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A B S T R A C T

Introduction: Comprehensive sickle cell care is a holistic, multidisciplinary approach span-

ning from birth to adulthood. It includes newborn screening, routine investigations, medi-

cations, specific therapies and structured referrals. It is recognised since the 1972 US Sickle

Cell Control Act and reinforced by the American Society of Haematology initiatives. This

study evaluates the adoption of these strategies by physicians in Nigeria.

Aim: To examine the extent to which comprehensive care strategies are implemented in

the management of sickle cell disease by adult and paediatric haematologists in Nigeria.

Methodology: This cross-sectional study was conducted from September to November 2022

across six tertiary hospitals. An adapted and pretested primary care assessment tool was

used to collect data on physician demographics and strategic components of comprehen-

sive care. Descriptive statistics and chi-square tests were used to analyse the data.

Results: A total of 157 doctors participated with most working in tertiary hospitals. Folic acid

and proguanil hydrochloride were the most prescribed drugs; fewer than 50% used

hydroxyurea. A complete blood count was the most requested investigation with 58% rou-

tinely scheduling investigations. Adult haematologists ordered more echocardiograms and

paediatric haematologists requested more transcranial Dopplers. Adult haematologists

referred more across specialities (p-value = 0.0001). All participants routinely counselled

patients on clinic attendance, medication adherence and healthy lifestyle practices.
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Conclusion: Key components of comprehensive care are practised at varying levels by health

professionals in Nigeria, mainly in urban/tertiary hospitals. To strengthen nationwide

delivery of care, health policies should prioritise equitable workforce distribution and inte-

gration of additional services, like neonatal screening and emerging therapies.

� 2025 Published by Elsevier España, S.L.U. on behalf of Associação Brasileira de Hematolo-

gia, Hemoterapia e Terapia Celular. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

1 Introduction

2 Sickle cell anaemia is a monogenic disorder caused by a point

3 mutation in the b-globin gene (Glu6Val) leading to the produc-

4 tion of abnormal haemoglobin S. Under hypoxic conditions,

5 haemoglobin S polymerizes, deforming red blood cells and

6 triggering chronic haemolysis, inflammation, endothelial

7 dysfunction, and activation of leukocytes and platelets. These

8 mechanisms drive a wide range of complications affecting

9 nearly every organ. Clinical heterogeneity is further influ-

10 enced by co-inheritance of a-thalassaemia, foetal haemoglo-

11 bin levels, hydroxyurea use, transfusion history,

12 environmental factors, and use of emerging therapies [1,2].

13 Nigeria bears the highest burden of sickle cell disease (SCD)

14 globally, with an estimated 150,000 affected births annually

15 and a general population prevalence of 2−3% [3,4]. Compre-

16 hensive care, a multidisciplinary and preventive approach,

17 has shown to improve survival and quality of life in SCD. Key

18 elements include newborn screening, caregiver education,

19 prophylactic antibiotics, vaccinations, malaria chemoprophy-

20 laxis, routine medications, clinical monitoring, and laboratory

21 investigations. Effective pain management and timely treat-

22 ment of vaso-occlusive crises are also essential [1,5,6].

23 Where available, other disease-modifying options such as

24 the use of hydroxyurea, chronic transfusions, stem cell trans-

25 plantation, and targeted molecular therapies are also used [5,7].

26 Hydroxyurea, increasingly recommended in comprehensive

27 care, improves outcomes through multiple mechanisms,

28 including increased foetal haemoglobin, reduced leukocyte and

29 platelet activation and counts, improved red cell hydration, and

30 reduced haemolysis [8].

31 Laboratory tests such as haemoglobin electrophoresis, com-

32 plete blood counts (CBCs), liver and renal function tests, and

33 reticulocyte counts support early diagnosis andmonitoring.

34 Imaging tools, like transcranial Doppler and echocardiog-

35 raphy, assist in stroke and pulmonary hypertension risk

36 assessment, respectively. A multidisciplinary team including

37 haematologists, paediatricians, nurses, psychologists, pain

38 specialists, and social workers is essential for delivering coor-

39 dinated care [5,6].

