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Methods: A retrospective study carried on (220) sickle cell disease
patients mainly from Madinah region in Saudi Arabia from 2010 to
2017.The data were collected from medical records and use of
questionnaire format .

Results: According to the results of this study most patients were
males, aged between 26 and 40 years. Of 220 sickle cell anemia
patients attended at King Fahad Hospital in a period of 7 years, (7.3%)
had avascular necrosis. The majority of patients have a lower
hemoglobin and hematocrit levels (7.0 - 10.4 g / dl and less than 40%,
respectively). About 57.9% of patients take hydroxyurea. 86.1% have
normal serum calcium levels .

Conclusion: This study aimed to assess the prevalence of avascular
necrosis in adult patients with sickle cell anemia at King Fahad
Hospital. Of 220 sickle cell anemia patients attended at King Fahad
Hospital in a period of 7 years, 16 (7.3%) had avascular necrosis. Also,
we demonstrate relation between avascular necrosis and some risk
factors like low hemoglobin and hematocrit levels, frequent blood
transfusion, use of hydroxyurea and long-term use of high dose steroid.
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Introduction:-
Sickle cell disease (SCD) is the commonest genetic blood disorder [1]. Every year, around 330,000 babies are born
with inherited hemoglobin disorder, 83% of them have SCD [2]. According to WHO, between 20 to 25 million
people worldwide have SCD, 12 to 15 million in Africa, 5 to 10 million in India and about 3 million distributed
worldwide [3]. SCD has wide distribution in the Middle Eastern Arab countries [4]. In Saudi Arabia the overall
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prevalence of sickle cell carriers ranged from 2% to 27%, but up to 1.4% had SCD. The prevalence of SCD in Saudi
Avrabia has a significantly uneven geographical distribution, it is most common in the Eastern region of Saudi Arabia
[5]. SCD is a result of mutation in genes responsible for hemoglobin synthesis, leading to production of abnormal
defective hemoglobin called (HbS). The RBCs which contain this abnormal hemoglobin, under certain conditions,
become irregular and sickled in shape. Representing clinically in form of anemia due to hemolysis and insufficient
hemoglobin synthesis, recurrent painful vaso-occlusive episodes, intense multi-organ effects and infarctions [6].
SCD has an impact on all human body systems including central nervous system, cardiovascular, respiratory,
gastrointestinal, urinary tract and musculoskeletal systems. The pathophysiology of bone diseases in SCD is not
fully understood, but it mostly results from either vaso-occlusion or bone marrow hyperplasia [7]. Sickled RBCs
lead to thrombosis followed by infarction and necrosis which affect bone integrity. Chronic Hemolysis of Sickled
RBCs leads to bone marrow hyper stimulation followed by expansion, causing bone structure irregularities and bone
cortical thinning as well [7]. Clinically, bone involvement in SCD can be either in acute form such as painful crisis
and osteomyelitis or chronic form like osteonecrosis, arthritis, osteopenia and osteoporosis [1]. Osteonecrosis or
avascular necrosis (AVN) is a serious complication threatening the quality of SCD patients’ lives [8]. It occurs due
to complete loss of supply to bones articular surfaces [8]. It has been reported that even patients with mild forms of
SCD present with AVN frequently [9]. Patients with AVN can be either symptomatic complaining of hip pain, pain
with movement and restriction of joints range of movement or can be asymptomatic especially in early stages [10].
Although it is the commonest clinical presentation of SCD, it has not been investigated sufficiently [7,11]. One
study on patients with unilateral hip pain reported radiological changes suggesting AVN of the contralateral
asymptomatic hip in 39% of patients [12]. Osteonecrosis typically affect the hip joint, but it can affect several joints
including spine, knees and feet as well [10]. Bilateral disease is common and may occur in 56% of patients [13]. The
prevalence of AVN has been investigated in some studies previously. In a 5 years prospective study in USA, 2590
patients with sickle cell disease were investigated to assess the prevalence, it showed that 9.8% of them had
osteonecrosis. Moreover, it has been noted that patients with Hb SS and a-thalassemia trait have more risk of
developing AVN [14]. The same study group has been used to assess the prevalence of osteonecrosis in humeral
head, 5.6% of patients had radiological changes [15]. A more recent study was done in New York at Montefiore
Medical Center in 2011 showed an increase of the previous reported prevalence to 12.4% of all sickle cell
genotypesl13. In 2007, a 15 years retrospective study was done in Nigeria, it showed that 15.9% of patients with
SCD have clinical and radiological evidence of AVN [16]. Another similar study was done on adult Kuwaitis with
SCD reported that 48.6% of them had AVN, 64.7% of those affected had a history of frequent vaso-occlusive crisis
[17]. Several risk factors for developing AVN in SCD were identified in previous studies. Clinical parameters like
recurrent vaso-occlusive crisis and high rate of hospitalizations per year indicate higher risk of AVN [18]. Another
study was done at the University Hospital of the West Indies investigated the hematological indices of 50 patients
who reported to have AVN, it showed an association between high total hemoglobin and low fetal hemoglobin
levels with development of AVN [18]. High hematocrit, hydroxyurea treatment, reduced WBCs, high creatinine
levels, male gender, coexistent alpha thalassemia trait and vitamin D deficiency also reported to be positively
associated with AVN [8,13]. Vitamin D and calcium levels are critical factors for maintaining an optimum healthy
bone structure [7]. Due to multiple factors, patients with SCD reported to have higher prevalence of Vitamin D
deficiency than normal population, defining deficiency as vitamin D below 20 ng/ml, it ranged from 56.4% to 96.4%
[19]. Moreover, they found that patients with bone involvement like AVN and vertebral compression fractures had
associated vitamin D deficiency [19]. Therefore, a randomized double-blind pilot study was conducted recently to
determine high-dose vitamin D efficacy in treating chronic pain in patients with SCD [18]. Although some patients
remained asymptomatic, many experienced pain and undergo hip arthroplasty. The identification of risk factors
before the onset of osteonecrosis may help the physician for early institution of preventive and therapeutic protocols.
Due to lack of researches about AVN in SCA in our region, there is a persistent need to assess the prevalence of
avascular necrosis among adult patients with sickle cell disease in King Fahad Hospital, the risk factors associated
with avascular necrosis and to evaluate the relation between Calcium and vitamin D deficiency with AVN.

