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In children with sickle cell anemia (SCA), early splenic complications can require splenectomy, but the benefit-to-risk 
ratio and the age at which splenectomy may be safely performed remain unclear. To address this question, we analyzed 
the rate of post-splenectomy events in children with SCA splenectomized between 2000-2018 at the Robert Debré 
University Hospital, Paris, France. A total of 188 children underwent splenectomy, including 101 (11.9%) from our newborn 
cohort and 87 referred to our center. Median (Q1-Q3) age at splenectomy was 4.1 years (range 2.5-7.3 years), with 123 
(65.4%) and 65 (34.6%) children splenectomized at ≥3 years of age or <3 years of age, respectively. Median post-
splenectomy follow-up was 5.9 years (range 2.7-9.2 years) yielding 1192.6 patient-years (PY) of observation. Indications for 
splenectomy were mainly acute splenic sequestration (101 [53.7%]) and hypersplenism (75 [39.9%]). All patients received 
penicillin prophylaxis; 98.3% received 23-valent polysaccharic pneumococcal (PPV-23) vaccination, and 91.9% a median 
number of 4 (range 3-4) pneumococcal conjugate vaccine shots prior to splenectomy. Overall incidence of invasive 
bacterial infection and thrombo-embolic events were 0.005 / PY (no pneumococcal infections) and 0.003 / PY, 
respectively, regardless of age at splenectomy. There was an increased proportion of children with cerebral vasculopathy 
in children splenectomized <3 years of age (0.037 / PY vs. 0.011 / PY; P<0.01). A significantly greater proportion of 
splenectomized than non-splenectomized children were treated with hydroxycarbamide (77.2% vs. 50.1%; P<0.01), 
suggesting a more severe phenotype in children who present spleen complications. If indicated, splenectomy should not 
be delayed in children, provided recommended pneumococcal prophylaxis is available. Spleen complications in childhood 
may serve as a marker of severity. 
 

Abstract 

Early splenectomy in a large cohort of children with sickle 
cell anemia: risks and consequences

Introduction 
In children with sickle cell disease, spleen function may 
be altered early in life. This alteration has been shown to 
occur as early as 3-6 months of age and to affect 87% of 
infants with sickle cell anemia (Hb SS or Hb S β° thalas-
semia) at a mean age of 12.9 months.1,2 In the majority of 
children, this process is clinically silent. Over time, the 
spleen becomes fibrotic and loses all its main functions, 
namely blood filtration and immune defense against 
blood-borne pathogens, resulting in functional asplenia 
and, ultimately, to the complete loss of the organ, a pro-
cess called auto-splenectomy.3,4  
However, in a small proportion of children, the spleen may 
cause serious clinical complications such as acute splenic 
sequestration (ASS) or hypersplenism. ASS refers to a rapid 
trapping of red blood cells (RBC) in an acutely enlarged 