40 Despite the 2014 Nigerian national guidelines [9] address-

41 ing aspects of SCD care, including routine management and

42 specialist referral [9], the absence of a structured care model

43 and the lack of newborn screening severely limit the imple-

44 mentation of comprehensive care. Additionally, there is no

45 unified national protocol, contributing to inconsistent practi-

46 ces among clinicians [10,11].

47 This study aims to assess the extent to which comprehen-

48 sive care strategies are implemented in SCD management by

49adult and paediatric haematologists in Nigeria. It will evalu-

50ate the use of routine medications, diagnostic tools, and mul-

51tidisciplinary services, with the goal of identifying gaps and

52informing future improvements in care delivery nationwide.

53Methodology

54This multicenter cross-sectional study was conducted from

55September to November 2022across six tertiary institutions

56representing Nigeria’s six geopolitical zones. It assessed the

57extent to which adult and paediatric haematologists imple-

58mented comprehensive SCD care strategies in routine prac-

59tice.

60A modified and pre-validated version of the Primary Care

61Assessment Tool (PCAT)12 was used. It was developed follow-

62ing focused group discussions by a selected group of locally

63based public health physicians and sickle cell care specialists.

64Using closed-ended questions, the tool collected data on the

65utilization of comprehensive services like routine clinical

66assessments, organ function assessments, use of routine and

67disease-modifying treatments, access to multidisciplinary

68care and physician demographics including years of practice,

69location, speciality, and cadre.

70Content validity was established through expert review by

71three adult and three paediatric haematologists. The modi-

72fied PCAT tool was deployed through Google Forms. An

73informed consent statement outlining the study title, pur-

74pose, benefits, risks and voluntary nature of participation was

75presented at the beginning. Completion of the form is possi-

76ble within ten minutes, and consent was indicated by check-

77ing the “YES” option. In each participating centre, a

78designated focal person, a local SCD specialist, disseminated

79the tool and coordinated data collection. These focal persons,

80familiar within their communities, enhanced participation by

81sending reminders and making phone calls to limit attrition.

82They received no financial incentives.

83Given an estimated number of 10 to 20 adult haematology

84department consultants and residents, and 8 to 15 paediatric

85haematology department consultants and residents per cen-

86tre, the calculated estimated total population n was derived

87as shown below.

88The average number of sickle cell care doctors per centre

89
8þ15
2 = 11.5 for paediatric haematology

90
10þ20

2 = 15 for adult haematology

91The total number of specialists per centre: 11.5 + 15 = 26.5.

92The total number of specialists across six centres:

9326.5£ 6 = 159.

94Estimated total population: n = 159
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95 With a 95% confidence level, a 5 %margin of error, and a p-

96 value = 0.05, and using the Cochran formula with a finite pop-

97 ulation correction, the total estimated sample size was 113

98 participants.

99 To ensure an equitable centre-wide representative partici-

100 pation, the sample was proportionally distributed based on

101 the number of eligible participants per centre. The recruit-

102 ment targets illustrated in Table 1 present the estimated staff

103 strength per centre and the corresponding sample size.

104 Sample size per centre = (Centre size divided by 159) x 113

105 Mixed sampling was used. Institutions with the largest

106 staff strength per region were purposively selected. Subse-

107 quently, a census approach was used to recruit all

108 eligible specialists within the centres. Sampling was

109 proportionally stratified based on staff strength to

110ensure balanced representation across the regions. A

111total of 157 duly answered questionnaires were

112returned during the study thus the response rate was 93 %

113(Figure 1).

114The University of Nigeria Teaching Hospital’s Ethics

115Review Board granted ethical approval.

116Inclusion and exclusion criteria

117Adult haematology physicians and paediatric haematology

118physicians were included in this study. The following were

119the exclusion criteria: physicians in other clinical specialities

120who do not routinely manage patients with SCD; physicians

121who did not complete the online questionnaire; and physi-

122cians who did not give consent

Table 1 – Recruitment targets.

Centre Estimated number from
paediatric haematology

Estimated number
from adult haematology

Total number
of the centre

Allocated
sample size

A 8 10 18 13

B 10 15 25 18

C 12 20 32 23

D 15 18 33 24

E 11 14 25 18

F 12 14 26 17

Total 159 113

Figure. 1 –The flow of participant inclusion from eligibility to data analysis.

