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Beneficial Effect of Intravenous Dexamethasone in Children With Mild to
Moderately Severe Acute Chest Syndrome Complicating Sickle Cell Disease

By Juan Carlos Bernini, Zora R. Rogers, Eric S. Sandler, Joan S. Reisch, Charles T. Quinn,
and George R. Buchanan

Acute chest syndrome (ACS) in patients with sickle cell
disease (SCD) has historically been managed with oxygen,
antibiotics, and blood transfusions. Recently high-dose corti-
costeroid therapy was shown to reduce the duration of
hospitalization in children with SCD and vaso-occlusive
crisis. Therefore, we chose to assess the use of glucocorti-
coids in ACS. We conducted a randomized, double-blind
placebo-controlled trial to evaluate the efficacy and toxicity
of intravenous dexamethasone (0.3 mg/kg every 12 hours x
4 doses) in children with SCD hospitalized with mild to
moderately severe ACS. Forty-three evaluable episodes of
ACS occurred in 38 children (median age, 6.7 years). Twenty-
two patients received dexamethasone and 21 patients re-
ceived placebo. There were no statistically significant differ-
ences in demographic, clinical, or laboratory characteristics
between the two groups. Mean hospital stay was shorter in
the dexamethasone-treated group (47 hours v 80 hours; P =

.005). Dexamethasone therapy prevented clinical deteriora-
tion and reduced the need for blood transfusions (P < .001
and = .013, respectively). Mean duration of oxygen and
analgesic therapy, number of opioid doses, and the duration
of fever was also significantly reduced in the dexamethasone-
treated patients. Of seven patients readmitted within 72
hours after discharge (six after dexamethasone; P = .095),
only one had respiratory complications (P = 1.00). No side
effects clearly related to dexamethasone were observed. In a
stepwise multiple linear regression analysis, gender and
previous episodes of ACS were the only variables that
appeared to predict response to dexamethasone, as mea-
sured by lengh of hospital stay. Intravenous dexamethasone
has a beneficial effect in children with SCD hospitalized with
mild to moderately severe acute chest syndrome. Further
study of this therapeutic modality is indicated.

© 1998 by The American Society of Hematology.

CUTE CHEST SYNDROME (ACS) is one of the most The role of transfusion therapy (including exchange transfu-
frequent complications requiring hospitalization and asion) is unclea?! Specific therapy that decreases the severity
leading cause of death in children with sickle cell diseaseand/or duration of ACS has not been identified. We have
(SCD)}*ACS is an acute illness characterized by fever, coughpreviously demonstrated that high-dose intravenous methyl-
chest pain, dyspnea, and new pulmonary infiltréteSignifi- prednisolone shortens the duration of hospitalization and re-
cant hypoxemia may occur, and the hemoglobin concentratiomluces opioid requirements in children with painful evéfts.
often falls below steady state values, which necessitates blood@his effect may have resulted from the inhibitory effects of
transfusions:”-8 Pulmonary fibrosis and cor pulmonale may glucocorticoids on the inflammatory response that ac-
result from repetitive episodég? companies tissue ischemia/infarction. We hypothesized that
Despite its substantial morbidity and mortality, relatively because the pathophysiology of ACS and vaso-occlusive crisis
little is known about the etiology and pathophysiology of ACS. is similar, corticosteroids might also reduce the severity of
Some cases of ACS are clearly due to infecfidhl“Additional ACS. Therefore, we undertook a randomized, double-blind
factors that may precipitate ACS include hypoventilation afterplacebo-controlled study to assess the efficacy of intravenous
opioid analgesics, splinting due to rib infarction, and excessivedexamethasone in children with mild or moderately severe
intravenous hydratioh!®> More recently, fat embolism has ACS.
been implicated in some cas¥d’ Although multiple fac-
tors may cause ACS, pulmonary sequestration and/or
sickling with resultant pulmonary infarction probably play a
key rolel458
Historically, the management of ACS has included oxygen, Patients between 1 and 21 years of age with sickle cell anemia, sickle
intravenous fluids, antibiotics, and blood transfusidh?:18-20 hemoglobin-C disease, and sick&thalassemia who were followed in
the sickle cell program of Children’s Medical Center of Dallas were
eligible if they had mild or moderately severe ACS (see definitions
From the Department of Pediatrics and Academic Computing below). Children with severe ACS (see definitions below) were
Service, The University of Texas Southwestern Medical Center at Dallagxcluded because we deemed it appropriate to study the therapeutic role
and Center for Cancer and Blood Disorders, Children’s Medical Center, and possible adverse effects of dexamethasone first in patients without
Dallas, TX. life-threatening illness. However, patients who were enrolled with mild
Submitted November 3, 1997; accepted June 22, 1998. or moderately severe ACS but developed severe ACS during the study
Supported in part by The Sickle Cell Research Fund at Children'scontinued to receive study drug and remained evaluable. Other exclu-
Medical Center of Dallas and the Children’s Cancer Fund of Dallas.  sion criteria were exacerbation of reactive airways disease, strong
Address reprint requests to George R. Buchanan, MD, Department ofuspicion of bacterial infection, or any condition that might preclude the
Pediatrics, UT Southwestern Medical Center, 5323 Harry Hines Blvd, use of glucocorticoids, such as diabetes mellitus, hypertension, gastroin-
Dallas, TX 75235-9063. testinal bleeding, etc. The many patients who developed ACS while
The publication costs of this article were defrayed in part by page hospitalized for another reason (eg, surgical procedure, vaso-occlusive
charge payment. This article must therefore be hereby méiderder- pain crisis, fever, or respiratory distress without a pulmonary infiltrate
tisement”in accordance with 18 U.S.C. section 1734 solely to indicate on the initial chest radiograph) were also excluded. Patients with mild or
this fact. moderately severe ACS and concomitant vaso-occlusive crisis at the
© 1998 by The American Society of Hematology. time of admission were not excluded.
0006-4971/98/9209-0016$3.00/0 The study protocol was approved by the Institutional Review Board

