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Purpose: Sickle cell disease (SCD) is a significant burden for patients and healthcare systems due to multiple factors, including high
readmission rates. This study aimed to determine the general characteristics, etiology of admissions, annual admission rate, length of
stay, and readmission rate of patients with SCD.

Patients and Methods: This retrospective observational study included all adult patients with SCD admitted to the General Internal
Medicine (GIM) unit between 2016 and 2021.

Results: There were 160 patients (mean age, 31.08 £ 9.06 years; 51.25% female) with SCD included in this study. Most originated
from southern Saudi Arabia (45.62%). The average annual number of emergency department (ED) visits was 4, and approximately
19% of patients had >3 annual admissions. The mean length of stay was 6 days. The readmission rates at 7, 30, 60, and 90 days were
8%, 24.5%, 13.6%, and 10.8%, respectively.

Conclusion: SCD generates a significant economic burden on the Saudi society and the effects on the healthcare system and patients’
quality of life are evident in the high ED visits, readmission rates and prolonged hospitalization. Thereupon we advocate the
implementation of sickle cell disease-specialized multidisciplinary clinics.
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Introduction

Sickle cell disease (SCD) is one of the most common hematological disorders, affecting millions of people worldwide." It is
caused by a single gene mutation that leads to the production of abnormal hemoglobin, which can ultimately result in chronic
manifestations affecting nearly every organ in the body.” The prevalence of SCD varies globally. In the United States, the
estimated prevalence is 329 cases per 1,000,000 of the population based on the National Newborn Screening Information
System census and the National Population Projections Datasets.”® Whereas in the United Kingdom, the prevalence is
approximately 217 per 1,000,000 of the population.* However, the prevalence is much higher in the African and middle
eastern populations, as sickle cell disease affects more than 20,000 per 1,000,000 of the Nigerian population.” And more than
45,100 per 1,000,000 among adults in Saudi Arabia. Moreover, among Saudi children and adolescents, 2400 per 1,000,000
were estimated to have sickle cell disease. SCD is more dominant in the eastern and southwestern regions of the country®’
(Figure 1).

Clinical manifestations of SCD are diverse as the disease can impact any body organ. Acute and chronic complica-
tions intersect, and the primary process is either hypercoagulability causing vaso-occlusion and vascular damage or
hemolysis leading to chronic anemia. Acute vaso-occlusive crisis (VOC) types include vaso-occlusive pain crisis (Bone,
Abdomen, chest, ...etc.), acute chest syndrome (ACS), infarction crisis (ie, strokes, Transient Ischemic Attack (TIA),
Deep Vein Thrombosis (DVT). etc.), priapism, and pregnancy-related crises. Fatal acute sickle cell crises related to other
pathophysiologies contribute greatly to the disease’s ramifications, including acute hepatic or splenic sequestration crisis,

hyperhemolysis or aplastic anemia crisis, acute intrahepatic cholestasis, and bacterial infections.'®
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Figure | Prevalence of Sickle cell disease in Saudi Arabia. Yellow: Central region of Saudi Arabia, Orange: Eastern region of Saudi Arabia, Green: Southern region of Saudi
Arabia, Blue: Western region of Saudi Arabia, Light green: Northern region of Saudi Arabia.

In the United States, Sickle cell disease-related emergency department (ED) visits and subsequent hospitalizations are
estimated to cost approximately $2.4 million.”'® Data on the economic outcomes of SCD in Saudi Arabia are
insufficient. Nevertheless, it is estimated to cost an average of $13,700 per patient per year in Gulf countries.'

In addition, SCD negatively affects the quality of life, educational achievement, financial income, and mental health
of the patients. A substantial proportion of patients with SCD experience a significant effect on their daily life activities,
emotional well-being, employment, education, social life, and relationships.12

Depression and depressive symptoms are common in patients with SCD and are associated with an increased risk of
poor outcome. Adam et al reported a significant association among depression, poor health-related quality of life, and
mental and physical health; moreover, overall healthcare costs, including inpatient care, were substantially higher in
patients with depression than in those without depression.'?