spleen, resulting in hypovolemia and severe anemia. Its 
prevalence is around 10-25% in children with SCA, with a 
median age at first occurence of 1.4 years.5 ASS is generally 
unpredictable, although a low fetal hemoglobin (HbF) level 
in the first 3-6 months of life has been correlated to its 
occurrence.6,7 Importantly, ASS further alters spleen func-
tion.1 Modalities of prevention of ASS are still under debate 
because neither chronic transfusion nor hydroxycarbamide 
(the major disease-modifying treatment in SCA) have dem-
onstrated efficacy in decreasing its recurrence.8 The other 
frequent splenic complication is hypersplenism, a con-
dition defined by chronic enlargement of the spleen and 
subsequent cytopenia.9 Its onset is generally progressive 
and its prevalence is ill-defined. Hypersplenism can result 
in failure to thrive, severe chronic anemia, and abdominal 
pain. Both ASS crises and hypersplenism result in, or co-
exist with, reduced spleen function.  
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The major consequence of hyposplenism is an increased 
susceptibility to infection from encapsulated bacteria, 
particularly to pneumococcal invasive infections.10,11 This 
risk is particularly high in very young infants, as in infancy 
(≤2 years of age) the spleen has still not fully matured.12 In 
children with SCA, this increased risk was well-estab-
lished both before and after the initiation of systematic 
prophylactic therapy with penicillin and the introduction 
of pneumococcal vaccines.13-17 While these preventive 
measures have dramatically reduced the risk of infection, 
pneumococcal invasive infections remain frequent and se-
vere, are the leading cause of death in young children with 
SCA in high-income countries, and presumably contribute 
in large measure to the high rate of mortality in children 
<5 years of age in low-income countries.18,19  
Surgical splenectomy is the radical treatment of acute 
splenic events in children with SCA, but its consequences 
in terms of additional infectious risks are difficult to 
understand in the absence of a baseline measurement of 
the residual splenic function at the time of surgery. In 
other words, whether surgical splenectomy further in-
creases the risk of pneumococcal infection in children 
with SCA is still an open question. In addition, the age at 
which splenectomy is best performed remains a subject 
of debate. Early publications on splenectomy in children 
with hemolytic disorders showed a very high risk of over-
whelming sepsis in young infants.20,21 While very few 
studies have evaluated the risks of splenectomy with age, 
in many centers the lower age limit for splenectomy has 
been fixed at 4-5 years of age, although the evidence sup-
porting such a recommendation is poor.16,22 
Splenectomy has also been associated with an increased 
thrombo-embolic risk in patients with hemolytic anemias, 
notably in patients with non-transfusion-dependent tha-
lassemia.23,24 SCA is a hypercoagulable state at baseline, 
with contributing factors including chronic inflammation, 
increased circulation of micro particles and thrombocyto-
sis.25-28 At the same time, a higher incidence of venous 
thromboembolism has been evidenced in patients with 
SCA.29-31 Nevertheless, it is still unclear whether the sur-
gical removal of the spleen further increases the thrombo-
embolic risk.  
In general, the benefit-to-risk ratio of splenectomy can be 
challenging to define in young children with SCA. Recent 
studies have indicated there is no increased risk, but 
these have concerned either small numbers of patients 
with SCD, or a later age at splenectomy in relation to a 
large proportion of patients with Sβ+ genotypes.17,32 As a 
result, the lower limit of age at which splenectomy may 
be safely performed remains to be determined. The main 
objective of this study was, therefore, to analyze the oc-
currence of infectious complications related to encapsu-
lated bacteria as well as of thrombo-embolic events in a 
large cohort of children with SCA who underwent sple-

nectomy during childhood. The secondary objectives were 
to analyze the effect of age at splenectomy on the occur-
rence of medical events in the post-splenectomy period, 
and to compare the rate of sickle cell-related events with 
a non-splenectomized population.  