Objectives:-

1- To study the prevalence of avascular necrosis in adult patients with sickle cell disease at King Fahad Hospital.
2- To assess the prevalence of avascular necrosis among sickle cell disease patients.

3- To assess the risk factors associated with avascular necrosis.

4- To evaluate the relation between Calcium and vitamin D deficiency with avascular necrosis.
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Methodology:-

Study design:-

This is a retrospective study of sickle cell disease patients mainly from Madinah region in Saudi Arabia from 2010
to 2017. The aim of the study is to assess the prevalence of avascular necrosis in adult patients with sickle cell
disease at King Fahad Hospital. All recruited subjects of this study were actively involved in attending hematology
and orthopedic clinics or admission to medical and orthopedic wards. Data at steady state will be extracted from the
hospital computed database and patient medical records. Patients who were not homozygous S (HbSS) on
hemoglobin electrophoresis and those who had developed AVN at presentation (to avoid a possible confounding
effect of AVN-associated increase in these parameters) and patients below 18 years will be excluded from the study.
For each patient, the following will be recorded: age, sex, presence of AVN, bilateral involvement, clinical
presentation, hematology and biochemistry lab values (total hemoglobin, hematocrit, RBCS, WBCs, MCV, platelet,
bilirubin, calcium, ferritin and Vit D levels), MRI findings, blood transfusions and hip replacement. These data will
be entered in data sheet electronically and manually. Analysis will be done using SPSS version (21.0), parametric
and non-parametric tests will be used. Approval will be obtained from the Ethical Committee of King Fahad
Hospital in Madinah, Saudi Arabia. All ethical consideration and confidentiality will be assured.

Statistical analysis:-
The collected data will be analyzed using statistical analysis system (SAS). The data will be presented as numerical
or categorical. Two types of statistics will be done:

Descriptive statistics:-
Quantitative data will be demonstrated in tables as means and standard deviation, where appropriate.

Analytical statistics:-
The Chi-square test will be used for qualitative variables. Also, differences between mean values will be tested for
statistical significance using T- test. The level of significance will be established as P < 0.05.