Understanding and targeting the factors contributing to this enormous healthcare utilization is vital in creating quality
improvement approaches for reducing avoidable healthcare expenditures. The national premarital screening program was
a critical preventive strategy implemented and funded by the Saudi Arabian government in 2004. The program consists
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of mandatory screening for individuals who are married for common genetic and infectious disorders, including sickle
cell anemia, thalassemia, human immunodeficiency virus, and hepatitis B and C viruses.'*

The primary objective of this study was to establish the characteristics of patients with SCD admitted to the general
internal medicine (GIM) unit at a tertiary hospital and determine the cause of admission, annual admission rate, and
length of stay (LOS).

Materials and Methods

Study Design

This retrospective observational study was conducted at King Saud University Medical City (KSUMC), a tertiary care
hospital in Riyadh, Saudi Arabia, from January 1, 2016, to October 31, 2021. In total, 324 patients were initially extracted

G

via electronic medical records using the keywords “sickle cell disease”, “sickle cell anemia”, and “sickle cell trait.”

Inclusion Criteria
This study included all consecutive patients with SCD disease who were aged > 14 years at the time of recruitment and
were admitted to the general internal medicine unit during the study period for any reason.

Exclusion Criteria
Patients who were younger than 14 years at the time of recruitment, with sickle cell trait only, or who were admitted to
other units were excluded from this study.

Data Collection

Data were collected using electronic health medical records between December 15, 2021, and February 15, 2022. Some
variables were obtained via phone call. Extracted data included the following patient demographic data: age, sex,
nationality, patient origin in Saudi Arabia, marital status, educational qualification, employment status, monthly income,
smoking status, and the average body mass index (BMI) of all admissions. Other data extracted included clinical
characteristics, such as mortality, cause of mortality, hemoglobin genotype, Sickle cell disease-modifying therapy
(including hydroxyurea, folic acid, penicillin, and L-glutamine), home pain medications, blood transfusion, and blood
exchange frequency, past surgical history, past medical history, comorbidities, psychiatric disorders, complications,
number of admissions, length of admissions, Emergency department visits, and whether patients were followed up in
multiple hospitals.

Statistical Analyses

The data were collected and entered into a Microsoft Excel (Microsoft Corp., Redmond, WA, USA) spreadsheet. Data
sorting was performed before analysis. Descriptive analyses were performed using frequencies, means, and standard
deviations (SDs) for patient information. Continuous and categorical variables are expressed as mean + SD and
percentages.

Ethical Consideration

Participant anonymity was assured by assigning each participant a code number for analysis only. Informed consent was
obtained from all participants before participation. No incentives or rewards were provided to participants. This study
was approved by King Saud University’s College of Medicine Research Ethics Committee (IRB: E-21-6469).

Results
After an extensive review of our electronic health medical records, we identified 324 patients, of whom only 160 were
recruited after applying our study’s inclusion and exclusion criteria.

The participants’ demographics are presented in Table 1. The mean age of the participants was 31.08 + 9.06 years. More
than half of the participants were female (n =82, 51.3%). The majority were from Saudi Arabia (n =156, 97.5%) and originally
from the southern area (n =73, 45.6%). Regarding marital status, 50.6% (n =81), 42.5% (n =68), and 13.1% (n =5) were single,
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Table | Participants’ Demographics (n = 160)

Variable Mean (SD, Range) or Frequency (%)
Age 31.08 + 9.06
Sex
Male 78 (48.75%)
Female 82 (51.25%)
Nationality
Saudi 156 (97.5%)
Non-Saudi 4 (2.5%)
Area in Saudi (patient’s origin)
South 73 (45.62%)
North 0 (0.0%)
West 2 (1.25%)
East 7 (4.37%)
Middle 64 (40%)
Unknown 14 (8.75%)
Marital status
Single 81(50.62%)
Married 68 (42.5%)
Divorced 5 (3.12%)
Widowed | (0.62%)
Unknown 5 (3.12%)
Educational qualification
University and diploma 69 (43.12%)
Intermediate and secondary 59 (36.87%)
llliterate and primary 13 (8.12%)
Unknown 19 (11.87%)
Occupation
Employed 68 (42.5%)
Unemployed 74 (46.25%)
Unknown 18 (11.25%)
Monthly income
Above average 56 (35%)
Below average 104 (65%)
Unknown 20 (12.5%)
Smoking status
Non-smoker 108 (67.5%)
Active smoker 28 (17.5%)
Ex-smoker 8 (5%)
Unknown 16 (10%)
BMI
<185 31 (19.3%)
18.5-24.9 100 (62.5%)
25-29.9 22 (13.75%)
30-39.9 4 (2.5%)
240 3 (1.87%)