Methods 

The Robert Debré University Hospital is a tertiary hospital 
in Paris, France, with expertise in the care of children with 
SCA and a national reference center for this disease popu-
lation. The center manages the follow-up of one of the 
largest cohorts of children with this diagnosis in Europe. 
This study included patients from the new born cohort as 
well as patients referred to the surgical department of our 
center. The new born cohort includes all patients who 
have been followed-up at our institution since diagnosis 
after new born screening. The non-splenectomized pa-
tients of the new born cohort served as a comparison 
group for the secondary objectives of the study.  
This retrospective study included all children with SCA 
(homozygous sickle cell anemia or Sβ° thalassemia) sple-
nectomized at our center between January 1st 2000 and 
December 31st 2018. The observation period began at the 
date of splenectomy and ended either the day of the last 
known visit to our center or the date of hematopoietic 
stem cell transplant or the date of death or July 1st 2021, 
whichever came first.  
During the study period, all children received daily peni-
cillin prophylaxis (50-100,000 UI/kg/day) until 10 years of 
age, as well as a 23-valent polysaccharic pneumococcal 
vaccination after 2 years of age (with booster shots every 
3-5 years), as part of our institutional protocol. In addition, 
after 2000, children were immunized with a 7-valent con-
jugated pneumococcal vaccine, and this was replaced by 
a 13-valent conjugated pneumococcal vaccine after 2010. 
Treatment with hydroxycarbamide was initiated in those 
children who after 2 years presented with recurrent pain-
ful crises or acute chest syndrome, as recommended in 
the national guidelines at the time of study.33  
All medical events treated in our hospital and/or reported 
in the local medical file prior to and following surgical 
splenectomy were recorded, including indication for sple-
nectomy. Primary outcomes of interest (invasive infectious 
episode and thrombo-embolic events) were recorded post 
splenectomy. An invasive infectious episode was defined 
as a septic episode with a positive bacterial identification 
(culture or PCR).34-36 Episodes of pneumonia without bac-
terial identification were not considered invasive infec-
tions. Thrombo-embolic events included deep vein 
thrombosis and/or pulmonary embolism diagnosed by 
ultrasound (US) or computed tomography (CT) scan.  
The occurrence of medical events related to SCA such as 
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vaso-occlusive events (VOE), acute chest syndrome (ACS), 
delayed post-transfusional reaction (DHTR), or cerebral 
vasculopathy (CV) were also collected post splenectomy. 
The definition of CV included the occurrence of an abnor-
mal transcranial Doppler and/ or a vascular stenosis of a 
major cerebral artery on MRA and/or an overt stroke. 
Events that occurred within one month of surgery were 
further categorized as post-operative complications.   
This study was approved by the local ethics committee 
(CEER-RD n. 2021-552) and was registered at the Assis-
tance Publique des Hôpitaux de Paris (AP-HP) (n. 
20210408110925).  

Statistical analysis  
Results are expressed as numbers and percentages for cat-
egorical variables and as median (25th quartile; 75th quartile) 
for continuous variables. Overall and age-specific incidence 
of events were calculated as the number of events divided 
by total patient-years (PY) at risk. The univariate compari-
son of percentages was performed using the χ2 test and 
the Mann-Whitney test to compare the distribution of the 
continuous variables. Poisson regression analyses were 
performed to compare incidence of medical events accord-
ing to the age at splenectomy (before or after 3 years of 
age). This age threshold was set because it is increasingly 
applied in clinical practice and because, in our center, 
where a substantial number of children underwent sple-
nectomy between the ages of 2 and 3 years, it allowed for 
an acceptable sample size for comparative purposes.37,38 
Statistical analyses were performed using SAS software 
version 9.4 (SAS Institute Inc., Cary, NC, USA).  

Results  
General results 
During the study period, a total of 1167 children with sickle 
cell disease were followed-up at the Robert Debré Uni-
versity Hospital subsequent to new born screening, in-
cluding 852 children with SCA (either HbSS or HbS β° 
thalassemia) (Figure 1). A total of 101 (11.9%) children (all 
with SCA) underwent splenectomy. In addition, 87 children 
with SCA were referred to our hospital for splenectomy. 
Altogether, 188 splenectomized children were included in 
this analysis. All patients underwent total splenectomy. 

General characteristics of the cohort 
In this cohort, 55.3% were male. The majority of patients 
were homozygous for HbS (164; 87.2%), 23 (12.2%) were 
compound heterozygotes Hb Sβ°-thalassemia, and one 
patient had an undetermined genotype (SS or Sβ°-thalas-
semia). G6PD status was known in 158 (84.0%) patients, 
with a deficiency evidenced in 27 (17.1%).  
Median (Q1-Q3) follow-up of the cohort was 11.8 years 

(range 7.5-16.5 years), with a median post-splenectomy 
follow-up of 5.9 years (range 2.7-9.2 years), altogether 
yielding 1192.6 PY. 
Median age at splenectomy was 4.1 years (range 2.5-7.3 
years), including 3 children splenectomized before 2 years 
of age: at 1.8, 1.9, and 1.9 years of age, respectively (see 
the Online Supplementary Appendix for details). Median 
age of the cohort at the time of analysis was 14.4 years 
(range 9.9-18.3 years). Splenectomy was performed by la-
paroscopic procedure in 179 (95.2%) cases and laparotomy 
in 9 (4.8 %) cases.  
During follow-up, one death (0.5%) occurred, in a boy of 9 
years of age who had undergone splenectomy at the age 
of 29 months. He died from a posterior stroke that oc-
curred during a severe episode of ACS requiring mech-
anical ventilation. His death was considered unrelated to 
splenectomy. A total of 9 patients benefited from a hema-
topoietic stem cell transplant (HSCT) with an HLA-
matched sibling donor. (Indications for HSCT are detailed 
in Online Supplementary Table S1). 

