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Abstract

Background and aims: Acute pain episodes associated 
with sickle cell disease (SCD) are very difficult to manage 
effectively. Opioid tolerance and side effects have been 
major roadblocks in our ability to provide these patients 
with adequate pain relief. Ketamine is cheap, widely safe, 
readily available drug, with analgesic effects at sub-anes-
thetic doses and has been used in wide range of surgeries, 
pediatric burns dressing change and cancer related pain 
however, literature concerning its use in sickle cell crises 
is still limited in our setting. This study aimed to establish 
if 1 mg/kg of intravenous ketamine is non inferior to intra-
venous morphine 0.1 mg/kg in severe SCD-associated pain.
Methods: We performed an institutional review board-
approved randomized, prospective, double-blinded, 
active-control, non-inferiority trial at the national refer-
ral sickle cell center. Children between 7 and 18  years 
of age with severe painful sickle cell crisis, defined by 
numerical rating scale score of greater or equal to 7 were 
enrolled. Patients were consented and randomized to 
receive, either IV ketamine (LDK) 1 mg/kg or IV morphine 
(MOR) 0.1 mg/kg as an infusion over 10 min. The primary 
endpoint is maximal change in Numerical Rating Scale 

(NRS) pain score. Secondary outcomes were, incidence of 
adverse effects, optimal time to and duration of action of 
ketamine and incidence of treatment failures by treatment 
group. A clinically meaningful difference in validated 
pain scores was defined as 1.3 units. Assuming both treat-
ments are on average equal, a sample size of 240 patients 
(120 per group) provided 95% power to demonstrate that 
IV LDK is non-inferior to IV morphine with a 0.05 level of 
significance and a 10% non-inferiority margin. All analy-
ses were based on a modified intention to treat. This trial 
was registered with clinicaltrials.gov NCT02434939.
Results: Two hundred and forty patients were enrolled 
(LDK120, MOR120). Demographic variables and baseline 
NRS scores (8.9 vs. 9.2) were similar. LDK was compara-
ble to MOR in the maximum change in NRS scores, 66.4% 
vs. 61.3% (MD 5.5; 95% CI −2.2 to −13.2). Time to achieve 
maximum reduction in NRS pain scores was at 19.8 min 
for LDK and 34.1  min for MOR. The average duration of 
action for LDK was 60 min. MOR had more patients still 
at maximum effect at 120  min (45.8% vs. 37.5%; RR 1.2; 
95% CI 0.9–1.7). LDK patients were 11.3 times more likely 
to develop side effects, though were transient, anticipated 
and non-life threatening (37.5% vs. 3.3%). MOR had sig-
nificantly more treatment failures 40% vs. 28.3% (RR 0.7; 
95% CI 0.5–1.03, p = 0.07) Vital signs and sedation scores 
were similar in both groups.
Conclusions: Intravenous LDK at 1 mg/kg provides com-
parable analgesic effectiveness as IV MOR in the acute 
treatment of severe painful sickle cell crisis in children in 
the day care sickle cell center. However, it is associated 
with a high incidence of several transient, non-life threat-
ening mild side effects.
Implications: Intravenous ketamine at 1  mg/kg can be a 
reliable alternative to morphine in the management of 
severe painful sickle cell crisis especially in a resource 
limited area where morphine is not readily available.
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1  �Introduction
Painful vaso-occlusive crisis (VOC) is the hallmark of sickle 
cell disease (SCD) with an unpredictable onset that varies 
in frequency and intensity [1–4]. It accounts for 90% of sick-
ler’s admission into the day care centre with eventual hospi-
tal admission. Of these, 70% are associated with refractory 
pain that is often undertreated [5, 6] and has been associ-
ated with increased morbidity and mortality [7–10].

Opioids are the mainstay therapy for management of 
severe sickle cell related pain [11, 12]. They mediate anal-
gesia via mu receptor activation with consequent presyn-
aptic inhibition of substance P release. Chronic opioid 
exposure in patients with SCD plays an important role in 
the development of refractory pain [13, 14]. This is thought 
to be modulated via the abnormal activation of N-methyl 
D-aspartate (NMDA) receptor in the central nervous 
system and long term potentiation of synapses between 
nociceptive C fibers and neurons in the spinal cord result-
ing in hyperalgesia and opioid tolerance [15–17].

