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Abstract: Background: Hospital readmissions among pediatric sickle cell disease (SCD) patients
significantly strain healthcare systems. In Saudi Arabia, limited research has explored the role of bone
marrow therapy in reducing recurrent emergency and inpatient readmissions among children with
SCD. This study investigates the impact of bone marrow treatment on post-discharge readmission
rates using a multi-episode survival framework. Methods: We conducted a retrospective cohort
study using electronic health records from 2015 to 2023 of children aged <11 years diagnosed with
SCD across multiple hospitals in Saudi Arabia. A multi-episode survival analysis based on the
Andersen-Gill model was employed to evaluate the effect of bone marrow therapy on readmission
rates up to 30, 90, 180, and 365 days following the first emergency or inpatient discharge. Patients
were categorized into treatment (received bone marrow) and control groups, adjusting for
demographic, clinical, and healthcare system-related covariates. Results: The study included 234
patients. Bone marrow therapy significantly reduced the hazard of emergency readmissions within
365 days (HR=0.16; 95% CI: 0.06-0.44), while increasing the hazard of inpatient readmissions
(HR=5.56; 95% CI: 3.03-11.11), possibly due to short-term immunosuppression post-transplant.
Additional risk factors for higher readmission rates included greater prior-year emergency visits,
complications, and healthcare facility type. Conclusions: Bone marrow therapy appears effective in
reducing emergency readmissions in pediatric SCD patients, though it may increase short-term
inpatient admissions. Findings underscore the importance of targeted post-transplant care and
inform healthcare policy on effective interventions for reducing readmission burdens in Saudi
Arabia.

Keywords: Sickle Cell Disease; readmission; bone marrow therapy; Pediatrics; survival analysis;
Saudi Arabia; emergency department; inpatient care; healthcare utilization

1. Introduction

There are increased healthcare costs and a burden associated with hospital readmissions. It
affects healthcare providers and patients by increasing the morbidity and mortality associated with
hospital readmissions [1,2]. In the United States, Medicare and Medicaid had the highest hospital
readmission rates at 36.1% [3]. The hospital readmission charges for Sickle Cell Disease (5CD) in 2016
were $609 million [4]. The cost of pediatric sickle cell crisis readmissions in the United States was
$21.1 million in 2020. Identifying factors and the timing of readmissions among patients with SCD is
important to allocate healthcare resources efficiently [2]. Several factors associated with readmission
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are lower socioeconomic status, comorbidities, a higher number of complications, vaso-occlusive
crisis (VOC) episodes, young age, female, severity of SCD, lack of outpatient follow-up, missing
appointments, depressive symptoms, lower spirituality, premature discharge, withdrawal
syndrome, recurrent acute episodes [1,4,5,7-9].

A recent retrospective study in Saudi Arabia has found that patients with SCD experience higher
rates of emergency department (ED) visits, admissions, and readmissions [7]. Some factors associated
with 30-day readmission include hydroxyurea and follow-up at a pain management clinic. There is
limited research on the factors affecting hospital readmission among SCD patients in Saudi Arabia
despite evidence that it leads to preventable higher healthcare costs and increased utilization burdens
[7,10]. However, the existing studies do not investigate the healthcare cost burden. Approximately
24.5% of readmissions in Saudi Arabia among patients with SCD occurred within 30 days, 32.5%
within seven days, 13.6% within 60 days, and 10.8% within 90 days of the first discharge, respectively
[7].

Readmission rates indicate quality of care among SCD patients [12]. Hence, it is essential to
identify factors that influence the rate of readmission and the effectiveness of interventions in
reducing readmissions among patients with SCD. There is limited research within the Saudi Arabian
context regarding hospital readmission rates among patients with SCD [7,10,13]. However, these
studies do not investigate the factors associated with readmission among children <=11 years
diagnosed with SCD. Furthermore, the existing research in Saudi Arabia lacks important predictors
in the statistical analysis model, such as seasonality, prior emergency, outpatient, and inpatient visits,
prior year crisis episodes, total number of complications, the total number of nurses and physicians
in each region, and hospital names, across all Saudi Arabia regions.

