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Abstract
Background: Evidence abounds on the efficacy of ketamine in the management of acute nociceptive pain. However, there is scant data
portraying its analgesic effects in the management of vaso-occlusive crises in sickle cell disease (SCD) patients. The aim of this study was to
assess the quality of analgesia procured by low doses of ketamine in the management of hyperalgesic vaso-occlusive bone crises in SCD patients.

Methods: We enrolled 64 SCD patients with mean age of 16.42 ± 5.17 years admitted for multifocal vaso-occlusive bone crises. After
assessment of pain on admission using the visual analogue scale (VAS), a bolus of 0.2mg/kg of ketamine followed by a continuous infusion of
0.04mg/kg/h (1mg/kg/24h) was administered. Pain intensity and relief were evaluated one hour after the start of the treatment, then six hourly
with adjuvant analgesics till the 24th hour. Variables studied were the variations in pain intensity, pain relief, and the consumption of analgesics
and the occurrence of side effects.
Results: On admission, all patients presented severe pain with a mean VAS of 8.3 ± 0.7 cm. One hour following the debut of ketamine
administration, 30 (46.9 %) patients had a VAS ≤ 3 (mean: 2.9 ± 0.1 cm), and 46 (71.9 %) reported pain relief with a mean VAS of 3.3 ± 0.6
cm. Based on VAS, a reduction of pain intensity was observed till the 24th hour of therapy. Paracetamol and ketoprofen were the sole analgesic
adjuncts to ketamine used for a rapid relief of pain within 24 hours of treatment. Hypersialorrhoea (4.7 %) was the lone side effect observed.
Conclusion: Low-dose ketamine is effective and ensures a rapid optimal pain resolution with well tolerated side effects and a reduction in
adjuvant analgesic consumption in the management of vaso-occlusive sickle cell crises.
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Introduction
Worldwide, sickle cell disease (SCD) represents the most
common genetic disorder of haemoglobin and disproportionately
affects Africa 1-3. This disease is associated with a profound
clinical polymorphism entailing three main categories of clinical
presentations; chronic haemolytic anaemia with episodes of acute
exacerbation, vaso-occlusive crises and an increased susceptibility
to bacterial infections 1,3,4. Vaso-occlusive crises account for the
first cause of hospital admissions in SCD patients. Vaso-occlusion
and its consequences, at the core origin of pain in SCD complications,
clinically present as paroxystic and hyperalgesic pain crises
particularly affecting long bones. Several protocols entailing the
use of paracetamol, non-steroidal anti-inflammatory drugs, and
morphine-like drugs have been advocated in the management
of vaso-occlusive bone crises 4-7. Considering the nociceptive
and hyperalgesic characteristics of the pain of vaso-occlusive
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crises, would ketamine be effective in the management of these
crises? Hence, we conducted this study to assess the quality of
analgesia induced by low doses of ketamine in the management of
hyperalgesic vaso-occlusive bone crises in SCD patients.

Patients and Methods

This was an open prospective study that was conducted from
January 2012 to June 2016 at the Emergency Department of the
Yaoundé Central Hospital in Cameroon. After taking approval
from the National Ethics Committee, and obtaining a written
informed consent from all patients, we included 64 SCD patients,
aged above six years, and admitted for a vaso-occlusive bone crisis
whose pain intensity assessed using the visual analogue scale
(VAS) was greater than five. Patients who did not understand the
VAS, those with contra-indications to the drugs used and patients
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who refused to participate in the study were not included. Any
patient with presumed complications of SCD as acute chest
syndrome, stroke, splenic sequestration, priapism, sepsis and
acute osteomyelitis were not included.