Other associated side effects of opioid use are res-
piratory depression and possible addiction. Morphine, 
the commonly used opioid has a long time to maximal 
pain reduction effect resulting in suboptimal pain control 
during a crisis. It is not readily available in low resource 
settings creating a need to explore other options which 
offer equally good analgesia with low cost and a better 
safety profile [18, 19].

Ketamine is a non-competitive NMDA receptor antag-
onist that has been shown to modulate opioid tolerance 
and opioid induced hyperalgesia in the following groups, 
i.e. animal models [20, 21], refractory SCD-related pain 
[22–25] and cancer related pain [26–28]. Ketamine exhibits 
anti inflammatory properties [29, 30] and has a very large 
therapeutic window [31–34].

The use of ketamine in acute management of VOC has 
been limited to small retrospective case series utilizing it 
as an adjunct to opioid therapy [23, 24, 34, 35]. Caitlin in 
the largest retrospective case series of 33 children and ado-
lescents found, that low dose ketamine lacked an opioid 
sparing effect with patients receiving ketamine reporting 
higher scores and higher opioid usage compared to those 
without ketamine (6.48 vs. 5.99; p = 0.002 and 0.040 mg/
kg/h. vs. 0.032 mg/kg/h; p = 0.004, respectively) [34]. This 
however was related to the low doses of ketamine utilized.

The aim of the study was to compare maximal pain 
reduction of ketamine to morphine as measured by 
the Numerical Rating Scale (NRS). In addition, we evalu-
ated time to maximal analgesic effect, duration of action, 
incidence of treatment failure and side effects of either 
intervention reported within 120 min of study period.

2  �Materials and methods

2.1  �Study design and setting

This study was approved by the Makerere University, 
School of Medicine Research and Ethics Committee 
(SOMREC) and was registered to the clinical trials.gov 
Registry with identifier number NCT02434939. This was a 
prospective, randomized, double-blind, active-controlled 
non-inferiority trial conducted from June 2015 to Febru-
ary 2016 at Mulago National Referral and Teaching Hos-
pital (MNRTH) in Uganda, which has a 1500 bed capacity 
and receives on average 48,000 patients annually at its 
Accident and Emergency (A&E). The sickle cell day care 
treats 10,000 patients annually with VOC accounting for 
80–90% of these.

2.2  �Eligibility

All children with SCD aged 7–18  years with severe acute 
painful crisis were eligible for recruitment. We excluded 
those with oxygen saturation less than 90%, systolic blood 
pressure less than 90 mmHg or greater than 180 mmHg, 
pulse rate less than 50 or greater than 120 beats/min, res-
piratory rate less than 10 or greater than 30 respirations/
min, altered mental status, current enrolment in another 
clinical drug trial, history of a stroke, increased intra 
cranial pressure, glaucoma and failed/difficult intrave-
nous access. Parental consent and child assent for chil-
dren above 8 years was obtained from all participants.

2.3  �Sample size

Power analysis determined that a sample size of at least 
120 subjects per group would achieve 95% power to detect 
a 10% change in NRS scores between treatment groups, 
with estimated group SDs of 2.3 for a 2-sided test with a 
significance level α of 0.05.

2.4  �Randomization and concealment

Block randomization with a block of 10 used to randomly 
assign participants to either receive ketamine or morphine 
in equal numbers for the two groups. A computer program 
was used to generate the randomization sequence by an 
independent statistician.

The ketamine group received intravenous ketamine 
(1  mg/kg) and the morphine group received intravenous 
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morphine (0.1  mg/kg) and blinding of both participants 
and study investigators was achieved by use of 20  mL 
syringes of similar appearance and consistency. The drugs 
were mixed by the study pharmacist (on site) patient 
per patient according to allocation. The mixed drug was 
labeled with the patient study number and delivered to 
the research assistant in a transparent syringe (all drugs 
are colorless liquids).

Concealment was achieved by making sure that each 
syringe was labeled according to sequence-generated 
codes earlier presented as a list of sequential random 
treatment codes. The labeled syringes were brought in an 
opaque carrier envelope to the clinic and handed to the 
attending nurse who retrieved them with their sticker code 
number, similar to computer generated number sequence, 
becoming the patients study number.

