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Abstract

Objective: To delineate the natural history of splenic complications other than the loss of splenic function in children with sickle

cell disease (SCD), we performed a retrospective chart review of patients with SCD treated at the Texas Children’s Hospital.

Methods: We determined the dates of diagnoses of splenic complications, the number of ASSC events, and hydroxyurea

treatment in patients with SCD. We also examined the association of hydroxyurea therapy with the onset and severity of

ASSC. Results: The cumulative prevalence of splenic complications was 24.7% for splenomegaly, 24.2% for ASSC, 9.6% for

hypersplenism, and 5.6% for splenectomy. The cumulative prevalence of all splenic complications was highest in patients with

hemoglobin Sβ 0 (69.2%), intermediate in hemoglobin SS (33.3%), low in hemoglobin SC (9.0%), and non-existent in hemoglobin

Sβ +. The overall event-rate of ASSC was 8.3 per hundred patient-years. The event-rate was 28.4 in the hemoglobin Sβ 0,

10.9 in hemoglobin SS, and 3.5 in hemoglobin SC Patients with hemoglobin SS and hemoglobin Sβ 0 on hydroxyurea therapy

had a significantly higher occurrence of ASSC than those who were not, with event-rates of 14.2 and 3.1, respectively. The

event-rate was also higher for children who started hydroxyurea before age 2 years than for those who started after this age

(19.8 and 9.2 respectively). Conclusions: The prevalence and severity of splenic problems vary widely between different sickle

cell genotypes, with hemoglobin Sβ 0 having the most severe complications. Hydroxyurea therapy is strongly associated with

incidence of ASSC, particularly when initiated before two years of age.
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ABSTRACT

Objective: To delineate the natural history of splenic complications other than the loss of splenic function
in children with sickle cell disease (SCD), we performed a retrospective chart review of patients with SCD
treated at the Texas Children’s Hospital.
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Methods: We determined the dates of diagnoses of splenic complications, the number of ASSC events,
and hydroxyurea treatment in patients with SCD. We also examined the association of hydroxyurea therapy
with the onset and severity of ASSC.

Results: The cumulative prevalence of splenic complications was 24.7% for splenomegaly, 24.2% for ASSC,
9.6% for hypersplenism, and 5.6% for splenectomy. The cumulative prevalence of all splenic complications was
highest in patients with hemoglobin Sβ0 (69.2%), intermediate in hemoglobin SS (33.3%), low in hemoglobin
SC (9.0%), and non-existent in hemoglobin Sβ+. The overall event-rate of ASSC was 8.3 per hundred
patient-years. The event-rate was 28.4 in the hemoglobin Sβ0, 10.9 in hemoglobin SS, and 3.5 in hemoglobin
SC Patients with hemoglobin SS and hemoglobin Sβ0 on hydroxyurea therapy had a significantly higher
occurrence of ASSC than those who were not, with event-rates of 14.2 and 3.1, respectively. The event-rate
was also higher for children who started hydroxyurea before age 2 years than for those who started after this
age (19.8 and 9.2 respectively).

Conclusions: The prevalence and severity of splenic problems vary widely between different sickle cell
genotypes, with hemoglobin Sβ0 having the most severe complications. Hydroxyurea therapy is strongly
associated with incidence of ASSC, particularly when initiated before two years of age.

INTRODUCTION

The spleen is among the earliest organs affected in people with sickle cell disease (SCD) 1,2. Splenic dysfunc-
tion, as measured by the appearance of Howell-Jolly bodies and pitted red blood cells (RBCs) in circulation
and decreased radiotracer update, can be detected as early as six months of age and can be seen in up to
86% of children by age one year3. A significant proportion of children with homozygous sickle cell disease
(Hb SS) and sickle beta-zero thalassemia (Hb Sβ0) undergo complete infarction of the spleen early in life.
This progressive loss of splenic function is associated with impaired ability to clear encapsulated bacteria
from the blood and an increased risk of bacteremia. Loss of splenic function occurs later in life in people
with hemoglobin SC disease (Hb SC) and may not occur at all in those with sickle beta-plus thalassemia
disease (Hb Sβ+)4,5.