Results:-

Population & Sample of the Study:-

The study population includes all patients with sickle cell anemia in King Fahad Hospital in Madinah. A sample of
(220) patients was selected randomly, the next table shows their properties according to their personal data.

Table 1:- Distribution of the patients to the demographic data.

Variable N % P-value

Gender Male 128 58.2 0.015*
Female 92 41.8

Age (years) Less than 18 17 7.7 0.000*
18-25 88 40.0
26-40 93 42.3
41-60 20 9.1

More than 60 2 .9

Nationality Saudi 190 86.4 0.000*
Non Saudi 30 13.6

Residency Madina 206 93.6 0.000*
Outside Madina 14 6.4

Chi-squared test: *Significant at 0.05

It is clear from the previous table that almost 58% of the patients were males, while almost 42% of them were
females. And their distribution according to their ages almost 42% of them were between (26-40) years old, almost
40% of them were between (18-25) years old, almost 9% of them were between (41-60) years old, almost 8% of
them were less than (18) years old, and almost 1% of them were more than (60) years old. And their distribution
according to nationality, almost 86% of them were Saudi, while almost 14% of them were Non-Saudis. And their
distribution according to Residency, almost 94% of them were lived in Madina, while almost 6% of them were lived
outside Madina. The next figure concludes all the previous results.
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Personal data
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Figure (1):- Distribution of the patients to the demographic data.
Statistical methods:-
The statistical analysis program (SPSS v.22) was been used in the study in data entry and analysis, with the use of
necessary statistical methods to achieve the objectives of the study. The following statistical methods were used
include frequencies, percentages, graphs and chi-square test.

Results:-

The following table shows the distribution of patients with sickle cell anemia in terms of other diseases (diabetes,
pancreatitis, AIDS, systemic lupus erythematosus, family history of sickle cell anemia, where we note that 4% of
sickle cell anemia patients suffer from diabetes, 2% suffer from pancreatitis, 1% have AIDS, and 1% have systemic
lupus erythematosus. also, we note from the table that 98% of patients with sickle cell anemia have relatives who
have the same disease.

Table (2):- shows the distribution of patients with sickle cell anemia in terms of other diseases (diabetes,
pancreatitis, AIDS, systemic lupus erythematosus, family history of sickle cell anemia.

Yes No P-value
N (%) N (%)
Diabetic 8 (3.6) 212 (96.4) 0.000*
Pancreatitis 4 (1.8) 216 (98.2) 0.000*
HIV/AIDS 1(.5) 219 (99.5) 0.000*
Systemic lupus erythematosus 1(.5) 219 (99.5) 0.000*
Family History of SCA 215 (97.7) 5(2.3) 0.000*

Chi-squared test: *Significant at 0.05

The following table shows the distribution of sickle cell anemia patients in terms analysis (hemoglobin, hematocrit,
RBCs, WBC count, Platelet, MCV, Reticulocyte count, Ca level, vitamin D). Where we note that 70% of SCA
patients have a hemoglobin level of (7.0 g / dl - 10.4 g/ dl) and 18.2% have hemoglobin levels (10.5¢g/dl - 15.5g/
dl) and 11.8% have hemoglobin levels less than (7.0 g / dl). And for the analysis of hematocrit; we note that the vast
majority of SCA patients (97.7%) of them have hematocrit less than 40%, while 2.3% of them ranges from the level
of hematocrit between (40% -54%). As for the number of red blood cells, 48.6% of SCA patients have less than (3.0
*10712 /L) and 49.5% of SCA patients have RBCs between (3.0 - 5.30 * 10 ~ 12/ L), while 1.8% of SCA patients
have RBCs more than (5.30 * 10 ~ 12 / L). As for the number of white blood cells, 55.5% of SCA patients have
WBC between (4-12 * 10 ~ 9/ L), 41.8% of SCA patients have WBC more than (12 * 10 ~ 9/ L), while 2.7% of
SCA patients have WBC less than (4 * 10 ~ 9 / L). For platelet analysis, 50.9% of SCA patients have platelet
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between (150 - 400 * 10 ~ 9 / L), 38.6% of SCA patients have platelet (400 x 10 ~ 9 / L), While 10.5% of SCA
patients have a platelet less than (150 * 10 ~ 9/ L). For MCV analysis we find that it's less than (80) for 35.9% of
SCA patients, ranging from (80-100) for 53.6% of SCA patients, and more than (100) for 10.5% of SCA patients.
For the reticulocyte count, we note that it's more than (100 * 10 ~ 9/ L) for 61.9% of SCA patients, and less than (50
*1079/ L) for 23.8% of SCA patients, and between (50 - 100 * 10 ~ 9 / L) for 14.3% of SCA patients. Calcium
levels ranged between (8.0 - 10.4) for 86.1% of SCA patients, less than (8.0%) for 13.4% of SCA patients, and more
than (10.4%) for 0.5% of SCA patients. Finally, for the level of vitamin D, we find it less than (10 NG / ML) for
49.2% of SCA patients, ranging from (10 - 24 NG / ML) for 36.1% of SCA patients, and ranging from (25 - 80 NG /