2.5  �Outcome measures

Our primary outcome measurement was the maximum 
change on the verbal NRS pain scale as a percentage of their 
initial score (baseline). Maximal change in NRS pain score 
is to be defined as the largest change from patient’s base-
line pain score. The NRS was used to measure a patient’s 
subjective level of pain on a scale from 0 (representing no 
pain at all) to 10 (the worst pain imaginable) using whole 
numbers. The NRS score was documented just prior to the 
administration of the study drug (time zero). After infusion 
of the study drug was complete, NRS scores were docu-
mented at 5, 10, 20 and then every 20 min thereafter up to 
120 min. We stopped recording NRS scores prior to 120 min 
if the patient requested a third dose of the study drug, with-
drew consent or developed a severe adverse effect.

Secondary outcome measures:
–– Time to maximal analgesic effect and duration of 

action of ketamine
Following dosage with study medication, the amount 
of time taken to demonstrate the maximal change in 
the patient’s NRS pain score. Duration of maximal 
change is how long the patient’s pain score remained 
at this level.

–– Incidence of side effects, including outlying vital 
signs
The patient will be assessed for vital signs (blood 
pressure, heart rate, respiratory rate, oxygen satu-
ration), Ramsay Sedation Scale (RSS) score at 5, 10, 
20  min following medication administration and 
then every 20  min until a total of 120  min from the 
first dose of study medication, outlying vital signs 
recorded (systolic blood pressure less than 90 mmHg 

or greater than 150  mmHg, Heart rate less than 50 
bpm or greater than 150 bpm, oxygen saturation 
below 90%, respiratory rate below 9 breaths/min or 
greater than 40 breaths/min and RSS of 1 or greater 
than 3). The RSS was used to assess the level of agita-
tion or sedation caused by the intervention. The scale 
ranges from 1 (anxious/agitated) to 6 (no response 
to stimulus-deep sedation) with 2 being the optimal 
(cooperative, oriented and tranquil). A checklist 
for side effects like airway problems, allergic reac-
tions, salivation, dysphoria, nystagmus, respiratory/
cardiac arrest, awakening hallucinations, nausea/
vomiting was used.

–– Incidence of treatment failure by treatment group
Requiring more than two doses of the study medica-
tion provided for adequate pain control.

2.6  �Study procedures

The patient’s weight (kg) was taken and recorded with a 
standardized calibrated weighing scale (SECA 762 cali-
brated to one decimal point).

Baseline clinical parameters which include pulse 
rate (PR), respiratory rate (RR), blood pressure (BP), 
temperature (Temp.), oxygen saturation (SpO2), level of 
consciousness (GCS), Numerical Rating Scale Pain scores 
(NRS), and sites of VOC pain were noted. A peripheral 
intravenous cannula, G22-G20 was placed with fluid load 
of 15 mL per kg of a crystalloid solution (normal saline or 
ringers lactate), repeated if required (persistent evidence 
of dehydration). All other non-analgesic therapies were 
administered concurrently with the study interventions 
according to the management protocols of the sickle cell 
clinic.

After receiving the bolus of fluid, the research assis-
tant retrieved an envelope from the pharmacist, picked 
the randomization number which he wrote on the 
patient’s clinical research form. The envelope contained 
the assigned medication in a 20  mL luer lock syringe 
which was then diluted to 15  mL with normal saline 
before administering it to the patient over 10 min through 
a Braun Perfusor IV infusion syringe pump.

The vital signs (BP, PR, SpO2, RR) NRS and Ramsay 
Sedation Scores (RSS) were reassessed and recorded at 5, 
10 and 20 min after the end of the drug infusion. At 20 min, 
patients with NRS of 5 and greater received a second dose 
of their allocated study drug. If the NRS was less than 5, 
they would continue to be reassessed every 20 min (vital 
signs, NRS, RSS and adverse effects) until either inpatient 
admission to the ward or up to 120 min, after which they 
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were cared for by the ward team. Patient monitoring was 
conducted throughout the period the child was in the day 
care center. If they required a third dose of pain medica-
tion at any time during the study, this was deemed as treat-
ment failure and the treating pediatrician was contacted 
to provide further pain control according to the sickle cell 
pain management protocol.