In addition to impaired filtration and bacterial clearance, splenic dysfunction can manifest as splenomegaly,
acute splenic sequestration crises (ASSC) characterized by acute trapping of blood in an enlarged spleen, and
hypersplenism resulting in chronic cytopenias2. ASSC in particular can be a life-threatening complication
due to the risk of sudden hypovolemic shock in affected people. Previous studies have reported a prevalence
of 7-30% for ASSC in children with SCD2. A retrospective cohort study of ASSC in 190 patients with
Hb SS and Hb Sβ0 revealed a prevalence of 12.6% and an event rate of 6 per 100 patient-years, with a
median age of onset of 1.4 years6. A prospective cohort study of 153 children with Hb SS disease in Jamaica
reported a prevalence of splenomegaly of 65% by age one year7. Splenomegaly has been reported in up to
34% of children with Hb SC disease, with ASSC and hypersplenism occurring in 12% and 10% respectively8.
One study of children with Hb Sβ+ found no evidence of splenic dysfunction by age 18 years5. Another
study of children from Tunisia, however, found a higher prevalence of ASSC in both Hb Sβ0 and Hb Sβ+

genotypes than in patients with Hb SS disease9. Of note, the pattern of splenic disease in sub-Saharan
African countries appears to differ significantly from other regions. One meta-analysis of published studies
describes a prevalence of splenomegaly of 10-73% but a prevalence of less than 10% for ASSC and 5% for
hypersplenism10. The greater prevalence of splenomegaly in this region is hypothesized to be linked to
malaria exposure, though the impact of this interaction on other aspects of splenic disease in SCD has not
been described11.

In this study, we describe a retrospective chart review of splenic complications, including splenomegaly,
ASSC, and hypersplenism, in a large cohort of pediatric patients with SCD at a single children’s hospital.
We identified the prevalence of these complications, as well as that of splenectomy, by age across different SCD
genotypes. We also analyzed the event rate of splenic sequestration across genotypes. Finally, we examined
the correlations between hydroxyurea therapy and the incidence and severity of splenic sequestration in
patients with Hb SS and Hb Sβ0.
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METHODS

This project was approved by the Institutional Review Board at Baylor College of Medicine prior to initiation
of chart review. We searched our electronic medical records (EMR) system using ICD10 codes to identify
all children with sickle cell disease (SCD) born between January 1, 2011, and December 31, 2018, who were
seen at least once at our institution. The ICD10 codes used were D57.0 for all SCD diagnoses, D57.1 for
Hb SS, D57.2 for Hb SC, D57.4 for Hb Sβ+ and Hb Sβ0, and D57.8 for other genotypes. The D57.3 code
was used to exclude children with sickle trait. We also identified extended cohorts from January 1, 2000, to
December 31, 2018, for the Hb SC and Hb Sβ+ genotypes at Texas Children’s Hospital.

Within our patient population, we used ICD10 codes to identify patients with splenic dysfunction
(splenomegaly, ASSC, and hypersplenism), and splenectomy. The ICD10 codes used were: R16.1, D73.1,
and D73.2 for splenomegaly; D73.89, D57.02, D57.212, D57.412, D57.432, D57.452, and D57.812 for splenic
sequestration; D73.1 for hypersplenism; and Z90.81 for splenectomy. These diagnoses were verified by direct
chart review using previously defined diagnostic criteria12. Splenomegaly was defined as a spleen palpable
by [?]2 cm below the costal margin; ASSC was defined as an acute decrease in hemoglobin of >20% from
baseline with concomitant acute splenic enlargement and a rise in reticulocyte count; and hypersplenism was
defined as a combination of splenomegaly with one or more cytopenias with no evidence of other etiologies.
We also reviewed a random selection of charts that did not have an ICD10 code for splenic dysfunction to
confirm the accuracy of diagnostic designations by ICD10 coding. For children with a confirmed diagnosis
of splenic dysfunction, we identified the date of diagnosis or surgical procedure and number of ASSC events.
Among patients with Hb SS and Hb Sβ0, we also identified whether hydroxyurea therapy had been initiated
and the date of initiation. Patients who had inadequate information about diagnoses or dates of onset of
complications were excluded from the study cohort.

Continuous variables are presented as medians or means with standard deviation and compared between
groups using the paired or unpaired Student’s t test as appropriate. The event rate (ER) of ASSC within
each cohort was calculated as events per one hundred patient-years and compared by generating incidence
rate ratios (IRR) with 95% confidence intervals.

