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Cost effectiveness analysis of intravenous ketorolac and
morphine for treating pain after limb injury: double blind

randomised controlled trial

Timothy H Rainer, Philip Jacobs, Y C Ng, N K Cheung, Michael Tam, Peggo K W Lam,

Robert Wong, Robert A Cocks

Abstract

Objectives To investigate the cost effectiveness of
intravenous ketorolac compared with intravenous
morphine in relieving pain after blunt limb injury in
an accident and emergency department.

Design Double blind, randomised, controlled study
and cost consequences analysis.

Setting Emergency department of a university
hospital in the New Territories of Hong Kong.
Participants 148 adult patients with painful isolated
limb injuries (limb injuries without other injuries).
Main outcome measures Primary outcome measure
was a cost consequences analysis comparing the use
of ketorolac with morphine; secondary outcome
measures were pain relief at rest and with limb
movement, adverse events, patients’ satisfaction, and
time spent in the emergency department.

Results No difference was found in the median time
taken to achieve pain relief at rest between the group
receiving ketorolac and the group receiving
morphine, but with movement the median reduction
in pain score in the ketorolac group was 1.09 per
hour (95% confidence interval 1.05 to 2.02) compared
with 0.87 (0.84 to 1.06) in the morphine group
(P=10.003). The odds of experiencing adverse events
was 144.2 (41.5 to 501.6) times more likely with
morphine than with ketorolac. The median time from
the initial delivery of analgesia to the participant
leaving the department was 20 (4.0 to 39.0) minutes
shorter in the ketorolac group than in the morphine
group (P =0.02). The mean cost per person was
$HK44 (£4; $5.6) in the ketorolac group and $HK229
in the morphine group (P <0.0001). The median
score for patients’ satisfaction was 6.0 for ketorolac
and 5.0 for morphine (P <0.0001).

Conclusion Intravenous ketorolac is a more cost
effective analgesic than intravenous morphine in the
management of isolated limb injury in an emergency
department in Hong Kong, and its use may be
considered as the dominant strategy.

Introduction

Patients commonly present to accident and emergency
departments with severe pain after limb injury and
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need early treatment with effective analgesia. The use
of analgesia in emergency departments and intensive
care units may be suboptimal."™ Some analgesics, such
as morphine (the opiate morphine sulphate), have a
perceived risk of dependency and therefore, although
relatively cheap, are regarded as “dangerous.”’ In
single doses they are associated with serious adverse
effects that need monitoring and further treatment by
both nursing and medical staff. Therefore these drugs,
although inexpensive to buy, may have a substantial
financial impact on health resources. The impact on
emergency departments has never been investigated
quantitatively. Non-steroidal anti-inflammatory drugs
are also effective at relieving moderate to severe pain
and are believed to have fewer adverse effects than
opiates.”" In North America, the United Kingdom,
other parts of Europe, and in Hong Kong ketorolac
(ketorolac tromethamine) is the only non-steroidal
anti-inflammatory drug currently licensed for manag-
ing pain by rapid intravenous administration.” "’

Although intravenous morphine titrated according
to the patient’s needs is a current recommended gold
standard against which all strong analgesics may be
evaluated and compared for efficacy and safety,' little is
known about the economic aspects of its use. The few
controlled trials comparing doses of intravenous
ketorolac and intravenous morphine were all either
perioperative studies or associated with cancer.** """

We performed a cost effectiveness analysis compar-
ing intravenous ketorolac with intravenous morphine
in the management of pain after blunt limb injury
(non-penetrating injury to a limb) in an accident and
emergency department setting. We hypothesised that,
although ketorolac is about three times as expensive as
morphine in Hong Kong, ketorolac would be the more
cost effective option if all additional related costs were
taken into account.

Methods

We conducted the study in the accident and emergency
department of the Prince of Wales Hospital, Shatin, a
1400 bed university teaching hospital in the New
Territories of Hong Kong.
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Inclusion and exclusion criteria

All patients aged =16 years presenting to the
emergency department between 9 am and 5 pm, Mon-
day to Friday, with an isolated painful limb injury (limb
injury without other injury) were considered for the
study. Patients were excluded if they had a history of
substance misuse, dementia, indigestion, peptic ulcera-
tion or gastrointestinal haemorrhage, recent antico-
agulation, pregnancy, adverse reaction to morphine or
ketorolac, renal or cardiac failure, hepatic problems,
rectal bleeding, recent (<24 hours) use of non-
steroidal anti-inflammatory drugs, asthma, chronic
obstructive airways disease, chronic pain syndromes, or
previous treatment with analgesia for the same injury.

