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This guideline was developed following the NICE short clinical guideline 10 

process. This document includes all the recommendations, details of how they 11 

were developed and summaries of the evidence they were based on.  12 
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Introduction  44 

Acute painful sickle cell episodes  45 

Sickle cell disease is the name given to a group of lifelong inherited conditions 46 

of haemoglobin formation. Most people affected are of African or African-47 

Caribbean origin, although the sickle gene is found in all ethnic groups. Sickle 48 

cell disease can have a significant impact on morbidity and mortality. 49 

Acute painful sickle cell episodes (also known as painful crises) are caused by 50 

blockage of the small blood vessels. The red blood cells in people with sickle 51 

cell disease behave differently under a variety of conditions, including 52 

dehydration, low oxygen levels and elevated temperature. Changes in any of 53 

these conditions may cause the cells to block small blood vessels and cause 54 

tissue infarction. Acute painful episodes are often unpredictable. Pain may 55 

vary in intensity, but can be excruciating. Repeated episodes may result in 56 

organ damage. 57 

It is estimated that there are between 12,500 and 15,000 people with sickle 58 

cell disease in the UK. The prevalence of the disease is increasing because of 59 

immigration into the UK and new births. The NHS Sickle Cell and 60 

Thalassaemia Screening Programme also means that more cases are being 61 

diagnosed. 62 

The management of acute painful sickle cell episodes for patients presenting 63 

at hospital is variable throughout the UK, and this is a frequent source of 64 

complaints from patients. Common problems include unacceptable delays in 65 

receiving analgesia, insufficient or excessive doses, inappropriate analgesia, 66 

and stigmatising the patient as drug seeking. 67 

This guideline addresses the management of an acute painful sickle cell 68 

episode in patients presenting to hospital until discharge. This includes the 69 

use of pharmacological and non-pharmacological interventions, identifying the 70 

signs and symptoms of acute complications, skills and settings for managing 71 

an acute painful episode, and the information and support needs of patients. 72 

http://sct.screening.nhs.uk/
http://sct.screening.nhs.uk/
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Drug recommendations  73 

The guideline does not make recommendations on drug dosage; prescribers 74 

should refer to the ‘British national formulary’ for this information. The 75 

guideline also assumes that prescribers will use a drug’s summary of product 76 

characteristics to inform decisions made with individual patients.  77 

Who this guideline is for 78 

This document is for healthcare professionals and other staff who care for 79 

people with an acute painful sickle cell episode in hospital.  80 

 81 

82 
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Patient-centred care 83 

This guideline offers best practice advice on the care of adults, young people 84 

and children presenting at hospital with an acute painful sickle cell episode.  85 

Treatment and care should take into account patients’ needs and preferences. 86 

People with an acute painful sickle cell episode should have the opportunity to 87 

make informed decisions about their care and treatment, in partnership with 88 

their healthcare professionals. If patients do not have the capacity to make 89 

decisions, healthcare professionals should follow the Department of Health’s 90 

advice on consent and the code of practice that accompanies the Mental 91 

Capacity Act. In Wales, healthcare professionals should follow advice on 92 

consent from the Welsh Government. 93 

If the patient is under 16, healthcare professionals should follow the guidelines 94 

in ‘Seeking consent: working with children’.  95 

Good communication between healthcare professionals and patients is 96 

essential. It should be supported by evidence-based written information 97 

tailored to the patient’s needs. Treatment and care, and the information 98 

patients are given about it, should be culturally appropriate. It should also be 99 

accessible to people with additional needs such as physical, sensory or 100 

learning disabilities, and to people who do not speak or read English. 101 

If the patient agrees, families and carers should have the opportunity to be 102 

involved in decisions about treatment and care. 103 

Families and carers should also be given the information and support they 104 

need.  105 

Care of young people in transition between paediatric and adult services 106 

should be planned and managed according to the best practice guidance 107 

described in ‘Transition: getting it right for young people’. 108 

Adult and paediatric healthcare teams should work jointly to provide 109 

assessment and services to young people with an acute painful sickle cell 110 

episode. Diagnosis and management should be reviewed throughout the 111 

http://www.dh.gov.uk/en/DH_103643
http://www.dh.gov.uk/en/DH_103643
http://www.dh.gov.uk/en/SocialCare/Deliveringsocialcare/MentalCapacity
http://www.dh.gov.uk/en/SocialCare/Deliveringsocialcare/MentalCapacity
http://www.wales.nhs.uk/consent
http://www.wales.nhs.uk/consent
http://www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH_4007005
http://www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH_4132145
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transition process, and there should be clarity about who is the lead clinician 112 

to ensure continuity of care.  113 

 114 

115 
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 116 

1 Recommendations 117 

1.1 List of all recommendations 118 

Individualised assessment at initial presentation 119 

1.1.1 Treat an acute painful sickle cell episode as an acute medical 120 

emergency, and follow locally agreed protocols that are consistent 121 

with this guideline. 122 

1.1.2 Throughout an acute painful sickle cell episode, regard the patient 123 

(and/or their carer) as an expert in their condition, listen to their 124 

views and discuss with them: 125 

 the planned treatment regimen for the episode 126 

 treatment received during previous episodes 127 

 any concerns they may have about the current episode 128 

 any psychological and/or social support they may need. 129 

1.1.3 Assess pain and use an age-appropriate pain scoring tool to 130 

measure severity for all patients presenting at hospital with an 131 

acute painful sickle cell episode.  132 

1.1.4 Offer analgesia within 30 minutes of presentation to all patients 133 

presenting at hospital with an acute painful sickle cell episode. 134 

When offering analgesia: 135 

 take into account any analgesia taken by the patient for the 136 

current episode before presentation  137 

 ensure that the drug, dose and administration route are suitable 138 

for the severity of the pain 139 

 refer to the patient’s individual care plan if available. 140 

1.1.5 Clinically assess all patients presenting at hospital with an acute 141 

painful sickle cell episode, including monitoring of:  142 
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 blood pressure 143 

 oxygen saturation on air (if oxygen saturation falls below 94%, 144 

offer oxygen therapy) 145 

 pulse rate 146 

 respiratory rate 147 

 temperature. 148 

1.1.6 Assess all patients with sickle cell disease who present with acute 149 

pain to determine whether their pain is being caused by an acute 150 

painful sickle cell episode or whether an alternative diagnosis is 151 

possible, particularly if pain is reported as atypical by the patient. 152 

Primary analgesia 153 

1.1.7 Offer a bolus dose of a strong opioid by a suitable administration 154 

route, in accordance with locally agreed protocols, to: 155 

  all patients with severe pain and 156 

 all patients with moderate to severe pain who have already had 157 

some analgesia before presentation. 158 

1.1.8 Consider paracetamol, non-steroidal anti-inflammatory drugs 159 

(NSAIDs)1 and/or weak opioids as alternatives to a strong opioid for 160 

patients presenting with moderate to severe pain who have not yet 161 

had any analgesia. 162 

1.1.9 Do not offer pethidine for treating pain in an acute painful sickle cell 163 

episode. 164 

Reassessment and continued management 165 

1.1.10 Assess the effectiveness of pain relief: 166 

 every 30 minutes until satisfactory pain relief has been achieved, 167 

and every 2–4 hours thereafter  168 

                                                 
1
 The use of NSAIDs should be avoided during pregnancy, and is contraindicated in the third trimester. 

See the ‘British National Formulary’ for details of contraindications. 
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 using an age-appropriate pain scoring tool  169 

 by asking questions, such as: 170 

 How well did that last painkiller work? 171 

 Do you feel that you need more pain relief? 172 

1.1.11 If the patient still has severe pain after reassessment, offer a 173 

second bolus dose of a strong opioid (or a first bolus dose if they 174 

have not yet received a strong opioid). 175 

1.1.12 Consider patient-controlled analgesia if repeated bolus doses of a 176 

strong opioid are needed within 2 hours. Ensure that patient-177 

controlled analgesia is used in accordance with locally agreed 178 

protocols. 179 

1.1.13 Offer all patients regular paracetamol and NSAIDs by a suitable 180 

administration route, in addition to an opioid, unless 181 

contraindicated2. 182 

1.1.14 Offer all patients who are taking a strong opioid: 183 

 regular laxatives 184 

 anti-emetics as needed 185 

 antipruritics as needed. 186 

Ongoing monitoring 187 

1.1.15 Monitor patients taking strong opioids for adverse events, and 188 

record clinical observations (including sedation score and pain 189 

score) every 2–4 hours.  190 

1.1.16 If the patient does not respond to standard treatment for an acute 191 

painful sickle cell episode, reassess them for the possibility of an 192 

alternative diagnosis. 193 

                                                 
2
 The use of NSAIDs should be avoided during pregnancy, and is contraindicated in the third trimester. 

See the ‘British National Formulary’ for details of contraindications. 
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1.1.17 Be aware of the possibility of acute chest syndrome in patients with 194 

an acute painful sickle cell episode if any of the following are 195 

present at any time from presentation to discharge: 196 

 abnormal respiratory signs and/or symptoms 197 

 chest pain 198 

 fever 199 

 signs and symptoms of hypoxia: 200 

 oxygen saturation less than 94% or 201 

 an escalating oxygen requirement. 202 

1.1.18 Be aware of other possible complications seen with an acute 203 

painful sickle cell episode, at any time from presentation to 204 

discharge, including: 205 

 acute stroke 206 

 aplastic crisis 207 

 infections 208 

 osteomyelitis 209 

 splenic sequestration. 210 

Management of underlying pathology  211 

1.1.19 Do not use corticosteroids in the management of an uncomplicated 212 

acute painful sickle cell episode. 213 

Non-pharmacological interventions 214 

1.1.20 Do not offer a TENS (transcutaneous electrical nerve stimulation) 215 

machine for treating pain in an acute painful sickle cell episode. 216 

1.1.21 Encourage the patient to use their own coping mechanisms for 217 

dealing with acute pain.  218 

Settings and training 219 

1.1.22 All healthcare professionals who care for patients with an acute 220 

painful sickle cell episode should receive regular training, with 221 

topics including: 222 
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 pain monitoring and relief 223 

 the ability to identify potential acute complications 224 

 attitudes towards and preconceptions about patients presenting 225 

with an acute painful sickle cell episode. 226 

1.1.23 Where available, use daycare settings in which staff have specialist 227 

knowledge and training for the initial assessment and treatment of 228 

patients presenting with an acute painful sickle cell episode. 229 

1.1.24 All healthcare professionals in emergency departments who care 230 

for patients with an acute painful sickle cell episode should have 231 

access to locally agreed protocols and specialist support from 232 

designated centres. 233 

1.1.25 Patients with an acute painful sickle cell episode should be cared 234 

for in an age-appropriate setting. 235 

1.1.26 For pregnant women with an acute painful sickle cell episode, seek 236 

advice from the obstetrics team and refer when indicated.  237 

Discharge 238 

1.1.27 Before discharge, provide the patient (and/or their carer) with 239 

information on how to continue to manage the current episode, 240 

including: 241 

 how to obtain specialist support 242 

 how to obtain additional medication 243 

 how to manage any potential side effects of the treatment they 244 

have received in hospital. 245 
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2 Evidence review and recommendations  246 

This guideline was developed in accordance with the process for short clinical 247 

guidelines set out in ‘The guidelines manual' (2009). Where non-standard 248 

methods were used or there were deviations from the manual, details are 249 

provided under the specific review question. For details of how this guideline 250 

was developed see appendix D.  251 

2.1 Pharmacological management  252 

2.1.1 Review question 253 

How should an acute painful sickle cell episode be managed using 254 

pharmacological interventions? 255 

2.1.2 Evidence review  256 

This review question focused on the use of pharmacological interventions to 257 

manage an acute painful sickle cell episode. This includes the timing, choice 258 

and route of administration of drugs, the use of patient-controlled analgesia 259 

(PCA), and the timing and frequency of monitoring of pain and physiological 260 

measures. Pharmacological interventions include primary analgesic 261 

treatments that are used to manage pain, such as non-steroidal anti-262 

inflammatory drugs (NSAIDs), non-opioids, strong opioids (such as morphine, 263 

which is used to treat severe pain) and weak opioids (such as codeine, which 264 

is used to treat mild to moderate pain). The use of other pharmacological 265 

interventions to manage the underlying sickling process was also assessed: 266 

these included corticosteroids, low-molecular-weight heparin (LMWH) and 267 

oxygen, all of which are provided in addition to analgesia. This review 268 

question also assessed the use of different modes of delivery, including PCA, 269 

intramuscular injection, and intravenous (including intermittent intravenous 270 

injection and continuous infusion) and oral routes of administration. 271 

For all review questions, papers were identified from one database using a 272 

broad search strategy and included all papers relating to acute pain in sickle 273 

cell disease. Only randomised controlled trials (RCTs) that compared a 274 

pharmacological intervention with either a placebo or another comparator in 275 
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patients having an acute painful sickle cell episode were considered for 276 

inclusion. From a database of 5534 abstracts, 232 full-text articles were 277 

ordered and 20 papers describing 19 primary studies were selected (Adams-278 

Graves et al. 1997; Adawy et al. 2005; Al-Jam'a et al. 1999; Bartolucci et al. 279 

2009; Gladwin et al. 2011; Gonzalez et al. 1991; Griffin et al. 1994; Grisham 280 

and Vichinsky 1996; Hardwick, Jr. et al. 1999; Head et al. 2010; Jacobson et 281 

al. 1997; Orringer et al. 2001; Perlin et al. 1994; Qari et al. 2007; Robieux et 282 

al. 1992; Teuscher et al. 1989; van Beers et al. 2007; Weiner et al. 2003; 283 

Wright et al. 1992; Zipursky et al. 1992). Table 1 lists the details of the 284 

included studies. 285 

Trials were excluded if they: 286 

 focused on reducing the incidence of acute painful sickle cell episodes or 287 

 used unlicensed drugs or 288 

 used unclear measurements of pain or 289 

 were carried out in settings other than hospital, for example in the 290 

community. 291 

(For a full list of excluded papers for this review question, see appendix D). 292 

There was limited pooling of studies, because a number of different 293 

interventions were being assessed and there was heterogeneity across the 294 

included studies. Where meta-analysis was possible, a forest plot is also 295 

presented (see appendix E). Where sufficient data were available, mean 296 

differences (MDs) were calculated for continuous outcomes and relative risks 297 

(RRs) for binary outcomes. Results from other categorical outcomes were 298 

summarised from the papers. 299 

Two full GRADE tables are presented for this review question: one for primary 300 

analgesia and one for treatments managing the underlying pathology of the 301 

sickling process (see appendix E). Summary GRADE tables divided by 302 

intervention are presented below. 303 

 304 



DRAFT 

Acute painful sickle cell episode NICE clinical guideline DRAFT (February 2012)      Page 14 of 168 

Table 1 Summary of included studies for pharmacological management 305 

Author 
(year) 

Participants Drug 
comparison 

Baseline pain Intervention Control Monitoring Location 

Pharmacological treatments aimed at managing the underlying sickling process 

Griffin et 
al. (1994) 

56 episodes of 
severe pain in 36 
children (age 
range 2–19 years) 

Corticosteroid 
compared with 
placebo 

VAS score on 
admission not 
reported 

IV methylprednisolone 
(15 mg/kg) + IV fluids (5% 
dextrose and 0.45% saline) + IV 
bolus injection of morphine 
sulphate (0.1 mg/kg/dose) or 
continuous infusion of morphine 
(if ≥8 boluses given and severe 
pain after 24 hours of 
hospitalisation)at the discretion 
of the treating pysician 

IV saline + IV fluids (5% 
dextrose and 0.45% 
saline) + IV bolus 
injection of morphine 
sulphate (0.1 
mg/kg/dose) 

Not reported USA 

Adam-
Graves et 
al. (1997) 

50 adults (age 
range 15–
55 years) 

Non-ionic 
surfactant 
compared with 
placebo 

39% of patients 
had severe pain at 
baseline in the 
intervention 
group; 64% had 
severe pain in the 
placebo group  

IV poloxamer 188 + analgesia 
(at discretion of investigator) 

Placebo (the vehicle for 
poloxamer injection) + 
analgesia (at discretion 
of investigator) 

No details reported USA 

Orringer et 
al. (2001) 

255 patients 
(mixed adults and 
children); 
subgroup 
analyses for 
children 15 years 
or younger 

Non-ionic 
surfactant 
compared with 
placebo 

Mean VAS score 
at baseline was 
7.3 in the 
intervention group 
and 7.4 in the 
control group 

IV purified poloxamer 188 + IM, 
IV or oral analgesia (from limited 
choice) 

Saline solution + IM, IV 
or oral analgesia (from 
limited choice) 

VAS pain 
assessments were 
obtained every 
4 hours 

USA 

Al-Jama et 
al. (1999) 

43 patients (older 
than 12 years) 

Vasodilator 
compared with 
opioid 

Visual pain score 
at baseline was 
10 in both groups 
(visual pain scale 
0–10) 

5 or 10 mg isoxsuprine (IM) + IV 
fluids (5% dextrose alternating 
with normal saline) + need for 
extra analgesics was assessed 
and recorded 

50 or 100 mg pethidine 
(meperidine) (IM) + IV 
fluids (5% dextrose 
alternating with normal 
saline) + need for extra 
analgesics was 
assessed and recorded 

Assessment was 
carried out at 30 
and 60 minutes and 
2, 6 and 24 hours 
after treatment 

Saudi 
Arabia 
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Author 
(year) 

Participants Drug 
comparison 

Baseline pain Intervention Control Monitoring Location 

Teuscher 
et al. 
(1989) 

37 children and 
adolescents 

Xanthine 
derivative 
compared with 
placebo 

VAS score on 
admission not 
reported 

Pentoxifylline (pentoxiphyllin) + 
standardised analgesic + 
chloroquine  

Placebo (saline) + 
standardised analgesic 
+ chloroquine 

Vital sign were 
recorded twice daily 

West 
Africa 

Qari et al. 
(2007) 

253 patients 
(adults and 
children older than 
12 years) 

Tinzaparin 
compared with 
placebo 

Pain score at 
baseline appeared 
to be 10 on 
numerical pain 
scale (0–10) in 
both intervention 
and control 
groups 

Tinzaparin + IV morphine + 
saline 

Placebo + IV morphine 
+ saline 

Details not reported Saudi 
Arabia 

Robieux et 
al. (1992) 
and 
Zipursky et 
al. (1992) 

25 children Oxygen 
compared with 
air 

All children 
recorded initial 
scores >6 on 
behavioural pain 
score (a score of 
6 or more was 
considered to 
represent 
moderate to 
severe pain) 

50% oxygen (Venturi mask) + 
continuous IV infusion (CIV) 
morphine (loading dose 
0.15 mg/kg morphine sulphate 
then CIV 40 µg/kg/hour; max. 
rate 100 µg/kg/hour) + IV fluids 
+ continued penicillin 
prophylaxis + docusate 

Room air (Venturi 
mask) + CIV morphine 
(loading dose 0.15 
mg/kg morphine 
sulphate then CIV 
40 µg/kg/hour; max rate 
100 µg/kg/hour) + IV 
fluids + continued 
penicillin prophylaxis + 
docusate 

Severity of pain 
assessed every 
8 hours by 
behavioural 
observation; vital 
signs recorded 
every 2 hours. In 
phase B, oxygen 
saturation was 
measured on 
admission, every 
8 hours for the first 
24 hours and then 
daily. 

Canada 

Head et al. 
(2010) 

18 adults (no 
details about 
characteristics 
reported) 

Nitric oxide 
compared with 
placebo 

Mean VAS scores 
appeared to be >8 
in both groups

1 

Nitric oxide (80 ppm. with 21% 
inspired oxygen) + IV morphine 
sulphate + fluids 

21% inspired oxygen + 
IV morphine sulphate + 
fluids 

Vital signs 
monitored 
continuously and 
recorded hourly 

USA 

Gladwin et 
al. (2011) 

150 patients 
(adults and 
children older than 
10 years) 

Nitric oxide 
compared with 
placebo 

Median VAS 
score 7.7 in 
intervention group 
and 7.6 in placebo 
group 

Nitric oxide (face mask; 80 ppm 
for 4 hours then 40 ppm for 
4 hours; 24% inspired oxygen) 
(opioid use also assessed as 
outcome but no details) 

Placebo gas (100% 
grade 5 nitrogen gas by 
face mask; 24% 
inspired oxygen) 
(opioid use also 
assessed as outcome 

Pain assessed at 2, 
4, 6 and 8 hours 
after the start of the 
study drug and then 
at 4-hour intervals 

USA 
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Author 
(year) 

Participants Drug 
comparison 

Baseline pain Intervention Control Monitoring Location 

but no details) 

Weiner et 
al. (2003) 

20 patients 
(mostly children: 
age range 10–
21 years) 

Nitric oxide 
compared with 
placebo 

Mean VAS scores 
at ED arrival 
appeared to be >8 
in both groups

1
 

Inhaled NO (80 ppm with 21% 
final concentration of inspired 
oxygen by face mask) + PCA 
morphine (0.1 mg/kg, max. dose 
6 mg) + fluids (isotonic sodium 
chloride, 10 ml/kg) 

Placebo (21% inspired 
oxygen by face mask) + 
PCA morphine 
(0.1 mg/kg, max. dose 
6 mg) + fluids (isotonic 
sodium chloride, 10 
ml/kg) 

Pain assessment, 
physiological and 
laboratory studies 
performed 
immediately before 
inhalation, 
each hour during 
the 4 hours of 
inhalation and for 
2 hours after 
inhalation 

USA 

Primary analgesia 

Gonzalez 
et al. 
(1991) 

Phase 1: 30 cases 
(15 in intermittent 
IV group and 15 in 
PCA group) in 20 
randomised adults 

Phase 2: 40 cases 
(23 in intermittent 
IV group and 17 in 
PCA group) in 25 
randomised adults  

PCA morphine 
compared with 
intermittent IV 
injection 
morphine 

Mean initial linear 
pain score in 
phase 1 (0–10) 
was 9.1 and 9.2 in 
intermittent IV and 
PCA groups 
respectively. 
Mean scores in 
phase 2 were 9.1 
and 8.7 in 
intermittent IV and 
PCA groups 
respectively. 

Phase 1: PCA morphine 
sulphate (2 mg then 1 mg) + IV 
5% dextrose and 0.45% saline 

Phase 2: higher doses (5 mg 
then 2.7 mg) 

Phase 1: IV morphine 
sulphate (4 mg) + IV 
5% dextrose and 
0.45% saline 

Phase 2: higher dose 
(8 mg) 

Pain ratings and 
physiological 
assessments were 
carried out before 
analgesic 
administration, 
every 60 minutes 
thereafter, and at 
the time of 
discharge from the 
ED  

USA 

Van Beers 
et al. 
(2007) 

25 episodes in 19 
patients 

PCA morphine 
compared with 
IV morphine 

Median baseline 
VAS score was 
5.9 in the 
continuous 
infusion group and 
7.2 in the PCA 
group  

PCA morphine (5 mg bolus 
injection then 0.01 mg/kg by 
PCA) + oral acteminophren 
(500 mg six times daily) + 50 mg 
diclofenac (or tramadol)  

IV morphine (5 mg 
bolus injection then 
0.03 mg/kg/hour by 
continuous infusion) + 
oral acteminophren 
(500 mg six times daily) 
+ 50 mg diclofenac (or 
tramadol) 

Pain intensity was 
assessed and 
recorded four times 
a day with a verbal 
response scale 

The 
Netherland
s 

Jacobson 50 children Oral morphine Mean pain scores IV morphine (up to 0.15 mg/kg) IV morphine (up to Pain was assessed Canada 
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Author 
(year) 

Participants Drug 
comparison 

Baseline pain Intervention Control Monitoring Location 

et al. 
(1997) 

(analysed) compared with 
IV morphine 

at baseline not 
reported 

+ oral morphine (1.9mg/kg every 
12 hours) + IV placebo (saline) + 
rescue analgesia (immediate-
release oral morphine 0.4 mg/kg 
or IV morphine bolus 0.1 mg/kg) 

0.15 mg/kg) + oral 
placebo tablets + IV 
morphine 
(0.04 mg/kg/hour) 

four times a day 
and physiological 
measures were 
measured every 
4 hours 

Wright et 
al. (1992) 

18 adults  IM ketorolac 
compared with 
IM saline 

Mean baseline 
VAS score 7.0 in 
intervention group 
and 7.9 in control 
group 

IM ketorolac (60 mg) + IV 
pethidine (meperidine) (50 mg) + 
IV promethazine (12.5 mg) + IV 
fluids (D51/2 normal saline) + 
oxygen (2 litres per minute by 
nasal cannula) 

IM saline + IV pethidine 
(50 mg) + IV 
promethazine 
(12.5 mg) + IV fluids 
(D51/2 normal saline) + 
oxygen (2 litres per 
minute by nasal 
cannula) 

Vital signs were 
measured at least 
every hour 

USA 

Bartolucci 
et al. 
(2009) 

54 adults (older 
than15 years) 

IV ketoprofen 
compared with 
saline (syringe 
pump) 

At inclusion, mean 
VAS score was 
7.3 in the 
intervention group 
and 7.1 in the 
control group 

IV ketoprofen (300 mg/day) then 
100 mg oral ketoprofen (every 
8 hours) + IV fluid (5% glucose) 
+ oral alkali water + folic acid + 
analgesia (morphine 0.1mg/kg 
every 5 minutes until pain relief 
was achieved, followed by 
continuous morphine infusion at 
an initial dose of 2 mg/hour with 
repeated pulses until pain was 
well controlled; and IV 
proparacetamol) 

IV saline + IV fluid (5% 
glucose) + oral alkali 
water + folic acid + 
analgesia (morphine 
0.1mg/kg every 
5 minutes until pain 
relief was achieved, 
followed by continuous 
morphine infusion at an 
initial dose of 
2 mg/hour with 
repeated pulses until 
pain was well 
controlled; and IV 
proparacetamol) 

VAS was recorded 
every 4 hours and a 
Categorical Pain 
Score every 
12 hours 

France 

Perlin et 
al. (1994) 

21 adults  IV ketorolac 
compared with 
IV saline 

Mean baseline 
VAS score was 
7.6 in the 
intervention group 
and 7.9 in the 
control group 

IV ketorolac (30 mg then 120 mg 
at 5 mg/hour) + IM pethidine 
(meperidine) (100 mg if needed) 
+ oral hydroxyzine + oral or IV 
hydration 

IV saline + IM pethidine 
(100 mg if needed) + 
oral hydroxyzine + oral 
or IV hydration 

Not reported USA 

Hardwick 
et al. 

29 children IV ketorolac 
compared with 

Mean initial VAS 
score was 5.9 in 

IV ketorolac (0.9 mg/kg) + D5 
1/2 normal saline + IV morphine 

IV saline + D5 1/2 
normal saline + IV 

Vital signs including 
pulse, respirations, 

USA 
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Author 
(year) 

Participants Drug 
comparison 

Baseline pain Intervention Control Monitoring Location 

(1999) IV saline intervention group 
and 5.4 in control 
group 

sulphate (0.1 mg/kg ) morphine sulphate 
(0.1 mg/kg ) 

and blood pressure 
were taken at least 
every 60 minutes 
throughout the 6-
hour observation 
period 

Adawy et 
al. (2005) 

45 children Three-arm trial 
(IV ketorolac 
compared with 
IV methylpred-
nisolone 
compared with 
IV placebo) 

Median pain score 
at baseline was 8 
in all three groups 
(measured using 
nine faces pain 
score, where 9 
represents severe 
pain) 

Group K:  

IV ketorolac (1.0 mg/kg) + IV 
fluids (D5W in 0.45% saline at 
1.5 times the normal 
requirement) + oxygen 
(2 litres/minute via nasal 
cannula) + morphine sulphate 
(0.5 mg via PCA) 

Group M: 

IV methylprednisolone 
(15 mg/kg) + IV fluids (D5W in 
0.45% saline at 1.5 times the 
normal requirement) + oxygen 
(2 litres/minute via nasal 
cannula) + morphine sulphate 
(0.5 mg via PCA) 

 

Group P: 

IV saline (50 ml of 0.9% 
saline) + IV fluids (D5W 
in 0.45% saline at 
1.5 times the normal 
requirement) + oxygen 
(2 litres/minute via 
nasal cannula) + 
morphine sulphate 
(0.5 mg via PCA) 

 

 

Pain assessment 
was started at time 
of ED admission 
and then carried out 
every 15 minutes in 
the first hour and 
then hourly until the 
end of the 6-hour 
observation period 

Egypt 

Grisham 
and 
Vichinsky 
(1996) 

20 children (range 
11–19 years) 

Pethidine 
(meperidine) 
compared with 
ketorolac 
(crossover trial; 
after 2.5 hours 
of assessment, 
patients with 
persistent pain 
received the 
other drug) 

Mean baseline 
VAS score in 
phase 1 was 7.3. 
In phase 2 mean 
baseline VAS 
score was 5.3 for 
those who 
received ketorolac 
first and 6.5 for 
those who 
received pethidine 
first 

Parenteral (IM for first 8 patients 
and IV for all subsequent 
patients) pethidine (1.5 mg/kg) + 
IV hydration (minimum 1.5 times 
maintenance)  

Parenteral (IM for first 
8 patients and IV for all 
subsequent patients) 
ketorolac (1.0 mg/kg) + 
IV hydration (minimum 
1.5 times maintenance)  

Pain and sedation 
scales were 
recorded at 30-
minute intervals 

USA 
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Author 
(year) 

Participants Drug 
comparison 

Baseline pain Intervention Control Monitoring Location 

Abbreviations: D51/2 normal saline, 5% dextrose in ½ normal saline; D5W, 5% dextrose in water; ED, emergency department; IM, intramuscular; IV, intravenous; PCA, 
patient-controlled analgesia; VAS, visual analogue scale. 
1
 From graph. 