MATERIALS AND METHODS
Study Population
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of The University of Texas Southwestern Medical Center at Dallas.oxygen requirement had resolved. Completion of the four doses of
Written informed consent was obtained from the parents or guardians. study drug was not required for patient discharge.
Radiographic and laboratory assessmenf&dmission baseline stud-
Definitions ies included a chest radiograph, complete blood cell cour_1t, reticuloc_yte
) ) o count, blood culture, and percutaneous oxygen saturation determina-

ACS. ACS is defined as the presence of a new pulmonary infiltrateion  During hospitalization, daily laboratory monitoring included a
(confirmed by a pediatric radiologist) and two or more of the following: cpest radiograph, complete blood cell count, and reticulocyte count.
fever, tachypnea, dyspnea, retractions, nasal flaring, grunting, or Che@omplete blood count was determined on a Coultermax (Coulter,
pain®* Hialeah, FL). Reticulocyte count was performed by the new methylene

Mild to moderately severe ACSThis is defined as some respiratory e stain technique. Oxygen saturation measurement was determined
distress present (age adjusted tachypnea, dyspnea, nasal flaring, retiging a Nelcor pulse oximeter (Nelcor Inc, Hayward, CA). Hemoglobin
tions, and/or grunting), but normal mental status and no extensiVggncentration and percutaneous oxygen saturation measured during
pulmonary infiltrates (complete lung involvement) or marked arterial hogpitalization were compared with the patient's steady state values.
hypoxemia (transcutaneous oxygen saturati@% despite supplemen-  chest radiograph results at discharge and during follow-up were

tal oxygen). S _ compared with those obtained on admission.
Severe ACS. Severe ACS is defined as lethargy, marked respiratory

distress, extensive bilateral pulmonary infiltrates (or complete lung

. ; ) . Measurement of Outcome and Statistical Analysis
involvement unilaterally) and marked arterial hypoxemia.

Clinical deterioration. Clinical deterioration is defined as an in- A retrospective chart review of 30 patients with ACS who met
crease in oxygen requirement and respiratory rate 12 hours or more aftéfclusion criteria was used to determine the sample size required. The
the administration of the first dose of the study drug. primary outcome measurement was length of hospital stay (in hours).