Interventions and randomisation

Patients were randomly allocated to one of the two
treatment groups by using a random number table."
Ketorolac was prepared as a 2 mg/ml solution and
morphine as a 1 mg/ml solution. One group would
receive intravenous ketorolac as a 10 mg (5 ml) loading
dose over 60 seconds followed by 5.0 mg (2.5 ml) every
5 minutes up to 20 minutes (maximum 30 mg) as
required. The other group would receive intravenous
morphine as a 5 mg (5 ml) loading dose over 60
seconds followed by 2.5 mg (2.5 ml) every 5 minutes up
to 20 minutes (maximum 15 mg) as required.

A nurse with clinical responsibilities opened a pre-
coded envelope with details of the drug and randomi-
sation number. Either morphine or ketorolac was
prepared in the emergency department according to
normal practice except that the syringe was labelled
with a coded number rather than the drug name. This
nurse was not involved in the administration of analge-
sia, the assessment of the participant, or the treatment
of adverse effects. Both the research nurse, with
non-clinical duties, and the participant were blinded to
the treatment. The aim was to achieve total pain relief

Registered or eligible patients

(182)
Not randomised (33)
Patient choice (18)
Asthma/Chronic obstructive
— airways disease (6)

Renal disease (3)
Gastrointestinal disease (2)
7 Cardiac failure (3)

Hepatic disease (1)

Patients allocated to treatment
(149)

Y {

Did not receive Received ketorolac Received morphine Did not receive
ketorolac as indicated as allocated as allocated —>» morphine as indicated
(0) (75) (74) M
Followed up Followed up
(73) (75)

Withdrawals Withdrawals
(0) (0)

Flow chart describing progress of patients through randomised trial
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at rest—that is, a pain score of O—provided that the
maximum dose was not exceeded and there were no
adverse effects.

Clinical measurements and data collection

A 10 inch (254 mm), numbered (0-10), horizontal,
visual analogue pain score was used for baseline meas-
urements and at subsequent time intervals after the
first injection.”” A large scale (inches rather than cent-
metres) was used because disability from poor vision is
particularly high in Hong Kong. Routine observations,
pain scores, and adverse effects were recorded every
five minutes for the first 30 minutes after drug admin-
istration, at 30 minute intervals for the subsequent one
and a half hours, and once more at six hours.
Participants were aware of their previous scores at all
stages of recording. The type, number, duration, and
severity of adverse effects were documented.”’ Data
were analysed with SAS Statview for Windows, version
5.0 (Abacus Concepts, SAS Institute, Cary, NC, USA).

Clinical and perception outcomes
The primary clinical outcomes were pain relief
measured as changes in the pain score, and adverse
effects. Pain relief is presented as odds ratios of reach-
ing 50%, 75%, and 100% reduction in pain score (both
at rest and with activity) and as median changes in the
pain score estimated with the Kaplan-Meier product
limit method. “Activity,” for the purpose of this study,
involved the research nurse gently moving the injured
limb to assess pain. The perception outcome measures
were participants’ satisfaction with pain relief and their
satisfaction with the care given by staff in the
emergency department at the time of discharge from
the department.

The end point was six hours after the administra-
tion of analgesia if the patient was discharged from the
emergency department.

Cost measurements and data collection

Costs were calculated according to activities, which
included the preparation and administration of
analgesics and other drugs, care relating to adverse
events, and admission to hospital. We obtained
estimates for the time required to use each resource in
each activity and the unit costs for each of these
resources. Drugs were costed separately according to
dose, and cost estimates were made for the actual treat-
ment time for adverse events.

Cost effectiveness analysis

The primary efficiency measure was a cost conse-
quences analysis®—that is, a comparison of costs with
several different outcomes. Qualitative, rather than
quantitative, descriptions were made in comparing
outcomes and efficiency measures.”” The sensitivity
analysis of cost measures was conducted with regard to
observational periods.

Statistical analysis

Data were analysed on an intention to treat basis, and
we used two tailed tests in all statistical analyses.
Baseline characteristics of the two treatments were
compared using the y° test or the Mann-Whitney U
test. Time to event variables were evaluated by using
the Kaplan-Meier product limit method, and the log
rank test was used to compare the treatment groups. A
regression line indicating the change in pain score over
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time was found, and its slope was therefore a summary
measure for each patient* The likelihood of achieving
pain reduction was presented as hazard ratios.

