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Comparison of Ketorolac and Morphine as Adjuvants

during Pediatric Surgery

Mehernoor F. Watcha, M.D.,* M. Barry Jones, M.D.,t Richard G. Lagueruela, M.D.,+ Christof Schweiger, M.S.,t
Paul F. White, Ph.D., M.D., F.F.A.R.A.C.S.§

The intraoperative use of opioid analgesics decreases the volatile
anesthetic requirement and provides for pain relief in the early
postoperative period. In a randomized double-blind, placebo-con-
trolled study involving 95 ASA physical status 1 or 2 children (ages
5-15 yr) undergoing general anesthesia for elective operations, we
compared postoperative analgesia following the intraoperative in-
travenous (iv) administration of ketorolac, a nonsteroidal antiin:
flammatory drug or morphine, an opioid analgesic. After induction
of general anesthesia and before the start of the surgical procedure,
children received equal volumes of saline, morphine (0.1 mg-kg™,
iv) or ketorolac (0.9 mg- kg™, iv). Postoperative pain was evaluated
by the child using a 10-cm linear visual analog scale (VAS) and by
a blinded observer using both a VAS and an objective pain scale
(OPS) in the postanesthesia care unit (PACU). There were no sta-
tistically significant differences in the VAS and OPS scores in the
PACU or in the postoperative analgesic requirements in children
receiving morphine or ketorolac. The placebo group had a signifi-
cantly higher VAS and OPS score and required earlier and more
frequent analgesic therapy in the PACU compared to the two an-
algesic groups. Patients receiving ketorolac had less postoperative
emesis than those receiving morphine, We conclude that ketorolac
(0.9 mg-kg™) is an effective alternative to morphine (0.1 mg-kg™)
as an iv adjuvant during general anesthesia, and in the dose used
in this study, is associated with less postoperative nausea and vom-
iting in children. (Key words: Analgesics: antiinflammatory drugs;
ketorolac; nonsteroidal; opioids. Anesthesia: pediatrics. Pain: post-
operative.)

THE INTRAOPERATIVE USE of opioids decreases the
volatile anesthetic requirement and provides for early
postoperative pain relief, which is often inadequate in
children.'"®* However, opioid analgesics can produce
postoperative respiratory depression and vomiting.*®
Nonsteroidal antiinflammatory drugs (NSAID) have been
used for both prophylaxis and therapy of postoperative
pain, but most compounds in this drug group have a
“ceiling” effect with respect to analgesia and are inade-
quate for control of moderate-to-severe pain occurring
in the early postoperative period.>~!!

Ketorolac tromethamine (Toradol®) is a NSAID that
has been reported to provide greater and longer-lasting
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pain relief than morphine.'*™'® It is also reported to be

free of any respiratory depressant effect.'®!” However,
few data are available regarding the efficacy of parenteral
ketorolac in children.!® This randomized, double-blind,
placebo-controlled study was designed to compare the
perioperative analgesic effect of intravenously (iv) admin-
istered ketorolac and morphine in children undergoing
elective operations.

Materials and Methods

We studied 95 healthy ASA physical status 1 or 2 chil-
dren, ages 5-15 yr, undergoing surgical procedures
known to be associated with moderate-to-severe postop-
erative pain (e.g., tonsillectomy or orthopedic and plastic
surgical procedures). The study was approved by the
Washington University Human Studies Committee, and
written informed consent was obtained from the parents
of each child. We excluded patients less than 5 yr of age,
children with known bleeding or platelet disorders, renal,
cardiac or hepatic disease, those undergoing emergency
surgery, and children who were scheduled to be dis-
charged from the hospital on the day of surgery. During
the preoperative visit we explained the visual analog scale
(VAS) that would be used to assess pain and tested the
child’s understanding by asking them to mark points on
a 10-cm line indicating the intensity of pain following a
mosquito bite, a fall from a bicycle, and a needle injec-
tion.'?

No patient received preanesthetic medication. Anes-
thesia was induced with halothane and nitrous oxide via
a face mask or iv with propofol 2 mg - kg™, according to
the preference of the patient. In the patients who under-
went an inhalational induction, halothane was discontin-
ued immediately after the establishment of intravascular
access, and a bolus of propofol, 2 mg-kg™! iv, was ad-
ministered over 30-60 s. The time from the start of in-
duction until the end-tidal halothane concentration de-
creased to less than 0.15% after discontinuation of the
agent was recorded.