Abbreviations: BMI, body mass index; SD, standard deviation.

married, and divorced, respectively. More than half of the participants were unemployed (n =74, 57.5%). A large percentage
had completed postgraduate education, including bachelor’s degrees, master’s degrees, and diplomas (n =69, 43.1%), whereas
less than 9% (n =13) of the patients held a primary degree or were illiterate. The average monthly income of the participants
was 8297 Saudi riyals (2211 USD). Moreover, 17.5% (n =28), 5% (n =8), and 67.5% (n = 108) of the participants were current
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smokers, ex-smokers, and had never smoked, respectively. More than half of the participants had a normal BMI (n =100,
62.5%), whereas 19.3% (n =31) were underweight.

Over the 6-year study period, 3826 emergency department (ED) visits and 891 admissions were attributed to SCD
complications, including 33 admissions to the intensive care unit. VOC was the main reason for admission in more than
90% of cases.

More than half of the patients (n= 93, 58%) were readmitted during the study period. Of the 891 admissions, 218
(24.5%) were within 30 days of discharge, of which 71 (32.5%) were within 7 days of discharge. In contrast, 121 (13.6%)
and 95 (10.8%) readmissions occurred within 60 and 90 days, respectively.

Moreover, 11.5% (n= 18) of the patients visited the emergency department more than six times per year (Figure 2),
and 31.2% (n= 50) were admitted six times or more during the study period. The average length of stay (LOS) was 6.43
days per admission. Table 2 demonstrates the annual distribution of admissions, ED visits, and length of stay.

As illustrated in Figure 3, 12.3% (n= 20) of the participants had an average annual admission rate of three or more.
Moreover, the annual admission rate of the patients increased over the study period, starting at 17.5% (n= 28) in 2016
and reaching 50% (n= 80) by 2021.

The clinical characteristics of participants are shown in Table 3. The mortality rate was 1.9% (n= 3) during the study
period, with causes including gastrointestinal bleeding, pulmonary embolism, and multiorgan failure. The genotype of
the majority was Hb SS (n= 124, 77.5%), followed by Hb S-thalassemia (n= 33, 22.6%). Most patients received daily
doses of hydroxyurea and folic acid (n= 133, 83.1%), and only half of the patients (n= 81, 50%) were compliant with
their medications (medication compliance was evaluated through an extensive review of the charts and confirmed via
phone calls). Acetaminophen with codeine was the most commonly used home analgesic (n= 67, 41.9%). Most patients
(n= 144, 90%) received blood transfusions and exchange transfusions, as required. Moreover, 43.1% (n= 69) visited
different hospitals, whereas 45.6% (n= 73) were followed up at a single center.

Among the 160 patients with SCD, 150 had comorbidities or disease-related complications. The most common
complications were avascular osteonecrosis (n= 50, 31.3%), acute chest syndrome (n= 30, 18.8%), iron overload (n= 27,
16.9%), pulmonary embolism (n= 18, 11.3%), cholelithiasis (n= 12, 7.5%), deep vein thrombosis (n= 11, 6.8%),
bronchial asthma (n= 10, 6.3%), heart failure (n= 9, 5.6%), and cerebrovascular accident (n= 8, 5%). Moreover, a few
participants were diagnosed with psychiatric disorders, including major depressive disorder (n= 10, 6.3%), anxiety (n= 8,
5%), and substance use disorder (n= 6, 3.8%). Nearly half of the participants (n= 77, 48.2%) underwent at least one

Number of patients by frequency of ED visits
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Figure 2 Number of patients by frequency of ED visits. Blue: No ED visits, green: 1-2 ED visits, orange: 3—4 ED visits, yellow: 5-6 ED visits, brown 2 7 ED visits.
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Table 2 Annual Distribution of Admissions, Emergency Department Visits, and Length of Stay