On admission into the Emergency Department, pain intensity
was evaluated using the VAS graduated from 0 to 10 cm. Thereafter,
all patients received an intravenous bolus of 0.2mg/kg of ketamine,
followed by continuous ketamine intravenous injection of 0.04
mg/kg/h (1mg/kg/24h) using an electric syringe. All patients
were oxygenated through a mask (3-5l/min), hyperhydrated using
polyionic glucose solution (50 ml/kg/24h), and warmed using
isothermic blankets. Blood transfusion was indicated in case of
poorly tolerated anaemia. Pain intensity was re-evaluated after 30
minutes, 60 minutes, and then six hourly till the 24th hour where
the patient was transferred to the Haematology Department
for further management. At the 60th minute, the efficacy of the
treatment was assessed by the number of SCD patients with a
la VAS less than or equal to three (VAS60≤3). Furthermore, every
patient had to respond by “yes” or “no” to the question “has your
pain been relieved?”After the 60th minute, the electric syringe
administration of ketamine was continued (0.04mg/kg/h) and
analgesics were added to treatment with respect to the VAS. When
the VAS was zero, between 1 and 3, 4 and 6 or greater than 7, the
patient received respectively: no analgesic, paracetamol(15mg/
kg) slow intravenous(SIV), paracetamol(15mg/kg) and
ketoprofen(1mg/kg, SIV), paracetamol(15mg/kg) and ketoprofen
(1mg/kg) plus morphine in titrations at 0.025 mg/kg (SIV)
every five minutes until the pain subsided. The interval of
administration of analgesics was in conformity to their kinetics:
paracetamol (15mg/kg/6 hours in children and 1g/6 hours in
adults), ketoprofen (1mg/kg/8 hours) and morphine (analgesic
doses after titration every 8 hours). The same anaesthesiologist
physician performed the evaluation of pain intensity.
Variables studied were: the number of patients with a VAS60≤
3(primary endpoint), the number of patients relieved at the
60th minute (secondary endpoint). Two groups of patients were
constituted and compared using the primary endpoint. The
consumption of analgesics and the occurrence of side effects were
also studied. Data analysis was performed using Epi info 3.5.4
statistical software. Means and standard deviations of numerical
variables were reported. Categorical variables were analysed
using the Fisher’s exact test or the Pearson’s Chi-square test
where appropriate. Qualitative variables were analysed using the
Student t-test or the Kruskal-Wallis test where appropriate. The
threshold for statistical significance was set a p-value less than
0.05.

Results

During the study period, 64 SCD patients with multifocal
vaso-occlusive osteo-articular crises were enrolled. The general
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characteristics of these patients are illustrated in Table 1. Sixty
minutes following the initiation of treatment with ketamine,
two groups of patients were constituted based on the primary
endpoint (Table 2). No statistically significant difference was
observed between the two groups regarding the number of
patients, their age and gender. However, there was a statistically
significant difference between the VAS scores observed in the two
groups one hour after the debut of ketamine administration (Table
2). With regards to the secondary endpoint, 46 (71.9%) patients
reported pain relief 60 minutes after the start of treatment with
ketamine (Table 3). The reduction of pain intensity observed on
the VAS60 coupled with “a pain relief respond” at the 60th minute
of treatment helped deduce a VAS sensibility of 100%, a specificity
of 52.9%, a positive predictive value of 65.2% for the endpoint
“patient relief” and a negative predictive value of zero (Table 4).
Paracetamol and ketoprofen were the sole analgesic adjuncts
to ketamine used for a rapid relief of pain within 24 hours of
treatment (Table 2). Hypersialorrhoea (4.7 %) was the lone side
effect observed.

Discussion

Ketamine at infra-anesthetic doses has an antagonist
action on N-Methyl-D-Aspartate (NMDA) receptors. Indeed,
in blocking NMDA receptors of glutamate, ketamine reduces
central sensitisation induced by opioids and tissue lesions, with
resultant inhibition of hyperalgesia leading to a reduction in
pain intensity and minute consumption of analgesics. Hence,
ketamine is indicated in the management of acute pain where
a central sensitisation is implicated 8-10. The present study
aimed at evaluating the quality of analgesia induced by a bolus of
ketamine followed by a continuous infusion, in the rapid relief of
pain of hyperalgesic vaso-occlusive bone crises in SCD patients.
Our findings portray a significant reduction in the intensity of
pain perceived by SCD patients following the commencement of
ketamine administration (Table 1). Indeed, one hour following
the onset of treatment, 46.9 % of patients had a VAS ≤ 3 and 71.9
% parallelly reported pain relief (Table 2 & 3). The inhibition
of central sensitisation due to the fixation of ketamine on
NMDA receptors certainly led to a reduction in the hyperalgesia
phenomenon in these patients who presented severe multifocal
bone pain on admission (Table 1). Thus, ketamine appears as an
alternative in the management of hyperalgesic vaso-occlusive
bone crises in SCD patients. While several authors recommend
a combined first-line analgesic therapy using paracetamol, nonsteroidal anti-inflammatory drugs and opioids in the management
of vaso-occlusive sickle cell crises 5-10, ketamine could be an
invaluable option with a positive predictive value of 65.2 % at the
60th minute (Table 4). Our results concur with those of Uprety et
al. 11 & Neriet al. 12 who affirmed that low-dose ketamine
was safe and effective in SCD patients with severe painful vasoocclusive bone crises.
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Table 1: General characteristics of the 64 patients.
Characteristics