 306 

Table 2 Summary GRADE table for pharmacological management of the underlying sickling process: isoxsuprine 307 

compared with pethidine (meperidine) 308 

Number of 
studies 

Treatment Placebo Measure of effect Quality Importance 

Pain rating up to 24 hours (assessed with: Visual Analogue Scale [VAS], 0-10, with 0 indicating no pain) in adults 

1 (Al-Jama et 
al. 1999) 

isoxsuprine pethidine Mean change from baseline -5 in both isoxsuprine and meperidine groups (from 10 at 
baseline in both groups) 

MD* (30 minutes) = 2.00 (CI 0.82, 3.18) 

MD (1 hour) = 1.60 (CI 0.25, 2.95) 

MD (2 hours) = 0.70 (CI -0.89, 2.29) 

MD (6 hours) = 1.00 (CI -0.77, 2.77) 

MD (24 hours) = 0.00 (SE 0.91, 95% CI -1.77 to 1.77) 

Low Critical 

Duration of the painful episode in adults 

1 (Al-Jama et 
al. 1999) 

isoxsuprine pethidine The median duration of the painful episode did not significantly differ between the 
isoxsuprine group (24 hours, range 8-120) compared with the opioid group (48 hours, 
range 24-168, p =0.44) 

Low Important 

Length of stay (LOS) in adults 

1 (Al-Jama et 
al. 1999) 

isoxsuprine pethidine There was no significant difference in the median duration of hospitalisation in the 
isoxsuprine group (72 hours, range 24-288) compared with the meperidine group (72 
hours, 24-216, p = 0.7) 

Low Critical 
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Table 3 Summary GRADE table for pharmacological management of the underlying sickling process: intravenous purified 309 

poloxamer 188 compared with placebo 310 

Number of 
studies 

Treatment Placebo Measure of effect Quality Importance 

Pain rating at 7 days (assessed with: Visual Analogue Scale [VAS]) in adults 

1 (Orringer et al. 
2001) 

IV Purified 
Poloxamer 188 

saline Mean difference (MD) = 8.70 U/h (95% CI -94.52 to 111.92) Low Critical 

Pain intensity at 7 days (assessed with: 5 point pain intensity scale, 0-3, with 0 indicating no pain) in adults 

1 (Adam-Graves 
et al. 1997) 

IV Poloxamer 
188 

saline Median pain intensity ratings did not significantly differ between PP188 (median 
= 0.8) and placebo group (median = 1.4, p=0.07†) 

Very low Critical 

Amount of analgesia used in adults 

1 (Adam-Graves 
et al. 1997) 

IV Poloxamer 
188 

saline The PP188 group used significantly less parenteral analgesics (MEU) compared 
with the placebo group (median 47 vs. 149 mg, p = 0.2) 

 

Very low Critical 

2 (Orringer et al. 
2003, Adam-
Graves et al. 
1997) 

IV Purified 
Poloxamer 188 

saline MD (total analgesic use) = -0.11 MEU/kg (CI -0.61, 0.39) and median MEU 57 
mg in intervention group and 159 mg in placebo group (adjusted p = 0.2) 

Very low Critical 

Duration of the painful episode in adults 

1 (Adam-Graves 
et al. 1997) 

IV Poloxamer 
188 

saline The median duration of painful episodes did not significantly differ between the 
PP188 group (67, range 12-178) and the placebo group (80 hours, range 12-
315, p = 0.182) 

Very low Important 

1 (Orringer et al. 
2003) 

IV Purified 
Poloxamer 188 

saline MD = -4.81 hours (CI -15.03, 5.41) 

 

Low Important 

Adverse events in adults 

1 (Adam-Graves 
et al. 1997) 

IV Poloxamer 
188 

saline Adverse events were similar in the PP188 group (28) and the placebo group 
(16), most of these were mild or moderate in intensity. One serious adverse 
event (transient increase in serum creatinine) was attributable to the study 
medication 

Very low Critical 
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Number of 
studies 

Treatment Placebo Measure of effect Quality Importance 

1 (Orringer et al. 
2003) 

IV Purified 
Poloxamer 188 

saline There were no differences between the two groups in the overall incidence of 
adverse events, for adverse events defined as serious or for adverse events 
involving any body system for the groups as a whole. There was one death in 
the PP188 group because of pulmonary fat embolism but the patient had not 
received the study drug infusion for three days prior to death 

Low Critical 

Length of stay (LOS) in adults 

1 (Adam-Graves 
et al. 1997) 

IV Poloxamer 
188 

saline There were no significant differences in the median duration of hospitalisation 
between the PP188 group (5 days) and the placebo group (6 days, p = 0.258) 

Very low Critical 

1 (Orringer et al. 
2003) 

IV Purified 
Poloxamer 188 

saline MD = -4.00 hours (CI -25.23, 17.23) Low Critical 

Pain rating at 7 days (assessed with: Visual Analogue Scale [VAS]) in children 

1 (Orringer et al. 
2003) 

IV Purified 
Poloxamer 188 

saline MD = -132.90 U/h (95% CI -345.83, 80.03) Moderate Critical 

Amount of analgesia used in children 

1 (Orringer et al. 
2003) 

IV Purified 
Poloxamer 188 

saline MD (total analgesic use) = -0.19 MEU/kg (CI -0.47, 0.09) 

 

Moderate Critical 

Duration of painful episode in children 

1 (Orringer et al. 
2003) 

IV Purified 
Poloxamer 188 

saline MD = -21.51 hours (CI -39.71, -3.31) 

 

Moderate Important 

Length of stay (LOS) in children 

1 (Orringer et al. 
2003) 

IV Purified 
Poloxamer 188 

saline MD = -3.98 hours (CI -43.22, 35.26) Moderate Critical 
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Table 4 Summary GRADE table for pharmacological management of the underlying sickling process: tinzaparin compared 311 

with placebo 312 

Number of 
studies 

Treatment Placebo Measure of effect Quality Importance 

Duration of the painful episode in adults 

Qari et al. (2007) tinzaparin saline MD = -1.78 days (CI -1.94, -1.62) Low Important 

Adverse events in adults 

Qari et al. (2007) tinzaparin saline Tinzaparin treatment was associated with two minor bleeding events that were 
reported and treated by cessation of treatment 

Low Critical 

Length of stay (LOS) in adults 

Qari et al. (2007) tinzaparin saline MD = -4.98 days (CI -5.48, -4.48) Low Critical 

Table 5 Summary GRADE table for pharmacological management of the underlying sickling process: intravenous 313 

methylprednisolone compared with intravenous placebo 314 

Number of 
studies 

Treatment Placebo Measure of effect Quality Importance 

Amount of analgesia used in children 

1 (Griffin et al. 
1994) 

IV 
methylprednisol
one 

IV saline There were no significant differences between the number of doses of 
morphine per episode (6.5 vs. 8.7) or the amount of morphine received (0.82 
vs. 0.97 mg/kg) in the methylprednisolone group compared with the placebo 
group respectively 

Low Critical 

1 (Adawy et al. 
2005) 

IV 
methylprednisol
one 

IV saline MD (1 hour) = -0.30 cumulative morphine requirements (CI -1.11, 0.51) 

MD (2 hours) = -1.11 (CI -2.32, 0.10) 

MD (3 hours) = -2.00 (CI -3.57, -0.43) 

MD (4 hours) = -2.27 (CI -4.24, -0.30) 

MD (5 hours) = -2.70 (CI -5.07, -0.33) 

Moderate Critical 
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Number of 
studies 

Treatment Placebo Measure of effect Quality Importance 

MD (6 hours) = -2.95 (CI -5.51, -0.39) 

Use of additional/rescue doses of analgesia in children 

1 (Griffin et al. 
1994) 

IV 
methylprednisol
one 

IV saline RR 0.49 (CI 0.14, 1.72) Low Critical 

1 (Adawy et al. 
2005) 

IV 
methylprednisol
one 

IV saline MD (mean rescue doses) = -0.95 mg (CI -1.70 to -0.20) Moderate Critical 

Adverse events in children 

1 (Griffin et al. 
1994) 

IV 
methylprednisol
one 

IV saline No complications were observed during the study period related to 
corticosteroid use. 

Low Critical 

1 (Adawy et al. 
2005) 

IV 
methylprednisol
one 

IV saline There were significantly fewer events of nausea (2 vs. 9) and vomiting (0 vs. 
7, p < 0.05) in the methylprednisolone group compared with the placebo 
group. There were no significant differences in the number of pruritus events 
(0 vs. 2). 

Moderate Critical 

Readmission within 48 hours in children 

1 (Adawy et al. 
2005) 

IV 
methylprednisol
one 

IV saline No patients returned to ED within 48 hours Moderate Important 

Readmission within 2 weeks in children 

1 (Griffin et al. 
1994) 

IV 
methylprednisol
one 

IV saline RR 4.62 (CI 0.55, 38.74) Low Important 
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Table 6 Summary GRADE table for pharmacological management of the underlying sickling process: pentoxifylline 315 

(pentoxiphyllin) compared with placebo 316 

Number of 
studies 

Treatment Placebo Measure of effect Quality Importance 

Duration of painful episode in children 

Teuscher et al. 
1989 

 Pentoxifylline saline MD = -24.80 hours (CI -46.74, -2.86) 

 

Low Important 

Adverse events in children 

Teuscher et al. 
1989 

 Pentoxifylline saline RR 2.00 (CI 0.59, 6.79) Adverse events were fever, shivering and pruritus Low Critical 

Table 7 Summary GRADE table for pharmacological management of the underlying sickling process: oxygen compared 317 

with air 318 

Number of 
studies 

Treatment Placebo Measure of effect Quality Importance 

Amount of analgesia used in children 

1(Zipursky et al. 
1992) 

50 % oxygen (Venturi 
mask) 

Room air MD (mean hourly morphine dose) = 8.00 
μ/k/h (CI -9.37, 25.37) 

Moderate Critical 

Duration of painful episode in children 

1(Zipursky et al. 
1992) 

50 % oxygen (Venturi 
mask) 

Room air MD = 0.01 days [-0.89, 0.91] Moderate Important 

Length of stay (LOS) in children 

1(Zipursky et al. 
1992) 

50 % oxygen (Venturi 
mask) 

Room air MD = 1.30 days (CI -1.13, 3.73) Moderate Critical 
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Table 8 Summary GRADE table for pharmacological management of the underlying sickling process: nitric oxide 319 

compared with placebo 320 

Number of 
studies 

Treatment Placebo Measure of effect Quality Importance 

Pain rating at 4 hours (assessed with: Visual Analogue Scale [VAS]) in adults 

1 (Head et al. 
2010) 

Nitric oxide (NO, 80 
ppm with 21% inspired 
oxygen) 

21% inspired 
oxygen 

The mean total reduction was 6.3 (SD 2.2) in the nitric oxide group 
vs. 2.97 (SD 2.1) in the placebo group (p = 0.02) 

Very low Critical 

Pain ratings up to 24 hours (assessed with: Visual Analogue Scale [VAS]) in adults 

1 (Gladwin et al. 
2011) 

Nitric oxide (face mask, 
80 ppm for 4 hours 
then 40 ppm for 4 
hours, 24% inspired 
oxygen 

Placebo gas (100% 
grade 5 nitrogen 
gas by face mask, 
24% inspired 
oxygen) 

Baseline VAS 7.7 in nitric oxide group and 7.6 in placebo 

MD (mean VAS at 24 hours) = 0.10cm (95% CI -0.86 to 1.06) 

Low Critical 

Amount of analgesia used in adults 

1 (Gladwin et al. 
2011) 

Nitric oxide (face mask, 
80 ppm for 4 hours 
then 40 ppm for 4 
hours, 24% inspired 
oxygen 

Placebo gas (100% 
grade 5 nitrogen 
gas by face mask, 
24% inspired 
oxygen) 

There were no significant differences between the median amount 
of opioids used in the first 8 hours in the nitric oxide group (0.28 
mg/kg, IQR 0.09-0.54) compared with the placebo group (0.23, IQR 
0.07-0.70, p = 0.74). There was also no difference in the total 
median opioid use between the groups (2.8, IQR 1.4-6.1 vs. 2.9 
mg/kg, IQR 1.1-9.9 p = 0.73) 

Low Critical 

Duration of the painful episode in adults 

1 (Gladwin et al. 
2011) 

Nitric oxide (face mask, 
80 ppm for 4 hours 
then 40 ppm for 4 
hours, 24% inspired 
oxygen 

Placebo gas (100% 
grade 5 nitrogen 
gas by face mask, 
24% inspired 
oxygen) 

Median time to VOC resolution did not differ significantly in the nitric 
oxide group (73 hours, CI 46.0-91.0) compared with the placebo 
group (65.5 hours, CI 48.1-84.0, p = 0.87) 

Low Important 

Adverse events in adults 

1 (Gladwin et al. 
2011) 

Nitric oxide (face mask, 
80 ppm for 4 hours 
then 40 ppm for 4 

Placebo gas (100% 
grade 5 nitrogen 
gas by face mask, 

RR 1.33 (CI 0.49, 3.66) for any serious adverse event including 
ACS, dysphagia, pyrexia and sensation of foreign body.  

Low Critical 
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Number of 
studies 

Treatment Placebo Measure of effect Quality Importance 

hours, 24% inspired 
oxygen 

24% inspired 
oxygen) 

Length of stay in adults 

1 (Gladwin et al. 
2011) 

Nitric oxide (face mask, 
80 ppm for 4 hours 
then 40 ppm for 4 
hours, 24% inspired 
oxygen 

Placebo gas (100% 
grade 5 nitrogen 
gas by face mask, 
24% inspired 
oxygen) 

There was no significant difference in the median length of 
hospitalisation in the nitric oxide group (4.1 days, IQR 2.0-6.0) and 
the placebo group (3.1 days, IQR 1.7-6.4, p = 0.30) 

Low Critical 

Readmission within 30 days in adults 

1 (Gladwin et al. 
2011) 

Nitric oxide (face mask, 
80 ppm for 4 hours 
then 40 ppm for 4 
hours, 24% inspired 
oxygen 

Placebo gas (100% 
grade 5 nitrogen 
gas by face mask, 
24% inspired 
oxygen) 

RR 0.53 (CI 0.25, 1.11) Low Important 

Pain rating at 4 hours (assessed with: Visual Analogue Scale [VAS]) in children 

1(Weiner et al. 
2003) 

INO (80 ppm with 21% 
final concentration of 
inspired oxygen by face 
mask 

21% inspired 
oxygen 

Overall mean change from baseline was -2.0 cm in the nitric oxide 
group and -1.2 cm in the placebo group but this was not statistically 
significant (p = 0.37) 

Very low Critical 

Amount of analgesia used in children 

1(Weiner et al. 
2003) 

INO (80 ppm with 21% 
final concentration of 
inspired oxygen by face 
mask 

21% inspired 
oxygen 

At 4 hours, there were no significant differences between the nitric 
oxide group (0.26 mg/kg) and the placebo group (0.32 mg/kg, p = 
0.21) 

At 6 hours the nitric oxide group used significantly less parenteral 
morphine (0.29 vs. 0.44 mg/kg, p = 0.03) 

At 24 hours, there were no significant differences (0.63 vs. 0.91 
mg/kg, p = 0.15) 

Very low Critical 

Adverse events in children 

1(Weiner et al. 
2003) 

INO (80 ppm with 21% 
final concentration of 

21% inspired 
oxygen 

There were no episodes of hypotension, clinically significant SPO2, 
toxic concentrations of NO2 or clinically significant increases in met-

Very low Important 
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Number of 
studies 

Treatment Placebo Measure of effect Quality Importance 

inspired oxygen by face 
mask 

haemglobin 

Length of stay in children 

1(Weiner et al. 
2003) 

INO (80 ppm with 21% 
final concentration of 
inspired oxygen by face 
mask 

21% inspired 
oxygen 

There were no significant differences in the median length of 
hospitalisation between the nitric oxide group (78 hours) and the 
placebo group (100 hours, p = 0.19) 

Very low Critical 

Table 9 Summary GRADE table for primary analgesia: patient-controlled analgesia (PCA) morphine compared with 321 

intravenous morphine 322 

Number of 
studies 

Treatment Placebo Measure of effect Quality Importance 

Pain rating 2 days after treatment (assessed with: 11 point verbal response scale, 0-10, with 0 indicating no pain) in adults 

Van Beers et al. 
2007 

PCA Morphine (5 mg 
bolus injection then 
0.01 mg/kg by PCA) 

IV morphine (5 mg 
bolus injection then 
0.03 mg/kg/hour by 
continuous infusion) 

Mean verbal response pain score did not significantly differ in the 
PCA group (5.3, CI 4.5-6.9) compared with the IV group (4.9, CI 
3.9-5.8, p = 0.09) 

Moderate Critical 

Pain rating up to 5 days after treatment (assessed with: Visual Analogue Scale [VAS]) in adults 

Van Beers et al. 
2007 

PCA Morphine (5 mg 
bolus injection then 
0.01 mg/kg by PCA) 

IV morphine (5 mg 
bolus injection then 
0.03 mg/kg/hour by 
continuous infusion) 

Median change from baseline was -3.8 (IQR -5.2 to 4) in the PCA 
group and -2.4 (-5.7 to -1.1) in the continuous infusion group. 

did not significantly differ (p = 1.00) 

Moderate Critical 

Amount of analgesia used in adults 

Van Beers et al. 
2007 

PCA Morphine (5 mg 
bolus injection then 
0.01 mg/kg by PCA) 

IV morphine (5 mg 
bolus injection then 
0.03 mg/kg/hour by 
continuous infusion) 

The median morphine dose was significantly lower in the PCA 
group (0.5 mg/hour, IQR 0.3-0.6) compared with the IV group (2.4 
mg/hour, IQR 1.4-4.2, p = 0.001). The median total morphine dose 
was also significantly lower in the PCA group compared with the 
IV group (33, IQR 10-68 vs. 260, IQR 204-529) 

Moderate Critical 
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Number of 
studies 

Treatment Placebo Measure of effect Quality Importance 

Use of additional/rescue doses of analgesia in adults 

Van Beers et al. 
2007 

PCA Morphine (5 mg 
bolus injection then 
0.01 mg/kg by PCA) 

IV morphine (5 mg 
bolus injection then 
0.03 mg/kg/hour by 
continuous infusion) 

RR 1.30 (CI 0.53, 3.17) for requiring an increased dose if there is 
no adequate pain relief 

 

Moderate Critical 

Adverse events in adults 

Van Beers et al. 
2007 

PCA Morphine (5 mg 
bolus injection then 
0.01 mg/kg by PCA) 

IV morphine (5 mg 
bolus injection then 
0.03 mg/kg/hour by 
continuous infusion) 

The AUC of experienced nausea (median 11, IQR 3-21 vs. 18, 
IQR 3-55, p = 0.045) and constipation (30, IQR 10-40, vs. 45, IQR 
36-59, p = 0.02) side effect scores were significantly lower in the 
PCA group compared with the infusion group. No significant 
differences were found for pruritus and sedation. 

Moderate Critical 

Length of stay in adults 

Van Beers et al. 
2007 

PCA Morphine (5 mg 
bolus injection then 
0.01 mg/kg by PCA) 

IV morphine (5 mg 
bolus injection then 
0.03 mg/kg/hour by 
continuous infusion) 

There were no significant differences in the median admission 
duration in the PCA group (6.0 days, IQR 4.3-9.3) compared with 
the IV group (9.0 days, IQR 6.0-12.0, p = 0.15)  

Moderate Critical 

Table 10 Summary GRADE table for primary analgesia: patient-controlled analgesia (PCA) morphine compared with 323 

intermittent intravenous morphine 324 

Number of 
studies 

Treatment Placebo Measure of effect Quality Importance 

Pain rating at 8 hours (assessed with: Visual Analogue Scale [VAS]) in adults 

1 (Gonzalez et al. 
1991) 

PCA morphine sulphate 
(2 mg then 1 mg) 

IV morphine sulphate 
(4 mg) 

Mean change from baseline in phase 1 and 2 were -5.99 and -
5.61 in PCA group and -5.85 and -5.18 in the IV group 
respectively 

MD (phase 1) = 0.01 (CI -2.19, 2.21) 

MD (phase 2) = -0.90 (CI -3.09, 1.29) 

Low Critical 

Amount of analgesia used in adults 
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1 (Gonzalez et al. 
1991) 

PCA morphine sulphate 
(2 mg then 1 mg) 

IV morphine sulphate 
(4 mg) 

PHASE 1 

The total number of doses was significantly higher in the PCA 
group (35.5 ± 23.5 mg) compared with the IV group (6.5 ± 2.6 
mg, p = 0.0006). However, the total amount of morphine 
administered did not significantly differ between the PCA (35.5 ± 
23.5 mg) compared with the IV group (28.8 ± 13 mg, p = 0.269) 

PHASE 2 

The total number of doses was significantly higher in the PCA 
group (11.6 ± 6.3 vs. 4.9 ± 2.0, p = 0.0002). The total amount of 
morphine administered did not significantly differ between IV and 
PCA groups (41.0 ± 17.6 vs. 34.6 ± 20.9 mg, p = 0.945) 

Low Critical 

Use of additional/rescue doses of analgesia in adults 

1 (Gonzalez et al. 
1991) 

PCA morphine sulphate 
(2 mg then 1 mg) 

IV morphine sulphate 
(4 mg) 

PHASE 1: RR 0.63 (CI 0.26, 1.47) for requiring an increased 
dose of analgesia 

PHASE 2: RR 0.68 (CI 0.24, 1.88) 

Low Critical 

Adverse events in adults 

1 (Gonzalez et al. 
1991) 

PCA morphine sulphate 
(2 mg then 1 mg) 

IV morphine sulphate 
(4 mg) 

PHASE 1: RR 0.88 (CI 0.43, 1.80)  Low Critical 

Length of stay in adults 

1 (Gonzalez et al. 
1991) 

PCA morphine sulphate 
(2 mg then 1 mg) 

IV morphine sulphate 
(4 mg) 

PHASE 1: MD = 0.60 hours (CI -1.65, 2.85) 

PHASE 2: MD = 0.20 hours (CI -0.92, 1.32) 

Very low Critical 

Table 11 Summary GRADE table for primary analgesia: oral morphine compared with intravenous morphine 325 

Number of 
studies 

Treatment Placebo Measure of effect Quality Importance 

Pain rating (assessed with various scales: OUCHER on a 0-100 scale, CHEOPS, Faces and clinical assessment) in children 

1 (Jacobson et al. 
1997) 

oral morphine 
(1.9mg/kg every 12 
hours) + IV placebo 
(saline) 

oral placebo tablets + 
IV morphine (0.04 mg 
kg-1 h-1) 

The mean differences between the oral 
group and the IV group were not significantly 
different for any of the pain assessments (p > 
0.05)  

Moderate Critical 
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Amount of analgesia used in children 

1 (Jacobson et al. 
1997) 

oral morphine 
(1.9mg/kg every 12 
hours) + IV placebo 
(saline) 

oral placebo tablets + 
IV morphine (0.04 mg 
kg-1 h-1) 

MD = 2.18 mg/kg (CI 1.86, 2.50) mean oral to 
parenteral dose ratio was 3.7 (consistent with 
target dose ratio of 4.0). 

Moderate Critical 

Use of additional/rescue doses of analgesia in children 

1 (Jacobson et al. 
1997) 

oral morphine 
(1.9mg/kg every 12 
hours) + IV placebo 
(saline) 

oral placebo tablets + 
IV morphine (0.04 mg 
kg-1 h-1) 

MD (mean rescue doses/day) =  

-0.20 (CI -0.62, 0.22) 

 

Moderate Critical 

Adverse events in children 

1 (Jacobson et al. 
1997) 

oral morphine 
(1.9mg/kg every 12 
hours) + IV placebo 
(saline) 

oral placebo tablets + 
IV morphine (0.04 mg 
kg-1 h-1) 

The frequency and severity of adverse 
events did not differ significantly between the 
two groups (62 vs. 52 reports, 16 vs. 19 
severe intensity events). Common events 
included fever, pruritus, nausea and vomiting 
and constipation 

Moderate Critical 

Table 12 Summary GRADE table for primary analgesia: ketorolac compared with placebo 326 

Number of 
studies 

Treatment Placebo Measure of effect Quality Importance 

Pain rating at 4 hours (assessed with: Visual Analogue Scale [VAS]) in adults 

1 (Wright et al. 
1992) 

IM ketorolac (60 mg) IM saline Overall mean change from baseline was -2.63 in ketorolac 
group and -4.23 in the placebo group 

Mean difference (MD) = 0.70 (95% CI -1.90 to 3.30) 

Moderate Critical 

Pain rating up to 5 days after treatment (assessed with: Visual Analogue Scale [VAS]) in adults 

1(Perlin et al. 
1994) 

IV ketorolac (30 mg 
then 120 mg at 5 
mg/hour) 

IV saline MD (day 1) = -1.40 (CI -2.63, -0.17) 

MD (day 2) = -1.59 (CI -3.23, 0.05) 

MD (day 3) = -2.38 (CI-4.41, -0.35) 

MD (day 4) = -2.27 (CI -4.26, -0.28) 

Moderate Critical 
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Number of 
studies 

Treatment Placebo Measure of effect Quality Importance 

MD (day 5) = -2.08 (CI -4.28, 0.12) 

Pain rating 5 days and after (assessed with: Verbal Categorical Score [VPS], 0-3, with 0 indicating no pain) in adults 

1(Perlin et al. 
1994) 

IV ketorolac (30 mg 
then 120 mg at 5 
mg/hour) 

IV saline Mean VPS was significantly lower in the ketorolac (1.1) 
compared with the placebo group (1.7, p < 0.05) 

Moderate Critical 

Pain relief 5 days and after (assessed with: pain relief score, 0-4 with 4 indicating complete relief) in adults 

1(Perlin et al. 
1994) 

IV ketorolac (30 mg 
then 120 mg at 5 
mg/hour) 

IV saline Mean pain relief score did not significantly differ in the 
ketorolac (2.7) and placebo groups (2.4, p > 0.05) 

Moderate Critical 

Amount of analgesia used in adults 

1 (Wright et al. 
1992) 

IM ketorolac (60 mg) IM saline At 4 hours the mean amount of meperidine used in the 
ketorolac group (231 mg, SD 92) did not significantly differ 
compared with the placebo group (250 mg, SD 85, p = 0.61) 

Moderate Critical 

1(Perlin et al. 
1994) 

IV ketorolac (30 mg 
then 120 mg at 5 
mg/hour) 

IV saline MD (total dose meperidine required) = -937.30 (CI -1802.72, -
71.88) 

MD (mean daily dose meperidine) = -138.80 (CI -289.46, 
11.86) 

Moderate Critical 

Length of stay in adults 

1(Perlin et al. 
1994) 

IV ketorolac (30 mg 
then 120 mg at 5 
mg/hour) 

IV saline The median duration of hospitalisation was significantly lower 
in the ketorolac group compared with the placebo group (3.3. 
vs. 7.2 days, p < 0.05) 

Moderate Critical 

Pain rating at 6 hours (assessed with: Visual Analogue Scale [VAS]) in children 

1(Hardwick et al. 
1999) 

IV ketorolac (0.9 
mg/kg) 

IV saline Overall mean change from baseline was -2.26 in ketorolac 
group and -0.42 in the placebo group 

MD (1hours) = -0.09 (CI -1.71, 1.53) 

MD (2hours) = -0.59 (CI -2.25, 1.07) 

MD (3hours) = -1.06 (CI -3.17, 1.05) 

MD (4hours) = -1.20 (CI -2.95, 0.55) 

Moderate Critical 
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Number of 
studies 

Treatment Placebo Measure of effect Quality Importance 

MD (5hours) = -1.41 (CI -3.07, 0.25) 

MD (6hours) = 0.70 (CI -1.90 to 3.30 

Pain rating at 6 hours (assessed with: Nine Faces Pain Scale [NFPS], 0-9, with 0 indicating no pain) in children 

Adawy et al. 
(2005) 

IV ketorolac (1.0 
mg/kg) 

IV saline Median NFPS scores were significantly lower in the ketorolac 
group (2, range 1-2) compared with the placebo group (3, 
range 2-3, p < 0.05) 

Moderate Critical 

Amount of analgesia used in children 

2 (Hardwick et al. 
1999, Adawy et 
al. 2005) 

IV ketorolac IV saline Pooled MD = -0.01 mg/kg/hour (95% CI -0.03, 0.00), p = 0.07 
(see forest plot).  

Very low Critical 

Use of additional/rescue doses of analgesia in children 

1 (Adawy et al. 
2005) 

IV ketorolac (1.0 
mg/kg) 

IV saline MD (mean rescue doses) = -1.10 mg (CI -1.84, -0.36) Moderate Critical 

Adverse events in children 

1(Hardwick et al. 
1999) 

IV ketorolac (0.9 
mg/kg) 

IV saline One patient experienced local histamine reaction to morphine 
and no other adverse events were noted 

Moderate Critical 

Adawy et al. 
(2005) 

IV ketorolac (1.0 
mg/kg) 

IV saline There were significantly fewer events of nausea (2 vs. 9) and 
vomiting (1 vs. 7, p < 0.05) in the ketorolac group compared 
with the placebo group. There were no significant differences 
in the number of pruritus events (2 vs. 2). 

Moderate Critical 

Readmission within 48 hours in children 

1(Hardwick et al. 
1999) 

IV ketorolac (0.9 
mg/kg) 

IV saline RR 5.00 (CI 0.29, 86.43) Moderate Important 

Adawy et al. 
(2005) 

IV ketorolac (1.0 
mg/kg) 

IV saline No patients returned to ED within 48 hours Moderate Important 
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Table 13 Summary GRADE table for primary analgesia: ketoprofen vs placebo 327 

Number of 
studies 

Treatment Placebo Measure of effect Quality Importance 

Pain rating up to 5 days after treatment (assessed with: Visual Analogue Scale [VAS]) in adults 

1 (Bartolucci et al. 
2009) 

IV ketoprofen (300 
mg/day) then 100 mg 
oral ketoprofen (every 8 
hours) 

IV saline Median change from baseline was -6.04 in 
the ketoprofen group and -6.14 in the 
placebo group. 

Median VAS score in ketoprofen (1.26, IQR 
0.48 to 2.32) and placebo (0.96, IQR 0.58 to 
3.32) groups did not significantly differ (p = 
0.5) 

Moderate Critical 

Pain rating 5 days and after (assessed with: Categorical Pain Score [CPS], 0-3 Verbal Categorical Score [VPS], 0-3, with 0 indicating no pain) in adults 

1 (Bartolucci et al. 
2009) 

IV ketoprofen (300 
mg/day) then 100 mg 
oral ketoprofen (every 8 
hours) 

IV saline Median CPS did not significantly differ 
between the ketoprofen (0.4, IQR 0.2 to 0.7) 
and placebo groups (0.4, IQR 0.2 to 0.7, p = 
0.46) 

Moderate Critical 

Amount of analgesia used in adults 

1 (Bartolucci et al. 
2009) 

IV ketoprofen (300 
mg/day) then 100 mg 
oral ketoprofen (every 8 
hours) 

IV saline There were no significant differences in the 
median morphine dose used in the 
ketoprofen group (110 mg, IQR 46-195) and 
the placebo group (88 mg, IQR 52.5-262.5)  

Moderate Critical 

Duration of the painful episode in adults 

1 (Bartolucci et al. 
2009) 

IV ketoprofen (300 
mg/day) then 100 mg 
oral ketoprofen (every 8 
hours) 

IV saline Median duration of VOC did not significantly 
differ in the ketoprofen group (51 hours, IQR 
35.5-87) compared with the placebo group 
(50 hours, IQR 36-103) 

Moderate Important 

Adverse events in adults 

1 (Bartolucci et al. 
2009) 

IV ketoprofen (300 
mg/day) then 100 mg 
oral ketoprofen (every 8 
hours) 

IV saline The types and frequencies of adverse events 
were similar for the two groups (events 
include nausea, vomiting, pruritus, 
constipation and epigastralgia) 

Moderate Critical 



DRAFT 

Acute painful sickle cell episode NICE clinical guideline DRAFT (February 2012)      Page 34 of 168 

Table 14 Summary GRADE table for primary analgesia: pethidine (meperidine) compared with ketorolac 328 

Number of 
studies 

Treatment Placebo Measure of effect Quality Importance 

Pain rating at 2 hours (assessed with: Visual Analogue Scale [VAS] 0-10, with 0 indicating no pain) in children 

1 (Grisham & 
Vichinsky 1996) 

Parenteral (IM for first 8 
and IV for others) 
meperidine (1.5 mg/kg) 

Parenteral (IM for first 
8 and IV for others) 
ketorolac (1.0 mg/kg) 

Patients receiving ketorolac had significantly larger decreases 
in VAS scores over 150 minutes compared with the meperidine 
group (p < 0.001). The greatest decrease in pain scores 
occurred in first 30 minutes for both drugs (ketorolac = 3.9, 
meperidine = 5.4, p < 0.001)  

Low Critical 

1 (Grisham & 
Vichinsky 1996) 

Parenteral (IM for first 8 
and IV for others) 
meperidine (1.5 mg/kg) 

Parenteral (IM for first 
8 and IV for others) 
ketorolac (1.0 mg/kg) 

There was no significant difference in VAS scores of either 
group (meperidine then ketorolac or ketorolac then 
meperidine) after 150 minutes (mean VAS 
ketorolac/meperidine = 3.8, meperidine/ketorolac = 5.1) 

Low Critical 

 329 

See appendix E for the evidence tables in full. 330 

 331 
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2.1.3 Evidence statements  332 

For details of how the evidence is graded, see ‘The guidelines manual’. 333 

Pharmacological treatments aimed at managing the underlying sickling 334 

process  335 

Isoxsuprine compared with pethidine 336 

2.1.3.1 Low-quality evidence from one RCT of a total of 43 patients 337 

showed that mean VAS (visual analogue scale) pain ratings were 338 

significantly higher in the isoxsuprine group compared with the 339 

pethidine group at 30 minutes (mean difference [MD] 2.00; 95% 340 

confidence interval [CI] 0.82 to 3.18) and 1 hour (MD 1.60, CI 0.25 341 

to 2.95) after treatment. However, this difference did not persist at 342 

2, 6 or 24 hours (MD 0.00, CI −1.77 to 1.77) after treatment. 343 

2.1.3.2 Low-quality evidence from one RCT of a total of 43 patients 344 

showed that the duration of the painful episode did not differ 345 

significantly between the isoxsuprine group and the pethidine 346 

group. 347 

2.1.3.3 Low-quality evidence from one RCT of a total of 43 patients 348 

showed that the length of stay in hospital did not differ significantly 349 

between the isoxsuprine group and the pethidine group. 350 

Purified poloxamer 188 (PP188) compared with placebo 351 

2.1.3.4 Low-quality to very-low-quality evidence from two RCTs of a total of 352 

280 patients showed that mean VAS pain ratings and median pain 353 

intensity ratings did not differ significantly between the PP188 354 

group and the placebo group. 355 

2.1.3.5 Very-low-quality evidence from one RCT of a total of 31 patients 356 

showed that the use of parenteral analgesics did not differ 357 

significantly between the PP188 group and the placebo group 358 

(median 47 mg compared with 149 mg, p = 0.22) when an 359 

intention-to-treat analysis was adjusted for baseline pain. 360 

http://www.nice.org.uk/GuidelinesManual
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2.1.3.6 Very low-quality evidence from two RCTs with a total of 280 361 

patients showed that total analgesic use did not differ significantly 362 

between the PP188 group and the placebo group. 363 

2.1.3.7 Low-quality to very-low-quality evidence from two RCTs with a total 364 

of 280 patients showed that the duration of the painful episode did 365 

not differ significantly between the PP188 group and the placebo 366 

group. 367 

2.1.3.8 Low-quality to very-low-quality evidence from two RCTs with a total 368 

of 280 patients showed that the numbers of adverse events were 369 

similar in the PP188 group and the placebo group. 370 

2.1.3.9 Low-quality to very-low-quality evidence from two RCTs with a total 371 

of 280 patients showed two serious adverse events (one death and 372 

one transient increase in serum creatinine levels) in patients who 373 

had been randomised to the PP188 group. 374 

2.1.3.10 Low-quality to very-low-quality evidence from two RCTs with a total 375 

of 280 patients showed that the length of stay in hospital did not 376 

differ significantly between the PP188 group and the placebo 377 

group. 378 

2.1.3.11 Moderate-quality evidence from one RCT of a total of 73 children 379 

showed that mean VAS pain ratings at 7 days did not differ 380 

significantly between the PP188 group and the placebo group. 381 

2.1.3.12 Moderate-quality evidence from one RCT of a total of 73 children 382 

showed that total analgesic use did not differ significantly between 383 

the PP188 group and the placebo group (MD −0.19 MEU 384 

(morphine-equivalent units)/kg, CI −0.47 to 0.09 MEU/kg). 385 

2.1.3.13 Moderate-quality evidence from one RCT of a total of 73 children 386 

showed that the duration of the painful episode was significantly 387 

shorter in the PP188 group compared with the placebo group (MD 388 

−21.51 hours, CI −39.71 to −3.31 hours). 389 
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2.1.3.14 Moderate-quality evidence from one RCT of a total of 73 children 390 

showed that the length of stay in hospital did not differ significantly 391 

between the PP188 group and the placebo group. 392 

Tinzaparin (low-molecular-weight heparin) compared with placebo 393 

2.1.3.15 Low-quality evidence from one RCT of a total of 253 patients (12 394 

years and over) showed that the duration of the painful episode 395 

was significantly shorter in the group receiving tinzaparin (a low-396 

molecular-weight heparin) at therapeutic dose as an adjunct 397 

treatment compared with the placebo group (MD −1.78 day, CI 398 

−1.94 to −1.62 days) 399 

2.1.3.16 Low-quality evidence from one RCT of a total of 253 patients (12 400 

years and over) showed that treatment with tinzaparin was 401 

associated with two minor bleeding events. 402 

2.1.3.17 Low-quality evidence from one RCT of a total of 253 patients 403 

showed that the length of stay in hospital was significantly shorter 404 

in the group receiving tinzaparin at therapeutic dose as an adjunct 405 

treatment compared with the placebo group (MD = −4.98 days, CI 406 

−5.48 to −4.48 days). 407 

Methylprednisolone compared with placebo 408 

2.1.3.18 Low-quality evidence from one RCT of a total of 46 children 409 

showed no significant differences between the methylprednisolone 410 

group and the placebo group in the number of doses of morphine 411 

per episode (6.5 compared with 8.7) or the amount of morphine 412 

received (0.82 compared with 0.97 mg/kg). 413 

2.1.3.19 Moderate-quality evidence from one RCT of a total of 30 children 414 

showed that cumulative morphine requirements were significantly 415 

lower in the methylprednisolone group compared with the placebo 416 

group at 3 hours (MD −2.00 CI −3.57 to −0.43), 4 hours (MD −2.27, 417 

CI −4.24 to −0.30), 5 hours (MD −2.70, CI −5.07 to −0.33) and 418 

6 hours (MD −2.95, CI −5.51 to −0.39) after the start of treatment. 419 
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2.1.3.20 Low-quality evidence from one RCT of a total of 56 children 420 

showed no significant difference in the risk of using rescue doses 421 

between the methylprednisolone group and the placebo group (RR 422 

0.49, CI 0.14 to 1.72). 423 

2.1.3.21 Moderate-quality evidence from one RCT of a total of 30 children 424 

showed that mean rescue doses were significantly lower in the 425 

methylprednisolone group compared with the placebo group, 426 

although this difference was small (MD −0.95 mg, CI −1.70 to 427 

−0.20 mg). 428 

2.1.3.22 Moderate-quality to low-quality evidence from two RCTs with a total 429 

of 86 children showed that there were significantly fewer events of 430 

nausea (2 compared with 9 events) and vomiting (0 compared with 431 

7 events, p < 0.05) in the methylprednisolone group compared with 432 

the placebo group, or that no complications were observed in either 433 

group. 434 

2.1.3.23 Moderate-quality evidence from one RCT of a total of 30 children 435 

showed that no patients in either group returned to the emergency 436 

department within 48 hours.  437 

2.1.3.24 Low-quality evidence from one RCT of a total of 56 children 438 

showed no significant difference in the risk of readmission within 439 

2 weeks between the methylprednisolone group and the placebo 440 

group. 441 

Pentoxifylline (pentoxiphyllin) compared with placebo 442 

2.1.3.25 Low-quality evidence from one RCT of a total of 36 children 443 

showed that the duration of the painful episode was significantly 444 

shorter in the pentoxifylline group compared with the placebo group 445 

(MD −24.80 hours, CI −46.74 to −2.86 hours). 446 

2.1.3.26 Low-quality evidence from one RCT of a total of 36 children 447 

showed no significant difference in the risk of adverse events 448 

between the pentoxifylline group and the placebo group. 449 
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Oxygen compared with air 450 