The response rate = The total number of completed questionnaires � by the number who received the question-

naire£ 100 = approximately 93%.
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123 Data analysis

124 Descriptive statistics were done using the STATA computer

125 program (version 16.1). Sociodemographic and study-related

126 characteristics, such as the use of routine medications, fre-

127 quency and type of routine investigations, and physician

128 referral habits and triggers for such referrals, were analysed

129 and presented as frequencies, charts and in text. The chi-

130 square test was used to assess the association between cate-

131 gorical variables.

132 Results

133 Recruitment summary

134 A total of 176 physicians received the questionnaire, 163 com-

135 pleted it, and 157 were included in the final data analysis after

136 excluding six incomplete responses. Thirteen participants

137 declined to participate. The participant flow chart is shown in

138 Figure 1

139 Physician demographics

140 A total of 157 doctors participated in the study, comprising

141 54.1% males and 45.9 % females. The mean age of respond-

142 ents was 42 years, with an age range of 36−48 years. Among

143 the participants, 85 were from the adult haematology depart-

144 ments and 72 from the paediatric haematology departments.

145 In the adult haematology group, consultants comprised

146 the majority of participants (n = 60). Within the paediatric

147 haematology group, 44.4 % were consultants, while the

148 remaining 55.6% were other cadres of doctors.

149 Geographically, 56% of respondents were based in south-

150 ern Nigeria, while 44% were based in northern Nigeria.

151 Within the southern region, South-Eastern Nigeria contrib-

152 uted the highest proportion of participants (28%), while in the

153 northern region, North-Western Nigeria had the largest repre-

154 sentation (20.4 %).

155 Regarding the type of health facility, 79% of participants

156 were affiliated with tertiary hospitals, 3.8 % with private hos-

157 pitals, and 0.6 % with primary healthcare centres. In terms of

158 professional experience, approximately 50% of respondents

159 reported 11−15 years of clinical practice, while 25% had 16

160 −20 years of experience.

161 Figure 2 shows the percentage distribution of physicians

162 from adult haematology and paediatric haematology. Figure 3

163 is the distribution of respondents by facility type, years of

164 practice and geographical region.

165 Use of both routine and disease-modifying medications

166 Prescription of routine medications

167 The pattern of routine drug prescriptions among adult and

168 paediatric haematologists is illustrated in Table 2. Among

169 adult haematologists, the most frequently prescribed medica-

170 tions, in descending order, were folic acid, proguanil hydro-

171 chloride, vitamin C, hydroxyurea, vitamin B complex, a fixed

172 multivitamin preparation, Omega-3 fatty acids, penicillin,

173 fixed multivitamin-amino acid supplements, and ferrous

174fumarate. In comparison, paediatric haematologists mainly

175prescribed folic acid, proguanil hydrochloride, penicillin,

176hydroxyurea, vitamin C, fixed multivitamin preparations,

177vitamin B complex, fixed multivitamin-amino acid supple-

178ments, ferrous fumarate, and omega-3 fatty acids, in that

179order.

180Folic acid and proguanil hydrochloride were the two most

181prescribed medications across both groups. However, fewer

182than 50% of physicians in either group reportedly routinely

183prescribing hydroxyurea. Notably, penicillin was prescribed

184significantly more often by paediatric haematologists com-

185pared to their adult counterparts.

186Organ function assessments

187As shown in Table 3, the CBC was the most frequently

188requested investigation by both groups. In contrast, fundo-

189scopy and hepatitis screening were the least commonly

190requested. A Chi-squared analysis revealed that adult haema-

191tologists requested echocardiographies significantly more fre-

192quently than paediatric haematologists, whereas paediatric

193haematologists were significantly more likely to request

194transcranial Doppler (TCD) assessments.

195Frequency of organ function assessments

196Table 4 presents the intervals at which routine organ function

197investigations were requested. Only 20.4 % of physicians

198ordered tests monthly, 28.0 % did so quarterly, and 10.8 % did

199so yearly. A notable 35.5% of respondents reported no consis-

200tent schedule for requesting routine investigations, while

2016.3 % did not order routine investigations.