For survival analysis of each diagnosis, the age of diagnosis was determined using the date of diagnosis as
documented in the patient’s chart. Patients who did not have a particular diagnosis were censored at the
date of the last documented visit. The times to diagnoses were compared between sub-cohorts using the log-
rank test. All statistical analyses were performed using GraphPad Prism software version 10.0.3 (GraphPad
Software LLC) and MedCalc software version 22.014 (MedCalc Software Ltd).

RESULTS

We identified 688 patients with a diagnosis of SCD who were seen in any setting at our institution between
January 1, 2011, and December 31, 2018. On further review of this group, we identified four misdiagnoses,
nine patients with sickle trait, and sixty-eight duplicates who had ICD10 codes for both homozygous (SS)
SCD and a variant (SC, Sβ+, Sβ0, or S-Other). An additional thirteen patients had insufficient information
in their charts for the planned analysis and were excluded. After accounting for these anomalies, we derived
a final cohort of 594 patients for analysis. Of these, 361 (60.7%) had Hb SS, 160 (26.9%) had Hb SC, 42
(7.1%) had Hb Sβ+, 16 (2.7%) had Hb Sβ0, and 15 (2.5%) had other SCD genotypes (Supplemental Figure
1).

The cumulative prevalence of splenomegaly, ASSC, hypersplenism, and splenectomy in our overall cohort
by age 8 years was 24.7%, 24.2%, 9.6%, and 5.6%, respectively (Figure 1 and Supplemental Table 1).
Stratification of splenic dysfunction by genotype revealed that all types of dysfunction and splenectomy were
highest in patients with Hb Sβ0, intermediate in Hb SS, low in Hb SC, and non-existent in Hb Sβ+ and Hb
S-Other, with statistically significantly differences between the SCD genotypes (Figure 2 and Supplemental
Table 1).

Since ASSC is the most severe complication of splenic dysfunction and is often recurrent, we assessed its
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event rate in our patient cohorts. The overall ER of ASSC for the entire patient cohort was 8.3 per 100
patient years. The ER for patients with Hb Sβ0 was 28.4 compared to 10.9 for Hb SS and 3.5 for Hb SC.
The IRR for patients with Hb Sβ0 and Hb SC relative to Hb SS were 2.6 and 0.3 respectively, indicating
statistically significant differences in the incidence of ASSC between the groups (Table 1).

To determine if splenic dysfunction worsened with age in patients with Hb SC and Hb Sβ+ genotypes, we
extended our analysis of patients with these genotypes to include those born between January 1, 2000,
and December 31, 2010. We identified an additional 149 patients with Hb SC and 32 with Hb Sβ+ for
whom detailed medical records were available, for totals of 309 and 74 patients respectively. The prevalence
of splenic dysfunction remained very low in the Hb Sβ+ group, with only one patient developing ASSC
and requiring splenectomy. In the Hb SC group, by contrast, the prevalence of splenomegaly, ASSC, and
hypersplenism continued to increase with age, more than doubling by the end of this extended study interval
(Figure 3 and Supplemental Table 1).

Finally, we assessed the association between hydroxyurea therapy and the incidence and prevalence of ASSC
in patients with Hb SS and Hb Sβ0. Log-rank survival analysis of patients on hydroxyurea therapy compared
to those who were not revealed a significantly higher prevalence of ASSC in the former group (Figure 4A).
The ER of ASSC was 3.1 in patients who had no prescriptions for hydroxyurea and 14.2 in those prescribed
hydroxyurea therapy, with an IRR of 4.6 (Table 2; p < 0.001). We also assessed whether the timing of
hydroxyurea initiation correlated with prevalence and severity of ASSC. Among patients on hydroxyurea
experiencing ASSC, the mean age of hydroxyurea initiation was 1.2 ± 0.4 years and the mean age of first
ASSC was 1.6 ± 1.2 years; the median ages of HU initiation and ASSC onset were 1.13 years and 1.24 years
respectively. Patients initiated on hydroxyurea before or at age 2 years had a significantly higher prevalence
of ASSC than those initiated after age 2 years (Figure 4B). The ER was of ASSC in the early hydroxyurea
group was 19.8 compared to 9.2 in the late hydroxyurea group, with an IRR of 2.1 (Table 3; p < 0.001).