2.1.3.27 Moderate-quality evidence from one RCT of a total of 25 children 451 

showed that the mean hourly morphine dose did not differ 452 

significantly between a group treated with 50% oxygen through a 453 

Venturi mask and a group treated with room air through a Venturi 454 

mask. 455 

2.1.3.28 Moderate-quality evidence from one RCT of a total of 25 children 456 

showed that the duration of the painful episode did not differ 457 

significantly between a group treated with 50% oxygen through a 458 

Venturi mask and a group treated with room air through a Venturi 459 

mask. 460 

2.1.3.29 Moderate-quality evidence from one RCT of a total of 25 children 461 

showed that the mean length of stay in hospital did not differ 462 

significantly between a group treated with 50% oxygen through a 463 

Venturi mask and a group treated with room air through a Venturi 464 

mask. 465 

Nitric oxide compared with placebo 466 

2.1.3.30 Very-low-quality evidence from one RCT of a total of 18 patients 467 

showed a significantly larger mean total reduction in VAS ratings at 468 

4 hours in the nitric oxide group compared with the placebo group 469 

(reduction of 6.3 [SD 2.2] compared with 2.97 [SD 2.1]; p = 0.02) . 470 

2.1.3.31 Low-quality evidence from one RCT of a total of 150 patients 471 

showed no significant difference in mean VAS pain ratings at 472 

24 hours between the nitric oxide group and the placebo group. 473 

2.1.3.32 Low-quality evidence from one RCT of a total of 150 patients 474 

showed no significant difference in the median amount of opioids 475 

used in the first 8 hours between the nitric oxide group (0.28 mg/kg; 476 

interquartile range [IQR] 0.09–0.54 mg/kg) and the placebo group 477 

(0.23 mg/kg; IQR 0.07–0.70 mg/kg) (p = 0.74). 478 
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2.1.3.33 Low-quality evidence from one RCT of a total of 150 patients 479 

showed no significant difference in the median time to resolution of 480 

vaso-occlusive crisis between the nitric oxide group (73 hours, CI 481 

46.0–91.0 hours) and the placebo group (65.5 hours, CI 48.1–482 

84.0 hours) (p = 0.87). 483 

2.1.3.34 Low-quality evidence from one RCT of a total of 150 patients 484 

showed no significant difference in the risk of adverse events 485 

between the nitric oxide group and the placebo group. 486 

2.1.3.35 Low-quality evidence from one RCT of a total of 150 patients 487 

showed no significant difference in the median length of stay in 488 

hospital between the nitric oxide group (4.1 days, IQR 2.0–489 

6.0 days) and the placebo group (3.1 days, IQR 1.7–6.4) (p = 0.30). 490 

2.1.3.36 Low-quality evidence from one RCT of a total of 150 patients 491 

showed no significant difference in the risk of readmission within 492 

30 days between the nitric oxide group and the placebo group. 493 

2.1.3.37 Very-low-quality evidence from one RCT of a total of 170 children 494 

showed no significant difference in the mean VAS pain rating 495 

between the nitric oxide group and the placebo group. 496 

2.1.3.38 Very-low-quality evidence from one RCT of 20 children showed 497 

that the use of analgesia was significantly reduced at 6 hours in the 498 

nitric oxide group compared with the placebo group (0.29 499 

compared with 0.44mg/kg, p = 0.03). Differences were not 500 

significant at 4 and 24 hours. 501 

2.1.3.39 Very-low-quality evidence from one RCT of 20 children showed 502 

that there were no adverse events in either the nitric oxide group or 503 

the placebo group. 504 

2.1.3.40 Very-low-quality evidence from one RCT of 20 children showed no 505 

significant difference in the length of stay in hospital between the 506 

nitric oxide group and the placebo group. 507 
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Primary analgesia 508 

PCA morphine compared with dose-adjusted continuous intravenous 509 

morphine 510 

2.1.3.41 Moderate-quality evidence from one RCT of a total of 25 episodes 511 

showed no significant differences in mean VAS or verbal response 512 

pain ratings 2 days and 5 days after treatment between the PCA 513 

morphine group and the continuous intravenous morphine group. 514 

2.1.3.42 Moderate-quality evidence from one RCT of a total of 25 episodes 515 

showed that the median morphine hourly dose (0.5 compared with 516 

2.4 mg/hour, p = 0.0001) and total dose (33 compared with 517 

260 mg, p = 0.02) were significantly lower in the PCA group 518 

compared with the continuous intravenous morphine group. 519 

2.1.3.43 Moderate-quality evidence from one RCT of a total of 25 episodes 520 

showed no significant difference in the risk of using additional or 521 

rescue analgesia if there was no adequate pain relief between the 522 

PCA morphine group and the continuous intravenous morphine 523 

group. 524 

2.1.3.44 Moderate-quality evidence from one RCT of a total of 25 episodes 525 

showed that median side-effect scores for nausea (median 11, IQR 526 

3 to 21, compared with median 18, IQR 3 to 55, p = 0.045) and 527 

constipation (median 30, IQR 10 to 40, compared with median 45, 528 

IQR 36 to 59, p = 0.02) were significantly lower in the PCA 529 

morphine group compared with the continuous intravenous 530 

morphine group. 531 

2.1.3.45 Moderate-quality evidence from one RCT of a total of 25 episodes 532 

showed that the length of stay in hospital did not differ significantly 533 

between the PCA morphine group and the continuous intravenous 534 

morphine group. 535 
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PCA morphine compared with intermittent intravenous morphine 536 

2.1.3.46 Low-quality evidence from one RCT of a total of 45 patients 537 

showed no significant differences in VAS pain ratings at 8 hours 538 

between the PCA morphine group and the intermittent intravenous 539 

morphine group. 540 

This study (Gonzalez et al. 1991) assessed outcomes during two 541 

phases. The second phase involved the use of higher doses of 542 

morphine in both groups compared with the first phase. 543 

2.1.3.47 Low-quality evidence from one RCT of a total of 45 patients 544 

showed that the total number of doses was significantly higher in 545 

the PCA morphine group compared with the intermittent 546 

intravenous morphine group in both phase 1 (6.5 compared with 547 

35.5 mg, p < 0.001) and phase 2 (4.9 compared with 11.6 mg, 548 

p < 0.001). There were no significant differences between the 549 

groups in terms of the total amount of morphine administered in 550 

both phases. 551 

2.1.3.48 Low-quality evidence from one RCT of a total of 45 patients 552 

showed no significant differences in the risk of requiring an 553 

increased dose of analgesia between the PCA morphine group and 554 

the intermittent intravenous morphine group during both phases. 555 

In this study (Gonzalez et al. 1991), if the initial phase 1 regimes 556 

failed to provide adequate pain relief (measured as visual linear 557 

analogue pain intensity score < 50 mm) within a minimum of 558 

3 hours, the dose of morphine was increased to 6 mg in the 559 

intermittent intravenous group and to 1.5 mg with a 6-minute lock-560 

out in the PCA group. During phase 2, doses were increased to 561 

3.3 mg in the PCA group and to 10 mg in the intermittent group 562 

every 30 to 60 minutes as needed. 563 

2.1.3.49 Low-quality evidence from one RCT of a total of 45 patients 564 

showed no significant difference in the risk of adverse events 565 
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between the PCA morphine group and the intermittent intravenous 566 

morphine group during both phases. 567 

2.1.3.50 Very-low-quality evidence from one RCT of a total of 45 patients 568 

showed no significant difference in the mean length of stay in 569 

hospital between the PCA morphine group and the intermittent 570 

intravenous morphine group during both phases. 571 

Oral morphine compared with intravenous morphine 572 

2.1.3.51 Moderate-quality evidence from one RCT of a total of 50 children 573 

showed no significant differences in pain ratings between the oral 574 

morphine group and the intravenous morphine group. 575 

2.1.3.52 Moderate-quality evidence from one RCT of a total of 50 children 576 

showed that the daily morphine dose was significantly higher in the 577 

oral morphine group compared with the intravenous morphine 578 

group (MD 2.18 mg/kg, CI 1.86 to 2.50 mg/kg). 579 

2.1.3.53 Moderate-quality evidence from one RCT of a total of 50 children 580 

showed that the mean rescue dose per day did not differ 581 

significantly between the oral morphine group and the intravenous 582 

morphine group. 583 

2.1.3.54 Moderate-quality evidence from one RCT of a total of 50 children 584 

showed that the frequency and severity of adverse events did not 585 

differ significantly between the oral morphine group and the 586 

intravenous morphine group. 587 

Ketorolac compared with placebo 588 

2.1.3.55 Moderate-quality evidence from one RCT of a total of 18 patients 589 

showed no significant difference in mean VAS pain ratings at 590 

4 hours between the intramuscular ketorolac group and the 591 

placebo group. 592 

2.1.3.56 Moderate-quality evidence from one RCT of a total of 20 patients 593 

showed significant reductions in VAS score in the intravenous 594 
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ketorolac group on day 1 (MD −1.40, CI −2.63 to −0.17), day 3 (MD 595 

−2.38, CI −4.41 to −0.35) and day 4 (MD −2.27, CI −4.26 to −0.28) 596 

compared with the placebo group. The mean verbal categorical 597 

score was also significantly lower in the ketorolac group (1.1 598 

compared with 1.7, p < 0.05), but the mean pain relief score did not 599 

differ significantly between the two groups. 600 

2.1.3.57 Moderate-quality evidence from one RCT of a total of 18 patients 601 

showed that the mean amount of pethidine (meperidine) used at 602 

4 hours did not differ significantly between the intramuscular 603 

ketorolac group and the placebo group. 604 

In this study (Wright et al. 1992), patients were given further 605 

intravenous doses of pethidine every 30 minutes during the study 606 

period as needed, based on their pain intensity rated on a 607 

categorical scale. Patients with ‘mild’ or ‘moderate’ pain were given 608 

25 mg pethidine and those with ‘severe’ pain were given 50 mg. 609 

Patients without pain were not given further doses of pethidine 610 

unless pain recurred. 611 

2.1.3.58 Moderate-quality evidence from one RCT of a total of 20 patients 612 

showed that the mean total dose of pethidine was significantly 613 

lower in the intravenous ketorolac group compared with the 614 

placebo group (MD −937.30 mg, CI −1802.7 to −71.9 mg). There 615 

was no significant difference between groups in the mean daily 616 

dose of pethidine. 617 

In this study (Perlin et al. 1994), 100 mg pethidine was 618 

administered every 3 hours if the patient reported moderate pain to 619 

the staff nurse and requested pain relief. 620 

2.1.3.59 Moderate-quality evidence from one RCT of a total of 20 patients 621 

showed that the median length of stay in hospital was significantly 622 

lower in the intravenous ketorolac group compared with the 623 

placebo group (3.3 compared with 7.2 days, p < 0.05). 624 
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2.1.3.60 Moderate-quality evidence from one RCT of 41 visits by a total of 625 

29 children showed that mean VAS pain ratings did not differ 626 

significantly between the intravenous ketorolac group and the 627 

placebo group up to 6 hours after treatment. 628 

2.1.3.61 Moderate-quality evidence from one three-arm trial of a total of 629 

45 children showed that median pain ratings at 6 hours (assessed 630 

using the nine faces pain scale) were significantly lower in the 631 

intravenous ketorolac group compared with the placebo group (2 632 

compared with 3, p < 0.05). 633 

In this study (Adawy et al. 2005), pain was assessed using the nine 634 

faces pain scale, which ranges from 0 to 9 (with 0 indicating no 635 

pain). 636 

2.1.3.62 Very-low-quality evidence from two RCTs of 71 episodes in 637 

children showed that the use of analgesia was reduced in the 638 

intravenous ketorolac group compared with the placebo group, but 639 

this difference was not significant (pooled MD = −0.01 mg/kg/hour, 640 

95% CI −0.03 to 0.00 mg/kg/hour, p = 0.07). 641 

2.1.3.63 Moderate-quality evidence from one RCT of 30 children showed 642 

that mean rescue doses were significantly lower in the intravenous 643 

ketorolac group compared with the placebo group (MD −1.10 mg, 644 

CI −1.84 to −0.36 mg). 645 

2.1.3.64 Moderate-quality evidence from one RCT of 41 visits by a total of 646 

29 children showed that one patient experienced a local histamine 647 

reaction to morphine, but no other adverse events were noted. 648 

2.1.3.65 Moderate-quality evidence from one RCT of a total of 30 children 649 

showed that there were significantly fewer events of nausea (2 650 

compared with 9, p < 0.05) and vomiting (1 compared with 7, p < 651 

0.05) in the intravenous ketorolac group compared with the placebo 652 

group. 653 
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2.1.3.66 Moderate-quality evidence from two RCTs of 52 children showed 654 

no significant difference in the risk of readmission in the 655 

intravenous ketorolac group compared with the placebo group.  656 

Ketoprofen compared with placebo 657 

2.1.3.67 Moderate-quality evidence from one RCT of a total of 52 patients 658 

showed no significant differences in VAS and categorical pain 659 

ratings up to 5 days after treatment between the intravenous 660 

ketoprofen group and the placebo group. 661 

2.1.3.68 Moderate-quality evidence from one RCT of a total of 52 patients 662 

showed no significant differences in median morphine dose 663 

between the intravenous ketoprofen group and the placebo group. 664 

2.1.3.69 Moderate-quality evidence from one RCT of 52 patients showed no 665 

significant difference in the duration of the painful episode between 666 

the intravenous ketoprofen group and the placebo group. 667 

2.1.3.70 Moderate-quality evidence from one RCT of a total of 52 patients 668 

showed that the types and frequencies of adverse events were 669 

similar for the two groups. 670 

Pethidine (meperidine) compared with ketorolac 671 

2.1.3.71 Low-quality evidence from one crossover trial of a total of 672 

20 children showed that the ketorolac group had significantly larger 673 

decreases in VAS score over 150 minutes compared with the 674 

pethidine group (p < 0.001), with the greatest decrease in pain 675 

scores occurring in first 30 minutes (score of 3.9 for the ketorolac 676 

group compared with 5.4 for the pethidine group, p < 0.001). There 677 

was no significant difference in VAS scores between the crossover 678 

groups (pethidine then ketorolac or ketorolac then pethidine) after 679 

150 minutes. 680 

In this study (Grisham and Vichinsky 1996), patients received a 681 

parenteral dose of either pethidine (1.5 mg/kg) or ketorolac 682 

(1.0 mg/kg) as the first drug. After a 2.5-hour assessment, patients 683 
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who experienced complete relief were sent home and did not 684 

participate in the second phase. Patients with persistent pain 685 

received the other drug (that is, those who received pethidine first 686 

were given ketorolac and those who received ketorolac first were 687 

given pethidine). Each phase lasted for 150 minutes.  688 

2.1.4 Health economic modelling 689 

This is a summary of the modelling carried out for this review question. See 690 

appendix F for full details of the modelling carried out for the guideline. 691 

A search for published health economic analyses addressing the questions of 692 

interest yielded a total of 1189 unique citations. However, none of these 693 

studies analysed both the costs and health consequences of the alternative 694 

modes of managing an acute painful sickle cell episode (for details, please 695 

see appendix F). In the absence of relevant published literature, an original 696 

health economic model was constructed. 697 

Decision problems 698 

Two questions were addressed, based on the literature that had been 699 

identified in the review of clinical effectiveness evidence: 700 

 What is the cost effectiveness of administering morphine via patient-701 

controlled analgesia (PCA), compared with continuous intravenous infusion 702 

of morphine (C-IV)? 703 

 What is the cost effectiveness of low-molecular-weight heparin (LMWH) as 704 

an adjunct to standard care, when compared with standard care alone? 705 

Both questions were explored using the same model structure and, as far as 706 

the underlying simulation of an acute painful sickle cell episode was 707 

concerned, the same model parameters. 708 

Methods and parameters 709 

The model used a Markov structure, capturing costs and effects associated 710 

with a series of discrete health states. Figure 1 presents a simplified 711 

representation of the model structure, which was based on the natural history 712 

of an acute painful sickle cell episode and inputs from the GDG. 713 
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Patients can remain in the ‘uncomplicated’ state during which their pain is 714 

expected to subside progressively until discharge, or they can have a 715 

complication which results in a longer duration of hospital stay and/or ongoing 716 

morbidity from the complication. Simulated patients entering the ‘acute 717 

complications’ state are also subject to a risk of death. In the model’s base 718 

case, there is no possibility of death from an uncomplicated episode, as it is 719 

assumed that the risk of mortality in acute painful sickle cell episodes arises 720 

as a result of acute complications. A proportion of patients are expected to 721 

experience adverse effects of treatment while in hospital. The death state and 722 

the two discharge states – ‘with morbidity’ and ‘without morbidity’ – are 723 

absorbing states.  724 

 

Figure 1 Model structure 725 

In simulating the course of a single acute painful sickle cell episode, the 726 

model uses hourly cycles and a time horizon of 28 days. However, the model 727 

also calculates the long-term consequences of the episode – such as 728 

morbidity and mortality impacts and their associated costs – for the full lifetime 729 

of patients. 730 

The model was constructed in Microsoft Excel 2007. Costs and benefits were 731 

discounted at 3.5% per annum each. 732 
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Modelling pain over time 733 

Because pain (measured by visual analogue scale [VAS]) is the one outcome 734 

that is reported with some consistency in effectiveness studies, the model was 735 

configured to simulate patient experience as a function of pain level. For this 736 

reason, the model assumes a relationship between pain (VAS score) and all 737 

of the following: 738 

 health-related quality of life (utility) 739 

 likelihood of complications 740 

 requirement for analgesia 741 

 length of hospital stay (in some scenarios; see below) 742 

 resource use. 743 

Modelling length of hospital stay and likelihood of complications 744 

Average length of stay (LOS) in hospital is a reported outcome in some 745 

effectiveness studies (see sections 2.1.2 and 2.1.3). However, none of this 746 

evidence originates in the UK and much of it suggests that average LOS is 747 

rather longer than would be expected in UK practice, in the opinion of the 748 

GDG. Moreover, LOS is likely to be dependent on the severity of the episode 749 

(as reflected in assumed baseline VAS score). Therefore, as an alternative to 750 

relying on empirical data, the model explored scenarios in which LOS was 751 

calculated as a function of pain (VAS score). In these scenarios, simulated 752 

patients were assumed to be discharged when their VAS score had fallen to a 753 

certain level. In the base case, a VAS score of 3 was selected as an average 754 

score at discharge, on the basis of GDG advice. In order to estimate the 755 

proportion of each cohort below the score of interest (given a mean and SD 756 

VAS score predicted by the model), a beta distribution of pain scores was 757 

assumed. This distribution was selected as it is constrained at both ends, 758 

enabling the straightforward simulation of scores between 0 and 10 (for full 759 

details of technical implementation, see appendix F). 760 

Similarly, there was uncertainty over the best approach to modelling the 761 

likelihood of acute complications. There is good evidence that the incidence of 762 

acute chest syndrome is related to VAS score (Buchanan et al. 2005). 763 

However, the temporal and causal relationship between pain and acute chest 764 
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syndrome is unclear. Incipient acute chest syndrome could be a cause of 765 

pain, in which case pain management can have no impact on the incidence of 766 

acute chest syndrome. Alternatively, pain could be a predisposing factor for 767 

acute chest syndrome (perhaps mediated via shallow breathing), in which 768 

case better management of pain would lead to fewer episodes of acute chest 769 

syndrome. Because of this uncertainty, separate scenarios were modelled, in 770 

which the likelihood of complications was related either to baseline VAS score 771 

alone or to ongoing VAS score (as affected by treatment). 772 

In combination, these two pairs of different assumptions lead to a total of four 773 

separate scenarios that were explored in the model: 774 

 1A: Independent LOS (empirical, treatment-specific data drawn from 775 

effectiveness studies) with a fixed complication rate (based on assumed 776 

VAS score at baseline, and therefore unrelated to treatment allocation). 777 

 1B: Independent LOS with a dynamic complication rate (based on progress 778 

of VAS score over time throughout the model). 779 

 2A: Pain-dependent LOS (the average patient is discharged when their 780 

VAS score falls to 3 or lower) with a fixed complication rate. 781 

 2B: Pain-dependent LOS with a dynamic complication rate. 782 

Relationship between pain and health-related quality of life 783 

No published evidence reporting health-related quality of life (HRQoL) during 784 

an acute painful sickle cell episode was identified. However, a member of the 785 

GDG was able to provide EQ-5D and VAS data (Anie et al. 2012, 786 

unpublished). The dataset comprised 510 adult UK patients (mean age 29; 787 

62% female) with sickle cell disease who presented with an acute painful 788 

episode. Utility weights were calculated for each set of EQ-5D measurements, 789 

using UK population tariffs (Woods et al. 1997), and the resulting scores were 790 

regressed against VAS score. A random-effects time-series regression model 791 

accounting for within-person correlation was used (xtreg command in Stata 792 

8.0). 793 
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The best fit to the data was achieved using a polynomial function: 794 

Utility = 0.887 − (0.124 × VAS) + (0.014 × VAS2) − (0.001 × VAS3)  795 

R 2 = 0.445 796 

This function was used to estimate the baseline utility of people in all states 797 

throughout the 28-day acute phase of the model. 798 

 

Figure 2 Relationship between pain and utility, with frequency 799 

distributions and fitted linear and polynomial models 800 

Costs 801 

The daily cost of hospital admission for an acute painful sickle cell episode 802 

was derived from the NHS Reference Cost Guide (2011), using weighted 803 

averages of costs recorded in four ‘department’ categories and three 804 

‘currency’ codes. The resulting estimates were £589 per day for children and 805 

£456 per day for adults. 806 
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The cost of ongoing care for patients with sickle cell disease after recovery 807 

from an acute painful episode was not included, as the clinical course of the 808 

disease is chronic and not directly influenced by management of an acute 809 

painful episode. Costs associated with care after stroke events were included, 810 

comprising a one-off cost to reflect immediate rehabilitation and an annual 811 

cost to reflect ongoing care and support. Additional costs were included to 812 

reflect the maintenance transfusion that is routinely performed in people with 813 

sickle cell disease who have had a stroke, including iron chelation therapy for 814 

a proportion of people. 815 

Parameters particular to the PCA model 816 

The clinical effectiveness parameters for the PCA model were based on the 817 

RCT reported by van Beers et al. (2007), in which 25 episodes of acute 818 

painful sickle cell episode were randomly assigned to morphine administration 819 

via PCA or via continuous intravenous infusion (C-IV). 820 

Pain (VAS score) over time 821 

Because van Beers et al. (2007) report only a single data point for reduction in 822 

VAS score after 2 days of treatment, a simple exponential decline was 823 

assumed. To enable the exploration of different starting values for VAS score, 824 

it was assumed that the reported relative reduction in pain for each trial arm 825 

could be applied. The impact of using an absolute reduction instead was 826 

tested in sensitivity analysis. 827 

Length of hospital stay 828 

For LOS, van Beers et al. (2007) report a median and interquartile range for 829 

each arm. Weibull functions were fitted to these three data points and used in 830 

model scenarios 1A and 1B. 831 

Parameters particular to the LMWH model 832 

The clinical effectiveness parameters for the LMWH model were based on the 833 

Saudi Arabian RCT reported by Qari et al. (2007). Investigators randomly 834 

assigned 253 adult participants with an acute painful sickle cell episode to a 835 

therapeutic dose of LMWH (tinzaparin at 175 units/kg/day) or placebo, in 836 
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addition to standard care that included intravenous morphine (1 mg per hour) 837 

for all participants. 838 

Pain (VAS score) over time 839 

Qari et al. (2007) provide longitudinal data on the pain (VAS) scores of their 840 

cohorts over a 7-day period in a graph. These data were extracted and 841 

parametric (scaled Weibull) curves were fitted. Although there was a clear, 842 

statistically significant difference in VAS score in favour of LMWH in the first 843 

3 days’ follow-up, the curves converged and then crossed as follow-up 844 

extended, with a small, non-statistically-significant benefit for the placebo arm 845 

on days 6 and 7. Because the model curves were fitted to extracted 846 

aggregate data rather than the underlying individual patient data, there was a 847 

danger of placing undue emphasis on this feature in the model, and this would 848 

be exaggerated as follow-up was extrapolated beyond the observed 7 days. 849 

For this reason, a separate curve was fitted to the average experience of the 850 

LMWH and placebo cohorts, and both arms were assumed to follow this 851 

course from halfway through day 5 onwards. The impact of varying this 852 

assumption was tested in sensitivity analysis. 853 

Length of hospital stay 854 

Qari et al. (2007) report mean LOS only, from which it is not possible to infer 855 

the shape of the LOS function. Therefore, a Weibull curve was used with a 856 

shape parameter imputed from another data source (Orringer et al. 2001). 857 

Types of analysis  858 

Both deterministic analysis (using only point estimates) and probabilistic 859 

analysis were conducted to examine cost effectiveness. In the latter, 10,000 860 

Monte-Carlo simulations per scenario – a total of 40,000 iterations overall – 861 

were performed, with parameter values randomly sampled from distributions 862 

reflecting uncertainty around their true values. Deterministic one-way 863 

sensitivity analyses were also conducted to illustrate which model inputs have 864 

the greatest impact on the cost–utility results. 865 
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Results: PCA compared with C-IV 866 

The deterministic base-case results (Table 15) suggested that PCA is likely to 867 

be preferred to C-IV for managing pain during an acute painful sickle cell 868 

episode. PCA was associated with modest additional health gains of between 869 

0.002 and 0.003 quality-adjusted life-years (QALYs) per person, depending 870 

on the assumptions adopted. The model also predicted average cost savings 871 

of £170 to £1329 per person for PCA compared with C-IV. These cost savings 872 

were primarily as a result of reduction in length of hospital stay in all four 873 

scenarios and also a reduction in complication rates in scenarios 1B and 2B. 874 

As a result, PCA dominated C-IV (that is, it was less expensive and more 875 

effective) in all four scenarios. 876 
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Table 15 Deterministic base-case cost–utility results: PCA compared with C-IV 877 

  

Independent LOS VAS-dependent LOS 

Single complication rate 
(Scenario 1A) 

Dynamic complications 
(Scenario 1B) 

Single complication rate 
(Scenario 2A) 

Dynamic complications 
(Scenario 2B) 

C-IV PCA Difference C-IV PCA Difference C-IV PCA Difference C-IV PCA Difference 

Costs    
   

      

Acute episode:    
   

      

Inpatient care £4301 £3043 −£1258 £4270 £2974 −£1296 £1106 £929 −£178 £909 £712 −£197 

PCA consumables £0.00 £32.14 £32.14 £0.00 £31.54 £31.54 £0.00 £15.78 £15.78 £0.00 £13.87 £13.87 

Morphine £26.00 £3.30 −£22.70 £26.00 £3.30 −£22.70 £27.00 £18.84 −£8.16 £27.00 £18.84 −£8.16 

Subtotal £4,327 £3078 −£1249 £4296 £3009 −£1287 £1133 £963 −£170 £936 £745 −£191 

Long-term costs:     
  

          

Stroke rehabilitation £532.69 £532.69 £0.00 £134.29 £92.52 −£41.76 £532.69 £532.69 £0.00 £58.46 £44.63 −£13.83 

Total £4860 £3611 −£1249 £4431 £3102 −£1329 £1666 £1,496 −£170 £994 £789 −£205 

Effects     
  

          

Episodes of ACS 6.26% 6.26%   1.58% 1.09%   6.26% 6.26%   0.69% 0.52%   

Strokes 0.23% 0.23%   0.06% 0.04%   0.23% 0.23%   0.03% 0.02%   

Deaths 0.18% 0.18%   0.05% 0.03%   0.18% 0.18%   0.02% 0.02%   

Mean LOS (days) 9.440 6.678   9.372 6.528   2.428 2.038   1.994 1.562   

QALYs:     
  

          

Acute episode 0.062 0.063 0.002 0.062 0.064 0.002 0.062 0.063 0.002 0.063 0.064 0.002 

Subsequent LE (discounted) 13.029 13.029 0.000 13.040 13.042 0.001 13.029 13.029 0.000 13.043 13.043 0.000 

Total 13.090 13.092 0.002 13.103 13.106 0.003 13.090 13.092 0.002 13.105 13.107 0.002 

ICER PCA dominates PCA dominates PCA dominates PCA dominates 

Incremental NMB:     

at £20, 000 / QALY £1282.04 £1388.03 £202.27 £245.81 

 at £30, 000 / QALY £1298.60 £1417.62 £218.43 £266.28 

ACS, acute chest syndrome; C-IV, continuous intravenous infusion; ICER, incremental cost-effectiveness ratio; LE, life expectancy; LOS, length of (hospital) stay; NMB, net 878 
monetary benefit; PCA, patient-controlled analgesia; QALY, quality-adjusted life-year; VAS, visual analogue scale. 879 
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One-way deterministic sensitivity analysis 880 

In scenarios 1A and 1B, the model was sensitive to changes in median LOS 881 

and, to a lesser extent, relative reduction in VAS score, the daily cost of 882 

inpatient care and the mean VAS score at baseline. However, changes to 883 

these parameters were not, in themselves, sufficient to affect cost–utility 884 

conclusions (that is, PCA remained cost effective with all values tested). 885 

In scenarios 2A and 2B, the model was most sensitive to the relative 886 

reduction in VAS score and, to a lesser extent, the mean VAS score at 887 

baseline and VAS score threshold for discharge. The analysis suggested that 888 

cost–utility conclusions could potentially be altered when parameters for the 889 

relative reduction in VAS score were varied. Therefore, threshold analyses 890 

were conducted to identify the point at which those conclusions would be 891 

altered. These analyses suggest that providing PCA remains the most cost-892 

effective option unless the relative reduction in VAS score for people on C-IV 893 

exceeds 51.7% (base case: 40.7%), or the relative reduction in VAS score for 894 

people on PCA drops below 41.5% (base case: 52.8%). This is closely 895 

equivalent to saying that the comparator with the superior VAS score 896 

reduction will be the option with a favourable cost–utility profile. This is 897 

unsurprising since, in scenarios 2A and 2B, all critical cost and QALY outputs 898 

are dependent on modelled VAS score. 899 

Probabilistic sensitivity analysis (PSA) 900 

Table 16 summarises mean values from 40,000 Monte-Carlo simulations.  901 

In scenarios 1A and 1B, PCA was associated with greater QALY gains than 902 

C-IV in around 72% of simulations and lower costs than C-IV in over 95% of 903 

simulations. Results are unrelated to the assumed ceiling value per QALY 904 

gained. PCA would have more than a 9-in-10 chance of being cost effective 905 

irrespective of the value that society is assumed to place on each QALY 906 

gained. 907 
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Table 16 PCA compared with C-IV: summary of cost–utility results 908 