202Access to multidisciplinary care

203The referral patterns of participating physicians are summa-

204rized in Table 5. Clinical need was the predominant reason

205for referral among both groups. Across all other specialties,

206adult haematologists referred patients significantly more fre-

207quently than paediatric haematologists (Chi-squared test: p-

208value = 0.0001). The most frequently referred specialties by

209adult haematologists, in descending order, included obstet-

210rics and gynaecology, ophthalmology, psychiatry, otorhino-

211laryngology, and dentistry. Interestingly, both adult and

212paediatric haematologists rarely referred patients to urolo-

213gists or to fellow haematologists. Routine referrals were not

Figure. 2 –Physician demographics.
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214practiced by 62.5 % and 37.6 % of paediatric haematologists

215and adult haematologists, respectively.

216Patient education and counselling

217As shown in Figure 4, all participating physicians routinely

218counselled patients on regular clinic attendance, adherence

219to prescribed medications, proper nutrition, healthy habits,

220malaria prevention strategies and other lifestyle modifica-

221tions.

222Discussion

223Comprehensive care remains a cornerstone of SCD manage-

224ment as endorsed by the World Health Organization, the

225American Society of Hematology, and the Nigerian govern-

226ment. It encompasses a wide range of clinical interventions,

227from scheduled services such as neonatal screening, routine

228disease monitoring to prophylactic and disease-modifying

Figure. 3 –Physician demographics: Facility type, years of practice and geographical region.

Table 2 – Use of routine and disease-modifying drugs.

Routine Drugs Adult
Haematology
n ( %)

Paediatric
Haematology
n ( %)

Folic acid 85.0 (100.0) 69.0 (95.8)

Proguanil

hydrochloride

78.0 (91.8) 62.0 (86.1)

Vitamin C 47.0 (55.3) 26.0 (36.1)

Hydroxyurea 42.0 (49.4) 34.0 (47.2)

Vitamin B complex 33.0 (38.8) 13.0 (18.1)

Multivitamins 20.0 (23.5) 16.0 (22.2)

Omega 3 fatty

acids

16.0 (18.8) 3.0 (4.2)

Penicillin 8.0 (9.4) 42.0 (58.3)

Fixedmultivitamin-

amino acids

supplements

3.0 (3.5) 13.0 (18.1)

Ferrous fumarate 2.0 (2.4) 4.0 (5.6)
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229 therapies, all aimed at reducing morbidity and improving

230 quality of life [9,13,14].

231 This study revealed that 90.4% of respondents were SCD

232 specialists from either adult haematology or paediatric hae-

233 matology, primarily working in tertiary centres. Over 85%

234 had more than six years of clinical experience, aligning with

235 evidence that specialist-led care improves outcomes in SCD

236 [15,16]. However, about 95% were in urban centres, reflecting

237 the ongoing maldistribution of healthcare professionals in

238 sub-Saharan Africa, which continues to disadvantage rural

239 populations and hinder equitable access to care [6,17].

240 Contrary to reports by Kanter et al. [6] that highlight more

241 paediatric haematologists in SCD care, this study found a

242 slight predominance of adult haematologists. This may

243 reflect institutional variability or gaps in our national special-

244 ist registries and is thus not representative of the actual num-

245 ber in the country. More critically is the broader challenge of a

246 limited workforce for SCD and other haematological disorders

247 in Nigeria and Sub-Saharan Africa [3,8,18].

248 All participating specialists routinely prescribed core med-

249 ications, demonstrating that they are integral to comprehen-

250 sive care [3,8]. Folic acid, antimalarials (e.g., proguanil), and

251 penicillin were most used, while hydroxyurea, despite its

252proven disease-modifying potential, was underutilized. This

253discrepancy likely stems from issues of cost, availability, lim-

254ited treatment guidelines, safety concerns regarding use in

255pregnant and lactating mothers and as a possible cause of

256infertility [19,20].