Year ED Visits | Admissions | Average LOS (Days) | Range LOS (Days) | Hospital Days
2016 329 42 7.89 32-1 315
2017 564 107 5.08 31-1 630
2018 865 141 5.71 24-1 794
2019 846 192 6.90 36-1 1739
2020 592 194 5.83 22-1 1037
2021 632 239 6.72 57.5-1 1609
Total 3826 891 6.43 90-1 2646

Abbreviations: ED, emergency department; LOS, length of stay.

surgical intervention, most commonly cholecystectomy, splenectomy, and orthopedic surgery, including joint replace-
ment, amputation, and spinal surgery (Table 4).

We also examined the rate of coronavirus disease 2019 (COVID-19) infection in our patients and found that 36.2%
(n= 58) had a positive polymerase chain reaction test result (regardless of symptomatic status). Only three participants
among the whole population were unvaccinated, whereas the vast majority had received a second dose of the COVID-19
vaccine (n= 82, 51.3%) and were considered fully vaccinated according to the Ministry of Health requirements at the
time of this study.

Discussion

SCD is a genetically inherited hemoglobinopathy with various adverse consequences. The nature of the disease with
recurrent VOC, complications, admissions and lengthy hospital stays has a tremendous impact on patients living with
SCD. This burden affects financial, social, and psychological aspects and extends beyond to involve families and people
caring for patients with SCD. We found substantial observations regarding the catastrophic effect of SCD on patients’
lives with significant financial strains and academic underachievement. In Saudi Arabia, the overall unemployment rate
among citizens is 9.7%."” In our study, more than half of the patients were unemployed, and the monthly income of the
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Figure 3 Number of patients by frequency of admissions. Blue: No admissions, green: 1-2 admissions, orange: 2 3 admissions.
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Table 3 Participants’ Clinical Characteristics (n = 160)

Variable Number (%)
Mortality
No 146 (91.25%)
Yes, cause of death (%) 3 (1.87%)
Unknown Il (6.87%)
Genotype
HbSS 124 (77.5%)
HbS thalassemia 33 (20.6%)
HbS G6PD 3 (1.87%)
SCD-modifying therapy
Hydroxyurea 4 (2.5%)
Folic acid 17 (10.6%)
Hydroxyurea and folic acid 133 (83.12%)
Penicillin 4 (2.5%)
L glutamine 2 (1.25%)
Nill 5 (3.12%)
Medication compliance.
Well compliant 81 (50%)
Non-compliant 76 (47.5%)
Unknown 3 (1.87%)
Home pain medications
None 15 (9.37%)
Paracetamol/codeine 67 (41.87%)
NSAIDs 30 (18.75%)
Opioid 58 (36.25%)
Paracetamol 30 (18.75%)
GABA analog (gabapentin/pregabalin) 15 (9.37%)
Blood transfusion
On-demand transfusion 144 (90%)
Regular blood transfusion 3 (1.87%)
Regular exchange transfusion 13 (8.12%)
Visiting multiple hospitals
Yes 69 (43.12%)
No 73 (45.62%)
Unknown 18 (11.25%)
Surgeries
None 83 (51.8%)
Cholecystectomy 63 (39.37%)
Splenectomy 22 (13.75%)
Orthopedic surgeries 13 (8.12%)

Abbreviations: G6PD, glucose-6-phosphate dehydrogenase; GABA, gamma-
aminobutyric acid; NSAIDs, non-steroidal anti-inflammatory drugs; SCD, sickle
cell disease.

majority of patients was below average compared to the general population.'® Furthermore, despite the free and
accessible education in the country, more than one-third of the patients failed to progress beyond the intermediate or
secondary levels.