(mean estimates) from probabilistic sensitivity analysis 909 

 

Independent LOS VAS-dependent LOS 

All four 
scenarios 
combined 

Single 
complication 

rate 

(Scenario 1A) 

Dynamic 
complications 

(Scenario 1B) 

Single 
complication 

rate 

(Scenario 2A) 

Dynamic 
complications 

(Scenario 2B) 

C-IV           

Costs £4515 £4367 £1511 £1167 £2890 

QALYs 12.986 13.027 13.010 12.990 13.003 

PCA      

Costs £3261 £3065 £1233 £860 £2105 

QALYs 12.989 13.030 13.012 12.992 13.006 

Incremental      

Costs −£1254 −£1302 −£278 −£308 −£786 

QALYs 0.002 0.003 0.002 0.002 0.002 

ICER 
PCA 

dominates 
PCA 

dominates 
PCA 

dominates 
PCA 

dominates 
PCA 

dominates 

Incremental NMB:      

at £20,000 / QALY £1299 £1358 £322 £355 £833 

at £30,000 / QALY £1322 £1386 £344 £378 £857 

Probability cost effective:      

at £20,000 / QALY 0.961 0.956 0.690 0.686 0.823 

at £30,000 / QALY 0.962 0.957 0.691 0.686 0.824 

C-IV, continuous intravenous infusion; ICER, incremental cost-effectiveness ratio; LOS, length of 910 
(hospital) stay; NMB, net monetary benefit; PCA, patient-controlled analgesia; QALY, quality-adjusted 911 
life-year; VAS, visual analogue scale. 912 

In scenarios 2A and 2B, there was an obvious correlation between costs and 913 

QALYs. In simulations in which PCA was estimated to provide less health 914 

gain than C-IV (negative incremental QALYs), it was also highly likely to be 915 

associated with increased costs. Conversely, those simulations in which PCA 916 

appeared more effective were also those in which it appeared less expensive. 917 

This is a predictable finding: as demonstrated in one-way sensitivity analysis, 918 

the model is almost entirely driven by VAS score in scenarios 2A and 2B. 919 

Accordingly, it is to be expected that probabilistic results are very heavily 920 

dependent on randomly assigned VAS values: when decline in VAS score is 921 

sampled to be superior in PCA than C-IV, PCA will dominate C-IV, and vice 922 

versa. However, because the distributions from which the model samples 923 

favour PCA in the majority of cases, there is a preponderance of data points 924 

in the South-East (dominant) quadrant of the cost–utility plane. According to 925 

this analysis, PCA has a little less than a 7-in-10 chance of being cost 926 
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effective irrespective of the value that society is assumed to place on each 927 

QALY gained. 928 

Overall, the results substantiate those produced in the deterministic analysis. 929 

Considering all four scenarios combined, PCA appears cost effective with 930 

about 82% certainty when compared with C-IV, irrespective of the value that 931 

society is assumed to place on each QALY gained 932 

Discussion: PCA compared with C-IV 933 

Deterministic and probabilistic analyses strongly suggest that, when 934 

compared with morphine delivered by C-IV, morphine delivered by PCA is 935 

likely to be the cheaper and most effective (dominant) approach. 936 

However, GDG opinion suggests that C-IV administration of morphine is not 937 

very common in UK practice, and that a more realistic comparator for PCA 938 

would be the intermittent injection of morphine via an intramuscular or 939 

subcutaneous route. It cannot be assumed that the additional benefits and 940 

saved costs estimated in the economic model can be generalised to this 941 

comparison. 942 

The analysis did not account for the purchase price of PCA pumps, as prices 943 

are variable, and many hospital units already have access to pumps that have 944 

been acquired for other indications. However, it was calculated that the 945 

expected cost savings would offset an average purchase price of around 946 

£2500, if it was assumed that each pump would be used for a minimum of 947 

between two and nine acute painful sickle cell episodes (depending on the 948 

scenario adopted in the analyses). 949 

Results: LMWH 950 

In its deterministic base case (Table 17), the economic model suggested that 951 

LMWH – when used as an adjunct to standard care – is likely to be preferred 952 

to standard care alone for managing pain during an acute painful sickle cell 953 

episode. On average, LMWH was associated with modest health gains of 954 

between 0.001 and 0.004 QALYs (depending on the assumption adopted). 955 

Treatment was also associated with cost savings ranging from £373 to £2218 956 

per person when compared with standard care. These cost savings were 957 
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primarily as a result of reduction in LOS in all four scenarios, and also 958 

because of a reduction in complication rates in scenarios 1B and 2B. As a 959 

result, standard care was dominated by (that is, was more expensive and less 960 

effective than) LMWH in all four scenarios. 961 

One-way deterministic sensitivity analysis 962 

In scenarios 1A and 1B, the model was most sensitive to changes in the 963 

parameters influencing modelled LOS (particularly the shape parameter 964 

applied to both arms, as well as the mean LOS used for each arm). However, 965 

none of the changes in these parameters had sufficient impact to affect the 966 

cost–utility conclusions (that is, LMWH remained cost effective with all values 967 

tested). 968 

In scenarios 2A and 2B, the model was sensitive to all VAS parameters and, 969 

in particular, the threshold for shared VAS scores (that is, the point in the 970 

model at which separate VAS profiles for each arm were discontinued and a 971 

common distribution assumed). This was the only parameter which might, on 972 

its own, have an important influence on cost–utility conclusions. Therefore, a 973 

threshold analysis was conducted to identify the point at which those 974 

conclusions would be altered. This analysis suggested that LMWH would 975 

remain cost effective unless the threshold for shared VAS scores was set at 976 

zero. In other words, LMWH appeared to provide slightly worse value for 977 

money than standard care alone when its effectiveness profile was set to be 978 

identical to that of the placebo arm. However, LMWH remained cost effective 979 

even when its benefits were assumed to accrue over 1 day only. 980 
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Table 17 Deterministic base-case cost–utility results: LMWH 981 

  

Independent LOS VAS-dependent LOS 

Single complication rate 

(Scenario 1A) 

Dynamic complications 

(Scenario 1B) 

Single complication rate 

(Scenario 2A) 

Dynamic complications 

(Scenario 2B) 

Placebo LMWH Difference Placebo LMWH Difference Placebo LMWH Difference Placebo LMWH Difference 

Costs             

Acute episode:             

Inpatient care £5524 £3355 −£2169 £5507 £3245 −£2262 £1067 £686 −£381 £853 £451 −£402 

LMWH £0.00 £68.27 £68.27 £0.00 £66.21 £66.21 £0.00 £17.05 £17.05 £0.00 £12.57 £12.57 

Morphine £26.00 £3.30 −£22.70 £26.00 £3.30 −£22.70 £23.16 £14.53 −£8.63 £23.16 £14.53 −£8.63 

Subtotal £5550 £3427 −£2124 £5533 £3314 −£2218 £1090 £717 −£373 £876 £478 −£398 

Long-term costs:                 

Stroke rehabilitation £532.69 £532.69 £0.00 £158.47 £72.15 −£86.31 £532.69 £532.69 £0.00 £72.96 £22.72 −£50.24 

Total £6083 £3959 −£2124 £5691 £3386 −£2305 £1623 £1250 −£373 £949 £500 −£448 

Effects                 

Episodes of ACS 6.26% 6.26%   1.86% 0.85%   6.26% 6.26%   0.86% 0.27%   

Strokes 0.23% 0.23%   0.07% 0.03%   0.23% 0.23%   0.03% 0.01%   

Deaths 0.18% 0.18%   0.06% 0.03%   0.18% 0.18%   0.03% 0.01%   

Mean LOS (days) 12.125 7.363   12.086 7.122   2.342 1.505   1.871 0.989   

QALYs:                 

Acute episode 0.063 0.064 0.001 0.063 0.065 0.001 0.063 0.064 0.001 0.064 0.065 0.001 

Subsequent LE (discounted) 13.029 13.029 0.000 13.040 13.042 0.003 13.029 13.029 0.000 13.042 13.044 0.001 

Total 13.091 13.093 0.001 13.103 13.107 0.004 13.091 13.093 0.001 13.106 13.108 0.003 

ICER LMWH dominates LMWH dominates LMWH dominates LMWH dominates 

Incremental NMB:     

at £20,000 / QALY £2148.15 £2382.79 £396.66 £503.71 

at £30,000 / QALY £2160.27 £2421.84 £408.58 £531.35 

ACS, acute chest syndrome; ICER, incremental cost-effectiveness ratio; LE, life expectancy; LMWH, low-molecular-weight heparin; LOS, length of (hospital) stay; NMB, net 982 
monetary benefit; QALY, quality-adjusted life-year; VAS, visual analogue scale. 983 
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Probabilistic sensitivity analysis (PSA) 984 

Table 18 summarises mean values from 40,000 Monte-Carlo simulations.  985 

Table 18 LMWH: summary of cost–utility results (mean estimates) from 986 

probabilistic sensitivity analysis 987 

 

Independent LOS VAS-dependent LOS 

All four 
scenarios 
combined 

Single 
complication 

rate 

(Scenario 1A) 

Dynamic 
complications 

(Scenario 1B) 

Single 
complication 

rate 

(Scenario 2A) 

Dynamic 
complications 

(Scenario 2B) 

C−IV           

Costs £5733 £5610 £1283 £917 £3386 

QALYs 12.998 13.019 13.007 13.018 13.010 

PCA      

Costs £3614 £3361 £946 £539 £2115 

QALYs 13.000 13.020 13.008 13.019 13.012 

Incremental      

Costs −£2120 −£2249 −£337 −£378 −£1271 

QALYs 0.001 0.002 0.001 0.001 0.001 

ICER 
LMWH 

dominates 
LMWH 

dominates 
LMWH 

dominates 
LMWH 

dominates 
LMWH 

dominates 

Incremental NMB:      

at £20,000 / QALY £2140 £2289 £357 £355 £833 

at £30,000 / QALY £2151 £2308 £367 £378 £857 

Probability cost effective:      

at £20,000 / QALY 1.000 1.000 0.989 0.993 0.995 

at £30,000 / QALY 1.000 1.000 0.989 0.993 0.996 

ICER, incremental cost-effectiveness ratio; LMWH, low-molecular-weight heparin; LOS, length of 988 
(hospital) stay; NMB, net monetary benefit; QALY, quality-adjusted life-year; VAS, visual analogue 989 
scale. 990 

In scenarios 1A and 1B, LMWH produced more QALYs and was cheaper than 991 

standard care alone in almost all cases. It would be highly unlikely, given the 992 

specified uncertainty across all parameters in the model, for people who 993 

receive adjunctive LMWH therapy to experience a net disadvantage in QALYs 994 

gained (across 20,000 simulations for these scenarios, only 9 resulted in 995 

higher QALYs for standard care alone). As a consequence, LMWH is very 996 

nearly certain to be considered cost effective, regardless of the value that 997 

society is assumed to place on QALY gains. 998 

Results in scenarios 2A and 2B were similar to those in scenarios 1A and 1B, 999 

with the exception that there were smaller cost savings, although QALY gains 1000 

were not much reduced. As above, in these two scenarios it appears highly 1001 
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unlikely that people who receive adjunctive LMWH therapy experience a net 1002 

disadvantage in QALYs. Again, LMWH would almost certainly be considered 1003 

cost effective regardless of what the ceiling value per QALY gained is. 1004 

Overall, the results substantiate those produced in the deterministic analysis. 1005 

Considering all four scenarios combined, LMWH can be concluded as being 1006 

cost effective with greater than 99.5% certainty when compared with standard 1007 

care alone, irrespective of the value that society is assumed to place on each 1008 

QALY gained. 1009 

Discussion: LMWH 1010 

Deterministic and probabilistic analyses strongly suggest that, if the evidence 1011 

from the Saudi Arabian RCT reported by Qari et al. (2007) can be assumed to 1012 

generalise to the UK setting, the use of LMWH would both reduce costs and 1013 

improve outcomes, making it excellent value for money. However, these 1014 

results should be treated with substantial caution. The provision of healthcare 1015 

in Saudi Arabia and the characteristics of the trial participants are likely to be 1016 

very different from those encountered in the UK. 1017 

Moreover, in the UK, adult patients who are admitted for an acute painful 1018 

sickle cell episode routinely receive a low dose of LMWH as prophylaxis 1019 

against venous thromboembolism. Therefore a placebo-controlled RCT does 1020 

not provide applicable evidence for the UK decision-making context: 1021 

prophylactic-dose LMWH would be the relevant comparator against which to 1022 

assess the clinical and cost effectiveness of therapeutic-dose LMWH in UK 1023 

practice. 1024 

For this reason, the effectiveness of therapeutic-dose LMWH in this analysis 1025 

may have been substantially overestimated. However, the model shows that, 1026 

even if relatively modest health gains could be achieved by therapeutic-dose 1027 

LMWH in comparison with prophylactic-dose LMWH, the routine use of the 1028 

higher dose could be expected to represent an effective use of NHS 1029 

resources. 1030 
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Although prophylactic-dose LMWH is not routinely given to children in the UK, 1031 

the effectiveness – and, hence, cost effectiveness – of therapeutic-dose 1032 

LMWH in this population is unknown. 1033 

2.1.5 Evidence to recommendations  1034 

Relative value 
of different 
outcomes 

The GDG discussed the relative importance of the outcomes and 
agreed that pain rating, amount of analgesia used, use of additional or 
rescue doses of analgesia, length of stay in hospital and adverse events 
were critical to decision making.  

The GDG agreed that although the amount of analgesia used was an 
important outcome, it may not always be useful for making a 
recommendation. This is because it does not provide detailed 
information on how much analgesia was used initially to control severe 
pain and how much analgesia was used to maintain pain relief. The 
relative importance of the timing of pain ratings was also discussed, and 
early ratings (at 2 hours) were considered to be an important outcome 
for patients, because they reflect the initial control of pain. The GDG 
considered mean differences of 3 cm in visual analogue scale (VAS) 
scores (scale of 1–10 cm) and 2 days in length of stay as representing 
minimal important differences.  

It was also discussed that, at longer follow-up times, adverse events 
may be more important and ongoing pain may indicate complicated 
episodes. 

Trade-off 
between 
benefits and 
harms 

Primary analgesia 

The GDG discussed the range of opioids and NSAIDs used in the 
included papers. It concluded that many of these are not used in the UK 
and it would be difficult to generalise the findings to the UK population 
with sickle cell disease. Specifically, it was agreed that the use of 
pethidine (meperidine) is associated with a high risk of fits in patients 
with sickle cell disease. Pethidine also has a limited effective dose 
which may not provide sufficient analgesia, and may lead to pseudo-
drug-seeking behaviour. The BNF also states that pethidine is not 
indicated for continuous or ongoing pain, which is a characteristic of an 
acute painful sickle cell episode. As a result the GDG felt that it was 
important to make a recommendation to ensure that this drug is not 
used to treat an acute painful sickle cell episode. It was also agreed that 
tramadol and ketorolac are not widely used for treating acute painful 
sickle cell episodes in the UK, and that ketorolac has been linked with 
renal side effects. 

Pharmacological treatments aimed at managing the underlying 
pathology of sickle cell disease 

The GDG discussed the use of other treatments to manage the 
underlying pathophysiology of sickle cell disease and agreed that many 
of the treatments used in the included papers are not used in UK clinical 
practice. It was also agreed that some treatments had been used off-
label, and that it would be difficult to make positive recommendations for 
these drugs on the basis of low-quality evidence from a small number of 
trials. 

Although the evidence reviewed suggested that there were some 
beneficial effects associated with the use of methylprednisolone, the 
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GDG discussed the risk of long-term toxicity with corticosteroids. It was 
agreed that this adverse event would not be apparent in the results of 
the RCT.  

The evidence reviewed did not show any risk of harm associated with 
the use of oxygen, and the GDG agreed that although oxygen should 
not be used directly to manage pain, it is used routinely to treat hypoxia. 

Economic 
considerations 

An original cost–utility model was based on effectiveness data from a 
small Dutch RCT comparing morphine delivered by patient-controlled 
analgesia with morphine delivered by continuous intravenous infusion 
(van Beers et al. 2007). This suggested that patient-controlled analgesia 
was likely to be the cheapest and most effective (dominant) approach. 

However, the GDG noted that continuous intravenous morphine infusion 
is not commonly used in UK practice, and that a more realistic 
comparator for patient-controlled analgesia would be the intermittent 
injection of morphine via an intramuscular or subcutaneous route.  

The analysis did not account for the purchase price of patient-controlled 
analgesia pumps. However, it was calculated that the expected cost 
savings would offset an average purchase price if it was assumed that 
each pump would be used for a minimum of between two and nine 
acute painful sickle cell episodes (depending on the assumptions 
adopted in the analyses). The GDG agreed that it was very likely that a 
patient-controlled analgesia pump would be used for more than this 
number of episodes in its lifetime. Therefore it was safe to conclude that 
delivery of morphine by patient-controlled analgesia represents an 
effective use of NHS resources. 

An additional health economic model explored the cost effectiveness of 
adding therapeutic-dose low-molecular-weight heparin (LMWH) to 
standard care, on the basis of evidence from the Saudi Arabian 
placebo-controlled RCT of tinzaparin (Qari et al. 2007; see ‘Quality of 
evidence’, below). This analysis showed that, if the Saudi Arabian 
evidence could be assumed to generalise to the UK setting, the use of 
LMWH would both reduce costs and improve outcomes, making it 
excellent value for money. However, the GDG had little confidence in 
the applicability of the Saudi Arabian evidence. In the UK, adult patients 
who are admitted for an acute painful sickle cell episode routinely 
receive a lower dose of LMWH as prophylaxis against venous 
thromboembolism. Therefore a placebo-controlled RCT does not 
provide applicable evidence for the UK decision-making context: 
prophylactic-dose LMWH would be the relevant comparator against 
which to assess the clinical and cost effectiveness of therapeutic-dose 
LMWH in UK practice. In the absence of such evidence, the GDG could 
not recommend the use of therapeutic-dose LMWH; however, it 
recommended that research should be undertaken to generate the 
relevant information. 

Prophylactic-dose LMWH is not routinely given to children in the UK; 
however, the effectiveness and cost effectiveness of therapeutic-dose 
LMWH in this population is unknown. 

Quality of 
evidence  

The GDG agreed that overall the evidence was of low quality and 
sample sizes tended to be small. It also agreed that the evidence was 
neutral, often showing no significant effect and either no or mild adverse 
events. The GDG concluded that although it may be useful to look at 
the studies that had used pethidine in addition to NSAIDs, a study that 
compared different routes of pethidine (Perlin et al. 1993) should be 
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excluded. It was agreed that papers comparing piroxicam with aspirin 
(Eke et al. 2000) and tramadol with pethidine (Uzan et al. 2010) should 
also be excluded. (See appendix D for details of excluded studies.) 

The GDG agreed that there were a number of gaps in the evidence 
relating to the pharmacological management of an acute painful sickle 
cell episode. These included the following: 

 Treatments such as paracetamol, oxycodone and other 
analgesics that are commonly used in clinical practice.  

 Studies of patients who are already on high doses of morphine 
(in whom pain management may be more complicated).  

 The use of alternative subcutaneous routes of delivery (which 
may be useful where there are problems gaining intravenous 
access).  

 The effective management of peaks of pain when there is no 
access to patient-controlled analgesia.  

 Exploration of the specific sequencing of drugs to manage an 
acute painful sickle cell episode.  

It was also noted that there are very few RCTs comparing different 
opioids, and the GDG agreed that it was not possible to recommend a 
specific opioid for treating acute painful sickle cell episodes. 

The GDG also agreed that although the evidence relating to the use of 
tinzaparin (a LMWH) at a therapeutic dose appears to show some 
beneficial effects, this was from a single study conducted in Saudi 
Arabia. It was noted that practice may differ from that in the UK and that 
this may have had an impact on outcomes such as length of stay in 
hospital. Although the GDG agreed that there was not enough evidence 
to support a recommendation for the use of therapeutic doses of 
LMWH, it felt that a research recommendation is appropriate.  

Other 
considerations 

Basic principles of care 

The GDG considered and discussed the basic principles of care, and 
agreed that all patients presenting to hospital with an acute painful 
sickle cell episode should have an individualised assessment, 
reassessments, continued management and ongoing monitoring. It was 
agreed that the prompt availability of analgesia is very important to 
patients and that treatment should not be delayed when they present at 
hospital. The GDG also discussed that carrying out basic clinical 
assessments, including blood pressure, oxygen saturation, pulse rate, 
respiration rate and temperature, in patients on presentation to hospital 
would constitute good clinical practice. The reassessment of pain was 
also considered very important, and it was agreed that the initial timing 
of this should be the same as for an acute medical emergency (every 
30 minutes), with subsequent timing depending on whether the patient 
feels that pain relief is adequate. The GDG also agreed that it would be 
good clinical practice to ensure that patients who are taking strong 
opioids receive treatments to manage well-known side effects (such as 
constipation). 

Severity of pain 

The GDG agreed that general principles of pain control can be applied 
to patients with sickle cell disease, and felt that the level of analgesia 
that is offered should relate to the severity of pain experienced by the 
patient. The baseline VAS score for papers included in the evidence 
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review ranged from 5.4 to 10, although the baseline scores in most 
studies were above 7. Most studies also included a strong opioid 
(morphine or pethidine) in both the control and intervention arms. The 
GDG agreed that for levels of pain similar to those in the evidence 
review (that is, severe pain), a strong opioid should be offered as first-
line treatment. It was noted that there is extensive clinical experience 
with the use of morphine, but in some situations (such as patients with 
morphine allergy or with specific individualised care plans) it may be 
appropriate to consider an alternative strong opioid, so a non-specific 
recommendation was made. Adverse events, including the risk of 
sedation with the use of strong opioids, were also discussed. 

The GDG also discussed the use of NSAIDs in addition to an opioid, 
and agreed that this helps to reduce the rate at which opioids are used. 

The GDG also noted that there may be some patients who have lower 
VAS scores or moderate to severe pain on presentation to hospital. It 
was agreed that, in this situation, a weak opioid or an NSAID may be 
more appropriate than a strong opioid if the patient has not taken any 
analgesia before presentation.  

Route of administration of analgesia 

The GDG specifically discussed the use of oral opioids in children. The 
study by Jacobson et al. (1997) showed that this route worked as well 
as opioids administered by intravenous routes in children. Although the 
GDG agreed that this route may be quicker in acute settings where 
there are often difficulties in gaining intravenous access, it felt that 
recommending a bolus dose of analgesia would allow healthcare 
practitioners to select the most appropriate route for each patient. There 
was no evidence on the use of oral opioids in adults; the GDG felt that 
they are likely to be equally effective as in children, but agreed that 
generally intravenous routes are quicker. The GDG concluded that all 
patients should be offered bolus doses, whichever route was used, and 
that further boluses should be offered if the pain continues to be 
uncontrolled.  

Patient-controlled analgesia 

The use of patient-controlled analgesia was also discussed. The GDG 
agreed that its use may not be appropriate in patients with uncontrolled 
pain, but that it should be offered once patients have been given 
adequate pain relief, as patient-controlled analgesia is useful in patients 
needing repeated doses of analgesia.  

 1035 
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2.1.6 Recommendations and research recommendations for 1036 

how an acute painful sickle cell episode should be 1037 

managed using pharmacological interventions  1038 

Recommendations 1039 

Individualised assessment at initial presentation 

Recommendation 1.1.1  

Treat an acute painful sickle cell episode as an acute medical emergency, and 

follow locally agreed protocols that are consistent with this guideline. 

Recommendation 1.1.3 

Assess pain and use an age-appropriate pain scoring tool to measure severity 

for all patients presenting at hospital with an acute painful sickle cell episode. 

Recommendation 1.1.4 

Offer analgesia within 30 minutes of presentation to all patients presenting at 

hospital with an acute painful sickle cell episode. When offering analgesia: 

 take into account any analgesia taken by the patient for the current episode 

before presentation  

 ensure that the drug, dose and administration route are suitable for the 

severity of the pain 

 refer to the patient’s individual care plan if available. 

Recommendation 1.1.5 

Clinically assess all patients presenting at hospital with an acute painful sickle 

cell episode, including monitoring of:  

 blood pressure 

 oxygen saturation on air (if oxygen saturation falls below 94%, offer oxygen 

therapy) 

 pulse rate 

 respiratory rate 
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 temperature. 

Primary analgesia 

Recommendation 1.1.7 

Offer a bolus dose of a strong opioid by a suitable administration route, in 

accordance with locally agreed protocols, to: 

 all patients with severe pain and 

 all patients with moderate to severe pain who have already had some 

analgesia before presentation. 

Recommendation 1.1.8 

Consider paracetamol, non-steroidal anti-inflammatory drugs (NSAIDs)3 

and/or weak opioids as alternatives to a strong opioid for patients presenting 

with moderate to severe pain who have not yet had any analgesia. 

Recommendation 1.1.9 

Do not offer pethidine for treating pain in an acute painful sickle cell episode. 

Reassessment and continued management 

Recommendation 1.1.10 

Assess the effectiveness of pain relief: 

 every 30 minutes until satisfactory pain relief has been achieved, and every 

2–4 hours thereafter  

 using an age-appropriate pain scoring tool  

 by asking questions, such as: 

 How well did that last painkiller work? 

 Do you feel that you need more pain relief? 

Recommendation 1.1.11 

                                                 
3
 The use of NSAIDs should be avoided during pregnancy, and is contraindicated in the third trimester. 

See the ‘British National Formulary’ for details of contraindications. 
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If the patient still has severe pain after reassessment, offer a second bolus 

dose of a strong opioid (or a first bolus dose if they have not yet received a 

strong opioid). 

Recommendation 1.1.12 

Consider patient-controlled analgesia if repeated bolus doses of a strong 

opioid are needed within 2 hours. Ensure that patient-controlled analgesia is 

used in accordance with locally agreed protocols. 

Recommendation 1.1.13 

Offer all patients regular paracetamol and NSAIDs by a suitable administration 

route, in addition to an opioid, unless contraindicated4. 

Recommendation 1.1.14 

Offer all patients who are taking a strong opioid: 

 regular laxatives 

 anti-emetics as needed 

 antipruritics as needed. 

Ongoing monitoring 

Recommendation 1.1.15 

Monitor patients taking strong opioids for adverse events, and record clinical 

observations (including sedation score and pain score) every 2–4 hours.  

Management of underlying pathology  

Recommendation 1.1.19 

Do not use corticosteroids in the management of an uncomplicated acute 

painful sickle cell episode. 

 1040 

                                                 
4
 The use of NSAIDs should be avoided during pregnancy, and is contraindicated in the third trimester. 

See the ‘British National Formulary’ for details of contraindications. 
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Research recommendations  1041 

See appendix B for full details of research recommendations. 1042 

Research recommendation B1  

For patients with an acute painful sickle cell episode, what are the effects of 

different opioid formulations, adjunct pain therapies and routes of 

administration on pain relief and acute sickle cell complications? 

Research recommendation B2 

Are therapeutic doses of low-molecular-weight heparin (LMWH) effective, 

compared with prophylactic doses of LMWH, in reducing the length of stay in 

hospital of patients with an acute painful sickle cell episode? 

 1043 

2.2 Non-pharmacological management  1044 

2.2.1 Review question 1045 

Which non-pharmacological interventions should be used in the management 1046 

of an acute painful sickle cell episode? 1047 

2.2.2 Evidence review  1048 

This review question focused on the use of non-pharmacological interventions 1049 

such as distraction techniques, acupuncture, TENS (transcutaneous electrical 1050 

nerve stimulation) and heat therapy in the management of an acute painful 1051 

sickle cell episode. Only RCTs that compared a non-pharmacological 1052 

intervention with either a placebo or another comparator in patients having an 1053 

acute painful sickle cell episode were considered for inclusion. From a 1054 

database of 5534 abstracts, 232 full-text articles were ordered and one paper 1055 

was selected (Wang et al. 1988). Trials were excluded if they: 1056 

 focused on reducing the incidence of acute painful sickle cell episodes or 1057 

 used unclear measurements of pain or 1058 

 were carried out in settings other than in hospital, for example in the 1059 

community. 1060 
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(For a full list of excluded papers for this review question, see appendix D.) 1061 

Only one paper was included for this review question (see table 19), so no 1062 

meta-analysis was carried out and a single GRADE table is presented (table 1063 

20). 1064 

 1065 
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Table 19 Summary of included studies for non-pharmacological management of an acute painful sickle cell episode 1066 

Author 
(year) 

Participants Baseline pain Intervention Control Monitoring Location 

Wang et al. 
(1988) 

22 patients (adults and 
children; age range 12–
27 years) 

Mean baseline 
VAS score not 
reported 

TENS + usual pain 
medication 

Placebo + usual pain 
medication 

Not recorded USA 

Abbreviations: TENS, transcutaneous electrical stimulation. 

 1067 

Table 20 Summary GRADE table for the use of non-pharmacological interventions for the management of an acute painful 1068 

sickle cell episode 1069 

Quality assessment No. of patients 

Effect size Quality 

No. of 
studies 

Design Risk of bias Inconsistency Indirectness Imprecision 
Other 
considerations 

Intervention Control 

Pain rating (assessed using a scale from 0 to 10, with 0 indicating no pain) 

1 (Wang 
et al. 
1988) 

Randomised 
trial 

Serious
a
 No serious 

inconsistency 
No serious 
indirectness 

Serious
b
 None 30 trials 30 trials There were no significant 

differences in improvement in 
pain ratings between the TENS 
group and the placebo group at 
1 hour (44% compared with 31% 
improvement, p = 0.30) and 
4 hours (52% compared with 
47% improvement, p = 0.69) 

Low 

Use of analgesia 

1 (Wang 
et al. 
1988) 

Randomised 
trial 

Serious
a
 No serious 

inconsistency 
No serious 
indirectness 

Serious
b
 None 30 trials 30 trials There were no significant 

differences in the requirement for 
narcotic analgesia between the 
TENS group and the placebo 

Low 
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Quality assessment No. of patients 

Effect size Quality 

No. of 
studies 

Design Risk of bias Inconsistency Indirectness Imprecision 
Other 
considerations 

Intervention Control 

group at 1 hour (14% compared 
with 25%, p = 0.30) and 4 hours 
(61% compared with 66%, p = 
0.69) 

Patient evaluation 

1 (Wang 
et al. 
1988) 

Randomised 
trial 

Serious
a
 No serious 

inconsistency 
No serious 
indirectness 

Serious
b
 None 30 trials 30 trials The proportion of patients rating 

the intervention as helpful was 
significantly higher in the TENS 
group compared with the 
placebo group (74% compared 
with 39%, p = 0.01) 

Low 

a
 Downgrade by one level: limited baseline information is provided about patient characteristics, and baseline pain ratings are not reported.  

b
 Downgrade by one level: for continuous variables the imprecision criterion was downgraded if the 95% CI crosses the minimal important difference (the GDG agreed that 

this is 3 cm for pain ratings using a VAS scale (1–10 cm) and 2 days for length of stay) or if the total sample size is less than 400 (rule of thumb from GRADE). 

 1070 

 1071 
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2.2.3 Evidence statements  1072 

For details of how the evidence is graded, see ‘The guidelines manual’. 1073 

2.2.3.1 Low-quality evidence from one RCT with 22 adults and children 1074 

showed no significant differences between the TENS group and the 1075 

placebo group in the proportion of patients reporting improved pain 1076 

ratings at 1 hour (χ2 = 1.09, p = 0.30) and at 4 hours (χ2 = 0.16, p = 1077 

0.69).  1078 

2.2.3.2 Low-quality evidence from one RCT with 22 adults and children 1079 

showed no significant differences between the TENS group and the 1080 

placebo group in the proportion of patients requiring narcotic 1081 

analgesia at 1 hour (χ2 = 1.07, p = 0.30) and at 4 hours (χ2 = 0.16, 1082 

p = 0.69).  1083 

2.2.3.3 Low-quality evidence from one RCT with 22 adults and children 1084 

showed that the proportion of patients rating the intervention as 1085 

helpful was significantly higher in the TENS group compared with 1086 

the placebo group (χ2 = 6.11, p = 0.01). 1087 

 1088 

2.2.4 Evidence to recommendations  1089 

Relative value of 
different 
outcomes 

The GDG agreed that all three outcomes that were assessed 
(that is. pain rating, use of analgesia and patient evaluation) 
were important; however, it was acknowledged that baseline 
pain ratings and details of specific analgesia were not reported. 
Specifically, pain rating and use of analgesia were identified 
previously as being critical to decision making, and the included 
study did not report any clinical benefit in these outcomes. The 
group discussed how patients may often feel beneficial effects 
from non-pharmacological treatments and agreed that those that 
are not likely to cause harm (such as distraction techniques) 
should be encouraged so that patients are empowered to 
manage their own pain. A recommendation was therefore made 
to ensure that patients are encouraged to use their own coping 
mechanisms. 

Trade off 
between benefits 
and harms 

The evidence reviewed did not show any risk of harm associated 
with the use of TENS. 

Economic 
considerations 

The GDG concluded that there was no evidence to support any 
positive recommendations that would have an impact on NHS 

http://www.nice.org.uk/GuidelinesManual
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resources. The GDG was not aware that TENS machines are 
currently routinely used in this setting, so the recommendation 
that they should not be used is unlikely to give rise to meaningful 
cost savings. 

Quality of 
evidence  

The GDG discussed the evidence reviewed and agreed that the 
use of non-pharmacological interventions had not been well 
researched within hospital settings. It also agreed that well-
designed RCTs are needed in this area to assess the usefulness 
of such interventions. 