All patients underwent tracheal intubation facilitated
with atracurium 0.5 mg - kg™ iv. Anesthesia was initially
maintained with nitrous oxide 66% in oxygen and an iv
infusion of propofol 150 ug+kg™' + min~!, varied as nec-
essary to prevent signs of light anesthesia (e.g., tachycardia,
hypertension, or lacrimation). Neuromuscular blockade
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was maintained with additional atracurium, 0.1 mg kg™,
as needed.

Patients were randomly assigned to one of three treat-
ment groups. Prior to surgical incision, all patients re-
ceived equal volumes of study medication. One group
received saline (iv); a second group received morphine
0.1 mg-kg™' iv; and a third received ketorolac 0.9
mg - kg~! iv. The dose of ketorolac was based on the larger
volume of distribution in children compared to adults.!®
At the end of the surgical procedure, neuromuscular
blockade was antagonized with edrophonium and atro-
pine; nitrous oxide and propofol were discontinued; and
the trachea extubated after awakening. The total dose of
propofol used and the duration of surgery and anesthesia
were recorded along with the time from the end of surgery
to tracheal extubation, spontaneous eye opening, and re-
sponse to commands (which was evaluated by asking the
child to “squeeze my hand” at 30-60-s intervals after
eye-opening).

In the postanesthesia care unit (PACU), pain was as-
sessed by both the patient and an observer who was un-
aware of group assignments. Pain was assessed at 10-15-
min intervals using a linear VAS.'%2 In addition, the ob-
server evaluated pain using an objective pain scale (OPS)
as described by Hannallah et al.*! and Broadman et al.??
If the patient VAS was greater than 60 mm or the OPS
pain score was greater than 6 on two consecutive assess-
ments at 5-min intervals, the patient received morphine
0.05 mg - kg™ iv, which was repeated as needed until the
patient was comfortable. The patients, parents, and nurses
remained unaware of the study group assignments. Fol-
lowing discharge from the PACU, patients assessed their
own pain, and received oral acetaminophen 10-15
mg - kg™! for mild pain and morphine 0.05 mg-kg™! iv
for moderate-to-severe pain. These medications were re-
peated at 4-h intervals as needed. The number of analgesic
doses administered within 6 and 24 h after discharge from
the PACU was compared in the three groups.

STATISTICAL ANALYSIS

The age, weight, duration of anesthesia and surgery,
mean propofol infusion rate, the time from the start of
induction until the end-tidal halothane concentration was
< 0.15%, the time from end of surgery to tracheal ex-
tubation, eye-opening, and response to commands, and
the VAS pain scores were compared between the three
groups by a one-way analysis of variance. If the null hy-
pothesis was rejected, intergroup differences were ex-
amined by the Student-Newman-Keuls test and by
Scheffé’s test. The ASA physical status, types of surgical
procedures, and anesthetic induction techniques were
compared between the three groups by a chi-square test.
The OPS scores and the number of doses of analgesic
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medication administered in the first 6- and 24-h postop-
erative period were compared by a nonparametric analysis
of variance (Kruskal-Wallis). Intergroup comparisons were
made by a Mann-Whitney U-test with corrections for
multiple comparisons. In the statistical analysis of pain
scores, no correction was made for “‘rescue’ therapy, and
patients receiving postoperative analgesic therapy were
not assigned the last pain score prior to therapy for the
remaining points in the analysis.

In each group, the number of patients who required a
rescue by morphine within an arbitrarily chosen interval
of 12 min of arrival in the PACU, the number requiring
more than one rescue dose of morphine in the PACU,
and the number of patients who vomited in the immediate
24-h postoperative period were compared by Fisher’s ex-
act test and by a chi-square test with a Yates correction.
A P value of < 0.05 was considered statistically significant.

Results

The three groups were similar with respect to age,
weight, ASA physical status, anesthetic technique, type
of operation, and duration of surgery and anesthesia (table
1). The surgical procedures included otorhinolaryngo-
logic procedures such as tonsil/adenoidectomy, or-
thopedic procedures (e.g., bone biopsies and grafts, open
reduction with internal fixation of a fracture, or osteot-
omies) and plastic reconstructive procedures (¢.g., revision
of cleft lip and nose repair with rib or ear cartilage grafts,
or external ear reconstruction). There were no statistically
significant differences between the three groups in the
times from the start of induction until the end-tidal halo-
thane concentration was < 0.15%. There were also no
differences between the three groups in the end-tidal ni-
trous oxide concentration, the mean infusion rate of pro-

TABLE 1. Demographic Data, Types of Surgical Procedures,
Anesthetic Induction Techniques, and Duration
of Surgery and Anesthesia

