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Abstract

Background: Sickle cell disease (SCD) is a congenital hemoglobinopathy. A low Hb level and high hemoglobin-to-hematocrit ratio
may lead to the vaso-occlusive crisis in patients, for the management of which hyperbaric oxygen, hydration, and pain relief therapy
are proposed.
Objectives: In this study, we sought to compare the effects of morphine and ketorolac on relieving painful sickle cell crisis.
Methods: In this double-blind, randomized clinical trial, we recruited 92 SCD patients who referred to the Emergency Department
of a university-affiliated hospital, in Mashhad, Iran, from December 2016 to May 2017. The patients were randomly assigned to two
groups of ketorolac and morphine injections for relieving pain crisis according to the clinical conditions of the patients. Pain sever-
ity was measured by the visual analogue scale before and after the intervention. Data were analyzed using SPSS software.
Results: A total of 92 SCD patients were evaluated, while, 19 (21%) were female and 73 (79%) were male, with the mean age of 20.77 ±
8.6 years. At the pre-injection phase, the mean pain scores were 9.1±0.4 and 9.1±0.7 in the ketorolac and morphine groups, respec-
tively. After the intervention, the mean pain scores were 3.7 ± 1.2 and 4.9 ± 2.1 in the ketorolac and morphine groups, respectively.
A significant association was found between the pain score after drug injection and the administered drug (P = 0.006).
Conclusions: The management of pain crisis with ketorolac injection yielded the same results as the morphine injection in SCD pa-
tients. However, ketorolac was found to be associated with fewer side effects than morphine; thus, it can be beneficial for managing
SCD patients suffering pain crisis.
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1. Background

Globally, sickle cell disease (SCD) is the most com-
mon genetic hematologic disorder (1). Pain is the most
frequent symptom of SCD that often occurs in the form
of sudden, severe episodes called a crisis. Vaso-occlusive
crisis (VOC) of sickle cell anemia is a common, prin-
cipal cause of hospitalization, and the major cause of
mortality in affected adults (2). Patients with pain cri-
sis frequently refer to Emergency Departments (EDs) for
pain relief. The routine ED management of VOC consists
of hydration, hyperbaric oxygen therapy, and analgesia,
which requires using acetaminophen, nonsteroidal anti-
inflammatory drugs (NSAIDs), or mild oral narcotic agents
such as codeine for the treatment of mild pain. Patients
with more severe pain are usually hospitalized and treated
with parenteral narcotics (3). Most researchers propose the
intramuscular administration of meperidine as the most

common parenteral analgesic while others recommend
other analgesics (4, 5).

Today, morphine is the most common drug used for
pain management in EDs; however, the long-term use of
parenteral narcotics may lead to drug addiction (6). There-
fore, NSAIDs such as ketorolac are proposed as analgesics
in patients with postoperative or dental pain (7). Ketorolac
is the first injectable NSAID approved by the Food and Drug
Administration (8). Lottenberg and Hassell reported that
NSAIDs might be beneficial for the treatment of adults with
SCD (9). The British and other therapeutic guidelines have
proposed the use of NSAIDs to control mild-to-moderate
and severe pain in SCD patients (10). In this study, we at-
tempted to compare the injection of morphine as a nar-
cotic with the injection of ketorolac as an NSAID for the
treatment of painful sickle cell crisis in Emergency Depart-
ments.
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2. Methods

2.1. Study Population

This study was a double-blind, randomized clinical
trial performed among 120 patients with sickle cell ane-
mia who visited the Edalatian Emergency Department,
Imam Reza Hospital, from December 2016 to May 2017. The
study setting was a general teaching hospital with approx-
imately 65000 admissions per year, affiliated to Mashhad
University of Medical Sciences, Mashhad, Iran. The exclu-
sion criteria included the lack of any drug use for pain cri-
sis relief, addiction to injectable morphine, and the use of
other analgesics two hours before the intervention (Figure
1).

2.2. Sample Size

According to the study objectives, using the Mann-
Whitney U test, the power of 90% for normal distribution,
the non-inferiority set at three, the significance level of
0.05, and standard deviation of 1.5 for the population un-
der study, the sample size for each group was calculated to
be 42. Finally, 92 SCD patients were enrolled in the study.