DISCUSSION

In this study, we present a retrospective analysis of splenic dysfunction in a cohort of 594 pediatric patients
with SCD who were cared for at a single children’s hospital between January 1, 2011, and December 31,
2018. As in previous reports, we identified a high prevalence of splenomegaly, ASSC, and hypersplenism in
children with SCD. By age 2 years, the cumulative prevalence of splenomegaly and ASSC in the entire cohort
were 13.5% and 11.2% respectively, plateauing at 24.7% and 24.2% respectively by age 6 years. The event
rate for ASSC was 8.3 per 100 patient-years. Strikingly, there were significant differences in the prevalence of
splenic dysfunction and the event rates of ASSC between genotypes. Children with Hb Sβ0 had the highest
prevalence of all splenic complications and event rate for ASSC, followed by those with Hb SS and Hb SC. In
the context of other studies that have reported a higher baseline hemoglobin level, a lower rate of acute chest
syndrome, and similar cerebral hemodynamics in Hb Sβ0 patients compared to Hb SS patients, our results
demonstrating a more severe course of splenic disease in patients with Hb Sβ0 suggest that Hb SS and Hb
Sβ0are phenotypically distinct entities13,14. Additionally, while children with Hb SS and Hb Sβ0appeared to
have a plateau of disease prevalence by age 6 years, children with Hb SC disease continued to develop splenic
disease well into the second decade of life. Conversely, children with Hb Sβ+ had virtually no evidence of
splenic disease, even on extended analysis into late adolescence. Our data on Hb SC and Hb Sβ+ patients
correspond with those from earlier studies, which indicated that Hb SC patients have progressive splenic
disease throughout life while patients with Hb Sβ+mostly remain disease-free4,5.

Hydroxyurea therapy has revolutionized care for people with SCD, dramatically reducing the rates of pain
crises and acute chest syndrome and potentially reducing chronic organ damage15. The effectiveness of
hydroxyurea therapy in preserving splenic function is less clear. A major study of hydroxyurea therapy in
very young children examined its potential role in preserving splenic function but found no clear evidence
of such benefit16. Children enrolled in this study had other significant benefits, including fewer pain crises,
episodes of acute chest syndrome, RBC transfusion burden, and overall hospitalizations. Another study that
examined splenic function in children escalated to their maximum tolerated dose of hydroxyurea did reveal
some benefit in preserving splenic function17. Surprisingly, we noted a significantly higher prevalence and
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event rate of ASSC in children started on hydroxyurea before age 2 years compared to those who started
therapy after age 2 years. The difference was even more striking when children started on hydroxyurea
were compared to those who were never started on this medication. While the retrospective nature of our
analysis and inherent differences between the sub-cohorts clearly limit conclusions about causality, our results
indicate a strong correlation between the early initiation of hydroxyurea therapy and the burden of splenic
dysfunction in SCD. In general, hydroxyurea therapy was initiated before the onset of ASSC among children
who started hydroxyurea before age 2 years, supporting the possibility of a causal role for hydroxyurea
(Table 4). Interestingly, there are other studies that suggest a link between hydroxyurea therapy and splenic
disease. In a retrospective study of 28,580 patients in the Pediatrics Health Information System database, the
prevalence of splenectomy was 7.2% among patients on hydroxyurea therapy compared to 3.2% in those not
on therapy. The age of splenectomy was also lower in the treated group18. In a cohort of 23 patients with Hb
SS and Hb Sβ0 treated with hydroxyurea, the onset of ASSC was noted at substantially older ages than has
been previously reported; the authors hypothesize that preserved splenic function on hydroxyurea therapy
may be responsible for this delayed onset of ASSC19. Splenomegaly and hypersplenism have been associated
with elevated Hb F levels in Indian and Saudi Arabian patients with Hb SS disease20,21,22. A possible
mechanism for our association between hydroxyurea therapy and ASSC, therefore, is that hemoglobin F
induction by early initiation of hydroxyurea therapy may counteract splenic infarction sufficiently to preserve
some splenic activity but paradoxically results in disordered splenic filtration with progressive splenomegaly,
ASSC, and hypersplenism. It is also possible, on the other hand, that the correlation we describe is due
to increased hydroxyurea use in a subpopulation of patients with more severe disease phenotype, including
splenic dysfunction.