257The preference for penicillin among paediatricians aligns

258with evidence from the PROPS study, which demonstrated its

259efficacy in preventing life-threatening infections in children

260with SCD [21]. Notwithstanding, the 58% uptake recorded by

261the paediatric haematologists, the rate of penicillin prophy-

262laxis is deemed low, though this is in keeping with other stud-

263ies [22]. Contributing factors include cost, limited availability

264of paediatric formulations, poor adherence due to SCD

265chronicity, sociocultural barriers, provider reluctance linked

266to the absence of national guidelines, the inclusion of vac-

267cines for encapsulated organisms in routine immunization

268which has reduced the emphasis on prophylaxis and Salmo-

269nella typhi not Streptococcus pneumonia having been the most

270common isolate in a Nigerian study [23−25].

271Folic acid supplementation remains a standard compo-

272nent of care despite ongoing debate about its clinical benefits.

273A Cochrane review suggests that aside from an increase in

274serum folate levels, it has limited impact on anaemia severity

275[26].

276Routine folic acid use is usually justified by a theoretical

277need to prevent deficiency from increased folate turnover due

278to chronic haemolysis. Additionally, hypermetabolism in

Table 4 – Frequency of organ function assessments.

Total
(n = 157)

Adult Haematology
(n = 85)

Paediatric Haematology
(n = 72)

p-value

Not routinely requested 10 (6.3%) 2 (2.4 %) 8 (11.1 %)

Not consistent 54 (34.4%) 25 (29.4 %) 29 (40.3 %)

Monthly 32 (20.4%) 25 (29.4 %) 7 (9.7 %)

Quarterly 44 (28.0%) 25 (29.4 %) 19 (26.3 %) 0.008

Yearly 17 (10.8%) 8 (9.4 %) 9 (12.5 %)

Table 5 – Access to multidisciplinary care.

Referred to
Speciality

Haematology Paediatric
Haematology

p-value

Referrals not

routine

32.0 (37.6) 45.0 (62.5)

Obstetrician 47.0 (55.3) 12.0 (16.7)

Ophthalmologists 33.0 (38.8) 12.0 (16.7)

Psychiatrist 20.0 (23.5) 5.0 (6.9)

ENT Surgeon 14.0 (16.5) 5.0 (6.9)

Dentists 12.0 (14.1) 0.0 (0.0) <0.0001

Nephrologist 3.0 (3.5) 0.0 (0.0)

Orthopaedic

surgeon

3.0 (3.5) 1.0 (1.4)

Pulmonologist 1.0 (1.2) 0.0 (0.0)

Neurologist 0.0 (0.0) 1.0 (1.4)

Haematologist 0.0 (0.0) 3.0 (4.2)

Paediatrician 0.0 (0.0) 1.0 (1.4)

Urologist 1.0 (1.2) 0.0 (0.0)

Table 3 – Organ function assessments.

Routine Tests Adult
Haematology
n ( %)

Paediatric
Haematology
n ( %)

P-value

Complete Blood Count 82.0 (96.5) 57.0 (79.2)

Urinalysis 54.0 (63.5) 24.0 (33.3)

Kidney Function Test 45.0 (52.9) 28.0 (38.9)

Liver Function Test 32.0 (37.6) 17.0 (23.6)

Transcranial Doppler

Ultrasound

16.0 (18.8) 27.0 (37.5)

Echocardiography 13.0 (15.3) 2.0 (2.8) <0.0001

Chest X-ray 1.0 (1.2) 0.0 (0.0)

Abdominal Ultrasound 0.0 (0.0) 0.0 (0.0)

Packed cell Volume

(PCV)

1.0 (1.2) 8.0 (11.1)

Thick film for malaria

Parasite

1.0 (1.2) 0.0 (0.0)

Peripheral Blood Film 1.0 (1.2) 0.0 (0.0)

Fundoscopy 0.0 (0.0) 1.0 (1.4)

Hepatitis Screen 0.0 (0.0) 1.0 (1.4)

Routine request not

performed

2.0 (2.4) 7.0 (9.7)
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279 haemoglobin SS, elevated interleukin-6 levels (which may

280 suppress appetite), and increased resting energy expenditure

281 contribute to micro- and macro-nutrient deficiencies, under-

282 scoring the need for nutritional replacement in sickle cell

283 anaemia management [26,27].

284 Vitamin B complex, other multivitamin preparations, and

285 anti-inflammatory agents like omega-3 fatty acids are not as

286 regularly prescribed because they are primarily used as sup-

287 plements and, unlike the others, do not directly influence the

288 pathophysiological mechanisms and complications of SCD.