n=64

Mean Age (years)

16.42±5.17

Sex: Male/Female n (%)
Precipitating factors of Vaso-Occlusive Bonecrisis n (%)

29 (45.3) / 35 (54.7)

Dehydration

24 (37.7)

Anaemia + Dehydration

17 (26.7)

Anaemia

11 (17.2)

Site of the Vaso-Occlusive Bone Crisis n (%)

Intense Physical Exertion + Emotional Stress

12 (18.6)

Upper Limb + Lower Limb

2 (3.1)

Upper Limb + Spine

18 (28.1)

Analgesics taken before Hospital Admission n (%)

Upper Limb + Lower Limb + Spine

14 (21.9)

No Medication

8 (12.5)

Ibuprofen

12 (18.7)

Paracetamol + Ibuprofen

16 (25)

Lower Limb + Spine

30 (46.9)

Paracetamol

3 (4.7)

Tramadol

20 (31.3)

Paracetamol + Tramadol

3 (4.7)

Ibuprofen + Tramadol

2 (3.1)

Mean Time between taking Analgesic and Admission (min)
Mean Visual Analogue Scale score(cm)

122.40 ± 35.23

On Admission

8.3 ± 0.7

At 60 Minutes

3.8 ± 1.1

At 30 Minutes

6.0 ± 0.9

At 24 Hours

Table 2: Characteristics of the 64 patients with respect to the primary endpoint.
Characteristics

VAS60 ≤ 3

VAS60> 3

Number of Patient’s n (%)

30 (46.9)

34 (53.1)

Mean age (years)
Sex: Male/Female n (%)

14.7 ± 4.9

17.9 ± 4.9

Analgesics taken before Admission n (%)

14 (46.7)/16(53.3)

15 (44.1)/19 (55.9)

No Medication

5 (16.7)

3 (8.8)

Paracetamol
Ibuprofen

2 (6.7)
6 (20)

12 (35.3)

Paracetamol + Tramadol

1 (3.3)

2 (5.9)

Ibuprofen + Tramadol

0.009
0.51

6 (17.6)

8 (26.6)
6 (20)

p-value

1 (3)

Tramadol

Paracetamol + Ibuprofen

10 (29.4)

Mean Visual Analogue Scale score (cm)

2 (6.7)

On Admission

8.2 ± 0.8

8.4 ± 0.6

0.43

6 Hours after Admission

1.9 ± 0.7

4.2 ± 0.8

0

60 Minutes after Admission
12 Hours after Admission
18 Hours after Admission
003

0.4 ± 0.6

2.9 ± 0.1
1.7 ± 0.6
0.9 ± 0.6

0

4.1 ± 0.3
3.2 ± 1.03
1.8 ± 0.6

0
0
0
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Analgesic Treatment after the first Hour n(%)

24 Hours after Admission

0.3 ± 0.5

Paracetamol

30 (46.9)

Paracetamol + Ketoprofen + Morphine

Paracetamol + Ketoprofen

0.5 ± 0.6

0.038

0

0

0

Mean Analgesic Consumption after the first hour (mg)

0

34 (53.1)

Paracetamol

2173.3± 881.9

3014.7±848.2

Morphine

0

0

Ketoprofen

0

0

Mean Consumption of ketamine (mg)

