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Abstract
Whether corticosteroids improve outcome in patients with acute complications of sickle cell disease (SCD) is still debated.
We performed a systematic review of the literature with the aim of estimating effects of corticosteroids on the clinical
course of vaso-occlusive crisis (VOC) or acute chest syndrome (ACS) in patients with SCD. The primary outcome was
transfusion requirement during hospitalization. Studies were identified by search of MEDLINE and CENTRAL database.
Three randomized clinical trials (RCT) and three retrospective cohort studies (RCS) were included, involving 3,304 participants and 5,562 VOC or ACS episodes. There was no difference between corticosteroids and standard treatment regarding
transfusion requirement overall (odds ratio [OR]=0.98, 95% confidence interval [CI]: 0.38-2.53) but there was a significant
interaction of the study type (P<0.0001): corticosteroid therapy was associated with a lower risk of transfusion in RCT
(OR=0.13, 95% CI: 0.04-0.45) and a higher risk of transfusion in RCS (OR=2.12, 95% CI: 1.33-3.40. In RCT, the length of
hospital stay was lower with corticosteroids as compared with standard treatment: mean difference - 24 hours (95% CI:
-35 to -14). Corticosteroids were associated with an increased risk of hospital readmission as compared with standard
treatment, in RCT, RCS, and the entire cohort: OR=5.91, 95% CI: 1.40-24.83; OR=3.28, 95% CI: 1.46-7.36 and OR=3.21, 95%
CI: 1.97-5.24, respectively. Corticosteroids were associated with reduced number of transfusions and length of stay in RCT
but not in RCS, with more rehospitalizations overall. Additional RCT should be conducted while minimizing the risk of rehospitalizations.

Introduction
Sickle cell disease (SCD) is one of the most common
monogenic disorders in the world. Acute painful episodes
(vaso-occlusive crisis, VOC) and acute chest syndrome
(ACS) represent the two most common acute events of
this disease. Indeed, VOC is the primary cause of emergency department admissions and hospitalization1 while
ACS is the main cause of death in adults.2,3 Erythrocyte
abnormalities in SCD lead to microvascular occlusion and
intravascular hemolysis, producing free hemoglobin and
resulting in ischemia-reperfusion organ injury and infarction. These vaso-occlusive events promote inflammation
and expression of adhesion receptor on endothelium
cells.4,5

Corticosteroids reduce inflammation, by inhibiting cytokines and endothelial cell activation, reducing expression
of P-selectin and vascular cell adhesion molecule-1 on endothelium.5–7 These effects could be useful to mitigate
VOC and/or ACS, considering the potential benefit of inhibiting inflammatory response and intravascular hemolysis. Whether corticosteroids improve outcome (e.g.,
transfusion requirement or hospital length of stay) in patients with VOC or ACS is still debated. Many SCD specialists discourage the use of corticosteroids and report
potential severe adverse events following corticosteroids
therapy. Using a systematic review including a metaanalysis of randomized clinical trials (RCT) and retrospective cohort studies (RCS) may provide an accurate
estimation of the potential benefits of corticosteroids in
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the course of acute complications in patients with SCD.
The main objective of this study was to review the literature and provide a meta-analysis on the effects of corticosteroids on the clinical course of VOC or ACS in
children and adults with SCD.

Methods
Search strategy and selection criteria
This systematic review was performed according to the
PRISMA (Preferred Reporting Items for Systematic reviews
and Meta-Analysis) guidelines.8 We searched CENTRAL and
MEDLINE, from inception to 04/28/2021 using the search
items “sickle cell disease,” “acute chest syndrome,” “vasoocclusive crisis,” “steroids,” “corticosteroids,” “methylprednisolone,” “prednisone,” “dexamethasone,” “prednisolone.”
Type of studies, participants and outcomes
We restricted our research to RCT and RCS comparing the
effects of systemic corticosteroids with standard treatment. Inclusion criteria were as follows: population of
children or adults, hospitalized for VOC or ACS, intervention involving systemic corticosteroids therapy during hospitalization (prednisone, methylprednisolone, prednisolone
or dexamethasone). Exclusion criteria included the following: studies without a control group, studies assessing inhaled or topical corticosteroids therapy, comments and
studies not written in English. The primary outcome of the
review was transfusion requirement during hospitalization.
References of all selected articles were scanned for additional relevant manuscripts. Ethical approval was not
required.
Data extraction
See the Online Supplementary Appendix.
Assessment of risk of bias (quality assessment)
Two authors (JL, SG) independently assessed the study
method quality by using the RoB 2.0 tool released through
the Cochrane, to assess risk of bias in randomized
studies.9,10 In non-randomized trials, we assessed the risk
of bias using the ROBINS-I tool released through the Cochrane.11 In case of disagreement, a third researcher (AMD)
adjudicated the assessment of risk of bias. The risk of bias
was assessed according to preliminary considerations, the
randomization process, effect of assignment to intervention, effect of starting and adhering to intervention, missing outcome data, and selection of the reported result.
Data were presented using the robvis R package.12
Data analysis
We estimated the effective sample size for each study
based on their respective design effect. Data were sum-