ML) for 14.8% of SCA patients.

Table (3):-shows the distribution of sickle cell anemia patients in terms analysis (hemoglobin, hematocrit, RBCs,
WBC count, Platelet, MCV, Reticulocyte count, Ca level, vitamin D).

N % P-value
Hemoglobin level Less than 7.0 g/dI 26 11.8 0.000*
7.0 g/dl - 10.4 g/dl 154 70.0
10.5 g/dl - 15.5 g/dI 40 18.2
Hematocrit Less than 40% 215 97.7 0.000*
40% - 54% 5 2.3
RBCs Less than 3.0 *10"12/L 107 48.6 0.000*
3.0 -5.30 *10"M12/L 109 49,5
More than 5.30 *10"12/L 4 1.8
WBC count Less than 4 *10M9/L 6 2.7 0.000*
4-12*10M9/L 122 55.5
More than 12 *1079/L 92 41.8
Platelet Less than 150 *1079/L 23 10.5 0.000*
150 - 400 *10"9/L 112 50.9
More than 400 *1079/L 85 38.6
MCV Less 80 79 35.9 0.000*
80 - 100 118 53.6
More than 100 23 10.5
Reticulocyte count Less than 50 *1079/L 10 23.8 0.000*
50 - 100 *10M9/L 6 14.3
More than 100 *10"9/L 26 61.9
System 178
Ca level Less than 8.0 29 13.4 0.000*
8.0-10.4 186 86.1
More than 10.4 1 .5
System 4
Vit D Less than 10 NG/ML 30 49.2 0.004*
10 - 24 NG/ML 22 36.1
25 - 80 NG/ML 9 14.8
System 159

Chi-squared test: *Significant at 0.05

The following table shows the distribution of sickle cell anemia patients in terms of (Presence of Avascular

Necrosis, Hydroxyurea, Folic Acid, Blood transfusion,

Exchange transfusion, Ventilator, Steroids, and

Bisphosphonate). Where we note that 7.3% of SCA patients have avascular necrosis, 63.8% have blood transfusion,
3.7% take Ventilator, and 34.9% take Steroids.

Table (4):- shows the distribution of sickle cell anemia patients in terms of (Presence of Avascular Necrosis,
Hydroxyurea, Folic Acid, Blood transfusion, Exchange transfusion, Ventilator, Steroids, and Bisphosphonate).

Yes No Missing | P-value
N (%) N (%)
Presence of avascular necrosis 16 (7.3) 204 (92.7) | 0.000*
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Hydroxyurea 125 (57.9) 91 (42.1) 4 0.021*
Folic acid 190 (87.6) 27 (12.4) 3 0.000*
Blood transfusion 139 (63.8) 79 (36.2) 2 0.000*
Exchange transfusion 36 (16.7) 179 (83.3) 5 0.000*
Ventilator 8 (3.7) 208 (96.3) 4 0.000*
Steroids 76 (34.9) 142 (65.1) 2 0.000*
Bisphosphonate 0(0.0) 216 (100.0) 4 0.000*

Chi-squared test: *Significant at 0.05

The following table shows the relationship between Presence of avascular necrosis, and each of (Diabetic,
Pancreatitis, HIV / AIDS, Systemic lupus erythematosus, Family History of SCA, Ca level, Vit D). Where we note
that there is a relationship between Presence of Avascular Necrosis and Diabetes, and there is a relationship between
Presence of Avascular Necrosis and systemic lupus erythematosus, while there was no relationship between the
Presence of avascular necrosis and all of (Pancreatitis, HIV / AIDS, Family History of SCA, Ca level, Vit D)

Table (5):- shows the relationship between Presence of avascular necrosis, and each of (Diabetic, Pancreatitis, HIV /
AIDS, Systemic lupus erythematosus, Family History of SCA, Ca level, Vit D).