The high frequency of non-compliance to hydroxyurea therapy observed among SCD patients is in line with previous
studies reporting high rates of non-adherence among SCD patients.'”'® This can be classified under intentional and
unintentional non-adherence but is usually attributed to multiple factors, including inadequate education, lack of
medication supply, polypharmacy, pregnancy, and side effects, such as infertility and cytopenia.'” One of the rarely
explored reasons for non-compliance is drug formulation. Hydroxyurea in our center is usually supplied in a capsule
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Table 4 Complications/Comorbidities of Patients with SCD

Category

Frequency (N)

Percentage %

CNS

Migraine headache (2)
Seizure disorder (2)
Stroke/TIA (8)

12 (7.5%)

Ccvs

Heart failure (9)
Cardiomyopathy (0)
Valvular heart disease (2)
Arrhythmia (1)
Hypertension (6)

18 (11.25%)

Pulmonary

Bronchial asthma (10)
Acute chest syndrome (30)
Pulmonary hypertension (6)

46 (28.75%)

Genitourinary Priapism (6) 7 (4.37%)
Neurological bladder (I)
Renal CKD (7) 12 (7.5%)

Sickle cell nephropathy (5)

Gastrointestinal

Liver cirrhosis (1)

Cholelithiasis (12)

Cholechodolithiasis (6)

Sickle cell hepatopathy (4)

Peptic ulcer disease (1)

Chronic/acute intrahepatic cholestasis (1)
Hepatic/splenic sequestration (1)

Acute cholecystitis (1)

27 (16.87%)

Endocrine

Diabetes (2)

Osteopenia (1)
Hypothyroidism (4)
Pseudohypoparathyroidism (1)
Hyperparathyroidism (1)
Adrenal insufficiency (1)
Prolactinoma (1)

11 (6.87%)

Hematological

Iron overload (27)

PE (18)

DVT (11)

Bilateral renal infarction (1)
Peripheral arterial disease (1)
Essential thrombocytosis (1)
Thrombophlebitis (2)

61 (38.12%)

Musculoskeletal

AON (50)
Hip (45)
Shoulder (8)
Knee (1)

50 (31.25%)

Rheumatological disease

RA (1)
SLE (2)

3 (1.87%)

(Continued)
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Table 4 (Continued).

Category Frequency (N) Percentage %

Infectious disease IE (1) 14 (4.33%)
OM (5)
TB (2)
HepB/C(6)

Psychiatric disorders MDD (10) 25 (15.62%)
Anxiety (8)

Borderline personality (1)

Substance use disorder (6)

Abbreviations: AON, avascular osteonecrosis; CKD, chronic kidney disease; CNS, central nervous system; CVS, cardiovascular system;
DVT, deep vein thrombosis; HepB/C, hepatitis B/C; IE, infective endocarditis; MDD, major depressive disorder; OM, otitis media; PE,
pulmonary embolism; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; TB, tuberculosis; TIA, transient ischemic attack.

form that some patients find hard to swallow and prefer syrup formulation, which is usually unavailable. This is
supported by a cohort study in Italy, which concluded that providing different formulations and proper education
would result in less toxicity and better compliance.’

From a nutritional point of view, 19.3% of the participants in this study had a lower BMI (ie, <18) compared to 2.5%
of the general population of Saudi Arabia.>' Multiple factors, such as low socioeconomic status, educational background,
comorbidities, and recurrent and prolonged hospitalization, can affect nutrition.

Despite being immunocompromised due to hyposplenism and poor nutritional status, the COVID-19 pandemic affected
patients with SCD just as it affected the general population. Among the fully vaccinated majority, 5.625% developed Vaso-
occlusive crisis post-vaccination, compared to 3.2% in another study.*> Moreover, the ED visits showed some fluctuation over
the study period. In 2020/2021, a drop was observed in ED visits, mainly attributed to the restrictions that the COVID-19
pandemic had imposed on ordinary activities, including seeking health care for Vaso-occlusive crisis and managing it with
over-the-counter medications instead. Overall, the average ED visits were close to four per patient per year, matching most
patients enrolled in the well-known Cooperative Study of Sickle Cell Disease.?***

Acute chest syndrome (ACS) is a well-known complication and the major cause of death in SCD. ACS diagnosis was
established based on clinical and radiological findings in 43 (5%) patients, with more than 88% of ACS events being
diagnosed later on during their hospital stay. The incidence of ACS in our study is lower compared to other studies.*>*°
This can be attributed to differences in age group and SCD genotype as our study involved much older adults with no
pediatric group and less HbSS genotype. More importantly, patients with ACS on presentation in our facility are admitted
under the hematology service instead of the GIM unit.

