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Perioperative effects of 
oral ketorolac and 
acetaminophen in 
children undergoing 
bilateral myrlngotomy 

Prophylactic administration of analgesics before surgery can 

decrease the intraoperative anaesthetic requirement and de- 
crease pain during the early postoperative period. In a double- 

blind, placebo-controlled study involving 90 healthy ASA 

physical status I or H children undergoing bilateral myring- 

otomy, we compared the postoperative analgesic effects of oral 

acetaminophen and ketorolac, when administered30 min before 

induction of anaesthesia. Patients were randomized to receive 

saline (0.1 ml . kg-l ), acetaminophen (10 mg . kg -t ) or ketorolac 

(1 mg . kg -1) diluted in cherry syrup to a total volume of 5 ml. 
Anaesthesia was induced and maintained with halothane and 
nitrous oxide via a face mask. Postoperative pain was assessed 
by a blinded observer using an objective pain scale. The three 

study groups were similar with respect to demographic data, 

duration of anaesthesia and surgery, induction behaviour, 

oxygen saturation, incidence of postoperative emesis and, 

recovery times. The ketorolac group had lower postoperative 

pain scores and required less frequent analgesic therapy in the 

early postoperative period compared with the acetaminophen 

and placebo groups. In contrast, there were no differences in 

pain scores or analgesic requirements between the acet- 

aminophen and the placebo groups. We conclude that the 

preoperative administration of oral ketorolac, but not acet- 

aminophen, provided better postoperative pain control than 
placebo in children undergoing bilateral myringotomy. 
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L 'administration prophylactique d' analgdsiques avant la 

chirurgie peut diminuer les besoins anesthdsiques peropdratoires 
et la douleur durant la pdriode postopdratoire inunddiate. 

Quatre-vingt-dix enfants avec un dtat physique ASA I ou H 

devant subir une myringotomie bilatdrale participent it cette 

dtude it double-insu avec un groupe contr~le-placebo. Sont 

compards les effets analgdsiques postopdratoires de l' ac~tamino- 

phdne et du kdtoralac administrds par voie orale 30 minutes 

avant l'induction anesthdsique. Les patients refoivent au hasard 

soit de la solution saline (0,1 ml . kg-t ), soit de l ' acdtaminoph~ne 
(10 mg .kg-l), soit du kdtoralac (1 mg .kg-l). Chacune des 
prdparations est dilude dans un sirop it saveur de cerise pour 
faire un total de 5 ml. L'induction et l' entretien de l' anesthdsie 

se font avec de l'halothane et du protoxyde d'azote administrds 

par masque, tin observateur non inform~ du mddicament donnd 

au patient dvalue la douleur postopdratoire it l'aide d'une 

#chelle de douleur objective. Les variables d~mographiques, la 

durde de l'anesthdsie et de la chirurgie, le comportement it 

l'induction, la saturation artdrielle en oxyg~ne, l'incidence des 

vomissements postopdratoires et le temps d'dveil sont compara- 

bles entre les trois groupes. Les patients du groupe kdtoralac ont 

un pointage de douleur postopdratoire plus basque ceux des 

groupes acdtaminoph~ne et placebo, et ils ndcessitent moins 

souvent un suppldment analgdsique. D ' autre part, il n ' y a pas de 
diffdrence entre les groupes acdtaminoph~ne et placebo pour la 

douleur et les besoins analgdsiques postop~ratoires. En conclu- 

sion, le kdtoralac, mais pas l' acdtaminoph~ne, administrd par la 

bouche avant la chirurgie assure une meilleure analgdsie 

postopdratoire qu'un placebo chez les enfants subissant une 

myringotomie bilatdrale. 

Traditional approaches to postoperative pain management 
are based on patient-initiated requests for analgesic 
medication following the onset of pain. In children, this 
approach often fails because they fear needles and rarely 
ask for pain medication.l-3 Prophylactic analgesic therapy 
has been shown to be particularly useful for the control of 
postoperative pain in paediatric patients. 1,2 However, the 
analgesic agents used should have minimal side effects 
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and be administered by a nonparenteral route (e.g., oral or 
transmucosal) if intravenous access is not available. 