Presence of avascular P-value
Necrosis
Yes No
Diabetic Yes 2 6 .049
No 14 198
Pancreatitis Yes 0 4 572
No 16 200
HIV/AIDS Yes 0 1 779
No 16 203
Systemic lupus erythematosus | Yes 1 0 .000
No 15 204
Family History of SCA Yes 16 199 .526
No 0 5
Ca level Less than 8.0 1 28 .651
8.0-10.4 15 171
More than 10.4 0 1
Vit D Less than 10 NG/ML 2 28 .700
10 - 24 NG/ML 3 19
25 - 80 NG/ML 1 8

Chi-squared test: *Significant at 0.05

Discussion:-

According to the results of this study, most patients were males, aged between 26 and 40 years. These findings are
similar to previous report on SCA from the study area [20]. AVN is considered the leading cause of disability
among sickle cell anemia patients [8]. However, this study set out with the aim of assessing the prevalence of AVN
in adult patients with SCA at King Fahad Hospital. Of 220 SCA patients attended at King Fahad Hospital in a period
of 7 years, 16 (7.3%) had AVN. Lower than the prevalence reported by Milner in 1991 (9.8%), and it is far below
the more recent studies like the study was done in the USA by Darleen R. Powars which found that (15%) of
subjects have AVN, the study in Kuwait by R. Marouf reported an increase in the prevalence to (48.6%), and in
London by H. E. Ware the prevalence reached (41%)[15,21,17,22]. The recent studies claim that this increase in
prevalence is due to advancement of diagnosis and radiological imaging. However, in general the prevalence of
AVN is underestimated as there is no screening program applied for silent AVN patients, who were reported to
reach (47.3%) of all cases of AVN [15]. Although AVN is a well-known complication of SCA, the risk factors to
develop AVN in SCA is still vague [23]. We studied the hematological indices of all subjects, we found that the
majority of SCA patients have a lower hemoglobin and hematocrit levels (7.0 - 10.4 g / dl and less than 40%,
respectively). These results support previous studies conducted in Nigeria and Brazil [23,24,25]. Although
maintaining hemoglobin levels in SCA patients is a principle in managing SCA, it has been reported that patients
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who tend to develop complications like frequent sever crisis and AVN have higher hemoglobin, hematocrit and
RBCs levels than others [23]. Another important finding was that 57.9% of patients take hydroxyurea. According to
some researches, patients who were exposed to hydroxyurea had higher risk of developing AVN. However, the
effect of hydroxyurea in rising hemoglobin and hematocrit levels leading to increase viscosity and sickling of cells
in head of femur circulation. Relying on the previous theory and the increase of AVN incidence in the exposed
group they considered hydroxyurea as a confirmed risk factor for developing AVN [13,17]. In further studies it will
be useful for practitioners to determine the required and safe hemoglobin levels to be maintained for SCA patients.
In this study most of SCA patients have average WBCs, platelets and MCV levels. Further studies to evaluate the
hematological indices in SCA patients who developed AVN are needed to take the appropriate prophylactic
measures for patients susceptible to develop AVN. The result of this study also shows that 86.1% of SCA patients
have normal serum calcium levels ranged between (8.0 - 10.4). While 13.4% of SCA patients have low serum
calcium levels. These results match those observed in earlier studies on SCA patients in KSA and USA [26,27]. A
possible explanation for this might be that SCA patients have hypocalcemia tendency due to multiple factors like
poor intestinal absorption of calcium and vitamin D, which stimulate PTH secretion that might contribute to the
skeletal changes seen in SCA patients [26]. Another important finding was that almost half of SCA patients have
vitamin D deficiency. These results are in line with those of previous studies on prevalence of vitamin D deficiency
among SCA patients which was mentioned in the literature review [19]. Anyhow, previous reports on vitamin D
levels in normal population of KSA, indicated that the majority of Saudis have low vitamin D levels mostly due to
low dietary intake and sunlight avoidance [26]. In this study we did not detect any relationship between presence of
AVN with vitamin D and calcium levels. A further study with more focus on the rule of calcium and vitamin D
supplementation in preventing AVN is therefore suggested. We noted that 63.8% of SCA patients have blood
transfusion. In a cross-sectional study was done in brazil of two groups, the group who has AVN reported a higher
blood transfusion rate than the other group without AVN [28]. However, blood transfusion rate mostly indicates
severity of the disease in general but not the risk of developing AVN in particular. Another important finding was
that 34.9% of SCA patients take Steroids. The long-term use of high dose steroid is reported to be an iatrogenic
condition associated with AVN [29]. Although the pathogenesis of glucocorticoid induced AVN is not totally
understood, many hypotheses were studied in animal models include fat cell hypertrophy, fat embolism,
intravascular coagulation and osteocyte apoptosis [30]. Glucocorticoid induced AVN prevalence reach 10% in USA
[29]. Most of these cases associated with post kidney transplantation and SLE [29]. Moreover, in this study we noted
a relationship between SLE and presence of AVN, this relationship may partly be explained by the long-term use of
steroids by SLE patients. Further studies to determine the relation between the dose, route of administration and
duration of steroid intake with developing AVN will be useful, beside establishing an AVN screening program for
long-term glucocorticoid users. We note that 4% of SCA patients suffer from diabetes, 2% suffer from pancreatitis,
1% have AIDS, and 1% have SLE. A relationship between presence of AVN and DM was detected in this study. In
previous researches the relationship between diabetes and developing pedal and jaw osteonecrosis is already
established [31]. In earlier study that investigated association of DM and jaw osteonecrosis, the prevalence of
microvascular diseases like neuropathy, retinopathy and nephropathy was significantly higher in diabetics who had
jaw necrosis than in the control group [32]. Very little was found in the literature on the question of association
between diabetes and AVN of hips. The pathogenesis of AVN in DM is not completely clear, but it may be
attributed to complex interactions between diabetic vasculopathy, neuropathy, structural deformity and disruptive
immune system [31]. Further work is required to establish the viability of this relationship.