Additionally, the most important predictor of the effect on the reduced rate of readmission,
specifically the receipt of bone marrow therapy, has not been thoroughly investigated to inform
healthcare policies within Saudi Arabia more effectively. It is crucial to understand whether key
therapies that help mitigate further complications and improve the quality of life for patients, such
as bone marrow therapy, play a vital role in reducing the readmission rate. Finally, there is a dearth
of studies utilizing multi-episode survival analysis for recurrent events investigating the readmission
rate, including both emergency and inpatient readmissions, within Saudi Arabia to identify factors
that help accurately reduce both healthcare utilization burdens.

Therefore, this study aims to investigate the effect of bone marrow therapy on emergency and
inpatient readmission rates after first discharge. To our knowledge, through a search across PubMed,
Embase, and Google, this is the first study to utilize Andersen and Gill's multi-episode survival
analysis to investigate the treatment effect on the rate of readmission among SCD children in Saudi
Arabia, including predictors in the model that prior studies did not account for in their statistical
analysis.

2. Materials and Methods

2.1. Study Design and Population

The study is an observational, retrospective, right-censored multi-episode survival analysis.
Patient records were identified using the International Classification of Diseases (ICD-10) diagnosis
codes for Sickle Cell Disorders (D57), specifically those for Sickle Cell crises (D57.0) and Sickle Cell
disease without crises (D57.1), which are documented in the hospital’s electronic records. As a
principal diagnosis, sickle cell disease from 2015 to 2023 was used to identify patients for study
inclusion. The study included children up to 11 years old who were diagnosed with SCD between
2015 and 2023 in Saudi Arabia. We excluded children above 11 years, per the Centers for Disease
Control (CDC) milestone development definition, which considers children above 11 years as
teenagers or those with incomplete data.

The study sample was reassigned to a study start point to confirm the final data structure with
multi-episode survival analysis. We aimed to determine the treatment effect on the readmission rate;
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therefore, the study sample was divided into the Treatment Group (Bone Marrow) and the Control
Group. As depicted in Figure 1, the control group was assigned a new study start point one year after
the original start point. The rationale for doing so was based on the effects of prior year visit types
(i.e., IP, EP, OP), the total number of previous crisis episodes, and total complications in the preceding
year on the readmission rate [14,15]. To calculate prior-year values, we reassigned the new study start
point after the original start date for the control group. The treatment group was assigned a study
start point based on the time they received bone marrow, and their prior-year values were calculated
accordingly (Figure 2). The study sample was assigned the first discharge date based on the type of
visit (i.e.,, EP or IP) from that new start point. The post-discharge dates were calculated for both
groups, ranging from 0 to 30, 90, 180, and 365 days, to determine any differences in the readmission
rate between the treatment and control groups.
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Figure 1. Study Sample Selection for Control Group.
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Figure 2. Study Sample Selection for Bone Marrow Receipt Group.
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The final study population inclusion and exclusion criteria are depicted in Figure 3. The

exclusion criteria beyond age criteria were those with only one year of presence in the data, which

does not allow us to measure their prior or post values for the multi-episode survival analysis. We

further excluded patients who did not have both EP and IP readmission visits to maintain the

homogeneity of the study sample and avoid any compositional effects on study estimates. Finally,

we excluded those with missing values for any study covariates. The final study sample for each

subsequent time following the first discharge is depicted in Figure 4.

Raw data= 466

Only for 1 year in data =
32

Sample eligible for the
study = 434

v

Excluded if same patient
did  not have EP
readmission for sample
homogeneity = 200
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data structuring of multi-
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Figure 3. Study Sample Inclusion-Exclusion Criteria.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202506.1552.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 June 2025 d0i:10.20944/preprints202506.1552.v1

5 of 18

4 ) 4 )

Emergency readmissionup Inpatient readmission up to
to 30, 90,180, and 365 days 30,90,180, and 365 days
post-first emergency post-first inpatient
discharge date discharge date

- / - /

4 )

Matching readmission patient IDs that
readmitted for both EP and IP type up
to 30,90, 180, 365 days post first

discharge

N J

Figure 4. Construction of Final Homogenous Sample Data for Statistical Analysis.

2.2. Data and Data Structure

The de-identified KAIMRC patient data was extracted for the study. The MNG-HA data by
KAIMRC provides care from primary to tertiary to all National Guard soldiers, their dependents,
and individuals residing in Saudi Arabia [16]. The ethics committee of the University of Louisville
approved this study (24.0655), and KAIMRC received data access approval with approval number
IRB/1452/24. Due to the study’s retrospective, observational design, informed consent was not
required.