Any study drug side effects as listed in the risks and 
safety section were monitored for among the study sub-
jects and treated by the study team.

2.7  �Data management

Interviewer-administered and pre-tested questionnaires 
were used for data collection. The data was cleaned, 
coded, and double-entered into Epidata version 3.1, then 
exported and analyzed with STATA®Version12 (Statacorp 
LP). Effective analyses was performed with a modified 
intention to treat. Comparisons was done using t-test or 
Wilcoxon rank sum test depending on distribution of con-
tinuous variables, and χ2 or Fisher’s exact test for the cat-
egorical variables. In order to assess for time to maximal 
effect, we constructed Kaplan Meier survival curves. The 
outcomes were then compared using a log rank test to 
determine if differences were statistically significant. The 

relative risks were calculated as the measures of associa-
tion as well as absolute difference in the outcomes includ-
ing pain and sedation scores.

3  �Results
We screened 800 participants for this study and 560 were 
excluded while 240 children were enrolled with 120 
assigned to one of the two groups (Fig. 1).

Overall, demographic characteristics were similar 
between the 2 groups as shown in Table 1. The average age 
of children was 11.8 (3.5) years, with a weight of 30.4 (12.1) 
and average NRS pain score of 9.1 (1.1) as shown in Table 1.

The primary outcome measured was the maximum 
percentage reduction in NRS pain score from baseline 
between the two groups (Table  2) and was comparable 
in both arms LDK (66.4 ± 29.9) MOR (61.3 ± 28.7) with a 
p value of 0.18.

However, the time to maximal change was signifi-
cantly shorter in the LDK (19.8 ± 14.4) than in the MOR 
(34.1 ± 22.1) p < 0.01 (Fig. 2).

We reported the NRS scores as a percentage change 
from baseline over time. In both groups, there was a com-
parable steady trend of reduced pain over time however, 

Assessed for eligibility
(n = 800)

Excluded (n = 560)
– Not meeting inclusion criteria (n = 486)

– Declined to participate (n = 24)

– Other reasons (n = 50) 

Allocated to LDK (n = 120)

– Received LDK (n = 120)

Lost to follow-up (n = 0)

Discontinued LDK (n = 37)

– Withdrew consent (n = 3)

– Treatment failure (n = 34)

Allocated to MOR (n = 120)

– Received MOR (n = 120)

Allocation

Lost to follow-up (n = 0)

Discontinued MOR (n = 49)
– Urticarial (n = 1)

– Treatment failure (n = 48)

Follow-Up

Analysed (n = 117)
Excluded from analysis (n = 3)

– Discontinued before outcomes

Randomized (n = 240)

Enrollment

Analysed (n = 119)
Excluded from analysis (n = 1)

– Discontinued before outcomes

Analysis

Fig. 1: CONSORT diagram.
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Table 1: Baseline characteristics.

Variable  
 

Mean ± SD or n (%)  p-Value

LDK (n = 120)  MOR (n = 120)

Age (years)   11.8 ± 3.4  11.8 ± 3.6  0.49
Weight (kg)   30.8 ± 11.9  30.0 ± 12.2  0.31
Sex
 Male   43 (35.8)  42 (35.0)  0.89
 Female   77 (64.2)  78 (65.0) 
Medication
 Prior med   31 (25.8)  42 (35.0)  0.12
 No prior med   89 (74.2)  78 (65.0) 
Characteristics
 NRS pain score   8.9 ± 1.2  9.2 ± 1.0  0.93
 Temperature (°C)   36.7 ± 0.86  36.8 ± 0.74  0.94
 Systolic BP (mmHg)   113.7 ± 14.0  115.2 ± 15.7  0.78
 Diastolic BP (mmHg)   64.7 ± 12.3  65.2 ± 14.1  0.62
 Heart rate (bpm)   95.8 ± 15.8  98.8 ± 17.8  0.91
 SpO2   93.9 ± 4.8  94.7 ± 3.4  0.94
 Respiratory rate (bpm)   23.8 ± 5.2  24.5 ± 6.4  0.81
 GCS   15  15 
 HB (g/dL)   7.6 ± 1.4  8.3 ± 5.3  0.90
Site of pain
 Extremity   60 (50)  58 (48.3)  0.3
 Back   18 (15)  27 (22.5) 
 Chest   30 (25)  23 (19.2) 
 Othersa   12 (10)  12 (10) 
Status
 Discharged   109 (90.0)  108 (89.2)  0.60
 Admitted   11 (5.8)  12 (8.3) 

aOthers represent abdomen head.

