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Abstract. Background: Avascular necrosis (AVN) is a debilitating complication in sickle cell disease (SCD)
patients, and its management is usually challenging. This study aims to evaluate the clinical and epidemio-
logical features and therapeutic options of AVN in sickle cell patients in Qatar. Patients and methods: A cross-
sectional study was conducted on a 49 SCD patients who were diagnosed with AVN and attended the
hematology clinic at the National Center for Cancer Care & Research, Hamad Medical Corporation, Qatar
between Jan-2011 to Jan2021. Results: Forty-nine adult patients with SCD who were diagnosed with AVN
were studied. The median age of the study population is 32 years, and the median age at the first AVN di-
agnosis was 26 years (range: 11-44 yr.). 37 (75.5%) patients suffered from multiple joints AVN while 12
(24.5%) had single joint involvement. 31 (63.3%) patients had bilateral hip AVN and 18 (36.7%) had shoulder
involvement. 30 patients (61%) were on hydroxyurea treatment. Based on Ficat and Arlet classification of
AVN, 57 % of patients had stage III and above at first diagnosis. 20 (40.8%) were managed with a conserva-
tive approach, 11 (22.4%) received hyperbaric oxygen with good response, 6 (12.2%) underwent hip core
decompression and 12 (24.5%) underwent hip replacement surgery. Conclusion: In SCD patients, AVN
occurred more during the 3 and 4™ decades of life. The majority of AVN represented with advanced stage
and had multiple joint involvements. We recommend adopting a low threshold of joint imaging for early
detection and prevention of further complications. (www.actabiomedica.it)
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Introduction

Sickle cell disease (SCD) is a group of inherited
disorders characterized by chronic hemolysis and inter-
mittent vaso-occlusive episodes which can cause pain,
tissue ischemia, and various end-organ damage (1).
SCD affects millions of people with an estimated in-
cidence of 300,000 new cases worldwide each year (2).
The SCD prevalence ranged from 0.24%-5.8% across

the Gulf Cooperation Council (GCC) and the sickle
cell trait from 1.02%-45.8% (3).

Avascular necrosis (AVN) is an incapacitating
complication in SCD patients, and its management
is usually challenging and demanding. Pretreatment
staging and early involvement of an orthopedic sur-
geon are critical for getting better outcomes. Treat-
ment options are conservative and surgical, including
core decompression, bone grafts, and arthroplasty (4).
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Risk factors for AVN include Age, HbSS and con-
comitant alpha thalassemia, male sex, smoking, low bone
mineral density, joint trauma, recurrent vaso-occlusive
pain, and acute chest syndrome episodes. Around 50%
of the cases were discovered radiologically but clinically
they are asymptomatic. Femoral and humeral heads are
the most affected when symptomatic. A careful history
and physical examination are essential as asymptomatic
involvement of other joints is also possible (5).

AVN in SCD has not been studied in detail before
in the GCC population and there is limited worldwide
literature about the variability of severity among pa-
tients and about optimal time of surgical intervention.
This study aimed at collecting data about the clinical
and epidemiological features and outcomes of avascu-
lar necrosis in sickle cell patients who were treated at
the National Center for Cancer care & research (NC-
CCR), HMC, Qatar between 1- 2011 and 1- 2021.

Patients and methods

A cross-sectional study was conducted in a group
of 49 AVN cases out of 500 SCD patients who were
attending the hematology clinic at National center for
Cancer Care & Research hospital (NCCCR), Hamad
Medical Corporation (HMC), Qatar from Jan-2011
to Jan-2021. Clinical and epidemiological features,
laboratory values, and management details were re-
viewed and recoded. The study is of a descriptive na-
ture with descriptive analysis.

Data obtained included demographic character-
istics, risk factors, Clinical presentation, age at first
AVN diagnosis, hemoglobin S level, affected joints,
hydroxyurea treatment and compliance, stage at di-
agnosis, and management options which included
conservative physiotherapy, hyperbaric oxygen, core
decompression, and hip replacement. AVN was diag-
nosed by MRI scans in all patients, and it was staged
according to Ficat and Arlet classification of AVN.

Results

Forty-nine adult patients with SCD complicated
by AVN were reviewed (Table 1). The median age of

Table 1. Characteristics of 49 patients with avascular
necrosis included in the retrospective survey.