marized using medians and interquartile ranges (IQR) or
mean (standard deviation, SD) where appropriate.13 We
adopted the inverse variance method for developing
weights for individual study effects. We quantified heterogeneity using I² and Q statistics, with values greater
than 50% regarded as being indicative of moderate-to-high
heterogeneity.14 We used a random effect model to assess
the population average mean difference and 95% IC of intervention. We did subgroup analyses of the type of trial
included (RCT or RCS) and a sensitivity analysis focusing
on ACS. Treatment effects in subgroups were compared by
a test of interaction (using Cochran’s Q test and Higgins’
I2).15 In order to evaluate an outcome, we needed at least
three studies that analyzed it with complete data. Individual study effects and pooled effects were visualized
through forest plots. Publication biases were assessed
graphically through traffic-light plot. Data were pooled
using Review manager with a 2-sided significance of 5%.
Study registration
This study was submitted to the International Prospective
Register of Systematic Reviews (PROSPERO) database
(clinicaltrials gov. Identifier: CRD42021265528).

Results
Selection of studies
We identified 2,577 references from our searches (Figure
1). After removing 1,112 duplicates, we screened 1,465 titles
of whom 1,437 were excluded. We then screened 28 abstracts, among which we identified nine potentially eligible
articles. Among the 19 studies excluded by abstract, there
were seven systematic reviews not eligible for analysis because they did not provide original data and/or did not address the question of systemic corticosteroids therapy in
the field of VOC and/or ACS.
Full texts of nine studies were reviewed and three were
excluded because of the absence of a control group
(n=2)16,17 or absence of comparative analysis between corticosteroids and a control group (n=1).18 Finally, six studies
were included in the meta-analysis, involving 3,304 participants and 5,562 VOC or ACS episodes.
Clinical definitions
VOC was defined as pain or tenderness affecting at least
one part of the body, requiring opioids, and not explained
by other causes.19 ACS was defined as an acute illness with
fever and/or respiratory symptoms, accompanied by a new
pulmonary infiltrate on chest X-ray.20–24 Severe ACS was
defined by the need for intensive care unit admission,24 or
the presence of one of the following severity signs, involving the neurologic system (e.g., lethargy) or the respiratory
system (e.g., extensive pulmonary infiltrates [bilateral, one
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Figure 1. Flow chart. ACS: acute chest
syndrome; VOC: vaso-occlusive crisis;
RCT: randomized controlled trial; RCS:
retrospective cohort studies.

complete lung or three lobes], marked arterial hypoxemia
[transcutaneous oxygen saturation (SpO2) <85-90% despite supplemental oxygen, tachypnea and SpO2 <95% in
room air], need for invasive or non-invasive respiratory
support).20–23
Study design
Among the included studies, three were RCT19–21 and three
were RCS22–24. Studies were held in United State of
America; they were multi-center (n=3)21,23,24 or took place
in a single-center of a department of pediatric hematology
(n=3).19,20,22. Studies evaluated mostly the pediatric population (n=5);19,20,22–24 one assessed both the adult and pediatric population.21 All studies reported corticosteroids
impact in the field of ACS (n=5)20–24 or VOC (n=1)19 (Table
1).
In the three RCT, corticosteroid therapy was evaluated
versus placebo in a controlled double-blinded fashion;
corticosteroids and placebo groups were comparable in
terms of demographics, clinical and biological characteristics at baseline.19–21 On the contrary, in each of the three
RCS included, several baseline clinical characteristics
were significantly different between patients receiving
steroids and their counterparts. There was no severe ACS