151.1 ± 62.2

45.3 ± 19.6

After the first hour of treatment with ketamine, 34 (53.1
%) patients had a VAS60> 3 and among them, 18 (28.1 %) were
not relieved (Table 2 & 3). These were mainly female patients
with habitual tramadol consumption and in whom the last
administration of tramadol dated less than two hours prior to
hospital admission (Table 2). In these patients, after the 60th
minute, the management of pain entailed the use of analgesic
adjuncts with paracetamol and ketoprofen to achieve a VAS of 0.4
± 0.6 cm at the 24th hour. Meanwhile patients with a VAS60 ≤ 3
had only benefited from the addition of paracetamol to achieve the
same score at the discharge (Table 2 & 3). Hence, the present study

0
0.0005

depicts that ketamine at low doses associated with paracetamol
and ketoprofen led to the rapid relief of vaso-occlusive bone pain
in SCD patients within 24 hours. This analgesic protocol was
simultaneously administered with the correction of dehydration
and anaemia, which accounted for the main precipitating factors
of these vaso-occlusive crises. The time lapse for pain relief in
our cohort differs from that of Mbassi et al. 13, who obtained
resolution of vaso-occlusive pain crises after a mean duration of
5 ± 3.5 days using the joint administration of paracetamol, nonsteroidal anti-inflammatory drugs (including ketoprofen) and
tramadol (or morphine).

Table 3: Characteristics of the 64 patients with respect to the secondary endpoint.
Characteristics

Pain Relief

No Pain Relief

Number of patient’s n (%)

46 (71.9)

18 (28.1)
18.4 ± 5

8 (44.4)/10(55.6)

0.045

Mean Visual Analogue Scale score (cm)

21 (45.7)/ 25 (54.3)

On Admission

8.1 ± 0.6

8.7 ± 0.4

0.002

6 Hours after Admission

2.5 ± 1.1

4.6 ± 0.6

0

Mean age (years)
Sex: Male / Female n (%)

15.6 ± 5.1

60 Minutes after Admission

3.3 ± 0.6

12 Hours after Admission

5.2 ± 0.6

2.0 ± 0.8

18 Hours after Admission

2.6 ± 0.4

0.3 ± 0.5

0.7 ± 0.7

Table 4: Ratio of pain intensity on the criterium”patient relief” at the 60th minute.
VAS60 ≤ 3
Yes (n)

16

NO (n)
Row %

0
0

Col %

Col %

30

100

TOTAL (n)
Row %

NO

65.2

Col %

Pain Relief

YES
Row %

0

34.8

0
0

0.005
TOTAL
46

100

47.1

71.9

100

100

18

18

0

52.9

28.1

46.9

53.1

100

30

100

Although there is no universal consensus till present date
on the management of pain in SCD patients 14, our analgesic
protocol with ketamine is peculiar in that it procures rapid and
004

0.57

3.8 ± 0.8

1.1 ± 0.7

24 Hours after Admission

P-Value

34

100

64

100

optimal pain relief, which are both obligations of a healthcare
provider towards his/her patient in pain agony, and it leads to
a saving of analgesics (especially morphine). Thus, despite the
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absence of consensus on the dose and duration of treatment
15, low-dose ketamine proved to be efficacious in the rapid
management of acute hyperalgesicvaso-occlusive bone crises in
SCD patients 11,12.

Taking into consideration the deleterious effects of pain on
the quality of life of SCD patients, the most important clinical
significance of this study is the rapid and optimal management
of pain. Moreover, the non-utilisation of opioids is an important
asset in our resource-limited setting where morphine is not
always available and accessible. Therefore, ketamine, paracetamol
and ketoprofen, which are all readily accessible drugs, represent
an analgesic option with good tolerance in the management of
bone pain crises in SCD patients.
Our study has some limitations; mainly the analgesic drugs
taken by patients at home prior to hospital admission may
have interfered with our analgesic protocol and influenced the
perception of pain in these patients. Much more, the assessment
of pain using the VAS was subject to a potential risk of subjectivity
that may have either underestimated or overestimated the true
pain intensity.

Conclusion

Low doses of ketamine bolus followed by a continuous
administration in the management of vaso-occlusive sickle cell
crises procures a rapid, effective and optimal pain relief with welltolerated side effects and a reduction in analgesic consumption.
The use of low-dose ketamine should be emphasised in SCD
patients with bone pain crises.
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