Pneumococcal prophylaxis 
All the children in this cohort (100%) were receiving peni-
cillin prophylaxis at the time of the surgery. Regarding the 
pneumococcal conjugated vaccine (PCV 7 or 13), of 172 
(95.0%) patients with available data and eligible for PCV 
vaccination during the study period (PCV 7 licensure in 
2000 and PCV 13 licensure in 2010), 158 (91.9%) had re-
ceived at least one dose, while the median number of 
doses of PCV vaccine received at the time of splenectomy 
was 4 (range 3-4). Regarding the polysaccharidic pneumo-
coccal vaccine (PPV-23), among 173 patients with available 
data and eligible for vaccination (age >2 years), 170 (98.3%) 
were appropriately vaccinated: 166 (95.9%) before sple-
nectomy and 4 (2.3%) shortly (<3 months) after splenec-
tomy. Median age at immunization was 2.1 years (range 
1.8-3.3 years), and a median of 2 (range 1-3) doses were 
given during follow-up.  

Indication for splenectomy 
Indications for splenectomy are shown in Table 1. Pre-
vention of ASS recurrence was the main indication in 101 
(53.7%) cases. Median age at splenectomy was signifi-
cantly younger in children splenectomized for ASS 
(P<0.01). Regarding splenomegaly and hypersplenism, in 
many cases, median age at diagnosis was not deter-
mined, in relation with the progressive onset of these 
complications. Of note, in 5 patients who had presented 
prior ASS, splenectomy was performed as an emergency 
procedure due to the occurrence of DHTR, suspected 
because of an acute post-transfusion drop of hemoglo-
bin concentration, a low level of post transfusion hemo-
globin A, signs of hyperhemolysis, and an acutely 
enlarged spleen.  
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Regarding children whose indication for splenectomy was 
ASS, the first episode occurred at 1.7 years of age (range 
0.9-3.1 years) with a median 3 episodes (range 2.0-4.0). 
The majority of children had experienced more than one 
episode before splenectomy, with a number of episodes 
of ASS before splenectomy of one, 2-5, and > 5 episodes 
in 4 (4.0%), 89 (88.1%), and 6 (5.9%) cases, respectively. 
All 4 patients splenectomized after one single episode of 
ASS presented with severe threatening acute anemia (Hb 
ranging from 1.5 to < 4.7g/dL). (Details of these cases are 
available in the Online Supplementary Appendix). 

Management  
All except one allo-immunized child benefited from 
either a 'top-up' transfusion or exchange transfusion 
prior to surgery. In 84 (45.2%) children, this was part of a 
prophylactic chronic transfusion therapy initiated prior 
to surgery, with a median duration of 15.0 months (range 
8.0-22.0 months). Median ferritin level at the time of 
splenectomy was available in 50 (59.5%) patients and 
was 395 ng/mL (range 159-783 ng/mL), with 12 patients 
(14.6%) receiving iron chelation therapy. Only 36 patients 
(19.1%) were treated with hydroxycarbamide before sple-
nectomy.  

Incidence of infectious and thrombo-embolic 
complications 
Six cases of invasive bacterial infection occurred in 5 pa-
tients during follow-up, yielding an incidence of 0.005 PY. 
Of note, there was no infection with an encapsulated bac-
terium. These infections included 5 episodes of septi-
cemia and one episode of osteoarticular infection. The 
bacteria isolated during these episodes were salmonella 
(n=3), Klebsiella (n=1), E. Coli (n=1), and Enterobacter cloa-
cae (n=1). These events occurred with a median delay of 
10.3 months (range 8.0-49.9 months) following splenec-
tomy. 
A thrombo-embolic complication occurred in 4 cases dur-
ing follow-up, including one case in the post-operative 
period, yielding an incidence of 0.003 PY.  These events (all 
deep vein thrombosis) occurred at Day 4, 12 months, 15 
months, and 34 months after surgical splenectomy.    