included in RCT, while the rate of severe ACS in RCS was
higher in patients receiving steroids as compared with
their counterparts (Online Supplementary Table S1).
Quality
Included studies differed in their methodological quality
(Online Supplementary Figures S1). High risk of bias was
related to confounding factors and classification of interventions in the RCS.22–24
Intervention
All studies compared corticosteroids with a control group
of standard of care. Standard of care was comparable
among all studies and was in accordance with current
guidelines:25 bed rest, supplemental oxygen, intravenous
hydration, folate supplementation, analgesics and blood
products transfusion, as needed.19–24
The intervention protocols were heterogeneous regarding
corticosteroids class, dosing and duration of therapy
(Table 2). Corticosteroid therapy consisted of dexamethasone (n=2),20,21 methylprednisolone (n=1),19 prednisone
(n=1)23 or several classes of corticosteroids (including
dexamethasone, prednisone, prednisolone and methylprednisolone) (n=2).22,24 Duration of corticosteroid therapy
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Table 1. Characteristics of included trials.

Trial, year

Griffin, 199419

Bernini, 199820 Strouse, 200822
Moderate acute
chest syndrome

Inclusion
criteria

Vaso-occlusive crises

Type of
study

Randomized
Randomized
controlled double-blind controlled doubleprotocol
blind protocol

Sobota, 200924

Kumar, 201023

Quinn, 201121

Acute chest
syndrome

Acute chest
syndrome

Acute chest
syndrome

Acute chest
syndrome

Retrospective
cohort

Retrospective
cohort

Randomized
Retrospective
controlled doublecohort
blind protocol

Recruitment
period

1990-1991

1992-1995

1998-2004

2004-2008

2005-2007

2006-2008

Participants
(number of
episodes)

36 (56)

38 (43)

65 (126)

3,090 (5,247)

63 (78)

12 (12)

Readmission
rate

Duration of
acute chest
syndome

Primary
outcome

Doses of intravenousmorphine
Readmission rate Length of hospital
Length of hospital
Continuous intraLength of hospital
stay
stay
venous morphine
stay
Readmission rate
Duration of analgesia,
Clinical complications

d: day.

Table 2. Characteristics of corticosteroid protocol in included studies.

Study, year

Corticosteroid
class (dose)

Equivalent dose
of Prednisone,
mg/kg/d

Griffin, 199419

Bernini, 199820

Strouse, 200822

Sobota, 200924

Kumar, 201023

Quinn, 201121

Methylprednisolone
(15 mg/kg/d)

Dexamethasone
(0.6 mg/kg/d)

Dexamethasone
(0.6 mg/kg/d)
or
Prednisone
(1 to 2 mg/kg/d)
or
Prednisolone
(2 mg/kg/d)

Dexamethasone
(NI)
or
Prednisone (NI)
or
Prednisolone (NI)
or
Methylprednisolone
(NI)

Prednisone
(2 mg/kg/d)

Dexamethasone
(0.6 mg/kg/d)

18.75

4

1 to 4

NI

2

4

2

2

1 to 6

NI

5

8

Treatment
duration, days
NI: no information; d: day.

varied from 1 to 8 days. Details on the intervention protocol was not available in one study.24
Outcomes
Variables reported for each study as primary outcomes
included hospital readmission rate (n=1),23 length of hospital stay (n=1),20 duration of ACS (n=1)21 and composite
outcomes (n=3)19,22,24 (Table 1). Outcome data were completely available for transfusion requirement (n=6), and
readmission rate (72 hours, n=220,24 or 2 weeks, n=419,21–23
after hospital discharge), but not for length of hospital
stay (n= 3).19–21 Data on volumes transfused and mortality

were never reported in included studies. We could not
evaluate other outcomes (opioids doses and duration of
analgesic therapy, incidence rate and duration of oxygen
therapy, delay for hospital readmission) because less than
three studies reported each of these outcomes with complete data.
Effect of intervention
Transfusion requirement (Figure 2)

In the subgroup of RCT, corticosteroid therapy was associated with a lower risk of transfusion as compared
with standard treatment: OR=0.13 (95% CI: 0.04-0.45;
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I²=0%).19–21 On the contrary, in the subgroup of RCS, corticosteroids therapy was associated with a higher risk of
transfusion: OR=2.12 (95% CI: 1.33-3.40; I²= 33%).22–24
When we pooled all included trials, there was no difference between corticosteroid therapy and standard
treatment regarding transfusion: OR=0.98 (95% CI 0.382.53; I²= 75%).19–24 We found a significant interaction between the type of study (RCT or RCS) and the risk of
transfusion (Cochran’s Q test: c2= 17.10, df=1, P<0.0001,
Higgins’s I²=94.2%, Figure 2).
Length of hospital stay (Figure 3)