Specifically, it was noted that the included study assessing the 
use of TENS did not show any reductions in either pain rating or 
use of analgesia, although it was acknowledged that this was a 
small trial and underpowered. The GDG felt there was 
inadequate support for a clinical benefit and therefore made a 
recommendation not to offer TENS machines in hospital. 

The GDG also noted that although there are no studies 
assessing the use of cognitive behavioural therapy (CBT) in an 
inpatient setting, there is evidence of beneficial effects 
associated with its use in patients with sickle cell disease in 
outpatient settings. The GDG felt that although a 
recommendation supporting the provision of such interventions 
is not supported by the evidence, patients should be encouraged 
to use non-pharmacological interventions that they may have 
learnt in other settings. In addition, the GDG noted that there 
were also gaps in the evidence relating to the use of general 
supportive treatments such as heat therapy, which are valued by 
patients. 

Other 
considerations 

The GDG discussed the practicalities associated with the use of 
a TENS machine, and agreed that it would be difficult to use in 
hospital settings for acute pain. However, it was recognised that 
it may be possible to use it in other settings (such as daycare 
units, wards and in the community). The group also discussed 
the additional training needs associated with the use of TENS 
machines. 
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2.2.5 Recommendations and research recommendations for 1090 

which non-pharmacological interventions should be used 1091 

in the management of an acute painful sickle cell episode 1092 

Recommendations 1093 

Non-pharmacological interventions 

Recommendation 1.1.20 

Do not offer a TENS (transcutaneous electrical nerve stimulation) machine for 

treating pain in an acute painful sickle cell episode. 

Recommendation 1.1.21  

Encourage the patient to use their own coping mechanisms for dealing with 

acute pain.  

 1094 

Research recommendations  1095 

See appendix B for full details of research recommendations. 1096 

Research recommendation B3 

For patients with an acute painful sickle cell episode, are psychological 

interventions, in conjunction with standard care, effective in providing pain 

relief? 

Research recommendation B4  

For patients with an acute painful sickle cell episode, are non-pharmacological 

interventions, such as massage, effective in improving their recovery from the 

episode? 

 1097 
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2.3 Clinical signs and symptoms of acute complications  1098 

2.3.1 Review question 1099 

What clinical signs and symptoms should be used to identify patients who are 1100 

likely to have acute complications associated with an acute painful sickle cell 1101 

episode? 1102 

2.3.2 Evidence review  1103 

This review question focused on the use of clinical signs and symptoms and 1104 

laboratory markers to identify acute complications in patients who present to 1105 

hospital with an acute painful sickle cell episode. This question did not aim to 1106 

identify all risk factors for the development of acute complications, but was 1107 

limited to clinical signs and symptoms and laboratory markers that may be 1108 

present during hospitalisation. Studies assessing other risk factors such as 1109 

demographic characteristics were not included. As this question was restricted 1110 

to specific risk factors, studies assessing these factors using any comparative 1111 

analyses were included. The formal diagnosis of acute complications was 1112 

specifically excluded as this was outside the scope of the guideline. 1113 

From a database of 5534 abstracts, 140 full-text articles were ordered and 13 1114 

papers were selected for this review question (Ander and Vallee 1997; Audard 1115 

et al. 2010; Baumgartner and Klein 1989; Berger et al. 2009; Bernard et al. 1116 

2008; Buchanan and Glader 1978; Buchanan et al. 2005; Chapman et al. 1117 

2004; Finkelstein et al. 2007; Kopecky et al. 2004; Lewing et al. 2011; Pollack, 1118 

Jr. et al. 1991; Styles et al. 2000). Studies were excluded if they: 1119 

 focused on risk factors for acute complications in patients in the ‘steady 1120 

state’ of sickle cell disease or 1121 

 focused on the prevention or management of acute complications or 1122 

 did not provide comparative analyses (that is, they were narrative reviews, 1123 

case studies or case series). 1124 

(For a full list of excluded papers, see appendix D.) 1125 
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No specific studies were identified that focused on the effect of identifying 1126 

acute complications on subsequent survival rates. 1127 

Because GRADE has not been developed for use with prognostic studies, a 1128 

modified approach was used based on the use of GRADE for diagnostic 1129 

studies. The same criteria (risk of bias, inconsistency, imprecision and 1130 

indirectness) were used to downgrade the quality of the evidence. In terms of 1131 

study design, prospective studies were started with a high-quality rating, 1132 

whereas retrospective studies were started with a low-quality rating and 1133 

downgraded as appropriate. This is because there is a higher risk of 1134 

information bias associated with retrospective study designs. Quality ratings 1135 

were downgraded further for risk of bias if there was evidence of selection 1136 

bias. Inconsistency was assessed by examining unexplained differences in 1137 

estimates of effect. In this case, a range of different estimates of effect were 1138 

reported, including diagnostic accuracy statistics, statistical measures of 1139 

association or adjusted odds ratios from multivariate regression analyses. 1140 

Indirectness was assessed by examining any important differences in 1141 

population, prognostic factor or outcome of the included evidence compared 1142 

with those for whom the recommendation is intended. Imprecision was 1143 

assessed by examining the sample size or the 95% confidence intervals 1144 

around the estimate of effect. Although GRADE provides rules of thumb when 1145 

assessing imprecision in intervention questions, (that is, where the total 1146 

sample size is less than 400, the event rate is less than 300 or the 95% 1147 

confidence intervals cross the thresholds for appreciable benefit or harm or 1148 

the minimal important difference), these may not be directly applicable to 1149 

prognostic studies. For this review question the evidence was downgraded for 1150 

imprecision where 95% confidence intervals (if reported or calculated) were 1151 

wide. This criterion was met if the interval was not narrow enough to support a 1152 

recommendation or the final recommendation would change if the effect 1153 

estimate was equal to the lower 95% boundary. Where no confidence 1154 

intervals were reported, small sample size was used as a criterion for 1155 

downgrading. As sample sizes were small for all included studies (less than 1156 

400) the evidence was generally downgraded for imprecision even if 1157 

confidence intervals were relatively narrow. 1158 
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Six modified GRADE tables are presented below, one for each acute 1159 

complication examined in the included studies. 1160 

 1161 

 1162 
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Table 21 Summary of included studies for clinical signs and symptoms of acute complications 1163 

Author 
(year) 

Patient details Study design Acute 
complication 

Prognostic factors investigated Location 

Kopecky 
et al. 
(2004)  

50 paediatric patients (age range 5–
17 years) who took part in an RCT 
comparing continuous intravenous 
infusion of morphine with an oral 
sustained release formulation of the drug; 
all patients presented with VOC 

Post-hoc analysis 
of RCT 

Acute chest 
syndrome 

Exposure to morphine (all patients received intravenous 
loading dose of 0.15 mg/kg then infusion of at least 
0.04 mg/kg/hour) 

Oral: sustained-release tablets giving a dose of at least 
1.9 mg/kg/hour and placebo infusion 

Continuous intravenous infusion: at least 
0.04 mg/kg/hour and oral placebo 

Canada 

Finkelstein 
et al. 
(2007) 

17 paediatric patients (mean age 
8.9 years, inclusion <18 years) who 
presented to the emergency department 
for painful VOC and developed acute 
chest syndrome 

Retrospective, self-
matched, case 
crossover design 

Acute chest 
syndrome 

Exposure to morphine  Canada 

Buchanan 
et al. 
(2005) 

175 paediatric patients (mean age 
11 years, inclusion 5–19 years) with VOC 

Retrospective 
chart review 

Acute chest 
syndrome 

Opioid selection (morphine compared with nalbuphine 
by intermittent injection or continuous infusion 
accompanied by patient-controlled analgesia) 

USA 

Lewing et 
al. (2011) 

796 paediatric admissions (age range 3–
17 years) for acute painful episodes in two 
institutions 

Retrospective 
chart review 

Acute chest 
syndrome 

Parenteral narcotic choice (nalbuphine compared with 
morphine and other opioids) 

USA  

Styles et 
al. (2000) 

14 paediatric patients (mean age 
12.6 years, range 1.5–20 years) during 21 
admissions for VOC 

Prospective cohort Acute chest 
syndrome 

Secretory phospholipase A2 (inflammatory mediator) USA 

Audard et 
al. (2010)  

254 episodes of VOC complications in 161 
adult patients (age range 22–34 years) 

Retrospective 
cohort study 

Acute kidney Injury  Laboratory values (for example WBC, haemoglobin, 
platelets), echocardiography data (for example left 
ventricular ejection fraction, cardiac index, stroke index) 
and pulmonary hypertension 

France 

Baum-
gartner et 
al. (1989) 

53 adult patients (mean age 24.4 years in 
VOC group and 23.2 years in acute 
surgical group) with abdominal pain  

Retrospective 
chart review 

Acute abdomen Pain distribution, historical factors (including emesis, 
similarity to previous cases, precipitating event), 
physical findings (temperature, peritoneal signs) and 
laboratory evaluation (WBC, haematocrit, bilirubin) 

USA 

Berger et 
al. (2009) 

124 paediatric patients (mean age 
8.5 years, inclusion ≤ 18 years) with sickle 
cell disease and VOC 

Case-control 
design 

Osteomyelitis (acute 
presentation) 

Clinical features (pain, fever, swelling and number of 
affected sites) and WBC 

Canada 
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Author 
(year) 

Patient details Study design Acute 
complication 

Prognostic factors investigated Location 

Buchanan 
and 
Glader 
(1978) 

51 episodes of VOC in 40 paediatric 
patients (age range 5 months to 21 years)  

Retrospective 
design (unclear) 

Bacterial infection 
(14 episodes of 
bacteraemia, five of 
which were 
associated with 
localised focus of 
infection, including 
pneumonia, 
gastroenteritis and 
pyelonephritis) 

Total WBC, segmented polymorphonuclear leukocytes 
(PMN), non-segmented PMN 

USA 

Ander et 
al. (1997) 

94 visits by 38 adult patients (mean age 
30 and 33 years for males and females 
respectively) who presented to the ED 
with pain typical of a VOC 

Retrospective 
cohort 

Pneumonia and UTI Signs and symptoms including fever, chills, cough, 
shortness of breath, sputum production, chest pain, 
haemoptysis, abnormal pulmonary examination and 
temperature above 37.8°C 

USA 

Pollack et 
al. (1991) 

71 patients (>14 years of age) with 134 
separate ED visits for acute painful 
episodes 

Prospective clinical 
study (some 
retrospective data 
collection) 

Pneumonia and UTI Pulmonary symptoms (temperature, chest pain, cough, 
haemoptysis and shortness of breath), systemic 
symptoms (fever, chills, nausea, vomiting, diarrhoea, 
upper respiratory infection) and laboratory data (WBC, 
haematocrit, peripheral reticulocyte count, peripheral 
absolute neutrophil count, urine pH and urine specific 
gravity) 

USA 

Bernard et 
al. (2008) 

884 ED visits by 125 adult patients (mean 
age 36.3 years, age range 19–66 years); 
199 of 284 patients admitted were found 
to have one or more of the outcomes; 
majority of ED visits were for acute painful 
episodes 

 

Outcome 
prediction study 
using a 
retrospective 
cohort 

No specific 
complication; 
outcomes included 
acute chest 
syndrome, aplastic 
crisis, splenic 
sequestration and 
blood transfusion or 
antibiotic 
administration 

These included type of sickle cell disease, clinical 
symptoms (for example, pain similar to previous, chills, 
abnormal temperature) and laboratory values 
(haemoglobin) 

USA 

Chapman 
et al. 
(2004) 

86 visits by 30 paediatric patients (age 
range 11 months to 18 years old, median 
age 9.5 years) 

 

Retrospective 
chart review 

No specific 
complication; 
complicated visits 
defined as 
admission to 

Haemoglobin value, WBC and differential reticulocyte 
count 

USA 
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Author 
(year) 

Patient details Study design Acute 
complication 

Prognostic factors investigated Location 

hospital, need for 
antibiotics or blood 
products within 
48 hours, or 
development of 
acute chest 
syndrome or aplasia 
within 48 hours 

Abbreviations: ED, emergency department; UTI, urinary tract infection; VOC, vaso-occlusive crisis; WBC, white blood cell count. 

 1164 

Table 22 GRADE table for signs and symptoms of acute chest syndrome in patients with an acute painful sickle cell 1165 

episode 1166 

Outcome: Kopecky et al. (2004) defined acute chest syndrome as the presence of new chest radiograph changes, the need for supplemental oxygen therapy and the presence 
of clinical findings such as fever or cough. Finklestein et al. (2007) defined acute chest syndrome as the combination of new onset of typical respiratory signs and symptoms 
with fever accompanied by the appearance of a new pulmonary infiltrate on chest radiography. Buchanan et al. (2005) defined acute chest syndrome as a new pulmonary 
infiltrate on chest radiograph after admission and before discharge. Styles et al. (2000) defined acute chest syndrome as the presence of a new pulmonary infiltrate in 
combination with fever, chest pain or respiratory symptoms. Lewing et al. (2011) defined acute chest syndrome as chest pain, some evidence of respiratory compromise or 
distress and a new infiltrate lesion on the chest X-ray; fever was not a criterion.  

Quality assessment Summary of findings 

No of episodes (No of 
patients) 

Effect/outcome Quality
a
 

No. of studies Design 
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Total 
Acute 
complication 

Incidence  

5 studies Prospective N N N N N 2148 148 The incidence of acute chest syndrome in patients Low 
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Outcome: Kopecky et al. (2004) defined acute chest syndrome as the presence of new chest radiograph changes, the need for supplemental oxygen therapy and the presence 
of clinical findings such as fever or cough. Finklestein et al. (2007) defined acute chest syndrome as the combination of new onset of typical respiratory signs and symptoms 
with fever accompanied by the appearance of a new pulmonary infiltrate on chest radiography. Buchanan et al. (2005) defined acute chest syndrome as a new pulmonary 
infiltrate on chest radiograph after admission and before discharge. Styles et al. (2000) defined acute chest syndrome as the presence of a new pulmonary infiltrate in 
combination with fever, chest pain or respiratory symptoms. Lewing et al. (2011) defined acute chest syndrome as chest pain, some evidence of respiratory compromise or 
distress and a new infiltrate lesion on the chest X-ray; fever was not a criterion.  

Quality assessment Summary of findings 

No of episodes (No of 
patients) 

Effect/outcome Quality
a
 

No. of studies Design 
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Total 
Acute 
complication 

(Kopecky 2004, 
Finkelstein 2007, 
Buchanan 2005, 
Lewing 2011, 
Styles 2000) 

and 
retrospective 
study designs 

presenting to hospital with a painful sickle cell episode 
ranged from 1.8% to 36.3% 

Clinical signs and/or symptoms: continuous infusion accompanied by PCA 

1 study 
(Buchanan 2005) 

Retrospective 
design 

S
e
 N S

f
 S

g
 N 175 37 From multivariate analysis

d
: 

Model 3*** OR 3.18 (1.11, 9.08) 

Model 2: OR 2.29 (0.68, 7.65) 

Model 4† OR 6.8 (1.86, 25.2) 

Very low 

Clinical signs and/or symptoms: oral morphine compared with continuous infusion 

1 study (Kopecky 
2004) 

Post-hoc 
analysis of 
RCT 

N N N S
g
 N 44 16 Unadjusted RR 3.29 (1.25, 8.62)  

Children who received oral morphine and in whom 
acute chest syndrome developed showed significantly 
lower oxygen saturation (p = 0.01) and significantly 
higher heart rate (p = 0.05) and respiration rate (p = 
0.01) compared with children in whom acute chest 
syndrome did not develop or who received continuous 
infusion morphine. 

Moderate 
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Outcome: Kopecky et al. (2004) defined acute chest syndrome as the presence of new chest radiograph changes, the need for supplemental oxygen therapy and the presence 
of clinical findings such as fever or cough. Finklestein et al. (2007) defined acute chest syndrome as the combination of new onset of typical respiratory signs and symptoms 
with fever accompanied by the appearance of a new pulmonary infiltrate on chest radiography. Buchanan et al. (2005) defined acute chest syndrome as a new pulmonary 
infiltrate on chest radiograph after admission and before discharge. Styles et al. (2000) defined acute chest syndrome as the presence of a new pulmonary infiltrate in 
combination with fever, chest pain or respiratory symptoms. Lewing et al. (2011) defined acute chest syndrome as chest pain, some evidence of respiratory compromise or 
distress and a new infiltrate lesion on the chest X-ray; fever was not a criterion.  

Quality assessment Summary of findings 

No of episodes (No of 
patients) 

Effect/outcome Quality
a
 

No. of studies Design 
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Total 
Acute 
complication 

Clinical signs and/or symptoms: cumulative morphine dose (mg/kg) 

1 (Finkelstein 
2007) 

Retrospective 
crossover 
case control  

N N N S
g
 N 17 17 Cumulative morphine dose did not significantly differ 

for hospitalisations during which acute chest syndrome 
developed (1.24 mg/kg, SD 0.60) compared with 
hospitalisations during which acute chest syndrome did 
not develop (1.44 mg/kg, SD 0.84, p = 0.21) 

Very low 

Clinical signs and/or symptoms: Pain score (range 1-10) 

1 study 
(Buchanan 2005) 

Retrospective 
design 

S
e
 N S

f
 S

g
 N 175 37 From multivariate analysis

d
: 

Model 2: OR 1.86 (1.26, 2.72) 

Very low 

Laboratory marker: Haemoglobin (gm/dl) 

1 study 
(Buchanan 2005) 

Retrospective 
design 

S
e
 N S

f
 S

g
  N 175 37 From multivariate analysis

d
: 

Model 2: OR 0.65 (0.47, 0.89) there are no cases of 
acute chest syndrome at a cutoff 10.5  

Very low 

Laboratory marker: White Cell Count (WBC, 103/litre) 

1 study 
(Buchanan 2005) 

Retrospective 
design 

S
e
 N S

f
 S

g
  N 175 37 From multivariate analysis

d
: 

Model 2: OR 1.22 (1.10, 1.34) there are no cases of 
acute chest syndrome at a cutoff 9 

Very low 

Laboratory marker: Secretory phospholipase A2 (SPA2)c 24-48 hours before acute chest syndrome clinically diagnosed 
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Outcome: Kopecky et al. (2004) defined acute chest syndrome as the presence of new chest radiograph changes, the need for supplemental oxygen therapy and the presence 
of clinical findings such as fever or cough. Finklestein et al. (2007) defined acute chest syndrome as the combination of new onset of typical respiratory signs and symptoms 
with fever accompanied by the appearance of a new pulmonary infiltrate on chest radiography. Buchanan et al. (2005) defined acute chest syndrome as a new pulmonary 
infiltrate on chest radiograph after admission and before discharge. Styles et al. (2000) defined acute chest syndrome as the presence of a new pulmonary infiltrate in 
combination with fever, chest pain or respiratory symptoms. Lewing et al. (2011) defined acute chest syndrome as chest pain, some evidence of respiratory compromise or 
distress and a new infiltrate lesion on the chest X-ray; fever was not a criterion.  

Quality assessment Summary of findings 

No of episodes (No of 
patients) 

Effect/outcome Quality
a
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1 study (Styles 
2000) 

Prospective 
design 

S
h
 N N S

g
 N 21

b
 6 OR 24.8 (95% CI 1.17, 527.5, p = 0.02) for elevated 

SPA2 

Diagnostic statistics: 

Sensitivity 100%, specificity 67%, PPV 55%, NPV 
100% 

Low 

Combination of laboratory marker and clinical sign/symptom: SPA2c and fever 

1 study (Styles 
2000) 

Prospective 
design 

S
h
 N N S

g
 N 21

b
 6 Sensitivity 100%, specificity 87%, PPV 75%, NPV 

100% 
Low 

Combination of laboratory marker and clinical sign/symptom: SPA2c and chest pain 

1 study (Styles 
2000) 

Prospective 
design 

S
h
 N N S

g
 N 21

b
 6 Sensitivity 50%, specificity 80%, PPV 50%, NPV 80% Low 

Combination of laboratory marker and clinical sign/symptom: SPA2c and respiratory symptoms 

1 study (Styles 
2000) 

Prospective 
design 

S
h
 N N S

g
 N 21

b
 6 Sensitivity 67%, specificity 100%, PPV 100%, NPV 

88% 
Low 

Combination of laboratory marker and clinical signs/symptoms: SPA2c and auscultatory findings 

1 study (Styles 
2000) 

Prospective 
design 

S
h
 N N S

g
 N 21

b
 6 Sensitivity 67%, specificity 100%, PPV 100%, NPV 

88% 
Low 

NB: all outcomes were assessed during hospitalisation 
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Outcome: Kopecky et al. (2004) defined acute chest syndrome as the presence of new chest radiograph changes, the need for supplemental oxygen therapy and the presence 
of clinical findings such as fever or cough. Finklestein et al. (2007) defined acute chest syndrome as the combination of new onset of typical respiratory signs and symptoms 
with fever accompanied by the appearance of a new pulmonary infiltrate on chest radiography. Buchanan et al. (2005) defined acute chest syndrome as a new pulmonary 
infiltrate on chest radiograph after admission and before discharge. Styles et al. (2000) defined acute chest syndrome as the presence of a new pulmonary infiltrate in 
combination with fever, chest pain or respiratory symptoms. Lewing et al. (2011) defined acute chest syndrome as chest pain, some evidence of respiratory compromise or 
distress and a new infiltrate lesion on the chest X-ray; fever was not a criterion.  

Quality assessment Summary of findings 

No of episodes (No of 
patients) 

Effect/outcome Quality
a
 

No. of studies Design 
R

is
k
 o

f 
b
ia

s
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c
o
n

s
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te
n
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y
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c
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r 

c
o

n
s
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e
ra
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o

n
s
 

Total 
Acute 
complication 

S serious 
N no serious 
*model 1: where only morphine (and not PCA) is input into model 
**model 2: where both morphine and PCA are input into model 
***model 3: where only PCA (and not morphine) is input into the model 
†model 4: exploratory analysis excluding subjects that indicated a change in medication during hospitalisation (n = 13, 3 morphine, 10 nalbuphine) 
a 

prospective studies started with a high quality rating and retrospective studies were started with a low quality rating and were downgraded as appropriate 
b
 number of episodes 

c 
threshold used 100 ng/mL 

d 
using imputed pain scores based on associated factors where there are unreported pain scores at admission 

e
 Downgrade by 1 level: no standardised treatment protocol 

f
 Downgrade by 1 level: patients treated with morphine or nalbuphine (not in BNF) 

g
 Downgrade by 1 level: imprecision was downgraded if there was a wide confidence interval or a small sample size (less than 400 in total) 

h 
Downgrade by 1 level: limited patient characteristics reported 

Abbreviations: VOC; vaso-occlusive crisis 
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Table 23 GRADE table for signs and symptoms of acute kidney injury (AKI) in patients with an acute painful sickle cell 1167 

episode 1168 

Outcome: AKI in adults defined in three stages. Stage 1 is an increase of serum creatinine of ≥ 26.4 µmol/litre or increase to ≥ 150-200% from baseline (the lowest 
measurement during the 3 months preceding hospitalisation). Stage 2 is an increase of serum creatinine of > 200-300% from baseline and stage 3 is an increase of serum 
creatinine to >300% from baseline or ≥ 354 µmol/litre with an acute increase of at least 44 µmol/litre 

Quality assessment Summary of findings 

No of episodes (no 
patients) 

Effect/outcome Quality
a
 

No. of studies Design 

R
is

k
 o

f 
b
ia

s
 

In
c
o
n

s
is

te
n

c
y
 

In
d

ir
e
c
tn

e
s
s
 

Im
p
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c
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n
 

O
th

e
r 

c
o

n
s
id

e
ra

ti
o

n
s
 

Total 
Acute 
complication 

Incidence  

1 study (Audard 
2010) 

Retrospective 
design 

N N N S
c
 N 254

b
 11 The incidence of AKI in patients presenting to hospital 

with a painful sickle cell episode was 4.3% 
Very low 

Clinical sign/symptom: severity of episode (uncomplicated, moderate ACS, severe ACS) 

1 study (Audard 
2010) 

Retrospective 
design 

N N N S
c
 N 254

b
  11 The incidence of AKI was 2.3% (4 episodes) during 

uncomplicated pain crisis, 6.9% (4 episodes) during 
moderate acute chest syndrome and 13.6% (3 
episodes) during severe acute chest syndrome (p = 
0.03) 

Very low 

Laboratory marker: WBC (109/litre) 

1 study (Audard 
2010) 

Retrospective 
design 

N N N S
c
 N 161

 
11 WBC was significantly higher in patients with AKI 

(median 11.9) compared with patients without AKI 
(median 9.8, p = 0.03) 

Very low 

Laboratory marker: Total haemoglobin (g/dl) 

1 study (Audard 
2010) 

Retrospective 
design 

N N N S
c
 N 161

 
11 Total haemoglobin was significantly lower in patients 

with AKI (median 8.2) compared with patients without 
AKI (median 8.9, p = 0.04) 

Very low 

Laboratory marker: Lactate dehydrogenase (IU/litre) 
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Outcome: AKI in adults defined in three stages. Stage 1 is an increase of serum creatinine of ≥ 26.4 µmol/litre or increase to ≥ 150-200% from baseline (the lowest 
measurement during the 3 months preceding hospitalisation). Stage 2 is an increase of serum creatinine of > 200-300% from baseline and stage 3 is an increase of serum 
creatinine to >300% from baseline or ≥ 354 µmol/litre with an acute increase of at least 44 µmol/litre 

Quality assessment Summary of findings 

No of episodes (no 
patients) 

Effect/outcome Quality
a
 

No. of studies Design 

R
is

k
 o

f 
b
ia

s
 

In
c
o
n

s
is

te
n

c
y
 

In
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e
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c
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n
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r 

c
o

n
s
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e
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o

n
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Total 
Acute 
complication 

1 study (Audard 
2010) 

Retrospective 
design 

N N N S
c
 N 161

 
11 Lactate dehydrogenase was significantly higher in 

patients with AKI (median 453) compared with patients 
without AKI (median 325, p = 0.02) 

Very low 

Combination of clinical sign/symptom and laboratory marker: severe ACS and aminotransferase (IU/litre) 

1 study (Audard 
2010) 

Retrospective 
design 

N N S
d
 S

c
 N 59

b
 6 Aspartate aminotransferase (median 275 vs. 36) and 

alanine aminotransferase (median 223 vs. 27) were 
significantly higher in severe acute chest syndrome 
patients with AKI compared with patients without AKI (p 
< 0.01) 

Very low 

Combination of clinical sign/symptom and laboratory marker: severe ACS and bilirubin (µmol/litre) 

1 study (Audard 
2010) 

Retrospective 
design 

N N S
d
 S

c
 N 59

b
 6 Total bilirubin (median 173 vs. 68) and direct bilirubin 

(median 100 vs. 18) were significantly higher in severe 
acute chest syndrome patients with AKI compared with 
patients without AKI (p ≤ 0.04) 

Very low 

Combination of clinical sign/symptom and laboratory marker: severe ACS and lactate dehydrogenase (IU/litre) 

1 study (Audard 
2010) 

Retrospective 
design 

N N S
d
 S

c
 N 59

b
 6 Lactate dehydrogenase was significantly higher in 

severe acute chest syndrome patients with AKI 
(median 980) compared with patients without AKI 
(median 443, p = 0.04) 

Very low 

Combination of clinical sign/symptom and laboratory marker: severe ACS and echocardiographic features of pulmonary hypertension 

1 study (Audard 
2010) 

Retrospective 
design 

N N S
d
 S

c
 N 59

b
 6 Tricuspid regurgitant jet velocity (median 3.6 vs. 2.8 

m/s) and systolic pulmonary artery pressure (median 
Very low 
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Outcome: AKI in adults defined in three stages. Stage 1 is an increase of serum creatinine of ≥ 26.4 µmol/litre or increase to ≥ 150-200% from baseline (the lowest 
measurement during the 3 months preceding hospitalisation). Stage 2 is an increase of serum creatinine of > 200-300% from baseline and stage 3 is an increase of serum 
creatinine to >300% from baseline or ≥ 354 µmol/litre with an acute increase of at least 44 µmol/litre 

Quality assessment Summary of findings 

No of episodes (no 
patients) 

Effect/outcome Quality
a
 

No. of studies Design 

R
is

k
 o

f 
b
ia

s
 

In
c
o
n

s
is

te
n

c
y
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d
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e
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c
is

io
n
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r 

c
o
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s
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e
ra
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o

n
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Total 
Acute 
complication 

67 vs. 46 mmHg) were significantly higher and IVC 
collapse (median 16 vs. 0%) and cor pulmonale (5 vs. 
4) were significantly lower in severe acute chest 
syndrome patients with AKI compared with patients 
without AKI 

NB: all outcomes were assessed during hospitalisation 
S serious 
N no serious 
a
 prospective studies started with a high quality rating and retrospective studies were started with a low quality rating and were downgraded as appropriate 

b
 number of episodes 

c 
Downgrade by one level: imprecision was downgraded if there was a wide confidence interval or a small sample size (less than 400 in total) 

d
 Downgrade by one level: population of patients with severe ACS were considered sicker than patients who would generally present to hospital with an acute painful episode 

Abbreviations: VOC; vaso-occlusive crisis 
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 1169 

 1170 

 1171 

Table 24 GRADE table for signs and symptoms of acute abdomen in patients with an acute painful sickle cell episode 1172 

Outcome: acute abdomen as a result of surgical abdomen in adults. This includes chronic/ acute cholecystitis and acute appendicitis 

Quality assessment Summary of findings 

No of patients 

Effect/outcome Quality
a
 

No. of studies Design 

R
is

k
 o

f 
b
ia

s
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c
o
n

s
is
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n

c
y
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d

ir
e
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e
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s
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c
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n
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e
r 

c
o

n
s
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e
ra
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o

n
s
 

Total 
Acute 
complication 

Incidence  

1 study 
(Baumgartner 
1989) 

Retrospective 
design 

S
e
 N S

c
 S

d
 N 53 12 The incidence of a surgical abdomen in patients 

presenting to hospital with abdominal pain was 4.3% 
Very low 

Clinical sign/symptom: coexistent abdominal and remote pain (pain involving another body part) 

1 study 
(Baumgartner 
1989) 

Retrospective 
design 

S
e
 N S

c
 S

d
 N 53 12 When the abdominal pain was secondary to a vaso-

occlusive crisis, another body part was involved 77% of 
the time, compared with 0% in patients with a surgical 
abdomen (p < 0.005) 

Very low 

Clinical sign/symptom: similarity to prior crisis 

1 study 
(Baumgartner 
1989) 

Retrospective 
design 

S
e
 N S

c
 S

d
 N 53 12 The presenting vaso-occlusive crisis were found to be 

similar to prior crises in 70% of instances compared 
with 8% in patients with a surgical abdomen (p < 
0.001) 

Very low 
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Outcome: acute abdomen as a result of surgical abdomen in adults. This includes chronic/ acute cholecystitis and acute appendicitis 

Quality assessment Summary of findings 

No of patients 

Effect/outcome Quality
a
 

No. of studies Design 

R
is

k
 o

f 
b
ia

s
 

In
c
o
n

s
is

te
n

c
y
 

In
d
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e
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c
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e
ra
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o

n
s
 

Total 
Acute 
complication 

Clinical sign/symptom: precipitating event (majority were upper respiratory infection) 

1 study 
(Baumgartner 
1989) 

Retrospective 
design 

S
e
 N S

c
 S

d
 N 53 12 Precipitating events were significantly more likely to be 

reported in patients with vaso-occlusive crisis (50%) 
compared with patient with a surgical abdomen (0%, p 
< 0.01) 

Very low 

Clinical sign/symptom: pain relief with hydration and oxygen ≤ 48 hours 

1 study 
(Baumgartner 
1989) 

Retrospective 
design 

S
e
 N S

c
 S

d
 N 53 12 The pain from a vaso-occlusive crisis was relieved 

significantly more often compared with the pain 
associated with a surgical abdomen (97% vs. 0%, p < 
0.005) 

Very low 

Clinical sign/symptom: temperature (°F) 

1 study 
(Baumgartner 
1989) 

Retrospective 
design 

S
e
 N N S

d
 N 53 3 Temperature was significantly higher in patients with 

acute appendicitis (101.2°F, SD 1.2) compared with 
patients with vaso-occlusive crisis (99.1°F, SD 1.00, p 
< 0.01) 

Very low 

NB: all outcomes were assessed during hospitalisation 
a
 prospective studies started with a high quality rating and retrospective studies were started with a low quality rating and were downgraded as appropriate 

b
 number of episodes 

S serious 
N no serious 
c
 Downgrade by 1 level: 9/12 patients had chronic and/or acute cholecystitis  

d
 Downgrade by 1 level: imprecision was downgraded if there was a wide confidence interval or a small sample size (less than 400 in total) 

e
 Downgrade by 1 level: unclear definition of how surgical abdomen was diagnosed 

Abbreviations: VOC; vaso-occlusive crisis 
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Table 25 GRADE table for signs and symptoms of acute osteomyelitis in patients with an acute painful sickle cell episode 1173 

Outcome: osteomyelitis in children. Defined as patients with a discharge diagnosis of osteomyelitis and one or more of the following criteria (a) positive blood culture, (b) 
positive culture of a bone or joint aspirate and/or (c) typical radiographic findings of osteomyelitis as reported by a staff radiologist 

Quality assessment Summary of findings 

No of patients 

Effect/outcome 
No. of studies Design 

R
is

k
 o

f 
b
ia

s
 

In
c
o
n

s
is

te
n

c
y
 

In
d

ir
e
c
tn

e
s
s
 

Im
p

re
c
is

io
n
 

O
th

e
r 

c
o

n
s
id

e
ra

ti
o

n
s
 

Controls Cases 

Quality 

Clinical sign/symptom: duration of fever before admission (days) 

1 (Berger 2009) Retrospective 
case-control 

N N N S
c
 N 93 31 From multivariate logistic regression 

OR 1.8 (95% CI 1.2, 2.6, p = 0.004) 

Very low 

Clinical sign/symptom: duration of pain before admission (days) 

1 (Berger 2009) Retrospective 
case-control 

N N N S
c
 N 93 31 From multivariate logistic regression 

OR 1.2 (95% CI 1.0, 1.4, p = 0.02) 

Very low 

Clinical sign/symptom: Swelling of affected limb on presentation 

1 (Berger 2009) Retrospective 
case-control 

N N N S
c
 N 93 31 From multivariate logistic regression 

OR 8.4 (95% CI 3.5, 20.0, p < 0.001) 

Very low 

Clinical sign/symptom: number of painful sites  

1 (Berger 2009) Retrospective 
case-control 

N N N S
c
 N 93 31 From multivariate logistic regression 

OR 0.7 (95% CI 0.5, 1.0, p = 0.03) 

Very low 

NB: all outcomes were assessed during hospitalisation 
a
 prospective studies started with a high quality rating and retrospective studies were started with a low quality rating and were downgraded as appropriate 

b
 number of episodes 

S serious 
N no serious 
C
 Downgrade by 1 level: imprecision was downgraded if there was a wide confidence interval or a small sample size (less than 400 in total) 

Abbreviations: VOC; vaso-occlusive crisis 
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Table 26 GRADE table for signs and symptoms of infection in patients with an acute painful sickle cell episode 1174 

Outcome: pneumonia in adults: definition varied slightly across studies but included the presence of an infiltrate and a positive clinical response to a course of antibiotics.  
Outcome: bacterial infection in children was assessed using urine and/or blood culture.  