Children undergoing bilateral myringotomy with 
placement of ventilating tubes (BMT) often exhibit pain- 
related behaviour and, if verbal, may complain of discom- 
fort in the Postanaesthetic Care Unit (PACU). a'5 Therefore, 
we designed a double-blind, placebo-controlled study to 
compare the postoperative analgesic and side effects 
profiles of acetaminophen and ketorolac, a non-steroidal 
anti-inflammatory drug (NSAID), when administered 
orally in the preoperative period to children undergoing 
BMT. The oral route was chosen as it is the least threaten- 
ing and most acceptable route of administration in 
children. In addition, this surgical procedure may be 
performed without intravenous access. 6 

Methods 
We studied 90 healthy, ASA physical status I or II 
children, mean age (___ SD) 2.6 ___ 2.3 yr who were sched- 
uled to undergo elective BMT. Patients with bleeding or 
platelet disorders, those with a history of allergic reactions 
to acetaminophen or NSAID, children with clinically 
important renal, hepatic or cardiac disease, those undergo- 
ing emergency surgery or other procedures in addition to 
BMT, as well as those in whom the use of halothane- 
nitrous oxide anaesthesia was contraindicated were 
excluded. This study was approved by the Washington 
University Human Studies Committee and written 
informed consent was obtained from the parents (or legal 
guardian) of the child. 

Children were administered one of three oral pre- 
anaesthetic medications in a total volume of 5 ml of cherry 
syrup 30 min before the induction of anaesthesia, accord- 
ing to a randomized double-blind placebo-controlled 
protocol. Group I received saline (placebo), Group II 
acetaminophen (10 mg. kg -t) and Group III ketorolac (1 
mg'  kg-l). No other preanaesthetic medications were 
administered. 

Anaesthesia was induced and maintained with nitrous 
oxide and halothane via a face mask technique. The child' s 
behaviour during induction was assessed using a four- 
point scale: 1 was assigned to a calm child, 2 to a crying 
child who could be easily consoled, 3 to a crying child 
who resisted the application of the face mask, and 4 to a 
severely agitated child. The time from the start of induc- 
tion to loss of consciousness was recorded, along with the 
duration of the operation and anaesthesia (time from start 
of induction to arrival in the PACU). 

Immediately on arrival in the PACU, at one and five 
minutes after arrival and subsequently at five-minute inter- 
vals, a blinded observer recorded the modified Aldrete's 
postanaesthesia recovery score. 7 Haemoglobin oxygen 
saturation (SpO 2) values were recorded at these time 

TABLE I Hannallah objective pain scale 9'1~ 

Observation Criteria Points 

Blood pressure _+ 10% of preoperative value 0 
>20% of preoperative value 1 
>30% of preoperative value 2 

Crying Not crying 0 
Crying, but stops with tender, loving care 1 
Crying without stopping, does not 

respond to tender, loving care 2 

Movement None 0 
Restless 1 
Thrashing around 2 

Agitation Asleep or calm 0 
Mild agitation 1 
Hysterical 2 

Verbalization Asleep or states no pain 0 
of pain States there is pain but cannot localize 1 

Can localize pain 2 

intervals using a Nellcor | N200 pulse oximeter (Nellcor 
Inc., Hayward, Calif.) In addition, the observer assessed 
the child's pain using an objective pain scale (OPS) as 
described by HannaUah et al. (Table I). 8-t~ The observer 
also recorded the times from arrival in the PACU to eye 
opening, oral intake, ambulation, "home readiness" and in 
patients of an appropriate age, time to response to verbal 
commands. Parents were permitted in the PACU, and the 
time from arrival of the child in the PACU to reunion with 
the family member was recorded. The behaviour of the 
child before and after the arrival of a family member in the 
PACU was assessed on a four-point scale where 1 = calm, 
quiet; 2 = crying, but can be consoled; 3 -- crying, cannot 
be consoled, and 4 = agitated and thrashing around. 
Patients with an OPS score of five or greater received 
rectal acetaminophen 15-20 mg. kg -~. Patients were dis- 
charged home when they were awake, alert, accepted oral 
fluids and were felt to be comfortable (OPS -----3). 