KAIMRC is a multicenter registry database that serves hospitals supporting Ministry of National
Guard beneficiaries. Some of the hospitals included are King Abdulaziz Medical City (KAMC-R) in
Riyadh, the largest site representing the central region, and King Abdulaziz Medical City (KAMC-])
in Jeddah, representing the western region. The registry also covers smaller hospitals, such as King
Abdulaziz Hospital in Al-Ahsa, Al-Imam Abdulrahman bin Faisal Hospital in Dammam, which
serves the eastern region, and Prince Mohammad bin Abdulaziz Hospital in Al-Madinah [17].
Additionally, we utilized the Ministry of Health, Saudi Arabia’s publicly available health resource
information, to merge it with our secondary data.

The study's data structure is depicted in Table 1, which aligns with the Andersen and Gill model.
To perform a multi-episode analysis, each patient requires a time interval indication of the event,
specifying whether it occurred within that time interval. The data input is a counting style where a
patient with an event, (i.e., if readmission has occurred within time frames of up to 30, 90, 180, or 365
days post-first discharge date), is assigned several rows. The key variables to differentiate the data
structure from other regression modeling or survival analysis are Tstart, Tstop, and Status variables.
The Tstart and Tstop variables, paired, indicate a time interval of risk for each patient in the data. The
Tstart is the start time for each patient, which is generally zero for the first event occurrence and is
assigned the value of the last event recurrence (i.e., the Tstop value) from that time interval for
subsequent events. In the data, patients are assigned a value of Tstart of 0 for the first discharge date
from the study start point [18]. The days between the first discharge date and 30, 90, 180, and 365
days post-discharge are calculated. The patients are then assigned Tstart values for subsequent
readmission rows, which are assigned from the prior Tstop date. In other words, the patient’s risk
period begins with one event and continues until the next event occurs. The Tstop is a recurrent event
(Status=1) within the study time frames if a patient experiences an event, (i.e., readmission after the
first discharge). The Tstop time is when the event occurs and represents the number of days between
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the first discharge and the event occurrence. If the event has not happened (Status=0) within the study
time frame, (i.e., up to 30, 90, 180, or 365 days post-first discharge), the Tstop takes the value of the
censored time [18].

Table 1. Data Structure for Multi-episode Survival Analysis.

Prior year Prior year
Patient Treatment Tstart Tstop Status Age  crisis total Other .study
ID . emergency covariates
episodes .o
visits
1 0 0 90 0 5 15 37
2 1 0 45 1 9 4 12
3 1 0 50 1 2 20 23
3 1 50 75 1 2 20 23
3 1 75 90 0 2 20 23
4 0 0 10 1 6 2 40
4 0 10 30 0 6 2 40

2.3. Multi-Episode Survival Analysis

The multi-episode survival analysis model is a type of modeling technique that accounts for
more than one episode or event. The conventional survival analysis would have just one terminal
endpoint, while multi-episode analysis allows for multiple events rather than just one terminal event
to determine the effect over a period of time during a study period [19]. In most biomedical studies,
the event of interest may occur more than once; in other words, instead of just one event of interest,
there could be multiple events of interest called recurrent events [18]. Some examples of recurring
clinical outcomes in patients include hospital readmissions, Cancer recurrence, upper respiratory
tract infections, and ear infections. The recurrent events in the same participants are inherently
correlated and, if ignored during the statistical analysis model, could provide artificially narrow
confidence intervals as well as a null hypothesis rejected more often than should have been [18].

The two important features of recurrent data are that event occurrences are ordered, and the
participant is subject to risk only once during a single event at a given time. The Andersen and Gill
counting process model is one such recurrent event statistical survival modeling approach that
assumes a common baseline hazard for all recurrent events of a subject, estimating a global parameter
for all factors of interest. The Andersen and Gill model assumes that past events could explain
correlations between event times among individuals. In other words, the incremental time between
events is conditionally uncorrelated, given the covariates. Time-dependent covariates, like the
number of previous visits or the number of prior crisis episodes, capture dependence through these
time-varying specifications. It is a widely used modeling technique for recurrent hospitalizations due
to all causes [18].

2.4. Empirical and Conceptual Model

The Andersen and Gill Counting Process model determined the readmission rate between
treatment and control groups. The empirical model for the analysis is as follows:

Aik(t/X, B)=Tik(H)AO(t)eXikp

where Aik(t) represents the hazard function for the kth event of the ith subject at time t; AO(t) is the
common baseline hazard for all events over time; Xik is the vector of covariates processes for the ith
individual; 3 is a fixed vector coefficient and is a predictable process.