Results

During the defined study period 182 patients attended
the emergency department with acute, painful limb
injuries, 149 of whom were allocated to receive blinded
analgesia (figure).

Baseline characteristics and clinical outcomes
Baseline characteristics of the 148 participants in the
two groups were similar (table 1).

According to the doses and methods used in this
study, the odds of achieving 50%, 75%, and 100% pain
relief at rest favoured morphine, but the results were
not statistically significant (table 2). With activity, the
odds of achieving 50% and 75% pain reduction
favoured ketorolac, although only the result for 75%
pain reduction was statistically significant (table 2). The
median rate of a decrease in pain score at rest was
1140 (95% confidence interval 9.40 to 12.80) with
ketorolac and 10.80 (10.20 to 13.54) with morphine
(P=0.54); with activity the median decrease in pain
score was higher in the ketorolac group (1.09 (1.05 to
2.02) v 0.87 (0.84 to 1.06)).

Participants were 16 times more likely to develop
adverse effects with morphine than with ketorolac
(table 3), with an odds ratio of 144.2 (95% confidence
interval 41.5 to 501.6; P<0.0001). The commonest
adverse effects are shown in table 3.

No difference was found between the two drugs for
time between injury and arrival at the emergency
department (table 1) or for time between arrival at the
emergency department and prescription of analgesia,
preparation of analgesia, or time taken for radiography
(table 4). Participants waited longer (between prescrip-
tion and administration of initial bolus) to receive mor-
phine than ketorolac (P=0.0002) and therefore spent
longer in the emergency department, although total
time spent in the emergency department was not
statistically significant (P=0.11). The total time that
nurses and doctors spent managing adverse effects was
also longer for the morphine group than for the
ketorolac group.

Cost analysis

Marginal costs were used to measure the difference in
costs between the two interventions. The mean cost per
person, excluding admissions for orthopaedic reasons,
was $HK43.60 (£4; $5.6) for those in the ketorolac
group and $HK228.80 for those in the morphine
group (P<0.0001). Overall mean cost per person,
including admissions unrelated to analgesia, was
$HK11 361.20 for those in the ketorolac group and
$HK7279.62 for those in the morphine group
(P=0.45). If admission costs are excluded, much of the
difference between the costs for the two groups was the
result of the management of adverse effects.

Cost effectiveness

When we included admission costs we observed no
significant differences in costs between the two groups.
We found a significant reduction in pain with activity in
the ketorolac group and significantly fewer common
adverse events. Additionally, the participants in the

BMJ VOLUME 321 18 NOVEMBER 2000 bmj.com

Table 1 Participants’ characteristics (n=148). Values are numbers (percentages™) of

participants unless stated otherwise

Ketorolac group

Morphine group

Variable (n=75) (n=73) P value
Mean (SD) age (years) 53.9 (21.7) 53.2 (21.8) 0.85%
No (%) of men 38 (51) 33 (45) 0.51§
Mean (SD) body mass index (kg/m?) 22.8 (3.2) 23.0 (3.7) 0.77%
Mean (interquartile range) time between 95 (30-630) 82 (33-921) 0.75
injury and arrival at hospital (minutes)
Cause of injury:
Motor vehicle crash 6 (8) 4(5) 0.581
Falls 46 (61) 51 (70)
Crush 20 (27) 14 (19
Other 3(4) 4 (5)
Fractures: 50 (67) 48 (66 091§
Clavicle, humerus, elbow 5(7) 8 (11
Radius, ulnar 8 (11) 11 (15
Hand 15 (20) 13 (18
Femur, patella 14 (19) 12 (16
Tibia, fibula 5(7) 3(4)
Foot 2(3) 1(1)
Non-fractures:
Dislocation, upper limb 2 (3) 1(1)
Soft tissue injury, upper limb 10 (13) 10 (14)
Soft tissue injury, lower limb 14 (19) 14 (19)
Initial mean (SD) pain score:
At rest 3.8 (1.1) 3.9 (1.1 0.65%
With activity 81 (1.2) 8.1 (1.2 0.85%
Referred for orthopaedic assessment 41 (55) 36 (49 0.52§
Admitted to hospitalt 38 (51) 29 (40 0.18§
Admitted with adverse effects 0 3 (4)
*Percentages may not sum to 100 because of rounding.
tPatients admitted to hospital (to orthopaedic or emergency observation ward).
1t test for unpaired means comparison.
§y” test.
fIFisher’s exact test.
Table 2 Likelihood of achieving pain reduction
Activity level Hazard ratio* P valuet
At rest:
50% reduction in pain 0.83 (0.60 to 1.15) 0.271
75% reduction in pain 0.84 (0.60 to 1.16) 0.279
Complete pain relief 0.93 (0.66 to 1.30) 0.654
With activity:
50% reduction in pain 1.18 (0.85 to 1.63) 0.330
75% reduction in pain 1.49 (1.05 to 2.12) 0.027
*>1 means that ketorolac performed better than morphine for pain relief.
TWald test.
Table 3 Numbers (percentages) of participants with adverse events*
Variable Ketorolac group (n=75)  Morphine group (n=73) P valuet
Totalf 4 (5) 65 (89) <0.0001
Drowsiness 1(1) 43 (59) <0.0001
Sleeping 0 8 (11) 0.0054
Dizziness 2(2) 55 (75) <0.0001
Nausea 0 27 (37) <0.0001
Vomiting 0 12 (16) <0.001
Phlebitis 0 20 (27) <0.0001