Demographic data in the three groups were compared 
by a one-way analysis of variance (ANOVA) with a 
Student-Newman-Keuls test forpost-hoc comparison. The 
OPS and behaviour scores for the three groups were 
compared with a nonparametric Kruskal-Wallis test. 
Individual group comparisons of the OPS and behaviour 
scores were made using a Mann-Whitney U-test. In 
patients who received analgesic therapy in the 
postoperative period, only the OPS scores prior to rescue 
therapy were used in the statistical analysis. Behaviour 
scores before and after the patient first saw a family 
member in the postoperative period were compared using 
a nonparametric Wilcoxon signed rank test. Chi-square 
tests with Yates' correction and Fisher's exact test were 
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TABLE Il Demographic data, induction behaviour scores, duration of anaesthesia and surgery and oxygen 
saturation values on arrival in the PACU in the three treatment groups. All values are mean +-- SD unless 
otherwise stated 

Group Placebo  Acetaminophen Ketorolac 

Number (n) 29 31 30 
Age (YO 2.5 -+ 2.2 2.3 +- 2.1 3.0 - 2.5 
Weight (kg) 12.8 --- 4.5 12.2 + 4.5 13.7 + 5.6 
Sex (M/F) 21/8 20/11 21/9 
ASA physical status (I/II) 24/5 27/4 24/6 
Median behaviour scores at 

induction (range) 2 (1-4) 2 (1-4) 2 (1-4) 
Duration of surgery (min) 7.5 -+ 4.7 7.2 -+ 4.9 6.9 -+ 3.5 
Duration of anaesthesia (rain) 14.5 __. 5.8 14.7 + 5.0 13.3 _+ 4.1 
Oxygen saturation on arrival in PACU (%) 96.5 --- 1.9 96.3 +- 2.6 96.7 _+ 1.8 

TABLE Ill Recovery data in the three treatment groups. All times are mean --- SD min from the end of 
surgery. Behaviour scores are median (range) 

Group P l a c e b o  Acetaminophen Ketorolac 

Eye opening 10 _+ 5 12 "4- 6 13 -+ 6 
Response to commands 13 -+ 4 19 - 6 20 -+ 7 
First oral intake 30 --- 25 28 --- 16 29 --- 14 
Ambulation 51 --- 24 74 _+ 40 52 -+ 46 
Discharge home 71 _+ 28 77 -+ 66 69 -+ 28 
Behaviour score in PACU 
- Before meeting parent 2 (1-4) 2 (1-4) 1 (1-4) 
- After meeting parent 1 (1-3)* 1 (1-3)* 1 (1-3)* 
Postoperative emesis (%) 10% 10% 20% 

*P < 0.05 compared with score before meeting parent. 

used to compare the number of  patients in each group who 
required analgesic "rescue" therapy in the PACU. When 
appropriate,  Bonferroni corrections were used for multiple 
comparisons.  A P value of  < 0.05 was considered statisti- 
cally significant. 

Resul t s  

There were no differences among the three groups with 
respect to age, sex, weight, A S A  physical  status, behaviour 
scores at induction, time from ingestion of  preanaesthetic 
medication to arrival in the PACU, the duration of  anaes- 
thesia and surgery, and the oxygen saturation values upon 
arrival in the PACU (Table II). There were also no differ- 
ences among the three groups in the t ime-related modified 
Aldrete recovery scores or the times from the end of  

surgery to eye opening, age-appropriate response to 
commands,  oral intake, ambulation and the achievement of  
discharge criteria for "home readiness" (Table III). 

The OPS scores did not differ among the three groups 
upon arrival in the PACU. However,  at 1, 5, 10, and 15 
min after arrival in the PACU, the OPS pain scores were 
lower in the ketorolac group than in the acetaminophen 

and the placebo groups, irrespective of  the presence or 
absence o f  the parent (P < 0.05, Tables III  and IV). When 
the highest pain score in the postoperative, period was 
compared among the three groups, patients in the ketorolac 
group had lower scores than patients in the acetaminophen 
and placebo groups (Table IV). In addition, the number of  
patients who required " rescue"  analgesic medicat ion was 
lower in the ketorolac group than in the placebo group 
(30% vs 76%, Fisher ' s  exact test, P < 0.01, Table V). In 
contrast, the OPS scores, as well as the requirements for 
"rescue" analgesics in the acetaminophen group did not 
differ from the placebo group (55% vs 76%, Table V). 