Respiratory clinical severity score.Score 0, no respiratory distress; Based on an observed standard deviation equal to 28 hours, 21 subjects
1, age-adjusted tachypnea; 2, age-adjusted tachypnea and retréfctionder treatme;nt group would be required to detect'an overall dlffer'e_nce of
Opioid therapy. Opioid therapy consists of intravenous morphine 24 hours with a power equal to 80% and a two-sided test of significance

and/or oral acetaminophen with codeine. atthe .05 level.
Descriptive summary statistics include frequencies and percents for

categorical variables and mean, median, range, and standard deviation
for numerical values. The .05 level was selected for significance tests.
After the decision was made to admit the patient to the hospital and Comparison of baseline and outcome variables was made yn3ing
the consent form was signed, the patient was randomly assigned in gontingency table analysis (with Yates correction) or Fisher’s exact test
double-blind fashion to receive dexamethasone or placebo. The hospitgbr categorical variables. Studentgest for independent samples was
pharmacist dispensed either dexamethasone or normal saline placelyged for comparison of numerical outcomes. The relationship of age,
according to a computer-generated list of random assignments. Theex, number of previous episodes of ACS, presence of pain, and
pharmacist was the only unblinded study participant, but had no directreatment assigned (dexamethasone or placebo) to length of hospital
involvement in patient care. stay was assessed using stepwise multiple linear regression analysis.
Patients randomized to the study drug received dexamethasone, OBxploratory subgroup analyses were made to provide direction for
mg per kg of body weight intravenously in 20 mL of normal saline on further research. Collected data were stored in Paradox for Windows;
admission and 12, 24, and 36 hours after the first dose. Patientstatistical analyses were performed using the SAS statistical package
randomized to placebo received an equivalent volume of normal salingSAS/STAT Guide for Personal Computers, Version 6.04; SAS Institute
on the same schedule. The dexamethasone and saline solution had g, Cary, NC, 1987). Except when otherwise specified, the statistical
identical appearance. All syringes were labeled “steroid study drug.” analyses were based on the number of episodes and not on the number
The drug was infused over 30 minutes. of patients. All times recorded begin with the administration of the first
Each patient received identical monitoring and supportive care,dose of study medication, that is, the time when the nurse executed the
which included intravenous cefuroxime (50 mg per kg per day physician’s order and not when the order had been written.
administered every 8 hours), oral erythromycin (40 mg per kg per day in
three divided doses), intravenous fluids (5% dextrose with 0.45 saline) RESULTS
at maintenance rate, and supplemental oxygen by mask or nasal cannula o .
to maintain oxygen saturation greater than 90%. Patients were placed J€SCription of Patients

transcutaneous oxygen saturation monitors. Opioid agents, morphine Between October 1992 and July 1995, 131 episodes of ACS

intravenously or acetaminophen with codeine orally, were administereqyare diagnosed in our center. Fifty-seven episodes occurred in
as needed. Simple and/or exchange red blood cell transfusions Weg

Treatment Protocol

. . . . atients already hospitalized with another disease complication
ordered at the discretion of the attending physician based on th . - - .

oo " . usually pain crisis). Two additional patients had severe ACS at
patient’s clinical condition and laboratory parameters. Patients were . d ived . di h fusi
discharged on erythromycin (40 mg per kg per day) to complete a 7-da; resentat|0n.a.n rec.elve an |.mme late exc .arllg.e. traqs u.3|on.
course. A follow-up clinic appointment including a chest radiograph he 72 remaining episodes fulfilled the study eligibility criteria.

was scheduled for all patients 7 days after discharge from the hospital. Twenty episodes of ACS occurred in patients who were not
enrolled because parents or guardians were not present or

Clinical Assessment declined to participate. When these 20 episodes were analyzed

Clinical severity at diagnosis was determined or categorized asseparately' the clinical, laboratory, and demographic measures
described abov¥. Physical examination, including weight determina- at diagnosis were similar to the study population. In addition,

tion, was performed at least daily. During the hospitalization, vital signsthe length of hospitalization and overall hospital course were

every 4 hours and continuous oxygen saturation measurement We,%jmilar to the study patients who received placebo (Table 1).