2.3. Study Protocol

The patients were randomly assigned to two groups of
ketorolac injection (n = 50; 30 mg/kg IV; group I) and mor-
phine injection (n = 45; 4 - 10 mg diluted in 4 - 5 mL dis-
tilled water; group II). First, the pain intensity for each pa-
tient was determined using the visual analog scale (VAS;
0: no pain, 5: moderate pain, and 10: worst pain imagin-
able). Then, according to the peak effect of each drug, the
onset of drug action was determined to be less than 5 min
with the peak effect reaching after 20 min and the maxi-
mum duration of 7 h. The pain was assessed again in both
groups using the VAS five min after the intervention (the
peak effect of both drugs was less than 20 min) by another
colleague who was blinded to the type of injected drug. No
other analgesic was administered during the study period.

Complications and side effects associated with the ad-
ministered drugs were recorded in both groups, including
nausea and vomiting, dizziness, respiratory depression,
addiction, skin rash in the injection area, bleeding from
the injection site, hypotension, seizure, drowsiness, and al-
lergic reactions.

2.4. Statistical Analysis

The per-protocol analysis was the comparison of treat-
ment groups. The descriptive data were summarized as
means, standard deviation, and/or percentages. The nor-
mality of the data was checked prior to data analysis using
the One-Sample Kolmogorov-Smirnov test. To analyze the

data including descriptive statistics, such as frequency and
relative frequency, student’s t-test and chi-square test were
used. The Mann-Whitney U test was run for nonparametric
data and the nominal data were analyzed using the Fisher’s
exact test. All analyses were performed using the IBM SPSS
Statistics for Windows, version 23 (IBM Corp., Armonk, N.Y.,
USA). The P values of less than 0.05 were considered statis-
tically significant.

3. Results

In total, 92 SCD patients with pain crisis visited the ED
setting during the trial, 50 (54.3%) of whom received ke-
torolac injection and 42 (45.7%) morphine injection. The
mean age was 20.16 ± 9.1 and 21.5 ± 8.1 years in the mor-
phine and ketorolac groups, respectively. The t-test re-
flected no significant difference between the two groups in
the mean age (P = 0.186; Table 1).

3.1. Pain Severity Before the Intervention

The pain intensity was measured using the VAS, which
showed the mean pain score of 9.1 ± 0.5 (range: 6 - 10) be-
fore administering the analgesics. In the ketorolac group,
the mean pain score was 9.1 ± 0.4 (range: 8 - 10), while in
the morphine group, the mean pain score was 9.1 ± 0.7
(range: 6 - 10; Table 1).

3.2. Pain Severity After the Intervention

The total mean pain score was 4.2 ± 1.8 (min: 2, and
max: 9) after receiving the analgesics. The mean post-
injection pain scores were 3.7± 1.2 (min: 3, and max: 9) and
4.9 ± 2.1 (min: 2, and max: 9) in the ketorolac and mor-
phine groups, respectively (Table 1). The total pain score
decreased in both groups after 5 minutes. The total relief
of pain was statistically equal in the ketorolac (3.7 ± 1.2)
and morphine (4.9 ± 2.1) groups (P = 0.000). The Mann-
Whitney U test reflected a significant relationship between
the type of drug and the pain score (P = 0.002).

3.3. Side Effects

Our results indicated that 86 (93.5%) patients showed
no complications or side effects and six (6.5%) cases only
showed side effects after drug injection. Fisher’s exact test
revealed a significant association between the type of drug
and side effects (P = 0.007; Table 2).
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Figure 1. Flow diagram of the patients

Table 1. Comparison of Patient Characteristicsa

Variable
Gender

Mean Age, y
Mean Painb Score Before

Intervention
Mean Pain Score After

InterventionMale Female

Ketorolac injection (n = 50) 44 (88) 6 (12) 21.5 ± 8.1 9.1 ± 0.4 3.7 ± 1.2

Morphine injection (n = 42) 29 (68) 13 (31) 20.16 ± 9.1 9.1 ± 0.7 4.9 ± 2.1

Total (n = 92) 73 (21) 19 (79) 20.77 ± 8.6 9.1 ± 0.5 4.2 ± 1.8

P value 0.0001 0.0001 0.0001 0.0001
aValues are expressed as mean ± SD or No. (%).
bVisual Analogue Scale.

Table 2. Distribution of Drug Side Effects

Groups
Nausea and Vomiting, No. (%) Drowsiness, No. (%)

Yes No Yes No

Ketorolac injection - 50 (100) - 50 (100)

Morphine injection 6 (14.3) 36 (85.7) 4 (9.5) 38 (90.5)

P value 0.007 0.007

4. Discussion

The results of this study indicated that the prevalence
of SCD was higher among men than in women. The mean

score of pain significantly decreased in SCD patients in
both groups before using the drugs. The study of the side
effects showed that patients who received ketorolac had no
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complications after injecting the drug, but patients who
received morphine showed nausea, vomiting, and drowsi-
ness.