differences were noted at 25 and 30 min. In the ketamine 
group, there was a rapid 25% decrease in pain scores 
whereas a corresponding increase in the morphine group 
was noted (Fig. 3).

More patients in the morphine group required more 
doses: a second dose was administered in 21.4% of 
the ketamine group vs. 24.4% of the morphine group 
(p = 0.07). A third dose was requested for 40.3% of the 
morphine arm and 29.1% of the ketamine arm (p = 0.07) 
as shown in Table 2. Patients in the ketamine group were 
11.5 times more likely to develop a side effect LDK 45 
(37.5%) MOR 4 (3.3%) and were more likely to occur at T5 
before clearing by T25 (Table 3). Nystagmus and dyspho-
ria were the commonest side effects with 15% and 11.3%, 
respectively. No serious or life-threatening adverse 
events were observed.

One patient in the morphine arm was terminated 
due to urticaria for fear of a worsened reaction because 
he required a second dose. Six patients in ketamine 
arm received atropine for salivation. Eight patients 
required midazolam for dysphoria persisting past 10 min, 

otherwise continuous reassurance was the preferred 
therapy (Table 4).

There was no significant variation in Ramsay Seda-
tion Score from baseline after drug administration in both 
groups. No differences were found in vital signs between 
the two groups.

4  �Discussion
This study was conducted to assess the role of low dose 
ketamine as a non-inferior sole-analgesic alternative to 
morphine in the management of children with SCD pre-
senting with acute severe vaso occlusive crisis (VOC) at 
Mulago hospital. It is the largest known prospective rand-
omized double-blinded trial comparing the two drugs and 
the first of its kind to be performed in a pediatric sickle 
cell population. Most prior studies were retrospective case 
series where ketamine was employed as an adjunct to 
opioid therapy [22–25, 34, 35] and differed in the dose and 
mode of delivery (IM Vs IV) [23, 35–37]. There are however 
two RCTs done in adult population utilizing ketamine as a 
sole analgesic in the ED [38, 39].

We used a dose of 1 mg/kg in order to maximize anal-
gesic potential. This was based on Miller’s findings that 
recommended use of a higher dose infused for a longer 
time to potentially improve the duration of sustained 
maximal effect which would desirable for managing acute 
severe VOC.

We found that ketamine (LDK) was comparable to mor-
phine (MOR) in maximal change of NRS pain scores from 
baseline. An overall change of greater than 50% reduc-
tion was observed in both groups. An even higher change 
of over 75% reduction was realized when the treatment 
failures were excluded. Our results are similar to earlier 
studies done [38, 39]. Contrary to our findings, a retro-
spective case series of 33 children and adolescents found 
that LDK lacked an opioid sparing effect with patients 
receiving ketamine reporting higher scores and higher 
opioid usage compared to those without ketamine. This 
study however, utilized ketamine at a lower dose (0.1 mg/
kg/h) [34]. Our observed differences are best explained by 
the higher dose of ketamine used (1 mg/kg) and the longer 
duration of infusion (10 vs. 5  min) utilized in the trial 
which potentiated the maximal effect observed.

There were significant differences in percent change 
observed at T25 and T30 between the groups with a rapid 
25% decrease in pain scores for LDK whereas a corre-
sponding increase in the morphine group was noted. This 
was largely due to the fact that more patients in MOR arm 
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required more doses therefore had more numbers avail-
able for analysis at those times creating a random error 
that exaggerated percentage reduction in LDK arm.

LDK had a significantly shorter time to maximal effect 
compared to MOR and this was consistent with literature 
elsewhere [24, 38, 39]. However the ketamine onset was 
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Table 2: Treatment outcomes among patients in the LDK and MOR arms.