Hospital readmissions are among the most commonly utilized quality of care indicators, as they
are costly and can be easily identified through administrative data [11]. The Donabedian model,
comprising structure, process, and outcome constructs, informs the statistical model variables, as it
is one of the most widely utilized conceptual models for quality of care [20]. The structural level
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variables include hospital regions, patient demographics, and patient clinical characteristics, such as
prior year inpatient (IP), emergency department (ED), outpatient (OP) visits, prior year total number
of complications, prior year total number of crisis episodes, CCI score, total number of nurses and
physicians in a region, and number of readmissions by season. The process-level variables include
treatment receipt, medication receipt, and the names of healthcare facilities. The readmission rate
indicates the outcome constructed after the first discharge date.

2.5. Outcome Variable

The readmission rate post-first discharge date is indicated by a pair of variables, Tstart and
Tstop, which define the time interval of risk, and the Status variable, which indicates whether
readmission has occurred within that interval. The Tstart and Tstop variables are numeric, while the
Status variable is binary, where zero indicates readmission has not happened or the patient is
censored. A value of one for the Status variable suggests that readmission has occurred within the
specified time frames of up to 30, 90, 180, or 365 days after the first discharge. The combination of all
three variables indicates the value of the outcome variable [18].

2.6. Independent Variable

The treatment variable is a binary variable, where 0 indicates that the patient has not received
bone marrow therapy, and 1 indicates that the patient has received bone marrow therapy.

2.7. Covariates

The prior year variables were created, (i.e., total crisis episodes, total complications, total
outpatient (OP), emergency department (EP), and inpatient (IP) visits), for each patient in the prior
year. All variables are numeric, and the total numbers for one year prior to the study start points for
both treatment and control groups are calculated, as depicted in Figures 2 and 3. The seasonal visit
variable is a binary variable that takes a value of 1 if the patient had a readmission during any of the
four seasons: Spring, Summer, Autumn, or Winter. The seasons variable was a dummy variable
created for Summer, Spring, and Autumn, with Winter as the reference category. It takes the value
of zero otherwise, indicating the patient did not make a readmission in that season. The healthcare
facility names are dummy variables that take a value of 1 if the patient utilized healthcare services at
that hospital and zero otherwise.

The total number of nurses and physicians in a particular Saudi Arabian region is a numeric
variable. Out of the total five hospitals in the final sample, we generated dummy variables keeping
one hospital, (i.e., KAMC-R), as a reference category. Four dummy variables were generated to
include in the statistical model: AHSA, IABFH, KAMC-J, and PMBAH, all of which are binary
variables taking values of either 0 or 1. The Gender variable is a categorical variable with values of
Male and Female. The Region and Medication variables are also categorical variables that take values
of Central, East, West, and South for the region. The medication variable takes the value of “No
hydroxy urea” or “Hydroxy urea,” depending on the patient's status of its prescribed utilization. The
CClI scores are a categorical variable that takes a value of 0 for patients with no score and a value of
1 for those with a score of 1 or higher.

3. Results

3.1. Descriptive Statistics

The final homogeneous sample comprised 234 patients, as depicted in Tables 2-5. The
characteristics of patients in both the emergency and inpatient readmission samples are similar for
several factors (Tables 2 and 4). The average age of patients in both groups was 5.86 years (SD: 2.70),
the average total number of complications was 0.33 (SD: 0.54), the average total prior year IP visits
was 2.29 (SD: 3.48), and the average total number of nurses and physicians was 37,956 (SD: 19,722).
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In both the emergency and inpatient readmission samples, those who received hydroxyurea
were higher, comprising 82.5% compared to those who did not receive hydroxyurea (17.5%), as
shown in Tables 3 and 5. Those with a CClI score of zero comprised 94.4%, compared to those with a
score of more than 1, which accounted for 5.6%. Those residing in the Central Saudi Arabia region
comprised 43.2%, the East region 35.5%, and the West and South regions 21.4%. Those seeking health
care services in the hospital KAMC-R (41.5%) were the highest, followed by KAMC-J (22.2%), AHSA
(18.4%), IABFH (16.2%), and PMBAH (1.7%), respectively. The Female patients in the sample
comprised 43.2%, compared to Males (56.8%). Those who received bone marrow (12.4%) were lower
in percentage than those who did not (87.6%).