Clinical course post splenectomy   
During the post-operative period, 8 complications oc-
curred in 6 patients (0.03%) despite prior exchange trans-
fusion: VOE n=3, ACS n=2, and ACS + left subphrenic 
hematoma + portal thrombosis in one patient. These com-
plications were not associated with age at splenectomy.  

Figure 1. Flow chart of the study. SCA: sickle cell anemia; N: number.
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Occurrence of relevant SCA-related events (VOE, ACS, 
DHTR, CV) following splenectomy is detailed in Table 2. 
There was no difference in incidence of VOE, ACS or CV 
according to the indication for splenectomy. DHTR was re-
corded in 7 patients following splenectomy with a median 
(min-max) delay of 5.8 years (range 1.1-11.7 years). A total 
of 28 (16.4%) patients developed CV, yielding an overall 
incidence of 0.02 PY; delay post splenectomy ranged from 
5 to 82 months. Cerebral vasculopathy consisted of ab-
normal transcranial Doppler (TCD) in 19, cerebral arterial 
stenosis on MRI in 8, and stroke in one child, 16 months 
after splenectomy.  
A total of 138 (78.41 %) children were treated with hydroxy-
carbamide at last follow-up, out of 176 patients for whom 
data were available. Median age at initiation was 5.4 years 
(range 3.5-8.3 years).  

Comparison of clinical profile according to splenectomy 
In order to further investigate the profile of patients who 
underwent splenectomy and its association with clinical 
phenotype, we compared the frequency of events among 
splenectomized and non-splenectomized children who 
underwent follow-up at our institution. Both groups had 
a comparable median age: 12 years (range 9.0-17.8 years) 
versus 13.5 years (range 6.9-19.2 years) (P=0.59). While 
there was an increase in the use of hydroxycarbamide over 
time, there was a significantly greater proportion of pa-
tients treated in the splenectomized group both at each 

time period and overall: 78/101 (77.2%) versus 369/737 
(50.1%) (P<0.01). Median age at hydroxycarbamide initiation 
was also significantly younger in splenectomized patients: 
4.9 years (range 3.3-7.3 years) versus 6.7 years (range 4.0-
10.3 years) (P=0.001).  
In order to take into account the effect of treatment, we 
compared the incidence of complications in treated and 
non-treated children according to spleen status (splenec-
tomy vs. no splenectomy) (Tables 3 and 4). While the inci-
dence of ACS did not vary, the incidence of VOE was higher 
in non-treated non-splenectomized children while it was 
greater in treated splenectomized children, suggesting a 
more severe profile in the latter. Regarding CV, there was 
a greater incidence of events in the splenectomized group, 
with a trend in untreated children, and a significant dif-
ference in treated children.  

Comparison of patients’ characteristics and events 
according to age at splenectomy  
General characteristics 
In the global cohort of 188 children, 65 (34.6%) underwent 
splenectomy before the age of 3 years, and 123 (65.4%) 
after the age of 3 years (Figure 1). Median (Q1-Q3) post-
splenectomy follow-up was 5.0 (range 3.6-8.5) and 6.4 
(range 2.5-9.7) years in the groups splenectomized <3 and 
≥3 years of age, respectively. Of note, there was a signifi-
cant difference in rates of splenectomy before 3 years of 
age between the different time periods of our study 

Indication for splenectomy N (%) Median age at diagnosis  
in years (Q1-Q3)

Median age at splenectomy 
in years (Q1-Q3)

Acute splenic sequestration 101 (53.7) 1.7 (0.9-3.1) 3.3 (2.4-5.4)

Hypersplenism 75 (39.9) 3.8 (1.9-5.5)* 5.9 (2.9-8.5)

Splenomegaly 5 (2.7) Undetermined 6.6 (3.7-6.9)

DHTR 5 (2.7) 5.5 (4.2-6.9) 5.1 (4.0-6.3)

Spleen infarct 1 (0.5) 11 11.1

Table 1. Indication for splenectomy in the cohort of children with sickle cell anemia.Table 1. Indication for splenectomy in the cohort of children with sickle cell anemia.