Variable  
 

n (%) or Mean ± SD  MD (95% CI)   p-Value

  LDK    MOR

Maximum (percentage) change in NRS ± SD
 Overall   117  66.4 ± 29.9  119  61.3 ± 28.7  5.5 (−2.2 to 13.2)   0.18
 Excluding treatment failures   83  81.1 ± 18.0  71  79.8 ± 16.9  1.6 (−5.3 to 8.5)   0.54
 Among treatment failures   34  33.8 ± 24.2  48  33.9 ± 19.1  0.1 (−4.6 to 20.7)   0.89
 Those still at maximum effect at 120   45  80 ± 18.7  55  81.7 ± 17.0  −1.7 (−13.6 to 3.7)   0.42
Time (minutes) to maximum effect
 Overall   117  19.8 ± 14.4  119  34.1 ± 22.1  −14.4 (−19.6 to −9.3)   <0.001
 Excluding treatment failures   83  20.0 ± 15.1  71  39.4 ± 25.0  −19.4 (−28.3 to −10.8)  <0.001
 Among treatment failures   34  19.4 ± 12.5  48  25.5 ± 12.1  −6.1 (−16.4 to −3.4)   0.05
 Those still at maximum effect at 120   45  22.6 ± 15.9  55  42.9 ± 25.3  −20.3 (−25.2 to −15.1)  <0.001
Duration (minutes) of max effect ± SD   38  60.0 ± 28.7  16  58.5 ± 30.3  −2.5 (−17.0 to 12.9)   0.47
Mean pain scores at different time periods ± SD
 T5   95  4.5 ± 3.0  120  6.2 ± 2.5  −1.6 (−2.4 to −0.2)   1.00
 T10   112  4.1 ± 3.0  120  5.6 ± 2.7  −1.4 (−2.2 to −0.7)   1.00
 T20   120  4.5 ± 3.2  120  5.3 ± 2.9  −0.7 (−1.5 to 0.1)   0.97
 T25   42  4.5 ± 3.0  73  6.0 ± 2.1  −2.0 (−4.0 to −0.1)   0.99
 T30   42  4.8 ± 3.3  73  5.9 ± 2.5  −1.2 (−3.2 to 0.8)   0.96
 T40   117  3.8 ± 3.3  119  4.0 ± 2.8  −0.2 (−1.0 to 0.6)   0.69
 T45   7  5.3 ± 4.0  3  5.3 ± 1.5  0   0.51
 T50   7  4.3 ± 3.5  3  4.7 ± 1.5  0   0.60
 T60   83  2.4 ± 2.5  71  2.2 ± 2.0  0 (−0.9 to 0.9)   0.23
 T80   74  2.4 ± 2.1  70  2.0 ± 1.7  0.5 (−0.3 to 1.2)   0.10
 T100   63  2.4 ± 2.3  64  1.7 ± 1.7  1.2 (−0.1 to 2.4)   0.02
 T120   60  2.5 ± 2.2  64  2.1 ± 2.1  0.5 (−1.0 to 2.1)   0.20
Number of doses given
 One dose     58 (50.0)    42 (35.3)    0.07
 Two doses     25 (21.4)    29 (24.4)   
 Three doses     34 (29.1)    48 (40.3)   

The bold numbers indicate the significant values that were recorded.
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significantly longer compared to prior studies [38, 39]. A 
plausible explanation to this is that we were unable to 
assess pain before 20 min in some patients due to either 
disorientation or light sedation.

The maximum reduction of NRS pain scores with LDK 
was sustained for an hour with an additional 37.5% of the 
patients maintaining this degree of pain relief throughout 
the 2 h study period. This is contrary to prior studies [38, 
39] however, relates to the higher dose and longer infusion 
time used.

An 11-fold increase of side effects in the ketamine 
arm was noted and were 7.5 times more likely to occur 
at T5 and disappear by T25. Nystagmus, dysphoria and 
salivation were the commonest adverse effects for keta-
mine. Morphine arm recorded mild allergic reactions 
although one patient was terminated with urticaria as 
a precautionary measure because he required a second 
dose. All were transient, non-life threatening and antici-
pated effects.