3.2. Emergency Readmission

Those in the emergency readmission sample had an average of about 1.82 total crisis episodes
in the prior year (SD: 3.35), as depicted in Table 2. The average number of prior-year OP visits was
8.12 (SD: 8.21), and the average total number of prior-year EP visits was 1.64 (SD: 3.17). The average
total revisit rates for the Spring, Summer, and Autumn seasons were 0.84 (SD: 1.39), 0.52 (SD: 0.75),
and 0.74 (SD: 0.92), respectively.

Table 2. Descriptive Statistics of Emergency Readmission Study Sample.

Emergency type readmission

Mean SD Min Max
Age 5.86 2.70 1.58 11
Prior year
Total crisis episodes 1.82 3.35 0 24
Total complications 0.33 0.54 0 2
Prior year visits
Total prior year OP visits 8.12 8.21 0 75
Total prior year EP visits 1.64 3.17 0 37
Total prior year IP visits 2.29 3.48 0 34
Seasonal visits
Total Spring 0.84 1.39 0.00 17
Total Summer 0.52 0.75 0.00 4
Total Autumn 0.74 0.92 0.00 6
Total nurses and 37956.21 19722.60 17185 73635
physicians
N 234
Table 3. Descriptive Statistics of Emergency Readmission Study Sample.
Emergency type readmission
Frequency Percent Cumulative
Medication
No Hydroxy Urea 41 17.5% 17.5
Hydroxy Urea 193 82.5% 100.0
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CClI score
0 221 94.4% 94.4
13 5.6% 100.0
Region
Central 101 43.2% 43.2
East 83 35.5% 78.6
West & South 50 21.4% 100.0
Healthcare facility
AHSA 43 2.1% 18.38
IABFH 38 18.0% 34.62
KAMC-] 52 1.3% 56.84
KAMC-R 97 22.7% 98.29
PMBAH 4 36.8% 100
Gender
Female 101 43.2% 43.2
Male 133 56.8% 100.0
Treatment
No Bone Marrow 205 87.6% 87.61
Bone Marrow 29 12.4% 100
N 234

3.3. Inpatient Readmission

Those in the emergency readmission sample had an average of about 1.53 total crisis episodes
in the prior year (SD: 2.41), as depicted in Table 4. The average total number of prior year OP visits
was 7.15 (SD: 4.54), and the average total number of prior year EP visits was 1.33 (SD: 1.70). The
average total Spring season revisit was 0.81 (SD:1.03), Summer 0.62 (5D:0.85), and Autumn 0.78

(5D:0.85).
Table 4. Descriptive Statistics of Inpatient Readmission Study Sample.
Inpatient type readmission
Mean SD Min Max

Age 5.86 2.70 1.58 11
Prior year

Total crisis episodes 1.53 241 0 16

Total complications 0.33 0.54 0 2

Prior year visits
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Total prior year OP visits 7.15 4.54 0 30
Total prior year EP visits 1.33 1.70 0 8
Total prior year IP visits 2.29 3.48 0 34
Seasonal visits
Total Spring 0.81 1.03 0.00 7
Total Summer 0.62 0.85 0.00
Total Autumn 0.78 0.85 0.00
Total nurses and
physicians 37956.21 19722.60 17185 73635
N 234
Table 5. Descriptive Statistics of Inpatient Readmission Study Sample.
Inpatient type readmission
Frequency Percent Cumulative
Medication
No Hydroxy Urea 41 17.5% 175
Hydroxy Urea 193 82.5% 100.0
CClI score
0 221 94.4% 94.4
1 13 5.6% 100.0
Region
Central 101 43.2% 43.2
East 83 35.5% 78.6
West & South 50 21.4% 100.0
Healthcare facility
AHSA 43 18.4% 18.38
IABFH 38 16.2% 34.62
KAMC-] 52 22.2% 56.84
KAMC-R 97 41.5% 98.29
PMBAH 4 1.7% 100
Gender
Female 101 43.2% 43.2
Male 133 56.8% 100.0
Treatment
No Bone Marrow 205 87.6% 87.61
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Bone Marrow 29 12.4% 100

N 234

3.4. Hazards of Emergency Readmission

The hazards of emergency readmission rates increased by 100% (HR 6.38; 95% CI 2.26-18.01) for
those who did not receive bone marrow treatment compared to those who did (Table 6). The all-cause
hazards of emergency readmission increased by 100% (HR 2.02; 95% CI 1.40-2.89) for those who had
a higher total number of complications. The all-cause hazard of emergency readmission rate
increased by 15% (HR 1.15; 95% CI 1.05-1.26) for those with an increase in prior-year emergency visits.
The all-cause hazards for emergency readmission decreased by 38% (HR 0.62; 95% CI 0.36-1.07) for
those who had readmission visits in the Autumn season compared to the Winter.