Quality assessment Summary of findings 

No of patients 

Effect/outcome 
No. of studies Design 

R
is

k
 o

f 
b
ia

s
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c
o
n

s
is

te
n

c
y
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d
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e
s
s
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c
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e
ra
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o

n
s
 

Total 
Acute 
complication 

 

Incidence of pneumonia in adults 

2 (Ander 1997, 
Pollack 1991) 

Retrospective 
& prospective 
design 

N N N S
e
 N 228

b
 14 The incidence of a pneumonia in patients presenting to 

hospital with a painful episode was 6.1% 
Very low 

Clinical sign/symptom of pneumonia: 4 out of the following 9 symptoms (fever, chills, nausea/vomiting, URI, cough, shortness of breath, sputum, chest pain or haemoptysis) 

1 (Ander 1997) Retrospective 
design 

N N N S
e
 N 94

b
 6 Sensitivity 100%, specificity 87.5%, PPV 35.3%, NPV 

100% 
Very low 

Clinical sign/symptom of pneumonia in adults: shortness of breath 

1 (Pollack 1991) Prospective 
design 

N N S
f
 S

e
 N 134

b
 8 Pneumonia patients (37.5%) complained of shortness 

of breath significantly more frequently compared with 
patients overall (20.9%, p < 0.05) 

Low 

Laboratory marker of pneumonia in adults: peripheral reticulocyte count (RC) 

1 (Pollack 1991) Prospective 
design 

N N S
f
 S

e
 N 134

b
 8 The average RC was significantly higher in patients 

with pneumonia (18.6, SD 10.9%) compared with 
patients overall (13.7, SD 8.4%, p < 0.05†) 

Low 

Laboratory marker of bacterial infection in children: total white blood count (WBC, 103 m/litre)* 

1 (Buchanan & 
Glader 1978) 

Retrospective 
design 

N N S
d
 S

e
 N 27

c
 13 WBC was higher in patients with bacterial infection 

(22.0, SD 10.7) compared with patients with vaso-
occlusive crisis (16.4, SD 5.5) 

Very low 

Laboratory marker of bacterial infection in children: band (non segmented) neutrophils* 

1 (Buchanan & Retrospective N N S
d
 S

e
 N 27

c
 13 Non segmented PMN was higher in patients with Very low 
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Outcome: pneumonia in adults: definition varied slightly across studies but included the presence of an infiltrate and a positive clinical response to a course of antibiotics.  
Outcome: bacterial infection in children was assessed using urine and/or blood culture.  

Quality assessment Summary of findings 

No of patients 

Effect/outcome 
No. of studies Design 

R
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 o

f 
b
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s
 

In
c
o
n

s
is

te
n

c
y
 

In
d

ir
e
c
tn

e
s
s
 

Im
p

re
c
is

io
n
 

O
th

e
r 

c
o

n
s
id

e
ra

ti
o

n
s
 

Total 
Acute 
complication 

 

Glader 1978) design bacterial infection (4.58, SD 2.8) compared with 
patients with vaso-occlusive crisis (0.32, SD 0.45) 

NB: all outcomes were assessed during hospitalisation 
* statistical analyses were not reported in the paper 
† this statistically significant result reported in the paper was not replicated when a t-test was carried out 
a
 prospective studies started with a high quality rating and retrospective studies were started with a low quality rating and were downgraded as appropriate 

b
 number of episodes 

c
 patients with VOC 

S serious 
N no serious 
d 

Downgrade by 1 level: unclear if patients with bacterial infection were assessed during acute painful episode (or VOC) 
e 

Downgrade by 1 level: imprecision was downgraded if there was a wide confidence interval or a small sample size (less than 400 in total) 
f
 Downgrade by 1 level: may include some children (included patients over 14 years old) 
Abbreviations: VOC; vaso-occlusive crisis 
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 1175 

 1176 

 1177 

Table 27 GRADE table for signs and symptoms of complication in patients with an acute painful sickle cell episode 1178 

Outcome: definition of complication varied across studies but included hospitalisation with ACS, aplastic crisis, splenic sequestration and blood transfusion, antibiotic 
administration within 48 or 96 hours of ED visit or ED presentation. 

Quality assessment Summary of findings 

No of patients 

Effect/outcome Quality
a
 

No. of studies Design 

R
is

k
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f 
b
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s
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Total 
Acute 
complication 

Clinical sign/symptom in adults: sickle genotype 

1 (Bernard 2008) Retrospective 
design 

N N S
d
 S

e
 N 284

b
 199 From multivariate analysis: 

OR 2.97 (95% CI 1.15, 7.65) for HbSC (compared with 
Hb-Thal) 

OR 1.95 (0.83, 4.56) for HbSS  

OR 8.08 (2.84, 23.08) for other/unknown 

Very low 

Clinical sign/symptom in adults: chest pain 

1 (Bernard 2008) Retrospective 
design 

N N S
d
 S

e
 N 284

b
 199 From multivariate analysis: 

OR 1.83 (1.13, 2.97) 

Very low 

Clinical sign/symptom in adults: pain similar to previous 

1 (Bernard 2008) Retrospective 
design 

N N S
d
 S

e
 N 284

b
 199 From multivariate analysis: 

OR 0.54 (0.34, 0.85) 

Very low 
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Outcome: definition of complication varied across studies but included hospitalisation with ACS, aplastic crisis, splenic sequestration and blood transfusion, antibiotic 
administration within 48 or 96 hours of ED visit or ED presentation. 

Quality assessment Summary of findings 

No of patients 

Effect/outcome Quality
a
 

No. of studies Design 

R
is

k
 o

f 
b
ia

s
 

In
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n
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Total 
Acute 
complication 

Clinical sign/symptom in adults: abnormal temperature 

1 (Bernard 2008) Retrospective 
design 

N N S
d
 S

e
 N 284b 199 From multivariate analysis: 

OR 5.35 (2.29, 12.49) 

Very low 

Clinical sign/symptom in adults: abnormal pulse oximetry 

1 (Bernard 2008) Retrospective 
design 

N N S
d
 S

e
 N 284b 199 From multivariate analysis: 

OR 3.56 (1.85, 6.85) 

Very low 

Clinical sign/symptom in adults: abnormal chest X-ray 

1 (Bernard 2008) Retrospective 
design 

N N S
d
 S

e
 N 284b 199 From multivariate analysis: 

OR 1.82 (1.01, 3.27) for chronic abnormality 

OR 5.75 (2.69, 12.31) for acute abnormality 

Very low 

Clinical sign/symptom in children: pain in arms 

1 (Chapman 
2004) 

Retrospective 
design 

N N N S
e
  86

b
 38 OR 0.2 (0.04, 0.9) Very low 

Laboratory marker in children: change in haemoglobin from baseline (g/dl) 

1 (Chapman 
2004) 

Retrospective 
design 

N N N S
e
 N 86

b
 38 MD -0.4 (-0.8 to -0.1) change from baseline was -0.2 in 

complicated and 0.2 in uncomplicated group. The 
changes in haemoglobin are close to the normal 
differences in laboratory values found on repeated 
measurements of blood values  

Very low 

Laboratory marker in adults: haemoglobin < 10 g/dl 

1 (Bernard 2008) Retrospective 
design 

N N S
d
 S

e
 N 284

b
 199 From multivariate analysis: 

OR 2.88 (1.68, 4.94) 

Very low 
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Outcome: definition of complication varied across studies but included hospitalisation with ACS, aplastic crisis, splenic sequestration and blood transfusion, antibiotic 
administration within 48 or 96 hours of ED visit or ED presentation. 

Quality assessment Summary of findings 

No of patients 

Effect/outcome Quality
a
 

No. of studies Design 

R
is

k
 o

f 
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ia

s
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Total 
Acute 
complication 

Laboratory marker in adults: positive urine nitrite 

1 (Bernard 2008) Retrospective 
design 

N N S
d
 S

e
 N 284

b
 199 From multivariate analysis: 

OR 4.11 (1.35, 12.56) 

Very low 

NB: all outcomes were assessed during hospitalisation 
a
 prospective studies started with a high quality rating and retrospective studies were started with a low quality rating and were downgraded as appropriate 

b
 number of visits 

c
 threshold used 100 ng/mL 

S serious 
N no serious 
d
 Downgrade by 1 level: some patients may not have a painful sickle cell episode and may not have been assessed for all complications 

e 
Downgrade by 1 level: imprecision was downgraded if there was a wide confidence interval or a small sample size (less than 400 in total) 

Abbreviations: VOC; vaso-occlusive crisis 

 1179 

See appendix E for the evidence tables in full.1180 
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2.3.3 Evidence statements  1181 

For details of how the evidence is graded, see ‘The guidelines manual’. 1182 

Acute chest syndrome 1183 

2.3.3.1 Low-quality evidence from five studies with 2148 children 1184 

presenting to hospital with an acute painful sickle cell episode 1185 

showed that the incidence of acute chest syndrome ranged from 1186 

2.3% to 28.6%. 1187 

Two institutions were included in the Lewing et al. (2011) study: 1188 

one primarily used morphine and the other primarily used a 1189 

continuous infusion of nalbuphine to treat acute painful sickle cell 1190 

episodes in hospitalised patients. In the Buchanan et al. (2005) 1191 

study, patients were assigned to a medication group (morphine or 1192 

nalbuphine) based on the first medication delivered once 1193 

hospitalised. There was no standardised protocol for the selection 1194 

of medication. 1195 

2.3.3.2 Very-low-quality evidence from one retrospective study with 1196 

158 children showed that the association between morphine and 1197 

the development of acute chest syndrome was confounded by 1198 

continuous infusion with PCA and this was observed in various 1199 

models (for morphine, excluding patients that changed medication 1200 

during hospitalisation: stratified odds ratio [OR] 5.9, CI 1.5 to 27.8; 1201 

unstratified OR 3.0, CI 0.64 to 14.3). 1202 

2.3.3.3 Moderate-quality evidence from one post hoc analysis of an RCT 1203 

with 44 children showed that oral morphine was significantly 1204 

associated with the development of acute chest syndrome 1205 

(unadjusted RR 3.29, CI 1.25 to 8.26) and that patients who 1206 

developed acute chest syndrome had significantly lower oxygen 1207 

saturation and higher heart rate and respiration rate (p ≤ 0.05) 1208 

compared with children in whom acute chest syndrome did not 1209 

develop or who received continuous infusion of morphine. 1210 

http://www.nice.org.uk/GuidelinesManual
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In this study (Kopecky et al. 2004), analysis of pharmacokinetic 1211 

data showed that the AUCs (area under concentration–time curve 1212 

from 0 to 12 hours) for morphine were significantly higher in 1213 

patients treated with oral morphine compared with patients treated 1214 

with infusion, suggesting that morphine itself may have an effect on 1215 

the development of acute chest syndrome. However, this was 1216 

based on a small sample of 15 children 1217 

2.3.3.4 Very-low-quality evidence from one retrospective study with 17 1218 

children showed that there was no significant association between 1219 

cumulative morphine dose and the development of acute chest 1220 

syndrome (mean cumulative morphine dose 1.24 mg/kg when 1221 

acute chest syndrome developed, compared with 1.44 mg/kg when 1222 

it did not develop, p = 0.21). 1223 

This study (Finkelstein et al. 2007) used a weight-based, fixed-dose 1224 

protocol which will have reduced the risk of underdosing or 1225 

overdosing. Patients presenting with pneumonia or incipient acute 1226 

chest syndrome were excluded from the study. 1227 

2.3.3.5 Very-low-quality evidence from one retrospective study with 175 1228 

children showed that a higher pain score (OR 1.86, CI 1.26 to 1229 

2.72), lower age (OR 0.87, CI 0.77 to 0.99), low haemoglobin (OR 1230 

0.65, CI 0.47 to 0.89) and high white blood cell count (OR 1.22, CI 1231 

1.10 to 1.34) significantly predicted the development of acute chest 1232 

syndrome. 1233 

2.3.3.6 Low-quality evidence from one prospective study with 14 children 1234 

showed that elevated secretory phospholipase A2 (defined as 1235 

100 ng/mg) was significantly associated with the development of 1236 

acute chest syndrome (OR 24.8, CI 1.17 to 527.5, p = 0.02). 1237 

2.3.3.7 Low-quality evidence from one prospective study with 14 children 1238 

showed that elevated secretory phospholipase A2 (defined as 1239 

100 ng/mg) plus fever was associated with high sensitivity for 1240 

predicting acute chest syndrome (sensitivity 100%, specificity 1241 
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87%), whereas elevated secretory phospholipase A2 plus 1242 

respiratory symptoms or ausculatory findings was associated with 1243 

high specificity (sensitivity 67%, specificity 100%).  1244 

Acute kidney injury 1245 

2.3.3.8 Very-low-quality evidence from one retrospective study with 254 1246 

episodes of vaso-occlusive crisis showed that the incidence of 1247 

acute kidney injury in patients presenting to hospital with an acute 1248 

painful sickle cell episode was 4.3%. 1249 

2.3.3.9 Very-low-quality evidence from one retrospective study with 161 1250 

adults showed that the incidence of acute kidney injury was 1251 

significantly higher in patients with moderate or severe acute chest 1252 

syndrome compared with patients with an uncomplicated acute 1253 

painful sickle cell episode (p = 0.03). 1254 

2.3.3.10 Very-low-quality evidence from one retrospective study with 161 1255 

adults showed that the white blood cell count was significantly 1256 

higher and haemoglobin and lactate dehydrogenase levels were 1257 

significantly lower in patients with an acute painful sickle cell 1258 

episode with acute kidney injury compared with those without acute 1259 

kidney injury (p < 0.05). 1260 

2.3.3.11 Very-low-quality evidence from one retrospective study with 59 1261 

episodes of severe acute chest syndrome showed that aspartate 1262 

aminotransferase and alanine aminotransferase levels were 1263 

significantly higher in patients with acute kidney injury compared 1264 

with patients without (p < 0.01). 1265 

2.3.3.12 Very-low-quality evidence from one retrospective study of 59 1266 

episodes of severe acute chest syndrome showed that levels of 1267 

total bilirubin and direct bilirubin were significantly higher in patients 1268 

with acute kidney injury compared with patients without (p ≤ 0.04). 1269 

2.3.3.13 Very-low-quality evidence from one retrospective study of 59 1270 

episodes of severe acute chest syndrome showed that lactate 1271 
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dehydrogenase levels were significantly higher in patients with 1272 

acute kidney injury compared with patients without (p = 0.04). 1273 

2.3.3.14 Very-low-quality evidence from one retrospective study of 59 1274 

episodes of severe acute chest syndrome showed that 1275 

echocardiographic features of pulmonary hypertension differed 1276 

significantly between patients with and without acute kidney injury 1277 

(median systolic pulmonary artery pressure 67 mmHg in patients 1278 

with acute kidney injury compared with 46 mmHg in patients 1279 

without acute kidney injury). 1280 

Acute abdomen 1281 

2.3.3.15 Very-low-quality evidence from one retrospective study with 53 1282 

adults with sickle cell disease showed that the incidence of surgical 1283 

abdomen in patients presenting to hospital with abdominal pain 1284 

was 4.3%.  1285 

2.3.3.16 Very-low-quality evidence from one retrospective study with 53 1286 

adults showed that coexisting abdominal and remote pain, similarity 1287 

to a previous episode, precipitating events and pain relief with 1288 

hydration and oxygen were significantly less likely in patients with 1289 

surgical abdomen compared with patients with vaso-occlusive crisis 1290 

(p ≤ 0.005). 1291 

2.3.3.17 Very-low-quality evidence from one retrospective study with 53 1292 

adults showed that temperature was significantly higher in patients 1293 

with acute appendicitis compared with patients with vaso-occlusive 1294 

crisis (p < 0.01). 1295 

Acute osteomyelitis 1296 

2.3.3.18 Very-low-quality evidence from one retrospective study with 124 1297 

children with sickle cell disease showed that longer duration of 1298 

fever before admission significantly predicted the development of 1299 

osteomyelitis (OR 1.8, CI 1.2 to 2.6) in multivariate analysis. 1300 
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2.3.3.19 Very-low-quality evidence from one retrospective study with 124 1301 

children showed that longer duration of pain before admission 1302 

significantly predicted the development of osteomyelitis (OR 1.2, CI 1303 

1.0 to 1.4). 1304 

2.3.3.20 Very-low-quality evidence from one retrospective study with 124 1305 

children showed that swelling of the affected limb on presentation 1306 

significantly predicted the development of osteomyelitis (OR 8.4, CI 1307 

3.5 to 20.0). 1308 

2.3.3.21 Very-low-quality evidence from one retrospective study with 124 1309 

children showed that increased number of painful sites significantly 1310 

reduced the odds of developing osteomyelitis (OR 0.7, CI 0.5 to 1311 

1.0, p = 0.03) in multivariate analysis. 1312 

Infection 1313 

2.3.3.22 Very-low-quality evidence from two studies with 109 adults showed 1314 

that the incidence of pneumonia in patients presenting to hospital 1315 

with an acute painful sickle cell episode was 6.1%. 1316 

2.3.3.23 Very-low-quality evidence from one retrospective study with 38 1317 

adults showed that the presence of four out of nine symptoms 1318 

(fever, chills, nausea/vomiting, upper respiratory infection, cough, 1319 

shortness of breath, sputum, chest pain and haemoptysis) was 1320 

associated with a sensitivity of 100%, a specificity of 87.5%, a 1321 

positive predictive value of 35.3% and a negative predictive value 1322 

of 100% for predicting pneumonia. 1323 

2.3.3.24 Low-quality evidence from one prospective study with 71 adults 1324 

showed that patients with pneumonia complained of shortness of 1325 

breath significantly more frequently compared with patients overall 1326 

(p < 0.05). 1327 

2.3.3.25 Low-quality evidence from one prospective study with 71 adults 1328 

showed that the average reticulocyte count was significantly higher 1329 
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in patients with pneumonia compared with patients overall 1330 

(p < 0.05). 1331 

2.3.3.26 Very-low-quality evidence from one retrospective study with 40 1332 

children showed that counts of white blood cells and non-1333 

segmented polymorphonuclear leukocytes were higher in patients 1334 

with bacterial infection compared with patients with vaso-occlusive 1335 

crisis. 1336 

Complications 1337 

2.3.3.27 Very-low-quality evidence from one retrospective study with 125 1338 

adults showed that the HbSC, SS and other/unknown sickle 1339 

genotypes rather than thalassaemia (OR range from 1.95 to 8.08), 1340 

chest pain (OR 1.83, CI 1.13 to 2.97), pain not similar to previous 1341 

(OR 0.54, CI 0.34 to 0.85), temperature less than 36°C or more 1342 

than 38°C (OR 5.35, CI 2.29 to 12.49), pulse oximetry < 95% (OR 1343 

3.56, CI 1.85 to 6.85) and chronic (OR 1.82, CI 1.01 to 3.27) or 1344 

acute (OR 5.75, CI 2.69 to 12.31) abnormalities on chest X-ray 1345 

predicted adverse patient outcomes in multivariate analysis. 1346 

In this study (Bernard et al. 2008), the primary outcome measures 1347 

were acute chest syndrome, aplastic crisis, splenic sequestration 1348 

and blood transfusion or antibiotic administration within 96 hours of 1349 

presentation at the emergency department. 1350 

2.3.3.28 Very-low-quality evidence from one retrospective study with 125 1351 

adults showed that both a haemoglobin level of less than 10 g/dl 1352 

(OR 2.88, CI 1.68 to 4.94) and a positive urine nitrite reading (OR 1353 

4.11, CI 1.35 to 12.56) predicted adverse patient outcomes. 1354 

2.3.3.29 Very-low-quality evidence from one retrospective study with 30 1355 

children showed that median age was significantly higher for 1356 

patients with a complicated course of an acute painful episode 1357 

compared with patients with an uncomplicated course (p = 0.04). 1358 
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In this study (Chapman et al. 2004), a complicated visit was defined 1359 

as an acute painful sickle cell crisis followed by admission to 1360 

hospital, the need for antibiotics or blood products either in the 1361 

emergency department or within 48 hours of the visit, or the 1362 

development of acute chest syndrome or aplasia within 48 hours of 1363 

the visit. 1364 

2.3.3.30 Very-low-quality evidence from one retrospective study with 30 1365 

children showed that the presence of pain in only the arms 1366 

significantly reduced the odds of a complicated painful episode (OR 1367 

0.2, CI 0.04 to 0.9). 1368 

2.3.3.31 Very-low-quality evidence from one retrospective study with 30 1369 

children showed a significant difference in the change in 1370 

haemoglobin levels from baseline in uncomplicated compared with 1371 

complicated pain episodes (MD −0.4, CI −0.8 to −0.1). 1372 

2.3.4 Evidence to recommendations  1373 

Relative value of 
different outcomes 

The GDG discussed the relative value of the outcomes and 
agreed that the type of opioid (morphine or nalbuphine) should not 
be included as an outcome, because nalbuphine is not licensed 
for use in the UK. In addition, one of the studies included patients 
treated in two different centres: nalbuphine was primarily used to 
treat an acute painful sickle cell episode in one centre, whereas 
morphine was used in the other. The GDG agreed that the 
differences found in the evidence may have been the result of 
differences between the two centres rather than being related to 
the specific opioid used. 

The GDG discussed the incidence of acute chest syndrome in the 
included studies, which ranged from 2 to 29%, and felt that this 
wide variation may have been because of differing definitions of 
acute chest syndrome that were used. It was also agreed that 
prospective studies could lead to a higher incidence of acute 
chest syndrome because healthcare professionals may be more 
directed to this potential diagnosis. The GDG also noted that all 
the included studies were on children, who are at higher risk of 
infection compared with adults. In addition, the clinical indications 
for the use of chest X-rays have changed, and they are now used 
less regularly because of the risk of overexposure to radiation. 
Furthermore, changes seen on chest X-rays will differ according 
to age, with adults showing more diffuse changes and children 
showing more localised changes. While recognising these 
limitations, the GDG made a recommendation highlighting the 
increased risk of acute chest syndrome in patients with chest pain, 
hypoxia, fever and respiratory symptoms. This was supported by 
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evidence from the included studies of acute chest syndrome and 
of general acute complications, and was in agreement with clinical 
experience. 

The GDG also discussed laboratory markers, and noted that 
although some markers showed statistically significant 
differences, many of these did not reflect clinically important 
differences. Therefore the GDG decided not to make any 
recommendations on the use of specific laboratory markers.  

Trade off between 
benefits and harms 

The GDG discussed the specific signs and symptoms associated 
with the development of acute complications, and agreed that 
these were only markers of increased risk. It also noted that many 
of these signs and symptoms do not differ from markers identified 
in the general, non-sickle-cell, population. The GDG felt it was 
important to highlight that all patients with sickle cell disease 
presenting to hospital with an acute painful episode are at risk of 
developing an acute complication. Specifically, the GDG 
discussed alternative diagnoses, and felt that it was important to 
make a recommendation to ensure that healthcare professionals 
assess patients for alternative causes of pain when they present 
to hospital with acute painful episodes, particularly if pain is 
reported as atypical.  

Economic 
considerations 

Because the GDG did not feel that the available evidence 
supported the use of laboratory markers to predict acute 
complications, it was not necessary to assess the cost impact of 
the assays. 

The GDG noted that, in the health economic model for the 
pharmacological management of acute painful sickle cell episodes 
(see section 2.1.4), acute complications – especially stroke – were 
associated with very significant costs as well as having a 
substantial impact on quality of life. Therefore the prevention of 
such complications is important from an economic as well as a 
patient-care perspective. 

Quality of evidence  The GDG agreed that the evidence for this review question was of 
low quality and often did not show any clinically important 
differences. 

Specifically, the study of Audard et al. (2010) was discussed in 
detail and it was agreed that patients with moderate or severe 
acute chest syndrome would form a sicker population compared 
with patients with uncomplicated painful episodes. Specifically, it 
was suggested that many of these patients may be experiencing 
multi-organ failure and would be more likely to have renal 
dysfunction. It was felt that this population differed from the 
population of patients with sickle cell disease who generally 
present to hospital with an acute painful episode, and so the 
findings of this paper could not be generalised to the target 
population.  

The GDG also discussed the study of Styles et al. (2000), which 
investigated the accuracy of elevated levels of secretory 
phospholipase A2 in predicting acute chest syndrome in patients 
who were hospitalised with an acute painful sickle cell episode. 
Although the GDG agreed that this paper provided good 
preliminary data showing that elevated secretory phospholipase 
A2 levels were associated with high odds of developing acute 
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chest syndrome, it was also noted that these results were 
observed in a small sample of 14 children. The GDG felt that this 
test is a good predictor for acute chest syndrome, but at present it 
is available in the UK only as a research tool and therefore it 
would be impractical to make a recommendation for its use. The 
GDG also noted that further research is being carried out on the 
use of this test as a diagnostic tool, and so a specific research 
recommendation was not considered necessary. 

The GDG also considered the study of Bernard et al. (2008), 
which aimed to develop an emergency department risk score that 
predicts adverse outcomes for patients with sickle cell disease. 
The results of this study suggested that the sickle genotype may 
be predictive of adverse outcomes, including acute complications. 
However, the GDG felt that using patients with sickle cell beta 
thalassaemia disease as a reference group was inappropriate 
because this includes patients with mild cases of sickle cell 
disease, and these patients may be less likely to experience acute 
painful episodes. 

Other 
considerations 

The GDG discussed the importance of ongoing monitoring, 
because some acute complications can develop at any time 
during an acute painful episode. Therefore a general 
recommendation for healthcare professionals to be aware of other 
possible complications at any time during the episode was made. 
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2.3.5 Recommendations for what clinical signs and symptoms 1374 

should be used to identify patients who are likely to have 1375 

acute complications 1376 

Recommendations 1377 

Individualised assessment at initial presentation 

Recommendation 1.1.6 

Assess all patients with sickle cell disease who present with acute pain to 

determine whether their pain is being caused by an acute painful sickle cell 

episode or whether an alternative diagnosis is possible, particularly if pain is 

reported as atypical by the patient. 

Ongoing monitoring 

Recommendation 1.1.16 

If the patient does not respond to standard treatment for an acute painful 

sickle cell episode, reassess them for the possibility of an alternative 

diagnosis. 

Recommendation 1.1.17 

Be aware of the possibility of acute chest syndrome in patients with an acute 

painful sickle cell episode if any of the following are present at any time from 

presentation to discharge: 

 abnormal respiratory signs and/or symptoms 

 chest pain 

 fever 

 signs and symptoms of hypoxia 

 oxygen saturation less than 94% or 

 an escalating oxygen requirement. 

Recommendation 1.1.18 

Be aware of other possible complications seen with an acute painful sickle cell 
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episode, at any time from presentation to discharge, including: 

 acute stroke 

 aplastic crisis 

 infections 

 osteomyelitis 

 splenic sequestration. 

 1378 

2.4 Settings and skills for managing an acute painful 1379 

sickle cell episode  1380 

2.4.1 Review question 4 1381 

(a) Where should an acute painful sickle cell episode be managed? 1382 

(b) What skills and knowledge are required by healthcare professionals 1383 

and teams providing care? 1384 

2.4.2 Evidence review  1385 

This review question focused on identifying the best setting in which to 1386 

manage an acute painful sickle cell episode and the skills required by 1387 

healthcare professionals. Any papers focusing on the organisation of care or 1388 

the skills and/or knowledge of healthcare professionals were considered for 1389 

inclusion for this review question. From a database of 5534 abstracts, 78 full-1390 

text articles were ordered and eight papers were selected (Adams-Graves et 1391 

al. 2008; Benjamin et al. 2000; Frei-Jones et al. 2009; Jamison and Brown 1392 

2002; Mitchell et al. 2002; Montanez and Berland 2002; Raphael et al. 2008; 1393 

Wright et al. 2004). Trials were excluded if they: 1394 

 focused on the use of a clinical pathway without reference to the 1395 

organisation of care or the skills and knowledge of healthcare professionals 1396 

or 1397 

 related to the management of an acute painful sickle cell episode in the 1398 

community.  1399 
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Several papers did not report any statistical analyses, but results are 1400 

summarised in the GRADE profile for those that did. Mean differences were 1401 

not calculated in papers where the standard deviation (SD) was not reported. 1402 

There was limited pooling because there was heterogeneity across the 1403 

included studies. Where meta-analysis was possible, a forest plot is also 1404 

presented (see appendix E). A single GRADE table is presented for this 1405 

review question. 1406 

 1407 
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Table 28 Summary of included studies for settings and skills for managing an acute painful sickle cell episode 1408 

Author (year) Patients Intervention Comparator Location Follow-up 

Day hospital compared with inpatient setting 

Raphael et al. 
(2008) 

70 children with 
vaso-occlusive 
crisis 

HCPs include haematology/oncology 
physician or nurse practitioner; pain 
management protocol used 

HCPs include paediatric emergency medicine 
physicians, and general paediatricians once 
admitted; same pain management protocol as 
in day hospital group 

USA 7 years (covers 
care from 2000 to 
2006); only one 
admission per 
patient 

Benjamin et al. 
(2000) 

2554 adult visits to 
day hospital and 
2612 ED visits 

 

HCPs include day hospital physicians; 
treatment protocol used 

Treated in ED and followed by physicians not 
associated with the day hospital 

USA 5 years (1989–
1993) 

Wright et al. 
(2004) 

440 episodes of 
severe pain in 89 
adult patients over 
5 years  

Day unit staff (including nurse specialist, 
psychologist, nursing auxiliary, receptionist, 
social worker and consultant haematologist); 
protocol used 

Pre-unit conditions not reported UK 5 years (2 years 
pre-unit set up and 
3 years post-unit 
set up) 

Assessing outcomes before and after introducing a sickle cell intervention in hospital 

Frei-Jones et al. 
(2009) 

124 children with 
SCD pain  

 

Education for all hospital house staff 
physicians about pain management 
(provided by physician with expertise in 
SCD); education for patients/ caregivers; 
protocol used 

Patients with SCD pain 1 year before the 
intervention; pain management protocol was 
used in only 32% of patients (51/159) 

USA Assessed during 
intervention 
(6 months), pre-
intervention and 
after end of 
educational 
component  

Adam-Graves et 
al. (2008) 

Patient 
characteristics not 
reported 

Dedicated inpatient SCD unit; education for 
staff; direct admissions from home; protocol 
used 

Patients presented to either ED or the 
outpatient sickle cell centre 

USA 9 years (1999 to 
2007); specialised 
unit set up in 2004 

Jamison and 
Brown (2008) 

204 patients 
admitted with acute 
painful sickle cell 
episode 

 

Admitted to oncology (dedicated area); 
education for staff; protocol used 

Before establishing this programme, patients 
were placed on various departments of the 
hospital, but most often admitted through ED 

USA 2 years (1 year 
pre-intervention 
and 1 year post-
intervention)  

Mitchell et al. 
(2002) 

122 admissions in 
27 patients  

Education for staff; HCPs included case 
manager to coordinate care for all sickle cell 

Care in ED and hospital setting USA 1 year (6 months 
pre-intervention 
and 6 months 
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Author (year) Patients Intervention Comparator Location Follow-up 

inpatients; protocol used post-intervention) 

Montanez and 
Berland (2002) 

110 adults admitted 
with an acute 
painful sickle cell 
episode 

 

HCPs included multidisciplinary pain team 
(pain specialist, haematologist, clinical 
pharmacologist and two internists); pain 
team functioned as case management team; 
education for staff provided by the pain team; 
protocol used 

Patients admitted to ED or inpatient medical 
services 

USA 17 months 
(7 months pre-
intervention, 
7 months of 
intervention, 
3 months post-
intervention) 

Abbreviations: ED, emergency department; HCP, healthcare professional; SCD, sickle cell disease. 