Table 2. Description of main sickle cell anemia-related events following splenectomy. 

DHTR: delayed hemolytic transfusion reaction; Q: quartile. *Children with available data for median age at diagnosis N=25/75 (33.33%). Q: quartile.

N: number; PY: patient years; VOE: vaso-occlusive event; ACS: acute chest syndrome; CV: cerebral vasculopathy (including abnormal 
transcranial Doppler, stroke and cerebral stenosis). *N=175 patients with available data. #N=173 patients with available data. ^N=171 patients 
with available data. NA: not applicable; Q: quartile.

Events Patients  
N (%)

Median age at 
splenectomy in 
years (Q1-Q3)

Median N of 
episodes 
(Q1-Q3)

Median age at 
1st episode in 
years (Q1-Q3)

Median delay 
after 

splenectomy in 
months (Q1-Q3)

Overall 
incidence  

(PY)

VOE
129 4.1 2.0 5.6 11.4 

 0.69
(73.7)* (2.5-6.6) (0.0-5.0) (3.6-9.7) (4.6-30.5)

ACS
64 4.2 1.0 8.1 2.3 

0.1
(37.0)# (2.8-6.8) (1.0-3.0) (4.9-12.1) (0.9-5.3)

CV
28 2.4 NA 5.6 26.6

0.02
(16.4)^ (2.2-3.2) - (3.4-6.5)  (12.1-43.7)
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(P=0.046): 36.7%, 20%, 34.1%, and 51.5% during the 2000-
2005, 2005-2010, 2010-2015, and 2015-2018 time periods, 
respectively.  
Indication for splenectomy before the age of 3 years was 
ASS in the majority of cases (n=44, 67.7%), a proportion 
significantly greater than in children splenectomized after 
the age of 3 years (n=57 [46.3]; P<0.01). This group of pa-
tients benefited from a transfusion program in a larger 
proportion than older children (70.8% vs. 31.4%; P<0.01). 
Similarly, this younger group was treated in a larger pro-
portion with hydroxycarbamide (88.5% vs. 73.0%; P=0.02), 
at a younger age (3.5 [range 2.8-5.0] years vs. 7.3 [range 
4.9-9.5] years; P<0.001), particularly when the indication 
for hydroxycarbamide initiation was anemia (38.9% vs. 7.1% 
in the older group; P<0.01). Of note, all children except 
three splenectomized before the age of 3 years were 
started on hydroxycarbamide following splenectomy, and 
not before, ruling out the possibility that treatment may 
have been the cause of spleen complications and the 
need for subsequent early splenectomy.  

Comparison of post-splenectomy events in children 
according to age at splenectomy 
There was no statistical difference between the two 
groups in the incidence of post-splenectomy invasive in-
fections (0.005 PY in both groups; P=0.96) or thromboem-
bolic events (0.003 PY before the age of 3 years vs. 0.004 
PY after the age of 3 years; P=0.70) 
Regarding other events, while the median age at first epi-
sode of VOE was younger in those splenectomized earlier, 
the overall incidence of VOE did not differ according to 
age at splenectomy (0.68 PY vs. 0.69 PY, respectively; 

P=0.93). Similarly, the median age at first episode of ACS 
was younger in those splenectomized before the age of 3 
years but there was no difference in overall incidence be-
tween groups (0.09 / PY vs. 0.10 / PY, respectively; P=0.65). 
In contrast, there was a statistically increased frequency 
of cerebral vasculopathy in children splenectomized be-
fore the age of 3 years compared to the others (0.04 / PY 
vs. 0.01 / PY; P<0.01), despite a higher proportion of 
children treated with hydroxycarbamide.  