*Some participants reported more than one adverse effect.
TFisher’s exact test.

FIncludes participants with uncommon adverse effects that are noted in the text but not in the table.

ketorolac group showed a greater degree of satisfac-
tion with analgesia (6.0; 5.0 to 6.0) than the participants
in the morphine group showed with their drug (5.0; 4.0
to 6.0) (P<0.0001). The satisfaction with emergency
department management was similar for both groups
(6.0 (5.0 to 7.0) v 6.0 (5.0 to 6.0); P=0.3). Ketorolac
administration therefore is the “dominant” strategy,
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Table 4 Median number (interquartile range) of minutes relating to participants’ treatment

Median difference
(95% confidence

Variable Ketorolac group (n=75) Morphine group (n=73) interval) P value*

Interval between arrival in emergency department 38.0 (30.0 to 54.0) 39.0 (29.0 to 53.0) 1.0 (5.0 to 7.0) 0.72
and doctor prescribing analgesia

Preparation for analgesia 5.0 (5.0 to 10.0) 10.0 (5.5 to 12.5) 2.0 (0 to 5.0) 0.0002

Undergoing radiography 5.0 (5.0 to 10.0) 5.0 (4.0 to 10.0) 0(-1.0t0 0) 0.75

Total time spent in emergency department 155.0 (112.0 to 198.0) 171.0 (126.0 to 208.5) 15.0 (-4.0 to 33.0) 0.11

Interval between receiving analgesia and leaving 115.0 (75.0 to 149.0) 130.0 (95.0 to 170.0) 20.0 (4.0 to 39.0) 0.02

emergency department

*Mann-Whitney U test.

with significantly better outcomes, lower costs when
costs for the emergency department and pharmacy are
combined, but not significantly higher overall costs.

Discussion

This study shows that, although intravenous morphine
costs less than intravenous ketorolac in Hong Kong,
ketorolac is a cheaper option than morphine once all
additional costs incurred by the accident and
emergency department and the pharmacy are taken
into account. When admission costs are included, how-
ever, the difference in cost is not significant. When both
drugs are administered intravenously in titrated doses
according to individual patients’ needs, ketorolac is at
least as efficacious as morphine and may afford a small
advantage when the injured limb is moved. Ketorolac
had fewer adverse effects than morphine, made fewer
demands on doctors’ and nurses’ management time,
resulted in earlier discharge or admission to a ward,
and was associated with greater satisfaction among
patients. Morphine may afford a small clinical
advantage, however, with better odds of relieving pain
at rest than with ketorolac.

Strengths and shortcomings

The strengths of the study lie in its randomised
controlled design, delivery of analgesia according to
individual needs, and its attempt to reflect the real
world as far as reasonably possible. The economic
evaluation follows recent guidelines published in the
BM]J.*" Although every effort was made to blind both
the research nurses and the participants to treatment,
certain clinical clues—such as pinpoint pupils—might
reveal the identity to discerning medical and
paramedical staff. This is a shortcoming that is
probably unavoidable and applies to all double blind
studies comparing opiates with other drugs. In an ideal
double blind regimen, treatment should not be
prepared anywhere near the scene of research, so that
contamination is completely impossible. In this study,
nurses prepared the drugs within the department and
used normal stock. This was important if we were to
monitor the “real” time taken to prepare drugs for
delivery and the different grades of nurses taking part
in the process. The delay in starting to administer mor-
phine compared with ketorolac was due to the extra
checking procedures necessary for administering
opiates.