The adverse effect rate is documented at 6–58% for 
LDK and 14–57% for MOR from other studies [23, 31, 34, 

36–39]. Our findings are within the ketamine range. We 
hypothesize that ketamine had less side effects due to the 
longer infusion time (10  min) however, the higher dose 
infused (1 mg/kg) could explain the observed difference. 
Longer infusion times or reduction of dose (per kg) will be 
required to further reduce side effect profile while maxi-
mizing analgesic potential.

The longer time to onset of action and probable opioid 
tolerance contributed to increased rate of repeat dosing in 
morphine (40.3%) vs. ketamine (29.8%) as more patients 
had suboptimal pain control. Whereas the higher dose 
coupled with longer infusion time reduced ketamine fail-
ures seen in previous studies [23, 34].

There were several limitations with our study. Firstly 
it was a single centre trial which could limit generalizabil-
ity. However, it is the only Sickle cell day care center in 
Uganda. It has over 7,000 patients registered with it and 
on average sees 200 patients 5 days a week. Secondly, pain 
assessment was done at particular intervals that limited 
our ability to determine the exact time of onset and con-
sequently duration of action of the drugs, we however 

Table 3: Frequency of side effects among patients receiving ketamine or morphine in managing severe painful sickle cell crises in children 
at Mulago hospital.

Time  
 

Frequency of side effects n (%)a

Nystagmus  Dysphoria  Dizziness  Allergy   Nausea vomiting  Saliva  Pruritus

5 min
 LDK   18 (15)  12 (10)  4 (3.3)  0 (0)  2 (1.7)  2 (1.7)  0 (0)
 MOR   0 (0)  0 (0)  1 (0.8)  2 (1.7)  0 (0)  0 (0.0)  2 (1.7)
10 min
 LDK   5 (4.2)  8 (6.7)  4 (3.3)  0 (0)  0 (0)  0 (0)  0 (0)
 MOR   0 (0)  0 (0)  1 (0.8)  0 (0)  0 (0)  0 (0)  0 (0)
25 min
 LDK   0 (0)  2 (1.7)  0 (0)  0 (0)  1 (1.7)  4 (3.3)  0 (0)
 MOR   0 (0)  0 (0)  0 (0)  0 (0)  0 (0)  0 (0)  0 (0)

aDenominator for the percentages are the total patients in each arm (120).

Table 4: Frequency of interventions among patients receiving low-dose ketamine or morphine in managing severe painful sickle cell crises 
in children at Mulago hospital.

Time   Group  
 

Intervention n (%)a

Midazolam   Atropine  Ondansetron  Hydrocortisone

5 min   LDK   0 (0.0)  2 (1.7)  2 (1.7)  0 (0)
  MOR   0 (0.0)  0 (0.0)  0 (0.0)  4 (3.3)

10 min   LDK   8(6.7)  0 (0.0)  0 (0.0)  0 (0)
  MOR   0 (0.0)  0 (0.0)  0 (0.0)  0 (0)

25 min   LDK   0 (0)  4 (3.3)  1 (0.8)  0 (0)
  MOR   0 (0.0)  0 (0.0)  0 (0.0)  0 (0)

No oxygen or naloxone was used.
aDenominator for the percentages are the total patients in each arm (120).
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covered for this in our stratified analysis. NRS is not a vali-
dated tool for pain assessment in pediatrics, we enrolled 
an older population (7–18  years) who were able to com-
prehend the scale and this was explained at every assess-
ment point and had to be validated thrice before it was 
recorded. The Ramsay Sedation Scale used in our study 
is not validated tool for assessment of sedation in the 
pediatrics however it summarized a range of effects that 
helped the study team quickly assess for sedation effects 
in this population, as it was easy to use and reproducible. 
Lastly, some patients exhibited known ketamine specific 
effects like nystagmus which created a potential for pos-
sible un-blinding.

Despite these limitations, this study demonstrates 
efficacy of ketamine and we can conclude that ketamine 
at 1  mg/kg as an infusion over 10  min is as effective as 
morphine 0.1 mg/kg in management of acute VOC in the 
pediatric population. At 1  mg/kg ketamine is associated 
with transient, non-life threatening side effects suggesting 
it safe for use in acute severe VOC with careful monitoring. 
Further studies on optimal infusion rate for ketamine to 
minimize side effects are required.
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