There are some limitations to our study. The most prominent of these is the retrospective nature of our
analysis, which of necessity introduces differences in baseline characteristics and treatment decisions between
groups as well as in the duration of follow-up. In comparing our group of patients started on hydroxyurea
by age 2 years and those started after age 2 years, for example, the former group is predominantly from the
latter part of our study window while the latter is from the earlier part. Additionally, clinical practices may
have changed during the period of our study, making comparisons over time prone to error. The small sample
size of our Hb Sβ0 patient cohort also limits our analysis of this SCD subtype. Finally, while we reviewed
our patient charts extensively to minimize the likelihood of inaccurate or missed diagnoses, it is possible that
there are errors in our stratification of patients into groups by genotype, types of splenic dysfunction, and
treatment status.

In summary, this study presents the largest retrospective cohort analysis of pediatric splenic disease excluding
loss of splenic function. Our results indicate that splenomegaly and ASSC affect approximately 25% of all
children with SCD , while chronic hypersplenism has a prevalence of about 10%. Additionally, children
with Hb Sβ0 have a significantly higher prevalence of splenic dysfunction and incidence of ASSC than those
with SS disease. Children with Hb SC disease have a later onset of splenic dysfunction but remain at risk
of complications through the second decade of life, while those with Sβ+ disease have very low rates of
splenic complications. Finally, we identify a strong correlation between the early initiation of hydroxyurea
therapy and ASSC, though the causative nature of this association remains unproven. It will be important
to prospectively evaluate the prevalence and severity of splenic disease in children treated with hydroxyurea
escalated to maximum tolerated dose.
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FIGURE LEGENDS

FIGURE 1: Prevalence of splenic complications by age: The cumulative prevalence of splenomegaly, acute
splenic sequestration crises (ASSC), hypersplenism, and splenectomy in the entire cohort of 594 patients
are presented with the number at risk by age. Numeric values for cumulative prevalence are presented in
Supplemental Table 1.

FIGURE 2: Prevalence of splenic complications stratified by genotype. The cumulative prevalence of (A)
splenomegaly, (B) acute splenic sequestration crises (ASSC), (C) hypersplenism, and (D) splenectomy are
presented for the Hb SS, Hb SC, and Hb Sβ0 genotypes with the number at risk by age for each genotype.
Numeric prevalence values for each panel are presented in Supplemental Table 1.

FIGURE 3 Prevalence of splenic complications in Hb SC disease: extended cohort analysis. The cumulative
prevalence of splenomegaly, acute splenic sequestration crises (ASSC), hypersplenism, and splenectomy in
the extended Hb SC cohort (0-18 years) of 309 patients, with the number at risk by age. Numeric values for
cumulative prevalence are presented in Supplemental Table 1.

FIGURE 4 Prevalence of acute splenic sequestration crises stratified by hydroxyurea exposure. The cumula-
tive prevalence of acute splenic sequestration crises (ASSC) for Hb SS and Hb Sβ0patients is presented with
the number at risk by age. (A) Cumulative prevalence in patients treated with hydroxyurea (HU) compared
to those not treated (No HU). (B) Cumulative prevalence in patients with hydroxyurea therapy initiated by
age 2 years (HU [?]2) compared to those with therapy initiated after age 2 years (HU >2).

Number at Risk
Age (Years) 0 1 2 3 4 5 6 7 8

Splenomegaly 594 460 345 276 214 143 92 39 1
ASSC 594 466 357 287 223 148 94 39 1

Hypersplenism 594 483 394 330 262 175 115 50 1
Splenectomy 594 487 402 336 265 179 118 51 1
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A

Number at Risk
Age (Years) 0 1 2 3 4 5 6 7 8

Sβ0 16 13 11 6 4 3 2 2 1
SS 361 276 193 151 114 75 49 23 1
SC 160 132 112 94 73 47 30 11 1
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p < 0.001

Number at Risk
Age (Years) 0 1 2 3 4 5 6 7 8

Sβ0 16 14 11 7 6 4 3 2 1
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p = 0.002
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Number at Risk
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p = 0.004
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Age (Years) 0 1 2 3 4 5 6 7 8

HU ≤2 126 111 73 51 33 20 11 5 1
HU >2 95 91 83 74 60 45 33 16 1

p = 0.012
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