Limitations:-

This study has several limitations. First, it was conducted at one major hospital in Al- Madinah and that exclude
many other rural and urban centers which makes these findings less generalizable. Medical records were deficient,
and some data have not been mentioned in patients’ files like family history of the patient. Moreover, some lab
investigations were not completely done to all patient. Many patients have not had MRI reports while some reports
did not include stage of AVN and other details regarding condition of the patients. Regarding treatment of AVN,
files were lack of follow up and progression notes of the patient after medical or surgical management. Therefore, it
was not possible to demonstrate the effectiveness of different types of treatment on patient's life style. Additionally,
the patients’ medical records could not be linked to records from other healthcare facilities, such as primary health
care centers and other hospitals around the country. It is unfortunate that the study did not establish the exact dose
and duration of steroid and hydroxyurea use to develop AVN. Finally, in the literature review we faced many
difficulties in finding data regarding AVN of SCA patients in middle east and Saudi Arabia in particular.
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Conclusion:-

In conclusion, this study aimed to assess the prevalence of AVN in adult patients with SCA at King Fahad Hospital.
Of 220 SCA patients attended at King Fahad Hospital in a period of 7 years, 16 (7.3%) had AVN. Also, we
demonstrate relation between AVN and some risk factors like low hemoglobin and hematocrit levels, frequent blood
transfusion, use of hydroxyurea and long-term use of high dose steroid. We didn't detect any relation between AVN
and low calcium and vitamin D deficiency.

Recommendation:-

Based on the findings of the present study, the following recommendations are suggested:

Investigations should be done completely for all sickle cell patients and included in their files.

MRI should be done to all patients with Avascular necrosis.

MRI reports would be more advantageous if they contain the stage of Avascular necrosis.

Orthopedic decisions and management must be included in the patient's file.

Medical files should contain patient’s OPD follow up note after medical treatment or surgery.

To increase the sample and conduct the study at other hospitals of Madina.

Further research is recommended on other chronic diseases such as (epilepsy) and its relationship with SCD.
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