Gender
Male 25 (51%)
Female 24 (49%)
Ethnicity
Asian 13 (26.5%)
Black/African 10 (20.4%)
White 3 (6.1%)
Others (Arabs & others) 23 (47%)
Age at diagnosis, years, median, range 26
(11-44)
Sickle cell disease types
hemoglobin SS 41 (83.6%)
hemoglobin S/D 3 (6.1%)
hemoglobin C/S 3 (6.1%)
hemoglobin S/E 1(2.1%)
sickle/thalassemia 1(2.1%)
Affected joints
Unilateral hip AVN 6 (12.2%)
Bilateral hip AVN 31 (63.3%)
Unilateral shoulder AVN 10 (20.4%)
Bilateral shoulder AVN 8 (16.3%)
AVN Stage at diagnosis
Stage I 8 (16.3%)
Stage II 13 (26.5%)
Stage III 9 (18.4%)
Stage IV 13 (26.5%)
Stage V 6 (12.3%)
Management
Conservative 20 (40.8%)
Hyperbaric oxygen 11 (22.5%)
Core decompression 6 (12.2%)
Joint replacement 12 (24.5 %)

the study population was 32 years (range: 18-64) and
the median age at first AVN diagnosis was 26 years
(range: 11-44). 25 patients (51 %) were males. 41
patients (83.6%) had hemoglobin SS, 3 (6.1%) with
hemoglobin S/D (double heterozygosity), 3 (6.1%)
hemoglobin C/S, 1 (2.1%) with hemoglobin S/E, and
1 (2.1%) with sickle/thalassemia.

37 (75.5%) patients suffered from multiple joints
AVN while 12 (24.5%) had single joint involve-
ment. 31 (63.3%) patients had bilateral hip AVN
and 18 (36.7%) had shoulder involvement. Most of
the patients (79%) were symptomatic. Joint pain
and a limited range of motion were the most com-
mon symptoms. 30 patients (61%) of the recruited
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population were on Hydroxyurea; six of them (20%)
were non-compliant.

Based on Ficat and Alert classification of AVN,
8 (16.3%) patients had stage I, 13 (26.5%) had stage
II, 9 (18.4%) had stage III, 13 (26.5%) patients had
stage IV; and 6 (12.3%) patients had stage V. 57 % of
patients had stage III and above at diagnosis.

20 (40.8%) patients were managed with a con-
servative approach including (pain killers, hydration,
blood transfusion and physiotherapy), 11 (22.4%)
received hyperbaric oxygen with good response, 6
(12.2%) underwent hip core decompression and 12
(24.5%) underwent a hip replacement surgery.

Discussion

SCD patients are at risk to develop different
forms of bone and joint complications. It includes
vaso-occlusive bone pain, AVN, osteomyelitis, and
septic arthritis. AVN or osteonecrosis is a common
complication of vaso-occlusive phenomena that af-
fects around 10 % of SCD patients. The long bones
epiphyses are the most common areas of AVN in-
volvement due to limited collateral blood circulations
and the femoral head is the most commonly affected
joint (6,7).

Our study showed that the prevalence of AVN
was (45/500) 9% and overall incidence 9 in 1000 /yr.
and that it is more common in the 3™ decade of life.
In a large SCD cohort from the state of California,
1356 (22 percent) out of 6237 SCD individuals devel-
oped symptomatic hip osteonecrosis at a median age of
27 years with an overall incidence rate of 1.79 cases per
100 person-years (8).

The data about the clinical features, prevalence,
and outcome of AVN in the Arabic population and
Gulf area are limited. Our study showed that 57 % of
patients had stage III and above at diagnosis, 75.5%
patients suffered from multiple joints involvement,
and 63.3% had bilateral hip affection (prevalence =
5.7% of SCD patients), while 36.7% had shoulder
involvement. A cross-sectional study done in Oman
showed that the prevalence of femoral osteonecrosis is
2.8 % among SCD Omani children and young adults
with 82% of the cases having grade III and above at