Discussion  
This study is the largest report so far on splenectomy in 
children with SCA and related complications. Regarding 
the risk of overwhelming sepsis, the period of follow-up 
(1192.6 PY) enables us to confidently confirm its very low 
incidence, in agreement with recent reports in other set-
tings.16,22,39 Arguably, this risk has been described as life-
long, leaving a possibility of delayed events not captured 
by this study; however, most events are known to occur 
in the two first years following splenectomy. Regarding 
this low infectious risk, it is important to remember that 
the level of vaccine coverage against pneumococcal risk 
was high in this cohort (>90%) for both PCV and polysac-
charidic vaccines, a scenario that is not always the case, 
including in high-income countries.40 In line with this, all 
children were also receiving antibiotic prophylaxis at the 
time of splenectomy and presumably until at least 10 
years of age, as recommended at our center.41 With such 
anti-pneumococcal measures, splenectomy in childhood 
with SCA appears to be safe and does not result in an in-

Events
No splenectomy Splenectomy

P
Overall incidence (PY) Overall incidence (PY)

VOE 2492/6962.93=0.36 216/741.94=0.29 0.0036

ACS 212/6962.93=0.03 24/741.94=0.03 0.78

CV 90/6962.93=0.013 12/741.94=0.02 0.47

Table 3. Incidence of complications in untreated children according to splenectomy or no splenectomy. 

Table 4. Incidence of complications in children treated with hydroxycarbamide according to splenectomy or no splenectomy.

PY: patient years; VOE: vaso-occlusive event; ACS: acute chest syndrome; CV: cerebral vasculopathy (including abnormal transcranial Doppler, 
stroke and cerebral stenosis).

PY: patient years; VOE: vaso-occlusive event; ACS: acute chest syndrome; CV: cerebral vasculopathy (including abnormal transcranial Doppler, 
stroke and cerebral stenosis).

Events
No splenectomy Splenectomy

P
Overall incidence (PY) Overall incidence (PY)

VOE 1134/2641.94=0.43 298/517.88=0.58 <0.0001

ACS 129/2641.94=0.05 34/517.88=0.07 0.12

CV 17/2641.94=0.006 10/517.88=0.02 0.006
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creased risk of severe invasive infection. Consequently, the 
risk of overwhelming infection should no longer be a major 
argument against surgical splenectomy whenever indi-
cated.17,32 
One important finding of this study is the absence of an 
increased infectious risk when splenectomy is performed 
before 3 years of age, with a comparable very low inci-
dence of invasive infections in those splenectomized be-
fore or after 3 years of age. However, a large majority of 
children were splenectomized between 2 and 3 years of 
age in the younger group, with only 3 children splenec-
tomized under the age of 2. The absence of an increased 
infectious risk in these younger children may be associ-
ated to the early loss of spleen function, with a sub-
sequent risk related to surgical splenectomy that is not 
modified by the procedure. It has, indeed, been demon-
strated that ASS negatively impacts splenic function.1 Ac-
cordingly, the majority of children who were under 3 years 
old at splenectomy had experienced ASS, with a median 
number of 3 episodes. Whatever the explanation, this find-
ing seems to suggest that it is better to proceed to sple-
nectomy without delay in children aged between 2 and 3 
years old who have an indication of splenectomy for ASS, 
although such a management strategy is not currently 
widely accepted. In many centers, prophylactic chronic 
transfusion therapy is usually initiated in order to de-
crease the risk of severe acute anemia in case of recur-
rence of ASS, and this is prolonged until splenectomy can 
be “safely” performed, generally around 4 or 5 years of 
age.37,42 However, chronic transfusion does not prevent the 
recurrence of ASS, while it may cause serious complica-
tions, including iron overload, as illustrated by an elevated 
mean ferritin level (395 ng/mL [range 159-783 ng/mL]) at 
a median age of 4.1 years in our cohort.8 Not only can a 
strategy based on early splenectomy avoid transfusion 
therapy, iron overload and alloimmunization, but also, in 
low-income countries, blood-transmitted viral infections.43 
Nevertheless, early splenectomy is only to be considered 
if appropriate pneumococcal prophylaxis is both pre-
scribed and available, and when parents have been edu-
cated about the risk of infection.   
This study also suggests that surgical splenectomy does 
not increase the risk of thrombo-embolic events and that 
age at splenectomy does not influence this risk.44 Ad-
mittedly, median age at last follow-up was 14.4 years 
(range 9.9-18.3 years) and it cannot be excluded that the 
risk increases as these patients grow older. Likewise, sple-
nectomy-related complications such as pulmonary hyper-
tension were not observed in this cohort, as these events 
are exceptional in young patients but may increase over 
time.45 Whether surgical splenectomy specifically can be 
considered an additional risk to the basal risk of auto sple-
nectomy in older patients remains to be determined.  
Our findings raise an important new question as to the re-