Factors such as hospital name PMBAH, KAMC-], AHSA, compared to KAMC-R, hydroxy urea
compared to no hydroxy urea, Male compared to Female, and the East Saudi Arabia region compared
to the Central region showed an increase in the hazards of emergency readmission. However, the
coefficients were not statistically significant. Factors that decreased the hazards of readmission,
although with coefficients that were not statistically significant, included hospital IABFH compared
to KAMC-R, CCI score one compared to 0, the Spring and Summer seasons compared to Winter,
higher prior year crisis episodes, the West and South Saudi Arabia regions compared to Central, and
increased prior-year IP and OP visits.

Table 6. Andersen-Gill Multi-Episode Survival Analysis for Emergency Rate of Readmission.

Days post first Emergency discharge

30 90 180 365

Hazards ratio Hazards ratio Hazards ratio Hazards ratio

(95% CI) (95% CI) (95% CI) (95% CI)
Treatment: Reference is Bone Marrow
Control 1.017 2.637 4.56%** 6.38***
(0.24-4.25) (0.72-9.36) (1.65-12.57) (2.26-18.01)
CClI scores: Reference is 0
1 2.734 1.102 0.774 0.853
(0.58-12.79) (0.27-4.53) (0.24-2.51) (0.31-2.31)
Total complications 0.79 1.6 1.95%* 2.02%**
(0.32-1.94) (0.90-2.83) (1.30-2.93) (1.40-2.89)
Healthcare Facility name: Reference KAMC-R
AHSA 0.508 0.98 0.927 1.157
(0.13-2.05) (0.29-3.32) (0.29-3.00) (0.44-3.05)
IABFH 0.24* 0.529 0.46 0.752
(0.05-1.24) (0.15-1.82) (0.14-1.46) (0.31-1.80)
PMBAH 0.00%** 1.834 1.883 2127
(0.00-0.01) (0.22-15.02) (0.31-11.52) 0.58-7.85)
KAMC] 1.525 1.842 1.027 1.027
(0.30-7.83) (0.51-6.59) (0.24-4.47) (0.25-4.23)
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Total prior year emergency visits ~ 0.963 1.19** 1.11%* 1.15%*
(0.73-1.28) (1.01-1.40) (0.10-1.24) (1.05-1.26)

Seasons of Readmission visit

Spring 1.213 0.805 0.944 0.876
(0.30-4.88) (0.38-1.70) (0.50-1.78) (0.50-1.55)

Summer 1.19 0.786 0.753 0.783
(0.28-5.02) (0.37-1.68) (0.40-1.43) (0.44-1.40)

Autumn 0.947 0.44* 0.59* 0.62*
(0.26-3.47) (0.20-1.00) (0.31-1.10) (0.36-1.07)

Medication: No Hydroxyurea

Hydroxyurea 0.93 1.449 1.75* 1.492
(0.34-2.55) (0.62-3.40) (0.92-3.32) (0.87-2.56)

Total prior year crisis episodes 0.95 0.86* 1.001 0.998
(0.77-1.17) (0.73-1.00) (0.91-1.10) (0.91-1.10)

Gender:Reference is Female
Male 1.574 1.509 1.289 1.24
(0.75-3.32) (0.91-2.51) (0.88-1.90) (0.88-1.75)