Placebo Morphine Ketorolac

Number (n) 32 31 32
Age (yr) 100+36 | 8.5+37 | 8338
Weight (kg) 45.2 = 23.836.2 22,0 35.5 £ 18.9
Height (cm) 140 + 22 129 = 27 133 + 24
ASA physical status (1/2) 23/9 28/3 24/8
Surgical procedure

Tonsil/

adenoidectomy 20 21 22

Orthopedic 11 8 7

Plastic reconstructive 1 2 3
Induction technique

Halothane + N,O 23 24 25

Propofol 9 7 7
Surgical time (min) 53 + 38 48 + 37 45 + 32
Anesthesia time (min) 87 £ 50 87 + 56 77 £ 42

Values for weight, height, and surgical and anesthesia times are
mean *+ SD.
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TABLE 2. Comparison of Intraoperative Anesthetic Techniques and Data on Emergence Times
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Placebo Morphine Ketorolac

Time from induction to end-tidal halothane

concentration <0.15% (min) 13+10 17+ 13 14+9
End-tidal N2O concentration (%) 67 + 2 67 £2 66 =3
Mean infusion rate of propofol (ug* kg™ - min™") 198 + 67 206 + 41 213 + 53
Time to extubation (min) 11.3 £ 6.0 124+ 9.5 9.5 % 6.1
Time to eye-opening (min) 13.4 £ 6.9 14.1 + 8.8 13.1+£9.1
Time to obeying commands (min) 16.7 £ 6.8 19.1 £ 124 16.5 + 10.7
Time in PACU (min) 46.0 £ 14.2 39.7 = 19.4 35.8 + 10.7*

All times are in minutes from the end of surgery unless otherwise
stated. Values are mean + SD.

pofol, or the times from the end of surgery to tracheal
extubation, eye-opening, and response to verbal com-
mands (table 2). Patients receiving ketorolac were dis-
charged from the PACU sooner than patients who re-
ceived saline.

There was no correlation between the duration of sur-
gery and the VAS or OPS pain scores in any of the three
groups. There were no significant differences in the VAS
and OPS scores in the groups receiving ketorolac and
morphine. VAS and OPS scores were significantly higher
in the placebo group compared to the other two groups
at 10 min after arrival in the PACU (table 3). Pain scores
were not corrected for postoperative analgesic therapy,
and by 30 min, the VAS and OPS scores in the three
groups did not differ because all patients in moderate-to-
severe pain had received morphine “rescue” therapy (ta-
bles 3 and 4).

The number of patients who required a “‘rescue’’ dose
of morphine within 12 min after arriving in the PACU
and the number of children who required more than one
“rescue”” dose of morphine in the PACU were significantly
greater in the placebo group compared to the other two
groups, but not between the groups receiving morphine
or ketorolac (table 4). The median number of analgesic
treatments provided within 6 and 24 h after discharge
from the PACU did not differ between the groups re-
ceiving morphine and ketorolac but were significantly
lower in both groups compared to the placebo group.

TABLE 3. Postoperative Pain Evaluation Following Arrival

in the PACU
Placebo Morphine Ketorolac

VAS by patient

0-5 min (mm) 62 + 34 49 + 35 49 + 31

10 min (mm) 76 £ 20 45 + 31* 46 = 31*

30 min (mm) 49 £ 32 38 + 32 3120
Median OPS (range)

0-5 min 4 (0-9) 2 (0-9) 1(0-9)

10 min 4 (0-8) 3 (0-9)* 2 (0-8)*

30 min 2 (0-7) 2 (0-5) 2 (0-9)

Mean visual analog scale (VAS) by the patient (£SD). Median ob-
jective pain scale (OPS) with range in parentheses.
* P < 0.05 compared to the placebo group.

PACU = postanesthesia care unit.
* P < 0.05 compared to placebo group.

However, in all three groups, patients undergoing or-
thopedic procedures required morphine ‘“‘rescue’” therapy
more frequently than those undergoing tonsillectomy-
adenoidectomy. Finally, the incidence of emesis in the
first 24 h after surgery was significantly less in the keto-
rolac group compared to the morphine group (table 4).

Discussion

This study demonstrated that an intraoperative dose
of ketorolac 0.9 mg+ kg™ iv, provided postoperative an-
algesia similar to that achieved with morphine 0.1
mg - kg™! iv. The lack of a significant difference between
the three treatment groups with respect to pain scores on
arrival in the PACU may be explained by the effects of
residual concentrations of anesthetic agents used intra-
operatively. Despite the intraoperative administration of
either morphine or ketorolac, patients in both groups re-
quired supplemental opioids in the postoperative period.
However, patients who received a placebo required mor-
phine earlier and more frequently in the PACU than those
who received intraoperative ketorolac or morphine.