 1409 

Table 29 GRADE table for settings and skills for managing an acute painful sickle cell episode 1410 

Quality assessment No. of patients 

Effect/outcome 

 
Quality 

No. of 
studies 

Design Risk of bias Inconsistency Indirectness Imprecision 
Other 
considerations 

Day 
hospital/post-
intervention 
setting  

Inpatient/ 
pre-
intervention 
setting  

Mean LOS (days) in children treated in day hospital compared with inpatient setting 

1 (Raphael et 
al. 2008) 

observational 
study 

no serious 
risk of bias** 

no serious 
inconsistency 

serious
1
 serious

2
  none 35 patients 35 patients Multivariate analysis* showed 

a statistically significant 39% 
reduction in average LOS in 
day hospital admissions 
compared with inpatient 
admissions (RR 0.61, 95% CI 
0.46 to 0.81, p = 0.0006). 

Very 
low  

Mean LOS (hours) in adults treated in day hospital compared with ED 

1 (Benjamin 
et al. 2000) 

observational 
study 

serious
3
 no serious 

inconsistency 
serious

1
 serious

4
 none 2554 visits 2612 visits Mean LOS tended to be 

lower in the day hospital 
setting (4.5 hours, range 2 to 
7 hours) compared with the 

Very 
low 
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Quality assessment No. of patients 

Effect/outcome 

 
Quality 

No. of 
studies 

Design Risk of bias Inconsistency Indirectness Imprecision 
Other 
considerations 

Day 
hospital/post-
intervention 
setting  

Inpatient/ 
pre-
intervention 
setting  

ED (13 hours, range 
11 minutes to 90 hours). 

1 (Benjamin 
et al. 2000) 

observational 
study 

serious
3
 no serious 

inconsistency 
serious

1
 NA none 2554 visits 2612 visits Regardless of whether 

patients were admitted 
through day hospital or ED, 
LOS in patients followed by 
day hospital physicians with 
the assistance of house staff 
was reduced from 9.3 days in 
the first year to an average of 
7.3 days in the fifth year, 
while LOS in patients 
followed by non-day-hospital 
staff remained unchanged. 

Very 
low 

Mean LOS (days) in children treated during and after implementation of SCD programme 

1 (Frei-Jones 
et al. 2009) 

observational 
study 

no serious 
risk of bias 

serious
5
 serious

1
 serious

2
 none 89 admissions 85 

admissions 
Mean LOS was significantly 
higher after the intervention 
compared with during the 
intervention (5 compared with 
4 days, p = 0.03, 95% CI 
−1.8 to −0.1). 

Very 
low 

Mean LOS (days) in adults treated before and after implementation of SCD programme   

2 (Jamison 
and Brown 
2008, Mitchell 
et al. 2002) 

observational 
study 

serious
3
 no serious 

inconsistency 
serious

1
 serious

2
 none 156 

admissions 
170 
admissions 

Mean LOS tended to be 
lower in the post-intervention 
groups (3.8 and 6.3 days) 
compared with the pre-
intervention groups (4.9 and 
8.7 days).  

Very 
low 
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Quality assessment No. of patients 

Effect/outcome 

 
Quality 

No. of 
studies 

Design Risk of bias Inconsistency Indirectness Imprecision 
Other 
considerations 

Day 
hospital/post-
intervention 
setting  

Inpatient/ 
pre-
intervention 
setting  

1 (Montanez 
and Berland 
2002) 

observational 
study 

serious
3
 no serious 

inconsistency 
serious

1
 serious

2
 none 13 patients 

admitted 
57 patients 
admitted 

Mean LOS was significantly 
lower in the post-intervention 
group (2.8 days, range 1–5 
days) compared with during 
the intervention (4.7 days, 
range 1–14 days, p = 0.05). 
Mean LOS also tended to be 
lower in the post-intervention 
group compared with the pre-
intervention group (5.5 days, 
range 1–17 days)***. 

Very 
low 

Mean pain score at discharge in children treated before and after implementation of SCD programme 

1 (Frei-Jones 
et al. 2009) 

observational 
study 

no serious 
risk of bias 

no serious 
inconsistency 

serious
1
 serious

2
 none 89 admissions 85 

admissions 
Mean pain score at discharge 
was significantly lower in the 
post-intervention group (1.9) 
compared with the pre-
intervention group (3.3, p = 
0.003, 95% CI 0.3 to 1.5). 

Very 
low 

Average change in pain score at discharge in children treated before and after implementation of SCD programme 

1 (Frei-Jones 
et al. 2009) 

observational 
study 

no serious 
risk of bias 

no serious 
inconsistency 

serious
1
 serious

2
 none 89 admissions 85 

admissions 
Mean change in pain score at 
discharge was significantly 
higher in the post-intervention 
group (6.4) compared with 
the pre-intervention group 
(5.3, p = 0.02, 95% CI −2.1 to 
−0.15). 

Very 
low 
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Quality assessment No. of patients 

Effect/outcome 

 
Quality 

No. of 
studies 

Design Risk of bias Inconsistency Indirectness Imprecision 
Other 
considerations 

Day 
hospital/post-
intervention 
setting  

Inpatient/ 
pre-
intervention 
setting  

Severity of pain on day 2 (no pain, mild, moderate or severe) in adults treated before and after implementation of SCD programme 

1 (Montanez 
and Berland 
2002) 

observational 
study 

serious
3
 no serious 

inconsistency 
serious

1
 serious

2
 none 13 patients 

admitted 
57 patients 
admitted 

The percentage of patients 
with severe pain (8% 
compared with 23%) and 
moderate pain (31% 
compared with 38%) tended 
to be lower in the post-
intervention group. The 
percentage of patients with 
mild pain (54% compared 
with 33%) and no pain (7% 
compared with 5%) tended to 
be higher in the post-
intervention group. However, 
these differences were not 
statistically significant (p > 
0.05). 

Very 
low 

Mean time to pain relief (hours) in children treated before and after implementation of SCD programme 

1 (Montanez 
and Berland 
2002) 

observational 
study 

serious
3
 no serious 

inconsistency 
serious

6
 serious

2
 none 10 patients 29 patients 

during the 
intervention 
period 

Mean time to pain relief 
decreased from 27.4 hours 
during the intervention period 
to 7 hours during the post-
intervention period (p < 
0.08)***. 

Very 
low 

Admission rates in adults treated in day hospital compared with ED 

Wright et al. 
(2004) 

observational 
study 

serious
3
 no serious 

inconsistency 
no serious 
indirectness 

no serious 
imprecision 

none 444 patients 
with SCD 

280 patients 
with SCD 

There was a significant 
reduction in the rate of 
admissions per patient in the 
day hospital compared with 

Very 
low 



DRAFT 

Acute painful sickle cell episode NICE clinical guideline DRAFT (February 2012)      Page 115 of 168 

Quality assessment No. of patients 

Effect/outcome 

 
Quality 

No. of 
studies 

Design Risk of bias Inconsistency Indirectness Imprecision 
Other 
considerations 

Day 
hospital/post-
intervention 
setting  

Inpatient/ 
pre-
intervention 
setting  

ED (rate ratio 0.35, 95% CI 
0.3 to 0.4, p < 0.001) 

1 (Benjamin 
et al. 2000) 

observational 
study 

serious
3
 no serious 

inconsistency 
serious

1
 no serious 

imprecision 
none 2033 visits 1818 visits There was a significant 81% 

reduction in admissions in 
patients treated in the day 
hospital compared with the 
ED (RR 0.19, 95% CI 0.16 to 
0.23)  

Very 
low 

Admission rates in adults treated before and after implementation of SCD programme 

2 (Mitchell et 
al. 2002; 
Montanez and 
Berland 2002) 

observational 
studies 

serious
3
 no serious 

inconsistency 
serious

1
 serious

7 
 none 59 admissions 132 

admissions 
The meta-analysis showed a 
significant 31% reduction in 
admission in the post-
intervention group compared 
with the pre-intervention 
group (RR 0.69, 95% CI 0.54 
to 0.88) 

Very 
low 

Readmission at 48 hours in children treated in day hospital compared with inpatient setting 

1 (Raphael et 
al. 2008) 

observational 
study 

no serious 
risk of bias** 

no serious 
inconsistency 

serious
1
 serious

7
 none 35 patients 35 patients Two patients were readmitted 

at 48 hours in the day 
hospital group compared with 
no patients in the inpatient 
group (RR 5.00, 95% CI 0.25 
to 100.53)  

Very 
low 

Readmission within 30 days in children treated before and after implementation of SCD programme 

1 (Frei-Jones 
et al. 2009) 

observational 
study 

no serious 
risk of bias 

no serious 
inconsistency 

serious
1
 serious

7
 none 89 admissions 85 

admissions 
Readmission rate within 
30 days was significantly 
lower for children admitted 

Very 
low 
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Quality assessment No. of patients 

Effect/outcome 

 
Quality 

No. of 
studies 

Design Risk of bias Inconsistency Indirectness Imprecision 
Other 
considerations 

Day 
hospital/post-
intervention 
setting  

Inpatient/ 
pre-
intervention 
setting  

during the intervention period 
than during the control period 
(11% compared with 28%, p 
< 0.002, 95% CI 0.1 to 0.6) 

Readmission rate within 30 days for admissions post-intervention (after end of educational intervention) 

1 (Frei-Jones 
et al. 2009) 

observational 
study 

no serious 
risk of bias 

no serious 
inconsistency 

serious
1
 serious

7
 none 89 admissions 85 

admissions 
The significant reduction in 
30-day readmission rate for 
children admitted with SCD 
pain during the educational 
intervention disappeared, 
with overall 30-day 
readmission rate increasing 
from 11% to 19% (33/173), 
compared with a readmission 
rate of 28% (44/159) in the 
previous year (p = 0.06, 95% 
CI 0.4 to 1) 

Very 
low 

Patient satisfaction in adults treated before and after implementation of intervention 

1 (Jamison 
and Brown 
2008) 

observational 
study 

serious
3
 no serious 

inconsistency 
serious

1
 serious

7
 none 18 patients who frequently 

sought treatment at the 
study hospital and/or 
attended support group 
meetings 

Overall satisfaction tended to 
increase after the new 
programme was implemented 
(0% of patients provided 
‘good’ and ‘very good’ ratings 
pre-intervention and this 
increased to 50% for each 
category post-intervention)  

Very 
low 

Abbreviations: SCD, sickle cell disease; LOS, length of stay; RR, relative risk; 95% CI, 95% confidence interval 

* Adjusted for sickle cell type, pain score and age. 
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Quality assessment No. of patients 

Effect/outcome 

 
Quality 

No. of 
studies 

Design Risk of bias Inconsistency Indirectness Imprecision 
Other 
considerations 

Day 
hospital/post-
intervention 
setting  

Inpatient/ 
pre-
intervention 
setting  

** Patients in the day hospital and those treated as inpatients received the same pain management protocol. 

*** t-tests were only conducted to compare the mean length of stay and the mean number of hours to pain relief between patients admitted during pathway implementation 
and the post-intervention group. 

NA: no CI is reported so imprecision cannot be assessed. 
1
 Downgrade 1 level: all studies were carried out in the USA where treatment practices may differ. 

2
 Downgrade 1 level: for continuous variables the imprecision criterion was downgraded if the 95% CI crosses the minimal important difference (the GDG agreed that this is 

3 cm for pain ratings using a VAS scale (1–10cm) and 2 days for length of stay) or if the total sample size is less than 400 (rule of thumb from GRADE). 
3
 Downgrade 1 level: studies did not report details of patient characteristics, which may have differed between the groups, and patients may have received different care. 

4
 Downgrade 1 level: no statistical analyses were conducted to compare outcomes. 

5
 Frei-Jones et al. (2009) found a significant increase in mean length of stay in the post-intervention group and no plausible explanation was reported. 

6
 Downgrade 1 level: the non-specialist setting used for this outcome was assessed during the intervention period rather than a pre-intervention period. 

7
 Downgrade 1 level: for binary variables the imprecision criterion was downgraded if the 95% CI crosses the threshold for ‘appreciable benefit’ or ‘appreciable harm’ (defined 

as a relative risk reduction or relative risk increase greater than 25%) or if the total number of events is less than 300 (rule of thumb from GRADE). 

 1411 

See appendix E for the evidence tables in full. 1412 

 1413 
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2.4.3 Evidence statements  1414 

For details of how the evidence is graded, see ‘The guidelines manual’. 1415 

Mean length of stay (LOS): day hospital compared with inpatient setting 1416 

2.4.3.1 Very-low-quality evidence from one observational study with 70 1417 

children showed a statistically significant 39% reduction in average 1418 

LOS for day hospital admissions compared with inpatient 1419 

admissions (relative ratio of average length of stay 0.61, 95% CI 1420 

0.46 to 0.81, p = 0.0006). 1421 

In this study (Raphael et al. 2008), both groups of children were 1422 

treated using the same pain management protocol. The setting 1423 

differed with respect to the type of healthcare professionals 1424 

providing care and the procedures, facilities and environment 1425 

associated with day hospitals and inpatient care. A multivariate 1426 

logistic regression analysis was carried out, with hospital admission 1427 

type as the predictor of interest. The ratios of average length of 1428 

stay were calculated for each variable relative to the baseline 1429 

group. For hospital admission type the baseline was inpatient 1430 

admission. 1431 

2.4.3.2 Very-low-quality evidence from one observational study with 5166 1432 

adult visits showed that mean LOS tended to be lower in the day 1433 

hospital setting (4.5 hours, range 2 to 7 hours) compared with the 1434 

ED (13 hours, range 11 minutes to 90 hours). 1435 

2.4.3.3 Very-low-quality evidence from one observational study with 5166 1436 

adult visits showed that, regardless of whether patients were 1437 

admitted through the day hospital or ED, LOS in patients followed 1438 

by day hospital physicians with the assistance of house staff was 1439 

reduced from 9.3 days in the first year to an average of 7.3 days in 1440 

the fifth year, while LOS in patients followed by non-day-hospital 1441 

staff remained unchanged. 1442 

http://www.nice.org.uk/GuidelinesManual
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In this study (Benjamin et al. 2000), the day hospital provided care 1443 

for patients with uncomplicated painful episodes. Comparisons 1444 

were made with the portion of the population admitted through the 1445 

ED that was comparable with the population with uncomplicated 1446 

painful episodes.  1447 

Mean length of stay (LOS) after implementation of a sickle cell disease 1448 

intervention in a hospital setting 1449 

2.4.3.4 Very-low-quality evidence from one observational study of 174 child 1450 

admissions showed that mean LOS was significantly higher after 1451 

the intervention compared with during the intervention (5 compared 1452 

with 4 days, p = 0.03, 95% CI −1.8 to −0.1). 1453 

2.4.3.5 Very-low-quality evidence from two observational studies with 326 1454 

adult admissions showed that mean LOS tended to be lower in the 1455 

post-intervention groups (3.8 and 6.29 days) compared with the 1456 

pre-intervention groups (4.9 and 8.7 days). 1457 

Both studies provided education for staff and a pain management 1458 

protocol as part of the intervention. One study (Jamison and Brown 1459 

2008) also provided admission to the oncology department with 1460 

nurses who have experience of pain management for 1461 

haematologically similar conditions. The other study (Mitchell et al. 1462 

2002) included a case manager coordinating care for all patients 1463 

with sickle cell disease. 1464 

2.4.3.6 Very-low-quality evidence from one observational study of 70 adult 1465 

patients admitted showed that mean LOS was significantly lower in 1466 

the post-intervention group (2.8 days, range 1–5 days) compared 1467 

with during the intervention (4.7 days, range 1–14 days, p = 0.05), 1468 

and the mean LOS tended to be lower in the post-intervention 1469 

group than in the pre-intervention group (5.5 days, range 1–1470 

17 days). 1471 

In this study (Montanez and Berland 2002), as well as providing 1472 

education for staff and a pain management protocol, the 1473 
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intervention also involved a pain team (pain specialist, 1474 

haematologist, clinical pharmacologist and internists) which 1475 

functioned as a case management team and participated in care. 1476 

The team members remained available for informal consultation 1477 

and education after the intervention period 1478 

Pain after implementation of a sickle cell disease intervention in a 1479 

hospital setting 1480 

2.4.3.7 Very-low-quality evidence from one observational study of 174 child 1481 

admissions showed that the mean pain score at discharge was 1482 

significantly lower in the intervention group (1.9) compared with the 1483 

control group (3.3) (p = 0.003, 95% CI 0.3 to 1.5)  1484 

2.4.3.8 Very-low-quality evidence from one observational study of 174 child 1485 

admissions showed that mean change in pain score at discharge 1486 

was significantly higher in the intervention group (6.4) compared 1487 

with the control group (5.3) (p = 0.02, 95% CI −2.1 to −0.15)  1488 

This study (Frei-Jones et al. 2009) used the 10-cm visual analogue 1489 

scale, the Wong Baker FACES scale or the modified Children’s 1490 

Hospital of Eastern Ontario Pain Scale to assess pain in children. 1491 

2.4.3.9 Very-low-quality evidence from one observational study of 70 adult 1492 

patients admitted showed that the percentages of patients with 1493 

severe pain (8% compared with 23%) and moderate pain (31% 1494 

compared with 38%) tended to be lower in the post-intervention 1495 

group compared with the pre-intervention group. The percentages 1496 

of patients with mild pain (54% compared with 33%) and no pain 1497 

(7% compared with 5%) tended to be higher in the post-intervention 1498 

group. However, these differences were not statistically significant 1499 

(p > 0.05). 1500 

This study (Montanez and Berland 2002) used a standard 1501 

questionnaire to assess pain.  1502 
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2.4.3.10 Very-low-quality evidence from one observational study with 39 1503 

children showed a reduction in mean time to pain relief in the post-1504 

intervention period compared with the intervention period, but this 1505 

was not statistically significant (p < 0.08).  1506 

Admission rates: day hospital compared with inpatient setting 1507 

2.4.3.11 Very-low-quality evidence from one observational study of 440 1508 

episodes of severe pain showed that the rate of admission per 1509 

patient in the day hospital was significantly lower compared with 1510 

that in the ED (rate ratio 0.35, 95% CI 0.3 to 0.4, p < 0.001). 1511 

This study (Wright et al. 2004) was conducted in the UK and 1512 

compared the experience of the population of patients with sickle 1513 

cell disease for 2 years before and for 2 years after the unit was set 1514 

up. 1515 

2.4.3.12 Very-low-quality evidence from one observational study of 3851 1516 

visits for uncomplicated pain episodes showed a significant 81% 1517 

reduction in admission for patients treated in the day hospital 1518 

compared with the ED (RR 0.19, 95% CI 0.16 to 0.23). 1519 

Admission rates after implementation of a sickle cell disease 1520 

intervention in a hospital setting 1521 

2.4.3.13 Very-low-quality evidence from two observational studies with 191 1522 

admissions showed a significant 31% reduction in admissions in 1523 

the post-intervention group compared with the pre-intervention 1524 

group (RR 0.69, 95% CI 0.54 to 0.88). 1525 

In these two studies (Mitchell et al. 2002; Montanez and Berland 1526 

2002), case management formed part of the intervention. 1527 

Readmission: day hospital compared with inpatient setting 1528 

2.4.3.14 Very-low-quality evidence from one observational study of 70 1529 

children showed no statistical difference in readmission at 48 hours 1530 

between the two groups (day hospital = 2 patients, 1531 

inpatient = 0 patients; RR 5.00, 95% CI 0.25 to 100.53).  1532 



DRAFT 

Acute painful sickle cell episode NICE clinical guideline DRAFT (February 2012) 
     Page 122 of 168 

Readmission after implementation of a sickle cell disease intervention in 1533 

a hospital setting 1534 

2.4.3.15 Very-low-quality evidence from one observational study with 174 1535 

child admissions showed that the readmission rate within 30 days 1536 

was significantly lower for children admitted during the intervention 1537 

period than for those admitted during the control period (11% 1538 

compared with 28%, p < 0.002, 95% CI 0.1 to 0.6). 1539 

2.4.3.16 Very-low-quality evidence from one observational study with 174 1540 

child admissions showed that the significant reduction in the 30-day 1541 

readmission rate for children admitted with an acute painful episode 1542 

during the educational intervention disappeared once the 1543 

intervention had stopped, with the overall 30-day readmission rate 1544 

increasing from 11% to 19% (33/173), compared with 28% (44/159) 1545 

in the previous year (p = 0.06, 95% CI 0.4 to 1.0). The effect was 1546 

no longer statistically significant 6 months after removing the 1547 

education component. 1548 

In this study (Frei-Jones et al. 2009), the educational component of 1549 

the intervention involved monthly education about sickle cell pain 1550 

for hospital house staff, as well as patient and carer education. 1551 

Patient satisfaction in adults treated before and after implementation of 1552 

an intervention 1553 

2.4.3.17 Very-low-quality evidence from one observational study with 18 1554 

adult patients showed that overall satisfaction tended to increase 1555 

after the new programme was implemented (0% of patients 1556 

provided ‘good’ and ‘very good’ ratings pre-intervention, which 1557 

increased to 50% for each category post-intervention). 1558 

In this study (Jamison and Brown 2008), patient satisfaction was 1559 

measured using a 5-point Likert scale. The survey tools were 1560 

evaluated by five healthcare professionals involved directly in the 1561 

programme development. 1562 



DRAFT 

Acute painful sickle cell episode NICE clinical guideline DRAFT (February 2012) 
     Page 123 of 168 

2.4.4 Health economics 1563 

This is a summary of the analysis carried out for this review question. See 1564 

appendix F for full details of the economic analyses carried out for the 1565 

guideline. 1566 

Methods 1567 

No data are available on health-related quality of life (HRQoL) and other 1568 

patient benefits that may be provided by the daycare setting. Therefore, to 1569 

explore the economic impact of dedicated sickle cell centres from an NHS 1570 

perspective, an exploratory cost-minimisation analysis was conducted based 1571 

on the data reported in the before-and-after study of Wright et al. (2004) (see 1572 

section 2.4.2). To do this, equivalent effectiveness was assumed between a 1573 

daycare-based strategy and one consisting of presentation at the emergency 1574 

department and hospital ward admission. 1575 

Costs 1576 

The cost of hospital admission for an acute painful sickle cell episode was 1577 

estimated using the same NHS Reference Cost 2010/11 values applied in our 1578 

cost–utility model (see appendix F). Weighted averages of costs recorded in 1579 

four ‘department’ categories and three ‘currency’ codes were used. The 1580 

estimated daily cost of treating an episode in a daycare centre was multiplied 1581 

by the average number of daycare centre visits per episode from Wright et al. 1582 

(2004) to obtain the cost per episode of treatment in a daycare centre. Those 1583 

who started treatment in a daycare centre but eventually required admission 1584 

to hospital within 7 days – described as ‘failure of daycare’ by Wright et al. 1585 

(2004) – incurred both the cost of daycare treatment and the cost of hospital 1586 

admission (31% of hospital admissions were ‘daycare failures’). 1587 

To calculate the cost savings per episode of starting treatment at a daycare 1588 

centre, the ‘cost per episode treated in the daycare centre (including daycare 1589 

failures)’ was subtracted from the ‘expected cost per episode of hospital 1590 

admission (assuming no daycare failures)’. A detailed description of the 1591 

calculations used to derive these estimates can be found in appendix F.  1592 
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To provide validation for this calculation, current pay rates (PSSRU 2011) 1593 

were applied to the annual staff input reported by Wright et al., in order to 1594 

calculate the cost per case treated in a sickle cell daycare centre, assuming 1595 

that the number of cases and staff requirement remained the same as that 1596 

estimated in 2003. 1597 

Results 1598 

The results (Table 30) suggest that dedicated sickle cell daycare centres may 1599 

provide cost savings of around £800 per episode for children and £1100 per 1600 

episode for adults, primarily by reducing the need for hospital admission.  1601 

Table 30 Cost-minimisation analysis of a dedicated sickle cell daycare 1602 

centre 1603 

 Derivation Children Adults 

NHS Reference Costs Codes  PA47Z SA10E & 
SA10F 

Weighted average cost of combined day cases and 
short stay 

a £565 £430 

Average day centre visits per episode b 1.53 1.53 

Observed mean cost per episode treated in daycare 
centre 

c = a × b £864 £658 

Observed mean cost of long-stay admission d £2504 £2576 

Proportion of patients on admission who are 
daycare failures 

e 0.31 0.31 

Expected cost per episode of long-stay admissions 
without daycare centres 

f = d − (c × e) £2236 £2372 

Expected cost per episode for daycare failures g = f + c £3100 £3030 

Proportion of daycare centre patients who become 
daycare failures 

h 0.25 0.25 

Total cost per patient treated in daycare centre 
(including daycare failures) 

i =c + (f × h) £1423 £1251 

Cost saving per patient treated at daycare centre f – i £813 £1121 

The updated annual staffing cost based on the structure reported by Wright et 1604 

al. (2004) suggested that the cost per episode of treatment in a daycare 1605 

centre is about £974. This is somewhat higher than the figure estimated in the 1606 

analysis of the NHS Reference cost data.  1607 

Discussion 1608 

Overall, the analyses suggest that treating acute painful sickle episodes in 1609 

dedicated sickle cell daycare centres would be associated with cost savings, 1610 

primarily as result of a reduction in the need for hospital ward admission.  1611 
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The updated staff costs based on the structure reported by Wright et al. 1612 

(2004) suggest that daycare centres may be somewhat more expensive on a 1613 

per-episode level than estimated in our analysis (£974 per episode, compared 1614 

with £658–864). However, GDG opinion suggests that the staffing 1615 

requirement set out by Wright et al. is a generous one: it is likely that most 1616 

sickle cell daycare centres operating in the NHS and contributing data to the 1617 

NHS Reference Costs have a lower full-time equivalent staffing level. 1618 

Furthermore, it was reported in the study by Wright et al. – and substantiated 1619 

by the GDG – that daycare centre staff were also engaged in other services 1620 

(such as blood transfusion for people with thalassaemia), suggesting that the 1621 

costs may have been overestimated. Therefore, it is to be expected that an 1622 

estimate of costs derived from the Reference Costs will be somewhat lower. 1623 

Moreover, even if the updated staffing costs were used in the cost-1624 

minimisation analysis as an estimate of the costs to the NHS of a daycare-1625 

centre episode, positive cost savings would still be associated with the use of 1626 

daycare centres.  1627 

However, it should be noted that this analysis did not take into account the 1628 

set-up costs of units, which will be extremely variable, depending on the 1629 

extent and nature of current provision in each locality, as well as the size of 1630 

the population that is expected to benefit from the facility. 1631 

2.4.5 Evidence to recommendations 1632 

Relative value of 
different 
outcomes 

Admission rate and mean length of stay were considered to be 
important outcomes, and drove the GDG discussions and 
recommendations. 

The GDG agreed that where statistical testing was not reported, the 
overall direction of trends appeared to show a beneficial effect after a 
sickle cell intervention (this may involve education for staff, a pain 
protocol or other specialised input) that would be clinically important.  

Trade off 
between benefits 
and harms 

The GDG recognised that there are geographical areas where there 
is a high prevalence of sickle cell disease, and that the demand for 
treatment and management differs across England and Wales. The 
GDG agreed that daycare facilities are not necessarily already in 
place in low-prevalence areas, and models of care would need to 
reflect differing demands and potential changes in prevalence.  

The GDG discussed the structure and nature of a daycare setting 
and suggested that this may facilitate a high concentration of 
expertise and education. It was agreed that providing training and 
protocols to staff in emergency departments would increase the 
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quality of care received by patients compared with current practice, 
and this is reflected in the evidence. It was also proposed that the 
quality of care may be increased further if these interventions are 
carried out in a daycare setting.  

The GDG agreed that education of healthcare professionals needs to 
be regular and ongoing, because the evidence shows that reductions 
in readmission rates were not significant when the educational 
component was removed.  

Economic 
considerations 

Very limited evidence was available to explore the economic impact 
of providing daycare facilities (see ‘Quality of evidence’, below). An 
exploratory cost-minimisation analysis based on the UK data 
reported by Wright et al. (2004) suggested that, by reducing the 
requirement for hospital inpatient care, daycare units may provide 
cost savings of up to £1000 per episode. However, this analysis was 
unable to account for the set-up costs of units, which will be 
extremely variable, depending on the extent and nature of current 
provision in each locality, as well as the size of the population that is 
expected to benefit from the facility.  

Quality of 
evidence  

The GDG agreed that, overall, the evidence was of very low quality. 
However, it was also acknowledged that it would not be possible to 
conduct a blinded RCT for this question. 

The GDG discussed the value of a body of evidence in other areas 
that suggests that providing specialist care is in general beneficial 
compared with non-specialist care, and agreed that this could be 
applied to patients with sickle cell disease. 

The GDG noted that many of the studies were conducted in the USA, 
where facilities and clinical practice may differ from those in the UK. 
The GDG discussed the value of the UK-based study (Wright et al. 
2004) and felt that evidence from that study was more generalisable 
than that from the other studies.  

Other 
considerations 

The GDG discussed the treatment of children presenting to hospital 
with an acute painful sickle cell episode and agreed that specialist 
healthcare professionals caring for adults and children would differ. 
For adults these would include haematologists, pain specialists and 
other healthcare professionals with expertise in sickle cell disease. 
For children these will include paediatricians who have haematology 
as a sub-speciality.  

The GDG also discussed the treatment of pregnant women and 
agreed that there is generally little difference in the management of 
an acute painful sickle cell episode in women who are pregnant 
compared with those who are not pregnant. However, it was agreed 
that in all cases it will be necessary to seek advice from the 
obstetrics team. 

 1633 
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2.4.6 Recommendations and research recommendations for 1634 

settings and skills for managing an acute painful sickle 1635 

cell episode  1636 

Recommendations 1637 

Settings and training 

Recommendation 1.1.22 

All healthcare professionals who care for patients with an acute painful sickle 

cell episode should receive regular training, with topics including: 

 pain monitoring and relief 

 the ability to identify potential acute complications 

 attitudes towards and preconceptions about patients presenting with an 

acute painful sickle cell episode. 

Recommendation 1.1.23  

Where available, use daycare settings in which staff have specialist 

knowledge and training for the initial assessment and treatment of patients 

presenting with an acute painful sickle cell episode. 

Recommendation 1.1.24  

All healthcare professionals in emergency departments who care for patients 

with an acute painful sickle cell episode should have access to locally agreed 

protocols and specialist support from designated centres. 

Recommendation 1.1.25  

Patients with an acute painful sickle cell episode should be cared for in an 

age-appropriate setting. 

Recommendation 1.1.26  

For pregnant women with an acute painful sickle cell episode, seek advice 

from the obstetrics team and refer when indicated. 

 1638 
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Research recommendations  1639 

See appendix B for full details of research recommendations. 1640 

Research recommendation B5 

Are daycare units cost effective compared with emergency settings for 

treating patients with an acute painful sickle cell episode? 

 1641 

2.5 Information and support needs of patients and their 1642 

carers during an acute painful sickle cell episode 1643 

2.5.1 Review question 1644 

What information do people need during an acute painful sickle cell episode?  1645 

2.5.2 Evidence review  1646 

This review question considered the information and support needs of patients 1647 

and their family members and/or carers during an acute painful sickle cell 1648 

episode. From a database of 5534 studies, 69 articles were ordered. A further 1649 

two articles (Shelley B 2011; Strickland et al. 2001) were identified from a 1650 

systematic review, leaving a total of 71 papers for consideration.  1651 

Studies were considered for inclusion if they were related to an acute painful 1652 

sickle cell episode within the hospital setting and covered education, patient 1653 

experiences and/or information needs. As the scope of the guideline 1654 

considered the management of sickle cell episodes in hospital, any paper that 1655 

focused on management of an acute painful episode at home was excluded. 1656 

There was no restriction on study design, although only full papers were 1657 

eligible for inclusion. For a full list of excluded papers for this review question, 1658 

see appendix D. 1659 

Ten full-text articles from nine primary studies met the eligibility criteria and 1660 

were included in the final review (Alleyne and Thomas 1994; Booker et al. 1661 

2006; Harris et al. 1998; Johnson 2003; Lattimer et al. 2010; Maxwell et al. 1662 

1999a; Maxwell et al. 1999b; Mitchell et al. 2007; Murray and May 1988; 1663 
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Waters and Thomas 1995). All of the included studies were qualitative in 1664 

design (incorporating patient focus groups and/or interviews) or patient 1665 

questionnaires, or a mix of the two designs.  1666 

The quality of all included studies was assessed using appropriate 1667 

methodology checklists. The qualitative designs were assessed by using the 1668 

relevant NICE methodology quality appraisal checklist. There is currently no 1669 

checklist available for the assessment of survey or questionnaire designs. 1670 

Therefore a checklist originally published in the British Medical Journal was 1671 

modified to aid the quality assessment of these studies. (See appendix E for a 1672 

copy of this checklist.)  1673 

Because GRADE methodology has not yet been adapted for use with 1674 

qualitative studies, a thematic analysis was undertaken. All of the included 1675 

studies were initially screened to identify common key themes and issues 1676 

relating to patient experiences during admission for an acute painful sickle cell 1677 

episode. The evidence was then further explored to identify common 1678 

subthemes across all 10 papers. All papers were then re-examined to ensure 1679 

that all relevant key themes and subthemes were extracted. These key 1680 

themes and subthemes were then used to identify the information and support 1681 

needs of patients and their carers during an acute painful sickle cell episode in 1682 

hospital. 1683 

Quality assessment 1684 

Two studies were considered to provide a thorough reporting of the study 1685 

design, data collection, validity and reliability of the research findings. The 1686 

majority of the reviewed papers did, however, have some limitations. The 1687 

main sources of bias were identified with study validity. Most papers did not 1688 

adequately report the role of the researcher or consider the impact this could 1689 

have upon participants’ responses. Additionally, several papers did not 1690 

describe the settings and context in which the research was undertaken in 1691 

great detail. Any study-specific limitations identified by the quality assessment 1692 

are included within the summary of included studies table (table 7). 1693 



DRAFT 

Acute painful sickle cell episode NICE clinical guideline DRAFT (February 2012) 
     Page 130 of 168 

The key themes and subthemes identified across all studies are shown within 1694 

a key themes matrix, which provides a more detailed overview of the themes 1695 

and issues identified within each study (table 8). 1696 
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Table 31 Summary of all included studies for identifying information and support needs of patients and carers during an 1697 

acute painful sickle cell episode  1698 

Reference 
Study design 
and aim 

Loca-
tion 

Population  
Recruitment/ 
sample 
collection 

Limitations 

Key themes 

Pain 
management 

Communi-
cation 

Information at 
discharge 

Patient 
support 
needs 

Qualitative designs 

Alleyne 
and 
Thomas 
(1994) 

 

 

 

Design: 
qualitative study 
using semi-
structured 
interviews 

Aim: To 
examine the 
patients’ 
experience of 
pain 
management 
and the 
viewpoint of 
nurses providing 
care 

 

UK Adults 

10 patients 

8 female, 
2 male  

All African- 
Caribbean 
ethnicity 

 

 

Patients were 
recruited from 
adult sickle cell 
support groups 
held at the 
hospital 

All nurses were 
from the 
haematology 
ward 

Lack of reflexivity 
in reporting the 
role of the 
researcher  

Unclear how 
reliable data 
assessment was  

Data analysis 
could have been 
more detailed 

Pain monitoring 

Pain 
management 
methods 

Anxieties 

Involvement and 
control 

Mutual 
exchange 

No information 
related to this 
key theme was 
discussed in 
the study 

 

 

 

 

 

 

  

No information 
related to this 
key theme was 
discussed in 
the study 

Booker et 
al. (2006) 

Design: 
qualitative study 
using focus 
groups 

Aim: to 
understand the 
barriers faced 
by patients in 
managing pain  

UK Adults 

10 patients  

4 female, 
6 male; mean 
age 
32.0 years, 
range 22–
53 years;  

8 African- 
Caribbean, 
1 African, 

Patients were 
randomly 
selected from a 
list of previous 
inpatients 

Purposive 
sampling by 
quota allocation 
ensured a 
balance of ages 
and genders 

Full and clear 
reporting provides 
a thorough outline 
of context and 
findings of 
research 

Pain 
management 
methods 

Anxieties 

Conflict 

Mutual 
exchange 

 

No information 
related to this 
key theme was 
discussed in 
the study 

Psychosocial 
support 
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1 Portuguese 

 

Mixed designs 

Johnson 
(2003) 

Design: mixed 
design using 
focus group and 
questionnaire  

Aim: To collect 
data about 
patients’ 
perceptions of 
using patient-
controlled 
analgesia 

UK Adults 

40 patients 

22 female, 
18 male (age 
range 18–
49 years); 
ethnicity not 
reported 

All adult patients 
with sickle cell 
disease admitted 
during the study 
period who were 
eligible to 
complete the 
questionnaire. 