Regarding other complications, the most frequently observed was Avascular Osteonecrosis (AON), affecting 31.3%
of the patients based on Magnetic Resonance Imaging (MRI) of at least one joint. Other similar studies have reported
a much lower prevalence of osteonecrosis. The study by Milner et al enrolled 2804 patients aged 5 years and older and
reported an overall prevalence of osteonecrosis of 9.8% affecting one or both femoral heads.”” On the other hand,
Akinyoola et al observed a prevalence of 15.9% among patients aged 15 years or older.?®

We observed significant rates of acute care utilization in the form of high numbers of ED visits, recurrent admissions,
and length of stay. More than half of the patients were rehospitalized at least once during the study period.
Approximately 25% of readmissions occurred within 30 days, which is comparable to that reported in previous
studies.'*'%!? Despite some controversy, the 30-day readmission interval is widely used as a benchmark for assessing
the quality of inpatient care by healthcare providers and policymakers.'® Given the nature and progression of SCD,
preventing readmissions within 30 days may not be feasible. Many studies have reported readmission rates within 30
days of hospital discharge of between 19% and 50%, and the majority are related to unmodifiable community and
patient-related factors. In contrast, readmissions within shorter intervals (eg, 7 days) are more strongly associated with
elements within hospital control. This includes modifiable factors, such as deficiencies in the quality of inpatient care,
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medication-related errors, premature discharge, suboptimal discharge planning, and inadequate post-discharge care. We
found that 32.5% of 30-day readmissions occurred within the first week after discharge. Such a short interval could
reflect a period of high vulnerability, with risk factors leading to preventable unplanned readmissions. A vaso-occlusive
crisis was the reason for admission in 90.68% of the reviewed 891 admissions. This is in line with a census conducted on
Sickle cell disease hospitalizations in the United States from 1994 to 2004, which found that more than 90% of
admissions were caused by VOC.>> A patient’s length of stay may vary depending on the reason for admission and
evolving complications, and it might reflect the quality of ambulatory care and pain management in patients with SCD.
Overall, the mean Length of stay was 6.4 days, with no significant annual trend. This is compared to 7 days, as reported
by Shah et al in a study that enrolled 8521 patients from 14 different states in the United States.>*

Although the average number of admissions per year in our sample was almost equal to one, approximately 20% of
the patients had reached >3 admissions per year in 2021. This gradual increase in the annual admission rate was also
observed in a study conducted in England in which SCD admissions were reviewed from 2001 to 2010. This consensus
may follow the natural history of a progressive disease.”’ Another theory that explains the increasing annual admission
rate is the growing cumulative number of patients with SCD at our institute.

Study Limitations

This study was conducted at a single tertiary hospital located in the central region of Saudi Arabia. This study was
affected by the distribution of cases between the GIM unit and hematology, where only GIM cases were enrolled;
however, complicated cases in which patients were on regular exchange transfusion or those initially presenting with
Acute chest syndrome or stroke were admitted under hematology and were not included. This study was also limited by
the inability to access patients’ medical records during admission to other hospitals. In addition, there were missing data
that could not be obtained owing to the nonresponse of some participants.

Conclusion

SCD is a chronic, debilitating disease characterized by recurrent Veno-occlusive Crises leading to frequent ED visits, high
rates of hospitalizations, and recurrent re-admissions. The average number of admissions and ED visits per patient is one
admission and four ED visits. The average Length of stay during the study period was 6.4 days. The readmission rates at 7, 30,
60, and 90 days were 8%, 24.5%, 13.6%, and 10.8%, respectively. The monthly income for most of the patients was below
average, with more than half of the patients unemployed. These findings were not significantly distinct when compared to the
literature. However, it demonstrates the effects of SCD on patients’ quality of life and the Saudi healthcare system.

Data Sharing Statement
The data that support the findings of this study are available from the corresponding author, AB, upon request.

Disclosure
The authors report no financial or non-financial competing interests in this work.
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