TABLE 4. Comparison of Analgesic Therapy and Emesis in the
Postoperative Period

Placebo | Morphine | Ketorolac

Patients requiring first morphine
“rescue’’ treatment within 12 min of

arrival in PACU (%) 66% | 34%* | 34%*
Patient requiring more than 1

morphine “rescue’ treatment in the

PACU (%) 60% | 29%* | 25%*

Median number of analgesic treatments
during the first 6 h after discharge
from PACU (range)

Median number of analgesic treatments
during the first 24 h after discharge
from the PACU (range)

Emesis during the first 24 h after
surgery (%) 37% | 59%

2 (0-6)| 1* (0-2) | 1* (0-3)

4 (1-9)| 2% (0-7)| 2* (0-4)

25%

PACU = postanesthesia care unit.
* P < 0.05 compared to the placebo group.
1 P < 0.05 compared to the morphine group.
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These data suggest that intraoperative ketorolac, like
morphine, decreases the postoperative analgesic require-
ments in children.

The dose of ketorolac that was administered to these
children was based on 1) the available pharmacokinetic
data, which suggests a greater volume of distribution and
clearance per unit body weight of ketorolac in children
compared to adults,'® and 2) an earlier clinical study sug-
gesting that 0.5 mg-kg™" ketorolac was less effective as
an analgesic in the 1st h postoperatively compared to
morphine 0.1 mg- kg™ in children.!® It is possible that
ketorolac, like other NSAIDs, has a “ceiling” analgesic
effect, and although it may decrease the requirements for
supplemental opioids, it does not completely eliminate
the need for opioid analgesic supplementation.'?-152® The
lack of data on the dose-response relationship for intra-
operative ketorolac is a limitation of this preliminary
study. It is possible that ketorolac in doses between 0.5
mg - kg™' and 0.9 mg - kg™! may produce a similar degree
of pain relief to that which was reported in our study.
Further studies on the dose-response relationship of ke-
torolac in children are required.

While all NSAID compounds inhibit platelet aggre-
gation by a reversible block of prostaglandin synthetase,
increased surgical blood loss has been reported only with
the use of indomethacin and not with diclofenac or ke-
torolac.!#!524-26 Although ketorolac has been associated
with prolongation of bleeding time in adults, increased
perioperative bleeding has not been demonstrated.!*!5
In our study, only 1 of 63 patients undergoing tonsillec-
tomy-adenoidectomy procedures had to return to the
operating room for the treatment of excessive bleeding.
This patient was assigned to the placebo group, and re-
operation was performed on the fifth postoperative day.
Although ketorolac may not be associated with excessive
bleeding in patients with normal coagulation, patients with
subclinical hemostatic defects may be “at risk” of in-
creased perioperative blood loss if ketorolac is used as an
adjuvant during surgery.

The lower incidence of emesis in the group receiving
iv ketorolac compared to the morphine group cannot be
attributed to variations in the anesthetic technique. Al-
though different techniques were used to induce anes-
thesia, the number of patients who underwent induction
via face mask or iv injection did not differ between the
treatment groups. Although propofol is associated with
decreased postoperative emesis, any effect on emesis
would have been the same in all three groups as the pro-
pofol maintenance infusion rates were similar.?’ Further-
more, all patients received nitrous oxide 66% in oxygen.
Additional studies are necessary to determine the inci-
dence of emesis and satisfactory analgesia when ketorolac
is administered during maintenance anesthesia with halo-
thane and nitrous oxide.
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A major advantage of ketorolac (and other NSAIDs)
over opioid analgesics is its lack of respiratory depres-
sion.'®-17 Opioids act on specific receptors in the central
nervous system to attenuate nociception.?® Ketorolac in-
hibits prostaglandin synthesis to minimize the activation
and sensitization of peripheral nociceptors by bradykinin
and other mediators, thus reducing pain and inflamma-
tory responses to surgery.>'%!® Because ketorolac and
opioids act at different sites, a combination of these agents
may provide additive, if not synergistic pain relief.? If
satisfactory analgesia is obtained with lower doses of each
drug when used in combination, the incidence of side
effects may be decreased.?®

In summary, this study demonstrated that an intra-
operative dose of ketorolac, 0.9 mg-kg™" iv, provided
postoperative analgesia similar to that associated with
morphine 0.1 mg-kg™ iv, but was associated with sig-
nificantly less emesis. Thus, ketorolac is a useful alter-
native to morphine for providing prophylactic analgesia
in children undergoing elective operations.

The authors thank the physicians and nurses of Children’s Hospital
for their patience during the study and gratefully acknowledge the
secretarial help provided by Mary Bicknell during the preparation of
the manuscript.
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