Regions of Saudi Arabia: Central

East 1.161 1.72 2.14 1.737
(0.13-10.35) (0.32-9.30) (0.53-8.62) (0.56-5.42)
West and South 0.363 0.555 0.934 0.894
(0.04-3.07) (0.12-2.57) (0.19-4.52) (0.21-3.89)
Age 0.976 1.012 1.019 0.99
(0.84-1.13) (0.92-1.12) (0.94-1.10) (0.92-1.06)
Total prior year IP visits 0.991 0.966 0.938 0.927
(0.83-1.19) (0.85-1.10) (0.85-1.04) (0.85-1.01)
Total prior year OP visits 0.93* 0.956 0.98 0.988
(0.86-1.00) (0.90-1.01) (0.94-1.02) (0.95-1.03)
Total nurses and physicians 1 1 1.00%* 1.00%*
(1.00-1.00) (1.00-1.00) (1.00-1.00) (1.00-1.00)
N 215 216 216 215

p value: *** 1%, ** 5%, *10%

3.5. Hazards of Inpatient Readmission

The hazards of inpatient readmission rates decreased by 82% (HR 0.18; 95% CI 0.09-0.33) for
those who did not receive bone marrow treatment compared to those who did (Table 7). The all-cause
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hazards of inpatient readmission increased by 100% (HR 2.56; 95% CI 1.22-5.40) for those who sought
care at KAMC-] compared to those at KAMC-R hospital. The all-cause hazards of inpatient
readmission increased by 11% (HR 1.11; 95% CI 1.03-1.20) with an increase in prior-year inpatient
visits. Similarly, the all-cause hazards of readmission increased by 14% (HR 1.14; 95% CI 1.01-1.29)
for those with higher total prior-year emergency visits. In contrast, the all-cause hazards of
readmission decreased by 58% (HR 0.42; 95% CI 0.17-1.04) for those in the West and South regions
compared to Central Saudi Arabia.

Factors such as hospital name (IABFH, AHSA) compared to KAMC-R, and Summer readmission
visits compared to Winter season, as well as hydroxyurea use, compared to no hydroxyurea, as well
as increased prior outpatient visits, were associated with a higher hazard of inpatient readmission.
However, the coefficients were not statistically significant. Factors that decreased the hazards of
readmission, although with coefficients that were not statistically significant, included a CCI score of
1 compared to 0, increased total number of complications, the Autumn and Spring seasons compared
to Winter, total prior year crisis episode, East region compared to Central, higher age, and Male
compared to Female.

Table 7. Andersen-Gill Multi-Episode Survival Analysis for Inpatient Rate of Readmission.

Inpatient Department Visits Rate of readmissions

Days post first Inpatient

discharge
30 90 180 365
Hazards  Hazards  Hazards
ratio ratio ratio
Hazardsratio  (95% CI) (95%CI) (95%CI) (95%CI)
Treatment: Reference is Bone Marrow
Control 0.06*** 0.14*** 0.13%** 0.18***
(0.06- (0.07- (0.09-
(0.01-0.24) 0.31) 0.26) 0.33)
CClI scores: Reference is 0
1 1.129 1.142 0.762 0.693
(0.42- (0.27- (0.24-
(0.21-6.19) 3.11) 2.14) 1.96)
Total complications 0.604 0.696 0.795 0.895
(0.39- (0.52- 0.62-
(0.22-1.65) 1.24) 1.21) 1.29)
Healthcare Facility name: Reference
KAMC-R
AHSA 5.879 1.665 2426 2.343
(0.49- 0.71- (0.81-
(0.54-63.48) 5.70) 8.23) 6.78)
IABFH 5.636 1.397 2.399 1.963
(0.37- (0.73- 0.71-
(0.43-74.12) 5.22) 7.93) 5.46)
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PMBAH 0.00*** 0.00%** 0*** 0
(0.00- (0.00- (0.00-
(0.00-0.01) 0.01) 0.01) 0.01)
KAMC] 9.90*** 2.50** 2.43* 2.56**
(1.06- (0.97- (1.22-
(1.80-54.30) 5.91) 6.08) 5.40)
Total prior year emergency visits 1.166 1.129 1.16** 1.14**
(0.95- (1.01- (1.01-
(0.81-1.67) 1.35) 1.33) 1.29)
Seasons of Readmission visit
Spring 0.262 0.38** 0.607 0.843
(0.16- (0.33- (0.52-
(0.05-1.48) 0.90) 1.12) 1.37)
Summer 1.005 1.339 1.289 1.165
0.67- (0.70- (0.69-
(0.31-3.26) 2.67) 2.37) 1.97)
Autumn 0.695 0.671 0.827 0.776
(0.33- (0.46- (0.46-
(0.23-2.13) 1.36) 1.47) 1.30)
Medication: No Hydroxyurea
Hydroxyurea 0.593 1.065 0.986 1.048
(0.47- (0.55- (0.65-
(0.14-2.47) 2.40) 1.77) 1.70)
Total prior year crisis episodes 1.064 1.003 0.969 0.989
(0.88- (0.87- (0.90-
(0.81-1.40) 1.14) 1.08) 1.08)
Gender:Reference is Female
Male 0.779 0.833 0.894 0.895
(0.50- (0.60- (0.64-
(0.35-1.75) 1.37) 1.32) 1.26)
Regions of Saudi Arabia: Central
East 0.244 - 0.30* 0.47
(0.09- (0.15-
(0.01-8.71) - 1.08) 1.45)
West and South 0.265 - 0.504 0.42*
0.17- 0.17-
(0.02-3.10) - 1.46) 1.04)
Age 0.94 0.994 0.98 0.959
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(0.90- (0.90- (0.89-
(0.78-1.14) 1.10) 1.06) 1.03)
Total prior year IP visits 1.043 1.10* 1.11%* 1.11%%*
(1.00- (1.02- (1.03-
(0.86-1.26) 1.21) 1.20) 1.20)
Total prior year OP visits 1.032 1.033 1.035 1.023
(0.94- (0.97- (0.96-
(0.90-1.18) 1.13) 1.11) 1.09)
Total nurses and physicians 1 1 1 1
(1.00- (1.00- (1.00-
(1.00-1.00) 1.00) 1.00) 1.00)
N 220 219 220 221