diagnosis(9)). In another cross-sectional study carried
out among Egyptian and Omani pediatric and young
adults individuals with SCD, 64% of patients pre-
sented with AVN stage II or above at diagnosis with
median age of 16 years at diagnosis (10). In our cohort,
the median age of AVN diagnosis was later (26 yrs.).
AVN often affects more than one joint at diag-
nosis. 63% of our patients had bilateral hip AVN at
diagnosis. Similar to our findings, Milner et al.(11).
reported that bilateral femoral osteonecrosis was bilat-
eral in 54% of their patients. These observations may
support the practice of bilateral hip evaluation when
managing patients with femoral AVN.
There is no consensus about the optimal timing of
surgical intervention for AVN in SCD patients.
Strong recommendations are available to sup-
port conservative management as initial measures, es-
pecially for early stages of AVN. These include good
analgesia, hydration, physical therapy, and using a
weight-bearing crutch. However, it is not clear when
to switch from conservative to surgical management
(12). Surgical options mainly are core decompression
and joint replacement. Surgical intervention is usu-
ally a joint decision between the patient, orthopedic
surgeon and hematologist; however, randomized trials
would help to know the optimal approach and timing
for surgical intervention of AVN in SCD patients.
While 23% of the patients with ONFH in the
California study underwent hip replacement sur-
gery, around 37% of our study population underwent
surgical intervention with core decompression and
arthroplasty as they deteriorated on conservative man-
agement, or they had advanced disease at diagnosis (8).
Hyperbaric oxygen (HBO) may improve AVN
by increasing oxygen supply to the ischemic area and
ameliorating oxidative and inflammatory changes.
Currently, the main rule of HBO in AVN is an ad-
junctive conservative modality to reduce pain and
improve range of joint movement (13,14). 22.5 % of
our cohort received hyperbaric oxygen and they have
significant improvement; however radiological impact
wasn'’t studied. Few studies showed that there was a
significant continuous radiological improvement of
AVN with HBO on short and long-term follow-up
(15-17). However, further large-scale studies are
needed to study the radiological changes before and
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after giving HBO. Currently, there is a lack of data
on the effectiveness of novel treatments for AVN in
patients with SCD.

The study has several limitations, the small sample
size restricts the generalizability of the findings, and
selection bias may be present due to the reliance on
medical records. Moreover, retrospective studies rely
on patients’ or caregivers’ ability to recall past events,
leading to recall bias, where memories may be imper-
fect or biased. Lastly, due to the study’s design, it may
be challenging to thoroughly analyze the complex cau-
sality between sickle cell disease and avascular necro-
sis, as factors such as comorbidities, medications, and
lifestyle choices might not be adequately accounted
for or controlled. Therefore, careful interpretation and
further research are necessary to fully understand the
implications of the study’s findings.

In conclusion, most AVN patients in the study
had multiple joint involvements and an advanced stage
of the condition at diagnosis, highlighting the need
for early detection through a low threshold of joint
imaging.

Declaration: Each author declares that he or she has no commer-
cial associations (e.g., consultancies, stock ownership, equity inter-
est, patent/licensing arrangement etc.) that might pose a conflict of
interest in connection with the submitted article.

Ethical Disclosure: The case approved by Hamad Medical Corpo-
ration Medical Research center, MRC-01-21-974, on 15/11/2021,
and the patient signed a written informed consent for the publica-
tion of any potentially identifiable images or data included in this
article.

Funding: The publication of manuscript was supported by the aca-
demic health system, Hamad Medical Corporation.

Authorship Contributions: Conceptualization: AA, ATS, VDS,
MAY. Data curation and analysis: MKEH, FRR, KY, AJN. Meth-
odology: HQ, MAT, OI. Writing original draft preparation: AA,
MAY, VDS, OI, MAT, HQ, MKEH, FRR, KY, AJN. Revision
of manuscript for important intellectual content and editing: AA,
MAY, ATS. All authors have read and approved the final version
of the manuscript.

Data Availability Statement: All data generated or analyzed dur-
ing this study are included in this article. Further enquiries can be
directed to the corresponding author.

References

1. Khamees I, Ata F, Choudry H, Soliman AT, De Sanctis V,
Yassin MA. Manifestations of HbSE sickle cell disease: a
systematic review. ] Transl Med. 2021; 16;19(1):262. doi:
10.1186/512967-021-02917-w.

2. Colombatti R, Birkegird C, Medici M. PB2215: Global
epidemiology of sickle cell disease: a systematic literature
review. HemaSphere. 2022; 23;6(Suppl):2085-6. doi: 10
.1097/01.HS9.0000762716.36058.32.

3. Abu-Shaheen A, Dahan D, Henaa H, et al. Sickle cell dis-
ease in Gulf Cooperation Council countries: a systematic
review. Expert Rev Hematol. 2022;15(10):893-909. doi:
10.1080/17474086.2022.2069827.