289 Regarding the use of vitamin C, it is postulated to be a

290 potent antioxidant that shields red cell membranes from

291 damage by reducing the generation of reactive oxygen species

292 [28]. In addition, vitamin C also promotes the absorption and

293 metabolism of iron with improvements in specific red cell

294 indices [29]. Iron supplementation is the least prescribed and

295 is usually for coexisting iron deficiency anaemia.

296 Routine laboratory monitoring is a key pillar of compre-

297 hensive care. In this study, most specialists conducted regular

298 tests, including CBCs, urinalysis, and renal function assess-

299 ments.

300 Adult haematologists prioritized echocardiography to

301 detect complications like pulmonary hypertension common

302 in older SCD patients [1,3]. In contrast, paediatricians more

303 frequently requested TCD ultrasound to screen for stroke risk,

304 consistent with its established utility in children with SCD.

305 This, in part, is due to established guidelines recommending

306 annual screening for children with SCD, which the ASH guide-

307 lines, as well as the STOP and SPRING trials, have significantly

308 influenced. TCD, as a standard of care in paediatric clinics, is

309 supported by public health initiatives and advocacy primarily

310 targeting children with sickle cell anaemia. In contrast, adult

311 SCD care has limited TCD validation studies and lacks struc-

312 tured protocols. These factors collectively drive the increased

313 TCD requests in Paediatric settings [30,31].

314Referrals to other specialities were frequently prompted by

315specific clinical concerns such as stroke, priapism, leg ulcers,

316or mental health issues.

317This multidisciplinary approach includes psychiatrists,

318surgeons, nephrologists, gastroenterologists, neurologists,

319social workers, nutritionists, pain specialists etc. It reflects

320best practice models and is central to holistic SCD care. Coun-

321selling also featured prominently, highlighting the psychoso-

322cial burdens of SCD and the importance of integrated mental

323health support. Each group consistently emphasized health-

324seeking and other well-being habits. Of key importance is

325malaria prevention because malaria infection is endemic in

326the population

327While this study confirms a growing commitment to com-

328prehensive, specialist-led SCD care in Nigeria, significant

329gaps remain. Chief among these is the limited rural coverage

330of specialist services, inconsistent access to hydroxyurea and

331diagnostics, and the absence of standardized care protocols.

332These deficiencies contribute to fragmented care delivery and

333suboptimal outcomes, particularly outside tertiary centres.

334Furthermore, even within tertiary facilities, the lack of stan-

335dardized care protocols and harmonized clinical guidelines

336has led to inadequacies and considerable variability in the

337application of comprehensive care strategies by physicians.

338Addressing these gaps will require targeted national surveys

339and the constitution of expert panels to develop standardized

340and universally accepted comprehensive care protocols.

341Additionally, greater advocacy is needed to raise awareness

342of these deficiencies and to address specific practice gaps,

343such as the reduced use of TCD screening in adult haematol-

344ogy care. This should be supported by further validation stud-

345ies focused on the utility of TCD in adult SCD populations.

346This study did not capture essential aspects of compre-

347hensive care, such as newborn screening, vaccinations, and

348the use of emerging therapies, including gene and targeted

Figure. 4 –Patient education and counselling.
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349 therapies, in the management of SCD. This is due to the wide-

350 spread unavailability of these services, which is a conse-

351 quence of financial, infrastructure, and socioeconomic

352 challenges, resulting in a weakened health service frame-

353 work. The small sample size, purposive site selection a cross-

354 sectional design and the answers of the surveys not validated

355 against themedical recordsmay create bias and limit the gen-

356 eralizability of study findings

357 Conclusion

358 This study underscores the importance of structured, com-

359 prehensive care in SCD management and affirms the critical

360 role of haematology specialists in delivering this care.

361 Although implementation is significant in urban tertiary

362 centres, systemic barriers, including workforce shortages,

363 urban concentration of expertise, and inconsistent access to

364 medications, impede equitable care delivery nationwide.

365 Addressing these challenges requires strategic policy actions,

366 including decentralisation of services, and the expansion of

367 care services and the SCD workforce, with improved funding

368 for essential medicines and enhanced diagnostics.
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