Pain crisis management is one of the most important
health challenges in SCD patients visiting EDs. In this study,
we injected morphine as a narcotic and ketorolac as an
NSAID for the management of these patients. The interna-
tional pain guidelines, such as those put forth by the World
Health Organization, propose opioid agonists (e.g., fen-
tanyl, morphine, pethidine, hydrocodone, and oxycodone)
as the main agents for the treatment of moderate-to-severe
pain (11, 12). Seya et al. reported narcotic analgesics con-
sumption in the top 20 countries of the Human Develop-
ment Index, measured as morphine equivalents (13). Since
opioid agonists may have side effects or cause addiction,
researchers are seeking to find suitable alternative anal-
gesics for opioid agonists with better effects and fewer
side effects (14, 15). Numerous guidelines pointed out that
paracetamol, could be a proper treatment for pain relief in
SCD patients (12).

Givens et al. showed that 43% of patients were given
morphine as an analgesic for one month with no need to
recall for four years (16). Bartolucci et al. reported that pain
reduced in 71% of patients 24 to 48 h after receiving mor-
phine, and no pain was reported until 30 h later. In 29%
of patients, the pain did not reduce after taking morphine,
leading to hospitalization (17). Campos et al. demonstrated
that the pain of patients reduced about 30 min after re-
ceiving morphine and severe pain decreased immediately
after taking the drug (18). Earlier studies reported that
among SCD patients who visited EDs for pain crisis and
used morphine either orally or intravenously for pain re-
lief, pain decreased about 24 h after receiving the drug, and
none of the patients was hospitalized.

Ketorolac is an NSAID with potent analgesic, anti-
inflammatory, and antipyretic properties, which can be
used for painful sickle cell crisis. Studies demonstrated
that ketorolac is comparable with morphine in relieving
pain (19, 20). Wright et al. (21), Ender et al. (14), Jacob and
Mueller (22), Perlin et al. (23), and Udeza and Herrera (6) re-
ported that anti-inflammatory agents such as ketorolac do
well in treating pain crisis in SCD patients.

Herdwick et al. compared the effects of ketorolac and
morphine on relieving pain crisis. The effects of the two
drugs were similar, but in a number of SCD patients who
used morphine, the medication was repeated after 2 h due
to the high severity of pain. In severe pain management, in
53% of cases, ketorolac was more effective than morphine
(24).

The results of our study indicated that ketorolac had
the same effects as morphine for relieving pain crisis. Our
results showed that ketorolac and morphine caused a sig-

nificant difference in the mean pain scores before and after
drug injection. According to these results and those of pre-
vious studies, both drugs have similar effects on relieving
pain crisis. However, choosing more effective analgesics
with fewer side effects should be considered for pain man-
agement in EDs.

Ketorolac is preferred to morphine in managing acute
pain because, contrary to morphine, it does not have ad-
verse effects on the central nervous system and does not
cause respiratory depression and hypotension. Moreover,
morphine reduces the movement of the digestive tract and
may cause itching or allergic reactions; furthermore, the
chronic use of morphine can lead to drug dependence (25).
In addition, research has shown that ketorolac has proper
efficacy in 25 to 50% of cases when compared to opiate
drugs. In this study, we found no side effects for ketoro-
lac while in the morphine group, nausea, vomiting, and
drowsiness were observed in six patients.

Sickle cell crisis is a major cause of hospitalization
among SCD patients. The use of narcotics for a long time
can cause dependence while ketorolac, as an NSAID, can re-
lieve pain crisis in patients, like morphine, but with fewer
side effects. In this study and other studies, it was noted
that ketorolac relieves acute pain, but the comparison of
ketorolac and placebo for patients with severe pain can
be unethical. Ketorolac as a drug that can relieve pain in
the shortest possible time may be used for emergency pa-
tients. However, further studies with larger sample sizes
are needed to determine the best pain crisis management
strategy.

4.1. Conclusion

The classification of pain based on its severity can be ef-
fective in developing management plans for the pain crisis.
It can be concluded that morphine and ketorolac yielded
comparable results for relieving pain crisis in SCD patients.
However, ketorolac had fewer side effects than morphine.
On the other hand, given that ketorolac is an NSAID, it can
be used as a good alternative to narcotic drugs in patients
with pain, especially pain crisis in SCD patients. The use
of an appropriate clinical approach to reducing pain crisis
can lead to better pain management and improvement in
these patients.
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