [21,22]. In a previ-
ous meta-analysis, morphine was reported to show significant 
improvement in analgesic effect only compared with inactive 
control intervention; significantly higher incidences of vomit-
ing and sedation were observed in half of all comparisons, and 
lower morphine dosage did not decrease the incidence of side 
effects [21]. 

Meperidine

Meperidine has been in widespread use due to its rapid onset 
and short duration of action. It has been preferred in patients 
with cholecystitis or pancreatitis for antispasmodic action. How-
ever, its active metabolite, normeperidine, is associated with nal-
oxone refractive neurotoxicity [23] in infants. Many case reports 
and studies have highlighted the toxicity, inadequate pain relief, 
and drug interactions of meperidine [24-26]. Since 2001, the 
American Academy of Pediatrics and the American Pain Society 
recommended not to use meperidine as an analgesic for infants 
and children [27], and many pediatric hospital have limited the 
use of this agent via a restriction policy or removal of the drug 
from the institution’s formulary [25]. 

Fentanyl

Fentanyl is a highly lipophilic agent with less central respi-
ratory depression and hemodynamic stability than morphine 
[28,29]. Fentanyl has an additional benefit of the availability 
of noninvasive administration routes (intranasal, transdermal, 
rectal, etc.), in addition to conventional intravenous or epidural 
routes. Intranasal fentanyl at a dose of 2 μg/kg provides effective 
analgesia for pediatric patients with orthopedic trauma [30]. Al-
though fentanyl skin patches are occasionally used in pediatric 
palliative care [31], it is not used in postoperative pain control. 
The US National Institutes of Health recommendations indicate 
that fentanyl skin patches should not be used in children less 
than 2 years of age due to the risk of serious or life-threatening 
respiratory problems [32]. Oral transmucosal fentanyl is safe and 
effective for painful procedures, but the high frequency of vom-
iting may restrict its clinical usefulness [33]. Intravenous admin-
istration of fentanyl has been used for postoperative analgesia 

[34,35] and sedation/anesthesia even in newborn infants [36,37]. 
Although even fewer side effects have been reported compared 
to morphine, fentanyl and other synthetic opioids may induce 
skeletal muscle rigidity and can involve respiratory structures, 
including the chest wall and laryngeal structures. Chest wall 
rigidity can occur with even low analgesic doses, especially in 
neonates and infants, and can lead to significant impairment of 
ventilation [38,39]. 

Remifentanil

Remifentanil is an ultra-short-acting opioid with esterase 
clearance. Remifentanil showed increased clearance in young 
infants but the half-life was similar in children of all age groups 
from birth to 18 years [40]. Rapid metabolism without a cumu-
lative effect may make it an ideal agent for postoperative analge-
sia. However, compared with fentanyl, it may have no additional 
benefits in analgesic efficacy or incidence of side effects [41,42]. 
Rather, special attention must be given to respiratory depres-
sion during the establishment of PCA with remifentanil [41]. 
Fast-acting remifentanil alters the carbon dioxide ventilation-
response curve before the patient’s PaCO2 rises sufficiently to 
sustain ventilatory drive [43]. While using remifentanil infusion 
for postoperative pain control, an extremely small dose of remi-
fentanil can cause serious respiratory depression [42]. Remi-
fentanil contains glycine and is should not be administered by 
epidural or intrathecal injection.

Sufentanil

The clearance rate of sufentanil in normal children between 
2 and 8 years of age is twice that in adults and adolescents, and 
a greater maintenance dose is therefore required in pediatric 
compared to adult patients [44]. Sufentanil provides longer last-
ing elevated pain threshold (180 vs. 90 min) with less respiratory 
depression than fentanyl [37]. The magnitude and duration of 
depression of the ventilatory (30 vs. 240 min) and occlusion 
pressure (30 vs. 120 min) responses were significantly less with 
sufentanil compared to fentanyl.

Alfentanil

Alfentanil has the most rapid analgesic onset and time to 
peak effect as well as the shortest elimination half-life when 
compared with fentanyl and sufentanil [45]. A low-dose bolus 
of alfentanil may be an efficient means of controlling pain dur-
ing and after minor abdominal and genitourinary surgery in 
children [46]. The analgesic efficacy and respiratory depressant 
effects of equianalgesic concentrations are comparable between 
alfentanil and fentanyl [47]. 
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Ketorolac

Ketorolac is a nonsteroidal anti-inflammatory drug with 
a low incidence of side effects. The volume of distribution in 
children is increased by twofold compared to adults and plasma 
clearance is also high due to lower binding to plasma proteins. 
The elimination half-life (∝Vd/CL) is similar in children and 
in adults, so children require a higher dosage at similar intervals 
[48]. Ketorolac is not associated with common opioid side ef-
fects, such as respiratory depression, nausea and vomiting, uri-
nary retention, or sedation [35,48]. However, attention must be 
paid to postoperative bleeding after tonsillectomy [49]. A single 
bolus dose of intravenous ketorolac has been used for opioid 
dose sharing with superior analgesic effects [48,50]. Continuous 
infusion of ketorolac has also been shown to reduce both the 
frequency of bladder spasm and the analgesic requirements in 
children undergoing urological procedures [35]. 

Paracetamol

Paracetamol is the most commonly prescribed drug for the 

control of pain in children and provides good analgesic and 
morphine-sparing effects, even in neonates and infants, after 
major surgery [51]. It has a very low incidence of toxic side ef-
fect and has a ceiling effect with no advanced analgesia despite 
increases in dosage [26]. However, overdosing or multiple dosage 
and administration along with hepatotoxic drugs can lead to fatal 
hepatic toxicity [52], so a proper dosage regimen is necessary. 

Conclusions

There are no perfect pain assessment techniques and no ab-
solutely safe analgesics for use in children. Most opioids share 
common side effects, such as respiratory depression, sedation, 
nausea, and vomiting, although they show differences in degree 
of these effects. Monitoring and an individualized analgesic plan 
after due consideration of age, operative procedures, and under-
lying illness, is necessary when using multimodal analgesics.
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