There was no correlation among behaviour scores 
during induction of  anaesthesia and subsequent behaviour- 
al scores in the PACU. There were also no differences 
among the three groups in the time from the pat ient ' s  
arrival in the PACU to the time the child first saw a family 
member  in the postoperative period. As expected, behav- 
iour scores decreased significantly when the children first 
saw their parents in the PACU (Table III, P < 0.01). 

Although 20% of  the ketorolac-treated patients experi- 
enced postoperative emesis (vs 10% of  both the placebo 
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TABLE IV Median (range) of OPS scores in patients who have not received analgesic "rescue" therapy, number of patients for which data are 
available at each time point of evaluation, and the highest OPS scores in the three study groups. All times are in min from arrival in the PACU. 

Placebo Acetaminophen Ketorolac 

OPS (range) n OPS (range) n OPS (range) n 

OPS: on arrival 2 (0-7) 29 1 (0-7) 31 0 (0-7) 30 
1 min 3 (0-8)* 29 1 (0-7)* 31 0 (0-6) 30 
5 rain 4 (0-8)* 29 2 (0-7)* 31 0 (0-6) 28 
10 min 4 (0--9)* 27 2 (0-7)* 31 0 (0-9) 25 
15 min 2 (0-5)* 19 1 (0-5)* 22 0 (0--4) 22 
30 rain 1 (0-5)* 11 0 (0-5) 17 0 (0-5) 21 
45 min 0 (0--4) 9 0 (0--4) 15 0 (0--4) 2l 
60 min 0 (0--4) 7 0 (0-4) 14 0 (0-4) 21 

Highest OPS score 5 (0-9)* 4 (0-7)* 1 (0-9) 

*P < 0.05 vs ketorolac group. 

TABLE V The cumulative percentage of patients requiring 
analgesic therapy in the three treatment groups after arrival in the 
PACU. 

Time after arrival 
in PACU Placebo Acetaminophen Ketorolac 

10 min 7% 0% 7% 
15 min 28% 29% 17% 
20 min 52% 29% 20%* 
30 min 62% 45% 27%* 
45 min 69% 52% 30%* 
60 min 76% 55% 30%* 

*P < 0.05 vs placebo group. 

group and acetaminophen groups), this difference was not 
statistically significant (Table III). 

Discussion 
This study demonstrates that preoperative oral ketorolac, 
1 mg. kg -l, is a more effective analgesic than acetamino- 
phen (10 mg. kg -l) or placebo in children undergoing 
BMT. In contrast, oral acetaminophen, 10 mg. kg -l, was 
not more effective than placebo. The postoperative OPS 
scores in the ketorolac group remained lower than the 
scores for both the acetaminophen and placebo groups at 
all assessment intervals from 1 to 15 min after the arrival 
in the PACU. The lower median pain scores recorded in 
the time interval from 15-60 rain after arrival in the PACU 
reflect the absence of patients who received "rescue" 
analgesic therapy. Although OPS scores may be lower in 
the presence of increased sedation, the differences between 
the three treatment groups could not be explained by 
differences in sedation (since the Aldrete recovery scores 
did not differ among the three groups). In addition, the 
times to achieve other predetermined end-points ( e.g., eye 
opening, response to commands, ambulation) did not differ 
among the three groups (Table III). 

The differences in postoperative OPS scores did not 
reflect differences in preoperative agitation (i.e., children 
who cried excessively during induction did not have higher 
"pain" scores in the postoperative period). In our study, 
behavioural scores during induction did not predict 
postoperative behaviour either before or after the child 
first saw their parent in the postoperative period, although 
children were calmer in the presence of their parents. 
Finally, the differences in OPS scores among the three 
groups remained even if the parent was present with the 
child. These data suggest that preoperative oral ketorolac 
provided better analgesia than acetaminophen and placebo 
in this patient population. 