Although more participants were admitted to hos-
pital in the ketorolac group, the overall greater costs
were not significant. No participant was admitted to an
orthopaedic ward because of adverse drug effects
(admission was principally for management of the

injured limb). Only three of the six participants
observed in an emergency observation ward were
admitted specifically for adverse effects, and all were in
the morphine group. Admission costs are much
greater and more variable than for analgesia and asso-
ciated drugs, which may explain why, when all
additional costs are included, no difference was found
between the two treatments. Others have noted that
non-urgent visits to emergency departments cost rela-
tively little when compared with the cost of
admission.”

Baseline pain scores at rest were not high, and it
may be argued that many of the participants did not
need strong analgesia. With only minor degrees of
movement, however, the average pain score rose to
over 8 (out of a possible 10), showing that these partici-
pants did experience severe pain and that the adminis-
tration of strong analgesia was appropriate. We could
not study a placebo effect as it would have been both
unethical and unjustified to deny some participants
appropriate analgesia when they were in moderate to
severe pain. Limb injuries are clearly painful, however,
and most participants in this study had fractures
confirmed by radiography. The reductions in pain
score exceeded the minimum required for clinical sig-
nificance.” *

Participants were studied between 9 am and 5 pm
and only on weekdays. It is therefore unclear whether
out of hours ratios of staff' to patients, case mix, and
demand would affect the results. Emergency depart-
ments function on a priority system, whereby the
efficiency of processing an individual patient depends
on the number of patients with higher priority in the
department at a given time and the available resources.
This study did not address the difficult and complex
relations between the individual patient and the total
demand on the rest of the department at the time that
patient attended. If it is assumed that staff’ are always
doing something useful while at work, then minutes of
freedom from managing one patient means that other
duties may be attended to, and this has an impact on
cost effectiveness.

It is difficult to know how far these results may be
applied to settings outside Hong Kong. If one assumes,
however, that the difference in costs between ketorolac
and morphine is 7.5-fold rather than 2.5-fold, that doc-
tors and nurses salaries are a third of those in Hong
Kong, and that all other variables are the same, then
ketorolac and morphine are equally cost effective (data
not shown).

Implementing results
The management of pain remains one of the great
challenges for emergency departments worldwide, and
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What is already known on this topic

Intravenous morphine sulphate is generally as
effective as intravenous ketorolac tromethamine
for surgical and cancer related pain

Morphine may cause more adverse events than
ketorolac

No cost effectiveness analyses have compared the
use of intravenous ketorolac and morphine
titrated according to patient needs and none has
evaluated such use in emergency departments

What this study adds

For limb injury in an emergency department
ketorolac is as effective as morphine for pain at
rest; for pain with movement, however, ketorolac
may be marginally better than morphine

Ketorolac produced fewer, less severe, and shorter
adverse events than morphine

Participants receiving ketorolac left the emergency
department sooner than those receiving morphine

Ketorolac is a more cost effective analgesic than
morphine in this setting and is associated with
greater patient satisfaction

so policies on rapid, cost effective, and safe analgesia
are essential for good patient care and patient satisfac-
tion. High demand and prolonged waiting times also
provide a drain on emergency departments’ resources,
and so any intervention that reduces the time that
patients spend in the department is also important.
This study showed that intravenous ketorolac is more
cost effective than intravenous morphine in the
management of acute pain after blunt limb injury in an
emergency department. Doctors may be more
confident about using an effective analgesic with no
risk of dependence, fewer adverse effects, reduced
arrival to discharge times in their departments, and
reduced costs. These results are relevant to emergency
departments in Hong Kong and are likely to be appli-
cable to other systems that are organised along similar
lines. Differences in staff salaries and other costs, how-
ever, may limit the application of our findings to some
environments.
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Endpiece

Fads in medicine

One is instantly reminded of the malign influence
of fashion on medicine, more than any other

science. Even nowadays it is subject to fads,
although no science is actually more profitable.

Pliny the Elder, AD 23-79
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