p value: *** 1%, ** 5%, *10%

4. Discussion

The study found that bone marrow treatment reduces the risk of emergency readmission
hospitalizations among children diagnosed with SCD. Conversely, those who received bone marrow
treatment were at higher risk of inpatient readmission. It could be due to the bone marrow transplant
graft typer technique used [21-23]. As our data did not provide information on the type of bone
marrow graft received or the success or failure of the received graft, we could not measure its effect
by type of readmission. Several studies suggest that a possible reason for increased readmission up
to 6 months post-discharge from a bone marrow procedure is reduced immunity, leading to
opportunistic infections, as immune cells take time to develop and mature to provide complete
immunity after a bone marrow transplant. [22,24]. Higher inpatient readmission among those who
receive bone marrow compared to those who do not can be partially explained by the same reason
as emergency revisits, which are primarily caused by VOCs and other more severe complications
mentioned previously in the introduction section of this paper. Finally, to our knowledge, this is the
first study of its kind attempting to determine the effectiveness of bone marrow treatment among
SCD patients, resulting in a dearth of studies that can confirm our findings.

The factors that increase the risk of emergency readmission within 365 days post-first discharge
are a higher average total number of prior year emergency visits and the average total number of
complications, which confirms prior study results [25-27]. For inpatient readmission, the average
total number of prior-year emergency and inpatient visits appears to be a risk factor. A healthcare
facility also appears to play a significant role in determining the risk of readmissions, as indicated by
our research results, which align with existing studies [28,29].

The study has some strengths. It includes robust treatment effect coefficients as depicted through
sensitivity analysis tests for both emergency and inpatient visit types (Appendix Tables A1-A17).
The bone marrow treatment coefficients do not change significantly from up to 30 days to 365 days
of sensitivity analysis. Implementing a multi-episode survival analysis modeling technique for
recurrent events in the SCD context enables us to observe time-varying covariates and multiple risk
periods for the same individual rather than just a single terminal event, as is typically observed
through conventional survival analysis. However, the study also has limitations, such as data
limitations. The data consisted of a small number of patients, which may have affected the standard
errors and confidence intervals of the estimates due to the smaller sample size. Due to a lack of data
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on specific variables, such as the type of bone marrow graft received, the failure or success status of
the received graft, phenotype, socioeconomic status, premature discharge, missed appointments, and
patients' mental health status, we cannot account for these factors in our statistical model. As
described in the introduction section of this study, these factors influence the rate of readmission;
however, the extent to which they impact the type of readmission, specifically emergency or inpatient
readmission, remains unknown. Future studies may consider these factors in their statistical analysis
when assessing treatment effectiveness among children with SCD.

5. Policy Implications

The results from the study could help inform Saudi Arabia's healthcare policies regarding bone
marrow treatment receipt and its potential reduced risk of emergency readmissions post-receipt.
Emergency readmissions pose the highest healthcare cost burdens, and the results from this study
could help serve as a foundation for future studies aiming to establish close to true causal relations
between treatment and the rate of readmission by type of readmission, as well as for indicators of
improved quality of care.
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