In the three RCT with available data, the length of hospital stay was lower with corticosteroids as compared
with standard treatment: mean difference - 24 hours
(95% CI: -35 to -14; I²= 0%).19–21

spectively. Tests of interaction between the study type (RCT
or RCS) and the effect on hospital readmission did not evidence a significant interaction between subgroups (Cochran’s Q test: c2= 0.49, df=1, P=0.48, Higgins’s I²=0%, Figure
4). The main reason for readmission was painful crisis recurrence (Online Supplementary Table S2).
Sensitivity analysis
A sensitivity analysis was performed including only studies
on ACS.20–24 Results were similar to those observed in the
main analysis (Online Supplementary Figure S2; Online Supplementary Table S3). We also performed a sensitivity analysis including only the pediatric population.19,20,22–24 The results
were also similar to those observed in the main analysis
(Online Supplementary Figure S3; Online Supplementary
Table S4).

Hospital readmission (Figure 4)

Corticosteroids therapy was associated with a significantly increased risk of hospital readmission as compared
with standard treatment, in RCT, RCS, and the entire cohort:
OR=5.91 (95% CI: 1.40-24.83; I²=0%)19–21; OR=3.28 (95% CI: 1.467.36; I²=56%)22–24; and 3.21 (95% CI: 1.97-5.24, I²=13%)19–24, re-

Discussion
Several systematic reviews have been published over the
past years in the field of SCD to assess analgesic intervention26–28 or transfusion therapy efficacy29 in the setting of

Figure 2. Effect of corticosteroids on transfusion requirement. CI: confidence interval.

Figure 3. Effect of corticosteroid therapy on the length of hospital stay. SD: standard devaition; CI: confidence interval.
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VOC or ACS. Two recent studies reported a descriptive review, assessing available evidence in favor and against the
use of corticosteroids therapy, but without metaanalysis.30,31 Our work is, to the best of our knowledge, the
first meta-analysis on the impact of corticosteroids on the
clinical course of acute complications in patients with SCD.
The use of corticosteroids was associated with i) a decrease
in the need for transfusion in RCT, but not in RCS, with a
significant interaction between the outcome and the type
of study and ii) an increase in hospital readmission rates
both in RCT and RCS.
Conflicting effects on transfusion requirement
Our analysis on transfusion requirement reported conflicting results between RCT and RCS. Indeed, it appears that
corticosteroids reduce transfusion requirement in RCT
whereas they were associated with more transfusion
requirement in RCS, with a significant interaction between
the outcome and study subgroups. One hypothesis for this
discrepancy could be the absence of comparable groups
in retrospective cohorts. Indeed, differences in baseline severity are potential confounders in RCS (Online Supplementary Table S1). Thus, results from retrospective cohorts
could reflect the worse baseline severity of patients having
received corticosteroids therapy (inasmuch as exchange
transfusion is recommended in case of VOC or ACS with
severity criteria in some guidelines25). Another hypothesis
about conflicting results between RCT and RCS could be
the timing between corticosteroids and transfusion:
whereas steroids where administered before transfusion in
RCT, they were given after transfusion in some patients in
RCS.22 The association between steroid use and increased

transfusion requirement in RCS should be interpreted with
caution and may reflect the rescue use of steroids in more
severe patients. By contrast, the subgroup analysis of the
three RCT showed a significant reduction of transfusion
requirement in the corticosteroids group. This result is in
accordance with the reduction in length of hospital stay
observed in the corticosteroid group in these trials. By inhibiting cytokine production and endothelial activation,
corticosteroids could impede the inflammatory cascade,
reducing the need for exchange transfusion. The beneficial
effects of corticosteroids is reported in other forms of vascular and lung injury.32
Rebound effect and hospital readmission
A risk of rebound pain was described in previous reports
of corticosteroids in SCD.18–24 This legitimate concern led
physicians over the past years to restrict corticosteroids
administration to hospitalized patients with SCD and comorbid asthma.18,24 Despite the heterogeneous design of
available studies, our pooled analysis showed that corticosteroids administered during VOC or ACS increased
the risk for readmission within 72 hours to 2 weeks after
hospital discharge.19–24 Interestingly, results from RCT and
RCS are concordant for this outcome, with no interaction
between subgroups. Several case reports described the
poor tolerance of corticosteroids in SCD patients, with a
high frequency of pain recurrence or relapse after withdrawal.33,34 One hypothesis could be a rebound upregulation of vascular cell adhesion molecule-1 on endothelium
and delayed leukocytosis after corticosteroids withdrawal
that can lead to VOC recurrence.5,35 Whether specific dose
de-escalation protocols or adjuvant anti-inflammatory