In our study, analgesic medications were administered 
before the start of surgery in an attempt to attenuate the 
pain response to surgical trauma. It has been suggested 
that a prolonged hyperexcitable "wind up" state is estab- 
lished in the spinal cord after receiving an intraoperative 
barrage of painful stimuli) The prophylactic use of 
analgesics may decrease their postoperative requirements 
by reducing the noxious input to the central nervous 
system) Inhibition of prostaglandin synthesis by NSAIDs 
minimizes the activation and sensitization of peripheral 
nociceptors and thus reduces the pain and inflammatory 
response to surgical trauma.l 1-t 3 If NSAIDs interfere with 
the initiation of pain at the peripheral receptor, preopera- 
tive administration should provide improved analgesia 
compared with their administration after surgery.14 

We administered our study medications orally, because 
this route is readily acceptable to children. In addition, 
intravenous access may not always be established for this 
procedure. 6 Although pharrnacokinetic data following 
intravenous administration of ketorolac are available for 
children, there are no similar data following oral adminis- 
tration in this population. 15 However, ketorolac is rapidly 
absorbed following oral administration in adults, with peak 
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plasma concentrations being achieved in 30-50 min. 
Bioavallability is very high (>90%) and blood levels after 
oral or parenteral administration are comparable)1,t6 Oral 
ketorolac has been shown to be superior to placebo, 
codeine, acetylsalicylic acid and acetaminophen with and 
without codeine in adults undergoing extractions of their 
molar teeth.ll'17'l$ Oral ketorolac has also been shown to 
be as effective as naproxen, ibuprofen, and a combination 
of acetylsalicylic acid, phenazone and dextropropoxyphene 
for postoperative pain management in adults.~ 1,~2,17-20 

Although oral ketorolac has been reported to cause 
gastric irritability and emesis, 11 no patient in our study 
vomited during induction of anaesthesia. The current 
guidelines for fasting for elective surgical patients suggest 
that adults may ingest oral medications with 30 ml of 
water up to one hour before surgery. 21 We believe it is 
unlikely that the administration of 5 ml of oral medications 
30 rain before the induction of anaesthesia would be 
associated with an increased risk of aspiration in our 
patient population. There was also no evidence of 
increased postoperative vomiting or other side effects ( vs 
placebo) related to the prophylactic administration of 
ketorolac in our paediatric outpatient population. Although 
ketorolac can cause platelet dysfunction, increased peri- 
operative bleeding has not been clinically apparent. I 1-20 

Acetaminophen is widely used for managing mild 
postoperative pain in children but has a "ceiling effect" 
with respect to analgesia.L2'22 It is well-absorbed orally 
with peak blood levels being achieved within 30 min in 
children. 23'24 Although we administered our study medica- 
tions 30 min before the induction Of anaesthesia, there 
were no differences in the pain scores between the 
acetaminophen and placebo groups, while pain scores in 
the ketorolac group were lower than in the other two 
groups. Thus, the preoperatively administered acet- 
aminophen (10 mg.kg  -1, po) did not provide post- 
operative analgesia following BMT. However, larger 
doses of acetaminophen might prove to be more effective. 
This would explain the apparent pain relief associated with 
acetaminophen, 15-20 mg. kg -1, per rectum. 

This study can be criticized for the choice of a patient 
population undergoing an operation in which postoperative 
pain is assumed to be mild. However, our study (like a 
previous study5), demonstrated that postoperative pain 
after BMT does occur and can be decreased with effective 
analgesic medication. This study may also be criticized for 
the use of the Hannallah objective pain scale. Although 
pain assessment in children in the preverbal stage of 
development is difficult, the methods we used are well- 
accepted and have been validated in the anaesthesia 
literature) -2's-l~ The Hannallah OPS has been demon- 
strated to have interobserver reliability in infants and 
children, and also to have concurrent validity with the 

Children's Hospital of Eastern Ontario Pain Scale 
(CHEOPS), a behavioural pain scale with documented 
validity and reliability) ~ 

In summary, this study demonstrated that the preopera- 
tive administration of oral ketorolac provides better 
postoperative analgesia than acetaminophen or placebo in 
children undergoing bilateral myringotomy. Preoperative 
oral acetaminophen (10 mg. kg -l) was no more effective 
than placebo in this patient population. Additional studies 
are necessary to determine if higher doses of acetamino- 
phen would be effective in this patient population. Studies 
are also required to determine the optimal dose of oral 
ketorolac, and its efficacy as a prophylactic analgesic for 
more painful outpatient paediatric surgical procedures. 
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