Patients taking 
part in the focus 
group were 
identified through 
the modal age 
bracket. 

Lack of reflexivity 
in reporting the 
role of the 
researcher 

Unclear how 
reliable data 
assessment was 

Considerations for 
context bias were 
not reported 

The paper could 
have provided 
excerpts from 
focus group  

Pain 
management 
methods 

 

Involvement and 
control 

Conflict 

Mutual exchange 

No 
information 
related to 
this key 
theme was 
discussed in 
the study 

No information 
related to this 
key theme was 
discussed in 
the study 

Maxwell et 
al. (1999), 
Maxwell 
and Bevan 
(1998) 

Design: mixed 
design using 
qualitative 
interview and 
questionnaire  

Aim: To 
examine 
patients’ 
experiences of 
ward and 
services  

UK Adults 

57 patients 

32 female, 
25 male; age 
range 20–
60 years, 
mean age 
34 years;  

29 West 
African, 
26 African-
Caribbean, 
2 other African 

Theoretical 
sampling was 
used to recruit 
patients with 
sickle cell 
disease in the 
Greater London 
area  

Full and clear 
reporting providing 
a thorough 
overview of context 
and findings 

Pain monitoring 

Anxieties 

Involvement and 
control 

Conflict 

Mutual exchange 

Medication 
advice 

Personal 
needs 

Psychosocial 
support 

Harris et 
al. (2008) 

Design: mixed 
design using 
qualitative 
interview, focus 
group and 

UK Adults 

27 patients 

12 female 
(mean age 
30 years, 

Patients were 
previous 
inpatients of the 
haematology 
ward 

Not sure how 
reliable the 
methods were: no 
triangulation 

Considerations for 

Pain 
management 
methods 

Anxieties 

Conflict 

Mutual exchange 

No 
information 
related to 
this key 
theme was 

Psychosocial 
support 
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structured 
questionnaire  

Aim: to compare 
experiences of 
pain and pain 
management in 
patients with 
different 
frequencies of 
hospital 
admissions 

 

range 18–
60 years); 

15 male 
(mean age 
28 years, 
range 21–
35 years); 

All patients 
were African 
or African-
Caribbean 

Only patients 
admitted in the 
previous 
12 months were 
eligible 

 

context bias were 
not reported 

Findings could 
have been more 
thorough  

Ethical 
considerations 
were not reported 

discussed in 
the study 

Mitchell et 
al. (2007) 

Design: mixed 
design using 
focus group and 
questionnaire  

Aim: to assess 
how healthcare 
services can be 
optimised to 
improve 
utilisation by 
patients and 
their families  

USA Parents or 
guardians 
(children) 

53 participants 
representing 
48 children 
with sickle cell 
disease 

 

Parents and 
guardians: 

46 female, 
6 male 

Children: 

24 female, 
24 male; 
mean age 
10.66 years 

All participants 
were African-
American, 
except for one 
white adoptive 
parent 

Participants were 
recruited via 
letters, telephone 
calls and clinic 
visits 

Only parents or 
guardians who 
were living with 
the child and had 
been the primary 
caregiver for at 
least 12 months 
were eligible for 
inclusion 

 

Findings could 
have been more 
thorough  

Ethical 
considerations 
were not reported 
in adequate detail 

No information 
related to this 
key theme was 
discussed in 
the study 

Involvement and 
control 

Mutual exchange 

Medication 
advice 

No information 
related to this 
key theme was 
discussed in 
the study 
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Questionnaire/survey designs 

Waters 
and 
Thomas 
(1995) 

Design: 
qualitative 
questionnaire  

Aim: to identify 
the perceptions 
and 
expectations of 
pain 
management in 
patients and 
nurses 

UK Adults 

9 patients 

3 female, 
6 male; mean 
age 
24.3 years; 
range 17–
28 years) 

17 nurses 
(12 qualified 
nurses , 
5 student 
nurses); 
nurses’ 
demographics 
were not 
reported 

Patients with 
sickle cell 
disease admitted 
to a general 
medical ward  

All nurses were 
from the 
haematology 
ward 

Lack of reflexivity 
in reporting the 
role of the 
researcher. 

Considerations for 
context bias were 
not reported 

Unclear about 
sampling strategy 

Data analysis 
methods were not 
reported 

Ethical 
considerations 
were not reported 

Pain monitoring 

Pain 
management 
methods 

Anxieties 

Involvement and 
control 

 

No 
information 
related to 
this key 
theme was 
discussed in 
the study 

Clinical support 

Psychosocial 
support 

Lattimer et 
al. (2010) 

Design: 
structured 
interviews 
presented in a 
survey design 

Aim: to measure 
the experience 
in hospital of 
patients 
compared with a 
national sample  

USA Adults 

45 patients 

25 female, 

20 male; 
mean age 

31.2 years, 

range 20–
59 years 

 

Patients were 
recruited from the 
emergency 
department and 
adult sickle cell 
and haematology 
outpatient clinics 

Participants from 
this cohort were 
interviewed each 
time they were 
admitted for a 
vaso-occlusive 
crisis 

 

Lack of reflexivity 
in reporting the 
role of the 
researcher 

Considerations for 
context bias were 
not reported 

 

Pain 
management 
methods 

Involvement and 
control 

Mutual exchange 

Personal 
needs 

Psychosocial 
support 

 



DRAFT 

Acute painful sickle cell episode NICE clinical guideline DRAFT (February 2012)      Page 135 of 168 

 1699 

Table 32 Key themes matrix showing common key themes and subthemes for identifying the information and support 1700 

needs of patients and carers during an acute painful sickle cell episode 1701 

 Key themes and subthemes 

Pain management Communication 

 

Information at discharge Patients’ support needs 

Alleyne 
and 
Thomas 
(1994) 

Pain monitoring 

Patients perceived a lack of monitoring of their 
pain severity. Pain monitoring was carried out 
by the more inexperienced nurses. 

Pain management methods 

Pethidine was the most commonly used drug 

Involvement and control 

Patients were not involved in decisions 
about their care.  

Patients thought they were not treated as 
individuals by nurses, but nurses were 
frustrated at being unable to individualise 
care. 

  

Murray 
and May 
(1988) 

Design: 
structured 
questionnaire  

Aim: to collect 
information from 
patients on 
aspects of pain 
episodes 

UK Mixed 
population 
(adults and 
children) 

102 patients 

61 female,  

41 male; age 
range 11–
49 years) 

All patients were 
attending 
haematology 
clinics  

400 
questionnaires 
were distributed 
to the clinics  

Response rate is 
unknown 
(number of 
questionnaires 
given to patients 
is unknown) 

Methods of 
administration and 
distribution were 
inadequately 
reported 

Unclear if an 
existing tool was 
used or a new tool 
was developed  

Unclear how 
potential 
participants were 
identified 

Ethical 
considerations 
were not reported 

Pain 
management 
methods 

Anxieties 

Mutual exchange No 
information 
related to 
this key 
theme was 
discussed in 
the study 

No information 
related to this 
key theme was 
discussed in 
the study 
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but patients reported difficulties in obtaining it. 

Patients’ preferred route of administration was 
by continuous intravenous infusion because it 
was an effective way to control pain, but 
nurses thought it was an unsatisfactory route 
because patients were inclined to ‘fiddle’ with 
the drip and pump. 

Patients had to ask for painkillers and they 
perceived delays in their requests for pain 
relief being fulfilled. 

Patients thought that nurses were reluctant to 
supply adequate pain relief and deliberately 
delayed providing analgesia because they 
misinterpreted requests as ‘drug-seeking’ 
behaviour. 

Anxieties 

Nurses raised concerns about the prolonged 
use of pethidine.  

Nurses were anxious about their own ability to 
control patients’ pain effectively and relied on 
‘trial and error’ methods. 

Nurses worried about pethidine and were 
reluctant to administer it because they doubted 
the genuine nature of patients’ pain. 

Nurses worried that patients would become 
addicted to medication. 

Nurses were concerned about PCA and 
distrusted patients to be responsible enough to 
use it correctly.  

Mutual exchange 

Nurses tried to provide adequate 
explanations to patients about delays in 
their requests for analgesia. 

Patients thought nurses lacked sympathy 
and understanding of their needs. 

 

Booker 
et al. 
(2006) 

Pain management methods 

Patients found that it was difficult to obtain 
painkillers from healthcare professionals. 

Patients were aware that some pain could be 
managed at home with non-prescription 
painkillers, whereas at other times medications 
were only available in hospital. 

Conflict 

Patients likened the relationship with 
healthcare professionals to a battle.  

Patients would actively avoid consulting 
with healthcare professionals while they 
were having an acute painful sickle cell 
episode because of a fear of being 

 Psychosocial support 

Patient anxieties included fear 
of death because of 
complications associated with 
sickle cell disease. 
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Anxieties 

Patients worried about overdosing, high levels 
of analgesia and long-term effects of pain 
medication.  

 

perceived as opioid dependent. 

Patients’ frustration at medication failure 
would be manifested in anger at others 
around them, anger at themselves and 
anger at healthcare professionals. 

Mutual exchange 

Some patients found that it was difficult to 
convince healthcare professionals that 
they were in pain.  

Many patients thought doctors had 
insufficient knowledge of sickle cell 
disease to be able to make suitable 
treatment decisions. 

Johnson 
(2003) 

Pain management methods 

Patients perceived pethidine to be the most 
effective drug but some patients had had 
seizures while using it. 

Patients preferred diamorphine because of the 
more tolerable side effects. 

Patients perceived that the effectiveness of 
PCA was dependent on dosage and the 
administration frequency of the diamorphine 
bolus. 

PCA was thought to have the potential to avert 
long delays for analgesia in emergency 
departments. 

Some patients thought that PCA improved 
pain tolerance because of the predictability of 
dose delivery. 

Patients identified problems with PCA 
functionality (for example, cumbersome and 
immobility of use) and issues associated with 
site infections from cannulae. 

Involvement and control 

Patients favoured PCA because of its 
ability to provide more control of pain relief 
than other modalities. 

Most patients thought that PCA promoted 
timely pain relief. 

Patients thought that PCA provided 
freedom from staff, but the reduced staff 
involvement was thought to be 
disadvantageous, leading to ‘non-existent 
nursing care’. 

Patients did not feel involved in dosing 
decisions. 

Patients thought that PCA usage seemed 
to be dependent on nurses’ choice. 

Conflict 

Some patients felt that they had been 
coerced by nurses to use PCA and that 
PCA was ‘convenient for staff’. 

Mutual exchange 

Some patients thought that nurses were 
inclined to focus attention on the machine 
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and not on the patient. 

Maxwell 
Streetly 
and 
Bevan 
(1999) 

Pain monitoring 

Patients felt that a range of needs, including 
personal care and monitoring of vital signs, 
were neglected. 

Anxieties 

Patients reported that nurses deliberately 
avoided providing painkillers because they 
were scared that patients would become 
addicted. 

 

Involvement and control 

Patients thought that nurses tried to 
control care regimes and would not involve 
patients in decisions. 

Conflict 

Some patients became frustrated and 
angry at the poor communication with care 
providers.  

Some patients who were admitted 
frequently to hospital became verbally or 
physical aggressive because of under-
treatment of pain and poor communication 
with care providers. 

Mutual exchange 

There was a lack of communication in 
provision of tablets, and patients did not 
know they were taking painkillers. 

Patients rely on self-education to tell 
nurses what pain management they need, 
especially in situations where nurses had 
had no previous experience of treating 
with patients with sickle cell disease. 

 Psychosocial support 

Patients reported a failure to 
provide psychosocial support. 
They would have preferred to 
talk to somebody about their 
anxieties – but this was not 
always picked up by the 
healthcare professionals 
providing care. 

Maxwell 
and 
Streetly 
(1998) 
(supple-
mentary 
to the 
above 
study) 

 Involvement and control 

Patients varied in the extent to which they 
were involved in decision-making about 
their care.  

Patients who were used to managing pain 
at home recognised their own ability to 
control their pain and demonstrated 
independence in pain management.  

Patients who were frequently admitted to 
hospital were less likely to be involved in 
their care.  

A small number of patients felt that they 
were unable to exert any control over their 

Medication advice 

Patients reported experiencing 
withdrawal symptoms after 
coming off strong medications.  

Some patients identified the 
need for nursing support (for 
example, dispensation of 
appropriate medication and 
oxygen at home). 

Some patients sought primary 
care support after discharge (for 
example, prescribing of opioids, 
home visits and receiving 
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pain management and relied entirely on 
healthcare professionals to make 
decisions.  

Developing close relationships between 
patients and their healthcare providers 
was thought to contribute to positive 
experiences of care, because staff were 
able to individualise treatment decisions to 
specific patient needs. 

Some patients thought that healthcare 
professionals sometimes exerted control 
by involving family members in treatment 
decisions without the patient’s consent.  

injections and oxygen at home) 

Personal needs 

Physical weakness made it hard 
for patients to undertake daily 
tasks after discharge from 
hospital. 

Some patients found it difficult 
to readjust to independent care.  

Harris et 
al. 
(2008) 

Pain management methods 

Most patients were satisfied with pain control 
in their last admission to hospital.  

The majority of patients received analgesia 
within 15 minutes of arrival at the emergency 
department. 

Some patients would have liked analgesia to 
be provided more promptly. 

Reported methods to cope with pain included 
staying in bed, rocking, positive thinking, 
distraction, rubbing the affected part and 
listening to music.  

Few patients found cognitive therapies to be 
useful. 

Some patients thought nurses were slow to 
provide analgesia. 

Anxieties 

The majority of patients were worried about 
becoming dependent on analgesia.  

Conflict 

Some patients would only come to hospital 
when pain became too much to bear at 
home.  

Almost half of the patients thought that 
staff had negative attitudes to patients with 
sickle cell disease. 

Patients were afraid to go to hospital 
because of the attitudes of the nurses.  

Mutual exchange 

A quarter of patients thought that staff 
lacked sufficient knowledge of sickle cell 
disease. 

Patients cited inadequate explanations for 
delays in receiving analgesia. 

Some patients thought the staff treated 
them as ‘liars’. 

 

 Psychosocial support 

Most patients were satisfied that 
they had received adequate 
opportunities to discuss their 
concerns and worries with a 
nurse or consultant, but some 
would have been interested in 
discussing their concerns 
further.  
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Mitchell 
et al. 
(2007) 

  Involvement and control 

Parents rely on children to monitor 
symptoms and tell them when they are 
experiencing pain.  

Children from aged 5 can be relied upon to 
be involved in their own care.  

Parents acknowledged limitations in their 
own ability to make decisions which were 
independent of their child. 

Mutual exchange 

Parents were frustrated that relatives of 
patients with sickle cell disease appeared 
to receive limited attention compared with 
relatives of children with other illnesses. 

Medication advice 

Patients and parents would 
have liked to see more 
medication dispensing and 
options. 

 

 

Waters 
and 
Thomas 
(1995) 

Pain monitoring 

Assessment of pain was unplanned and 
sporadic. 

Most nurses incorrectly estimated the severity 
and duration of pain. 

Half of the nurses mis-located the site of the 
patients’ pain. 

Pain management methods 

There was inconsistency with pain control. 
Patients did not expect to receive full pain 
relief but the nurses were striving to achieve 
this. 

Less than half of the patients stated that their 
pain had been completely relieved at any one 
point. 

Some nurses were not aware of other forms of 
treatment for managing pain (for example, 
heat treatment). 

Most nurses stated that their ability to provide 
better pain relief using alternative methods 
was limited by other factors (these included 

Involvement and control 

Most patients felt less in control of their 
pain than they were at home and would 
have liked to have had more involvement 
in managing while on the ward. 

 Clinical support 

The majority of patients would 
have liked to have received 
more healthcare advice and 
information from nurses about 
self care and pain-relieving 
measures. 

Psychosocial support 

Most patients would have liked 
more emotional support to be 
provided by nurses. 
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limitations because of time or experience and 
lack of knowledge of the methods used)  

All nurses reported that their ability to reduce 
sickle-cell pain with analgesia was affected by 
other factors (for example, lack of time, lack of 
knowledge about narcotic analgesia, fears of 
patient overdosing and addiction, and lack of 
experience with patients with sickle cell 
disease).  

Anxieties 

Some nurses stated that worries about patient 
overdosing and addiction influenced their 
ability to provide effective pain relief.  

Lattimer 
et al. 
(2010) 

Pain management methods 

Patients thought that staff did not do enough to 
control their pain. 

Patients were not always treated with respect 
and dignity.  

 

 

Involvement and control 

Patients thought that they were 
insufficiently involved in decisions about 
their medical care. 

Mutual exchange 

Patients thought that family members were 
not given the opportunity to talk to a 
doctor. 

Patients thought that staff gave conflicting 
information, and that information given by 
both nurses and doctors was not always 
clear. 

Personal needs 

Patients reported that their 
family members were not given 
enough information to help with 
their recovery. 

Psychosocial support 

Patients thought that it was not 
always easy to find someone to 
talk to about their concerns. 

Patients thought that doctors 
and nurses did not always talk 
to patients about their fears and 
anxieties. 

 

Murray 
and May 
(1988) 

Pain management methods 

Personal pain management was similar before 
and during periods of pain: methods included 
keeping warm, taking extra fluids, rest and 
taking painkilling drugs. 

Less frequently used pain-relief methods 
included taking extra vitamins, taking herbal 
remedies and talking about feelings and fears. 

Patients identified delays in receiving 
adequate pain relief.  

Some patients thought the delay in being seen 

Mutual exchange 

Most patients thought that staff in 
emergency departments were the least 
able to understand problems associated 
with sickle cell disease, whereas staff on 
the ward would show a greater 
understanding. 
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was too long. 

Anxieties 

Patients who were using painkilling drugs 
described concerns about side effects, over-
dosage and addiction.  

Abbreviations: PCA, patient-controlled analgesia. 

 1702 

See appendix E for the evidence tables in full. 1703 

 1704 
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2.5.3 Evidence statements  1705 

Pain monitoring 1706 

2.5.3.1 Evidence from three studies showed that patients perceived a lack 1707 

of monitoring of their pain and vital signs. When pain was 1708 

assessed, this was usually carried out in an unplanned and 1709 

sporadic manner by the more inexperienced nurses.  1710 

Pain management methods 1711 

2.5.3.2 Evidence from seven studies showed that patients had a 1712 

comprehensive understanding of both analgesic and alternative 1713 

pain management strategies, although patients and nurses had 1714 

different expectations of pain control. Patients stated that it was 1715 

difficult to obtain painkillers from healthcare professionals, and 1716 

delays in receiving analgesia were put down to nurses 1717 

misinterpreting their requests as ‘drug seeking’ behaviour. 1718 

Anxieties 1719 

2.5.3.3 Evidence from six studies showed that both patients and nurses 1720 

worried about pain management. Patients raised concerns about 1721 

their long-term dependence on painkillers. Nurses were anxious 1722 

about their ability to control patients’ pain effectively, and stated 1723 

that their treatment decisions were influenced by worries about 1724 

patients becoming addicted to analgesia.  1725 

Involvement and control 1726 

2.5.3.4 Evidence from five studies showed that patients are actively 1727 

involved in making decisions about their own care from an early 1728 

age, but feel less in control of their pain management in hospital 1729 

than at home. Patients will use various approaches to become 1730 

more involved in pain management decisions (ranging from passive 1731 

to assertive approaches).  1732 
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Conflict 1733 

2.5.3.5 Evidence from four studies showed that patients’ dissatisfaction 1734 

with pain management decisions could be manifested in anger and 1735 

frustration with others. This could lead to situations of conflict with 1736 

healthcare professionals and for this reason some patients would 1737 

actively avoid going to the hospital unless it was a last resort. 1738 

Mutual exchange  1739 

2.5.3.6 Evidence from eight studies showed that patients found it hard to 1740 

convince staff that they were in pain, and this was because many 1741 

healthcare professionals showed an inadequate knowledge and 1742 

understanding of the needs of patients with sickle cell disease. 1743 

When information was provided, it was often inconsistent and 1744 

lacked clarity. Patients advocated the value of including family 1745 

members in discussions with healthcare professionals and used 1746 

self-education methods to deal with situations where staff had 1747 

previously had limited experience of patients with sickle cell 1748 

disease.  1749 

Medication advice and personal needs 1750 

2.5.3.7 Evidence from three studies showed that patients often 1751 

experienced withdrawal symptoms after coming off strong 1752 

medications. Some patients faced physical challenges adjusting to 1753 

independent care and would have liked their family to receive more 1754 

information to help with their recovery, while others would have 1755 

liked to see more medication and dispensing options. 1756 

Clinical and psychosocial support 1757 

2.5.3.8 Evidence from five studies showed that patients had various 1758 

support needs (including both clinical and psychosocial support), 1759 

although some patients reported satisfaction in their ability to 1760 

discuss concerns with a nurse or consultant.  1761 
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2.5.4 Health economic modelling 1762 

This was not considered to be a health economic question. 1763 

2.5.5 Evidence to recommendations  1764 

Relative value of 
different outcomes 

The GDG discussed the relevance of the various themes and 
acknowledged that the evidence synthesis provided a 
comprehensive overview of patients’ experiences.  

The GDG recognised that having previously experienced many 
acute painful episodes, patients with sickle cell disease are experts 
in their condition and should be involved in treatment decisions. 
Healthcare professionals should ask the patient about their 
previous treatment regimens, to help identify the patient’s individual 
needs and assist in developing appropriate treatment plans for the 
current episode.  

The GDG appreciated that patients admitted during an acute 
painful episode can sometimes have worries or concerns about the 
care they will be receiving. It was thought that involving the patient 
in discussions would help to reassure them and provide an 
opportunity to discuss any concerns. The GDG acknowledged that 
some patient concerns may be related to factors beyond their 
current episode. Engaging in appropriate discussions could 
therefore help healthcare professionals to identify any need to refer 
a patient to appropriate support services during their admission.  

The GDG also discussed the relevance of providing information to 
patients at discharge. They acknowledged that some patients will 
be discharged from hospital while still continuing to experience the 
painful episode. These patients would therefore require appropriate 
information to help them to continue to manage their pain. 
Appropriate details should include information relating to 
medication dispensing, as well as information to assist with any 
side effects of the medication. It was noted that patients discharged 
during a painful episode may also have support needs, especially if 
they have been using psychological or support services during their 
admission. These patients would therefore need information about 
specialised support services. 

Trade off between 
benefits and harms 

The GDG recognised that there was a need to consider how 
information is provided to patients and carers. It was noted that 
there is a trade off regarding the need to provide information to 
patients and carers while at the same time making sure that the 
information is relevant and useful. Written information is useful as a 
reference point, but some patients may find written information 
difficult to understand.  

There is also the possibility of legal issues surrounding the 
provision of information to family members. 

Economic 
considerations 

Health economics were not considered for this review question. 

Quality of evidence  The GDG agreed that the evidence statements were a true 
reflection of the literature. It was noted that the quality of evidence 
was based upon the methodology checklists and the limitations 
were described.  
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Although some of the papers were over 18 years old and the issues 
raised were thought to be historical, the GDG acknowledged that 
the themes were representative of current factors. These issues 
were experienced across the board and were not limited to adult 
patients. 

Other 
considerations 

The GDG recognised that the evidence synthesis provided indirect 
evidence about issues relating to the training of healthcare 
professionals, which could support recommendations made in 
response to other review questions (see for example section 3.4).  

The GDG also acknowledged that evidence of the need for 
individualisation of care could support other recommendations. 
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2.5.6 Recommendations and research recommendations for 1765 

identifying the information and support needs of patients 1766 

and carers during an acute painful sickle cell episode  1767 

Recommendations 1768 

Individualised assessment at initial presentation 

Recommendation 1.1.2  

Throughout an acute painful sickle cell episode, regard the patient (and/or 

their carer) as an expert in their condition, listen to their views and discuss 

with them: 

 the planned treatment regimen for the episode 

 treatments received during previous episodes 

 any concerns they may have about the current episode 

 any psychological and/or social support they may need. 

Discharge 

Recommendation 1.1.27  

Before discharge, provide the patient (and/or their carer) with information on 

how to continue to manage the current episode, including: 

 how to obtain specialist support 

 how to obtain additional medication 

 how to manage any potential side effects of the treatment they have 

received in hospital. 

 

 1769 
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3 Notes on the scope of the guideline  1770 

NICE guidelines are developed in accordance with a scope that defines what 1771 

the guideline will and will not cover. The scope of this guideline is given in 1772 

appendix C. 1773 

4 Implementation 1774 

NICE has developed tools to help organisations implement this guidance. 1775 

Note: these details will apply when the guideline is published. 1776 

5 Other versions of this guideline 1777 

5.1 NICE pathway 1778 

The recommendations from this guideline have been incorporated into a NICE 1779 

pathway.  1780 

Note: these details will apply when the guideline is published. 1781 

5.2 ‘Understanding NICE guidance’ 1782 

A summary for patients and carers (‘Understanding NICE guidance’) is 1783 

available.  1784 

For printed copies, phone NICE publications on 0845 003 7783 or email 1785 

publications@nice.org.uk (quote reference number N[xxxx]). Note: these 1786 

details will apply when the guideline is published.  1787 

We encourage NHS and third sector, including voluntary, organisations to use 1788 

text from this booklet in their own information about acute painful sickle cell 1789 

episodes. 1790 

6 Related NICE guidance 1791 

Published 1792 

 Depression in adults with a chronic physical health problem. NICE clinical 1793 

guideline 91 (2009). 1794 

 Antenatal care. NICE clinical guideline 62 (2008). 1795 

http://guidance.nice.org.uk/CGXXX
http://pathways.nice.org.uk/pathways/xxx
http://pathways.nice.org.uk/pathways/xxx
http://www.guidance.nice.org.uk/CGxxx/PublicInfo
http://www.nice.org.uk/guidance/CG91
http://www.nice.org.uk/guidance/CG62
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 Intrapartum care. NICE clinical guideline 55 (2007). 1796 

 Acutely ill patients in hospital. NICE clinical guideline 50 (2007).  1797 

Under development 1798 

NICE is developing the following guidance (details available from 1799 

www.nice.org.uk): 1800 

 Patient experience in adult NHS services. NICE clinical guideline. 1801 

Publication expected 2012.  1802 

 Opioids in palliative care. NICE clinical guideline. Publication date to be 1803 

confirmed 1804 

7 Updating the guideline 1805 

NICE clinical guidelines are updated so that recommendations take into 1806 

account important new information. New evidence is checked 3 years after 1807 

publication, and healthcare professionals and patients are asked for their 1808 

views; we use this information to decide whether all or part of a guideline 1809 

needs updating. If important new evidence is published at other times, we 1810 

may decide to do a more rapid update of some recommendations. Please see 1811 

our website for information about updating the guideline. 1812 

1813 

http://www.nice.org.uk/guidance/CG55
http://www.nice.org.uk/guidance/CG50
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Appendix B List of all research recommendations  2068 

The Guideline Development Group has made the following recommendations 2069 

for research, based on its review of evidence, to improve NICE guidance and 2070 

patient care in the future. 2071 

B1 Pain management for patients with an acute painful 2072 

sickle cell episode 2073 

For patients with an acute painful sickle cell episode, what are the effects of 2074 

different opioid formulations, adjunct pain therapies and routes of 2075 

administration on pain relief and acute sickle cell complications? 2076 

Why this is important 2077 

Limited evidence is available on the effectiveness of different opioid 2078 

formulations, routes of administration and adjunct therapies in the treatment of 2079 

an acute painful sickle cell episode. A series of RCTs should be conducted 2080 

that compare the effects of different opioid formulations, adjunct pain 2081 

therapies and routes of administration. These RCTs should be conducted 2082 

separately in adults and children, and cover the duration of the acute painful 2083 

episode. Outcomes should include pain and adverse events such as acute 2084 

chest syndrome. 2085 

B2 Use of low-molecular-weight heparin to treat patients 2086 

with an acute painful sickle cell episode 2087 

Are therapeutic doses of low-molecular-weight heparin (LMWH) effective, 2088 

compared with prophylactic doses of LMWH, in reducing the length of stay in 2089 

hospital of patients with an acute painful sickle cell episode? 2090 

Why this is important 2091 

Moderate-quality evidence from one RCT suggested a significant benefit of 2092 

treating patients with an acute painful sickle cell episode with LMWH. This 2093 

was supported by exploratory health economic analyses suggesting a large 2094 

reduction in length of stay and associated costs. An RCT should be conducted 2095 

that examines the effect of therapeutic doses of LMWH, compared with 2096 
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prophylactic doses, on the length of stay in hospital of patients with an acute 2097 

painful sickle cell episode. The RCT should be conducted separately in adults 2098 

and children, and cover the duration of the painful episode.  2099 

B3 Psychological interventions for patients with an acute 2100 

painful sickle cell episode 2101 

For patients with an acute painful sickle cell episode, are psychological 2102 

interventions, in conjunction with standard care, effective in providing pain 2103 

relief? 2104 

Why this is important 2105 

There was a lack of evidence on the benefits of psychological interventions for 2106 

managing pain during an acute painful sickle cell episode. An RCT should be 2107 

conducted in patients with an acute painful sickle cell episode that compares 2108 

the effectiveness of psychological interventions plus standard care against 2109 

standard care alone. The RCT should cover the duration of the painful 2110 

episode, and should assess outcomes such as pain, mood and health status.. 2111 

B4 Non-pharmacological interventions for patients with 2112 

an acute painful sickle cell episode 2113 

For patients with an acute painful sickle cell episode, are non-pharmacological 2114 

interventions, such as massage, effective in improving their recovery from the 2115 

episode? 2116 

Why this is important 2117 

There was a lack of evidence on the potential benefits of supportive 2118 

interventions for patients with an acute painful sickle cell episode. An RCT 2119 

should be conducted that examines the effect of providing rehabilitation 2120 

interventions that are aimed at improving a patient’s recovery after an acute 2121 

painful sickle cell episode. Such interventions could include massage and 2122 

physical therapy. The intervention should be provided within the hospital 2123 

setting, and patients should be followed up 7 days after the episode. Data 2124 

should be collected to inform outcomes such as length of stay, health-related 2125 

quality of life and coping strategies. . 2126 
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B5 Cost effectiveness of daycare units for treating 2127 

patients with an acute painful sickle cell episode 2128 

Are daycare units cost effective compared with emergency settings for 2129 

treating patients with an acute painful sickle cell episode? 2130 

Why this is important 2131 

There was a lack of evidence on the cost effectiveness of daycare units for 2132 

treating patients with an acute painful sickle cell episode in the UK. A trial 2133 

should be carried out that compares treating patients with an acute painful 2134 

sickle cell episode in an emergency department setting and in a specialist 2135 

sickle cell daycare unit. Outcomes should include health-related quality of life 2136 

(HRQoL) and quality-adjusted life years (QALYs). Data should be collected 2137 

using validated measure(s) of HRQoL, including EQ-5D. 2138 

 2139 
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Appendix C Guideline scope 

See separate file. 
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Appendix D How this guideline was developed  

See separate file. 
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Appendix E Evidence tables  

See separate file. 
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Appendix F Full health economic report  

See separate file. 

 

  

 

 