Figure 4. Effect of corticosteroid therapy on readmission rate. CI: confidence interval.
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therapies might reduce the rebound upregulation induced
by corticosteroids warrants further research.16,17 Exchange
transfusion alters inflammation during SCD crisis,36 and
its systematic association with corticosteroids might reduce the upregulation of inflammatory cascade observed
after corticosteroids therapy withdrawal,5,35 and therefore
the associated risk of rebound pain and readmission. Indeed, some authors observed a lack of rebound pain when
dexamethasone was systematically associated with exchange transfusion in patients presenting severe ACS16 or
mild VOC;17 the decrease of sickle red blood cell percentage, as a consequence of red cell exchange transfusion,
might reduce the risk of rebound pain. Of note, three episodes of cerebral complication were reported in included
studies (one stroke20 and two intracranial bleedings22), all
in patients having received corticosteroids. The use of
corticosteroids has already been associated with the occurrence of intracranial bleeding.37 Although the basis for
this potential association remains unclear (e.g., increase
of systolic blood pressure induced by corticosteroids
might be poorly tolerated in SCD patients), physicians
should consider this possible complication, notably in patients with other risk factors for intracranial bleeding.37
Strengths and limitations
We conducted a comprehensive and exhaustive literature
search for comparative trials on corticosteroids use in the
field of ACS or VOC. However, our study has several limitations. First, our systematic review found that trials assessing corticosteroids in the field of the two main acute
complications of SCD are rare. Indeed, our research revealed only three RCT, with heterogeneous populations
and intervention protocols,19–21 and three RCS with several
inherent confounding bias.22–24 Second, results were divergent concerning the efficacy of corticosteroids, with steroids associated with reduced transfusion in RCT and
more transfusions in RCS. However, we could scrutinize
these conflicting results (subgroup interaction) and suggest a likely role for baseline severity in RCS. The association of steroid use with increased transfusions in RCS is
complex to interpret because steroid use did not always
precede transfusion in all patients,22 excluding a causal
effect. Third, the populations and corticosteroids protocols were different among included studies: only one
study assessed SCD patients presenting VOC19 and only
one study assessed adult population.21 Nonetheless, our
sensitivity analyses in patients with ACS and in the pediatric population were similar to those observed in the
main analysis. Although they share some pathophysiological features, VOC and ACS are different primary diseases
and these acute complications of SCD may have specific
features in adult versus pediatric patients. Therefore,
further studies are needed especially in patients with VOC
and in the adult population. Fourth, we could not evalu-

ate length of hospital stay in all included trials due to the
lack of complete data in the retrospective cohorts. We
nonetheless observed that corticosteroids reduced the
length of hospital stay in RCT, along with reduced transfusion requirement. Last, we did not evaluate corticosteroid effects on the onset of pain crisis in patients free of
VOC/ACS; indeed the demargination process induced by
corticosteroids in non-hyperleukocytic patients could play
a specific role. Similarly, although none of the included
studies mentioned delayed hemolysis transfusion reaction, we cannot formally exclude an indication bias in patients with a medical history of delayed hemolysis
transfusion reaction.
Conclusion and future research
In conclusion, as compared with standard care, corticosteroids administered to patients with VOC or ACS reduced
the length of hospital stay and the need for transfusion
in RCT but were associated with more transfusions in
RCS. Corticosteroids increased the risk of readmission,
both in RCT and RCS. Given the small number of included
studies, the lack of data on volumes transfused, the presence of confounding bias in retrospective cohorts and the
high heterogeneity of our analysis, we could not give any
recommendation for the use of corticosteroids to treat
VOC or ACS in patients with SCD.
Considering the potential benefit of corticosteroids, in
particular in reducing the length of hospital stay, further
prospective studies should be conducted. However, the
risk of readmission associated with corticosteroids withdrawal must be carefully considered and anticipated
when using corticosteroids in these trials.
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