4. Sen RK. Management of avascular necrosis of femoral head
at pre-collapse stage. Indian ] Orthop. 2009;43(1):6-16. doi:
10.4103/0019-5413.45323.

5.Rozi W, Rahhal A, Ali EA, et al. Direct oral anticoagulants
in sickle cell disease: a systematic review and meta-analysis.
Blood Adv. 2022; 13;6(17):5061-5066. doi: 10.1182
/bloodadvances.2022005363.

6.Adel AA, Abushanab D, Hamad A, Al-Badriyeh D,
Yassin MA. L-glutamine and crizanlizumab for adults
with sickle cell disease (SCD) in Qatar: a cost effectiveness
analysis. Blood. 2021;5;138(Suppl 1):4945. doi: 10.1182
/blood-2021-148232.

7.Soliman AT, Yasin M, EI-Awwa A, Abdelrahman MO, De
Sanctis V. Does blood transfusion affect pituitary gonadal
axis and sperm parameters in young males with sickle cell
disease? Indian J Endocrinol Metab. 2013;17(6):962-8. doi:
10.4103/2230-8210.122621.

8. Adesina O, Brunson A, Keegan THM, Wun T. Osteone-
crosis of the femoral head in sickle cell disease: preva-
lence, comorbidities, and surgical outcomes in California.
Blood Adv. 2017; 11;1(16):1287-95. doi: 10.1182
/bloodadvances.2017006117.

9. Al Fadhali I, Al-Kindy F, Alshibli N, et al. Prevalence and
outcome of avascular necrosis of the hip (AVN) among
young omani patients with sickle cell disease. Blood. 2019;
13;134(Suppl 1):3577. doi: 10.1182/blood-2019-130436.

10. Elalfy MS, Fadhli I, Mohammad S, et al. Avascular necro-
sis of the femoral head in sickle cell disease in Egypt and
Oman: a cross sectional study. Blood. 2018 ; 29;132(Suppl
1):4921. doi: 10.1182/blood-2018-99-112624.

11. Milner PF, Kraus AP, Sebes JI, et al. Sickle cell dis-
ease as a cause of osteonecrosis of the femoral head. N
Engl J Med. 1991; 21;325(21):1476-81. doi: 10.1056
/NEJM199111213252104.



Acta Biomed 2023; Vol. 94, N. 5 ¢2023198

12. Yawn BP, Buchanan GR, Afenyi-Annan AN, et al. Manage-
ment of sickle cell disease: summary of the 2014 evidence-
based report by expert panel members. JAMA. 2014
10;312(10):1033-48. doi: 10.1001/jama.2014.10517.

13. Vezzani G, Quartesan S, Cancellara P, et al. Hyperbaric
oxygen therapy modulates serum OPG/RANKL in femoral
head necrosis patients. ] Enzyme Inhib Med Chem. 2017;
32(1):707-11. doi: 10.1080/14756366.2017.1338447.

14.Bosco G, Vezzani G, Mrakic Sposta S, et al. Hyper-
baric oxygen therapy ameliorates osteonecrosis in pa-
tients by modulating inflammation and oxidative stress.
J Enzyme Inhib Med Chem. 2018 ;33(1):1501-5. doi:
10.1080/14756366.2018.1505693..

15. Camporesi EM, Vezzani G, Bosco G, Mangar D, Bernasek
TL. Hyperbaric oxygen therapy in femoral head necrosis. J
Arthroplasty. 2010 Sep;25(6 Suppl):118-23. doi: 10.1016/j
.arth.2010.05.010.

16. Alshurafa A, Elhissi M, Yassin MA. Complete resolu-
tion of stage II avascular necrosis affecting three joints by

hyperbaric oxygen in a patient with sickle cell disease: A
case report. Front Med. 2022;9:1063255. doi: 10.3389
/fmed.2022.1063255.

17. Shier A, Abdelrazek M, Soliman A, et al. Short-term out-
come and MRI changes in three adult patients with sickle
cell disease and aseptic osteonecrosis after treatment with
hyperbaric oxygen therapy: a preliminary report. Case Rep
Oncol. 2020;13(1):365-72. doi: 10.1159/000507429.

Correspondence:

Received: 17 April 2023

Accepted: 7 June 2023

Dr. Awni Alshurafa, MD

Hematology fellow

Hamad Medical Corporation, Doha, Qatar
E-mail: dr.a.shurafa@gmail.com