lationship between spleen complications and disease se-
verity, particularly when these occur early in life. Overall, a 
greater proportion of children who underwent splenec-
tomy thereafter required hydroxycarbamide initiation com-
pared to those who did not (77.2% vs. 50.1%). This finding 
cannot be attributable to differences in management or 
hydroxycarbamide prescription, as this comparison was 
performed within the same cohort during the same study 
period. Importantly, a greater incidence of cerebral vascu-
lopathy was observed in splenectomized children, particu-
larly in those splenectomized before the age of 3 years, a 
majority of whom presented episodes of ASS. At least two 
hypotheses may be advanced. The spleen may serve as a 
filter or a barrier protecting the cerebral vasculature from 
injury caused by dense cells or fragile red cells prone to 
hemolysis.28 The premature destruction of the splenic 
filter, particularly by ASS at an age of cerebral vascular vul-
nerability, may therefore predispose to cerebral vasculo-
pathy. Whether the surgical procedure further aggravates 
the risk is, at this point, an unanswered question. Another 
explanation may be related to the hemolytic phenotype of 
patients who experience both cerebral vasculopathy and 
splenic complications, particularly ASS. The latter is usually 
wrongly viewed as being a vaso-occlusive complication, yet 
in the splenic filtering beds RBC flow freely out of vessels. 
ASS is associated with low HbF levels and a high rate of 
hemolytic markers.7 Consequently, early splenic complica-
tions may represent potential markers of disease severity. 
However, whether ASS in particular could serve as a sur-
rogate marker of cerebrovascular risk remains to be con-
firmed. 
For this retrospective cohort, we used data already col-
lected within a database, hence minimizing biases, includ-
ing recall bias.46 Nevertheless, this study has the 
limitations of observational designs (i.e., missing data, bias, 
no demonstration of causality) which cannot be avoided in 
any study on this subject since a randomized controlled 
trial would not be ethical in this context. Nonetheless, the 
study was conducted in a single center over a period of 
time in which those clinical practices that had the poten-
tial to impact the occurrence of post-splenectomy events 
did not undergo any major change. Moreover, a comparison 
of patients’ characteristics was made in order to avoid po-
tential confounding variables. Finally, all children with suf-
ficient data were included in our study, and our sample is 
representative of our center's population. 
In the largest pediatric cohort study of splenectomized pa-
tients with SCA to date, we show that surgical splenectomy 
does not result in a significantly increased risk of invasive 
bacterial infections or thrombo-embolic complication. Sple-
nectomy performed before 3 years of age does not further 
increase those risks. Splenectomy should, therefore, not be 
delayed in patients once there is an indication for surgical 
removal, provided that the children have received the rec-
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ommended vaccines and continue to receive prophylactic 
penicillin therapy. This study also points to a more severe 
phenotype in patients who present with spleen complica-
tions requiring splenectomy, as well as to the overlapping 
phenotype of patients who experience spleen complications 
(particularly ASS) and develop cerebral vasculopathy. The 
relationship between ASS and cerebral vascular vulnerability 
would be particularly interesting to investigate in a pros-
pective study. 
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