recorded. Patients were discharged at the discretion of the attending Fifty-two of these episodes of ACS were included in the

physician when respiratory distress (ie, tachypnea, dyspnea, use &ftudy. Of the 52 episodes in which randomization occurred, 9
respiratory accessory muscles, nasal flaring), fever, chest pain, andere not fully evaluable for the following reasons: parents
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Table 1. Clinical Characteristics During the Hospital Course of the
Placebo-Treated Patients and Episodes Occurring in Eligible Patients
Who Were Not Enrolled on the Study

BERNINI ET AL

Table 2. Demographic, Clinical, and Laboratory Characteristics on

e e Admission of 43 Episodes of ACS in 38 Children With SCD
Patients on Study P Dexamethasone Placebo
(n=21) (n = 20) Value Treatment Treatment
s . n =22 n=21 P
Le':l/lgth of hospitalization (h) o o - Episodes Episodes  Value
ean .
Range 34-245 19-688 Age
SD 50 137 Mean 6.7 57 4*
Duration of fever (h) Range 1.4-15 1.4-13
Mean 53 84 37* SD 3.8 3.9
Range 13-128 5-672 Gender
SD 34 154 Male 17 12 .33t
Duration of oxygen therapy (h) Female 5 9
Mean 60 62 .88* Type of hemoglobinopathy
Range 9-162 19-139 SS 19 18
SD 43 38 SC 2 3
Mean duration of opioid S BO-thalassemia 1 0
therapy (h) Previous episodes of ACS
Mean 77 79 89* Mean 2.7 3.7 .33
Range 37-123 14-144 Range 0-10 0-15
SD 31 48 SD 2.8 3.8
ACS episodes that required No. of patients with pain 16 (73%) 17 (81%) .72t
blood transfusions 10 (47%) 11 (55%) .88t Chest/shoulder 12 9
Number of patients requiring Back 2 2
intensive care 2 (9.5%) 2(10%) .96t Abdomen 4 3
*Stud f ind d Other 3 6
i;u ent ttest o_r twoin eETn enlt gl_’oups._ h Hemoglobin concentration (g/dL)
T I-square contlngency table anal ySIs or Fisher exact test. Mean 793 7.38 19*
Range 5.3-11.4 5.6-10.4
SD 1.48 1.23
withdrew consent (n= 3), no infiltrate was present on chest R°oM alr transcutaneous oxygen
. L . . L saturation (%)
radiograph at admission on retrospective review by the pediatric Mean 896 895 96
radlologlst. (ﬁ = 4), or |ntr§venous methylprednlsolone had Range 20-98 57-100
been administered for expiratory wheezing=n2). Thus, 43 sD 65 9

episodes of ACS were evaluable for analysis in 38 children (29 patients requiring supplemental
males and 9 females; 34 with sickle cell anemia, 3 with sickle oxygen
hemoglobin C disease, and 1 with sicid@thalassemia) aged Chest radiograph findings
1.4 to 15 years (median, 6.7 years) (Table 2). Single lobe involvement
Twenty-two episodes were randomized to dexamethasone Multiple-lobe involvement
and 21 to placebo. Four patients who were enrolled on two orPrévious SCD-related hospitaliza-
more occasions were males with homozygous SCD. One patient  1°nS other than ACS
who was enrolled three times received dexamethasone once and Range
placebo twice. Three other patients were enrolled twice; two o
were randomized to placebo during one episode and to dexapration of symptoms before
methasone the other, and the third child received placebo on  admission (h)
both occasions. Polyvalent pneumococcal vaccine had been mean
administered to all patients over age 2 years at some time before Range
their hospitalization. Nine patients (3 of 22 in the dexametha- SD
sone group and 6 of 21 in the placebo groBp: .28) were not Respiratory score
receiving prophylactic penicillin when they developed ACS, Mean
either because they were participating on the National Institutes ~2"9®
of Health-sponsored Prophylactic Penicillin Study Group I
. . Fever
(PROPS II) trial and were assigned to plactlup t_)e_cause th_e_y_ Expiratory wheezing
were over 5 years old and were not receiving penicillin pasients requiring opioid therapy

13 (59%) 15 (71%) .60*

14 (64%) 13 (62%) .91t
8 (38%) 8 (38%)

3.6 2.3 .19*
0-14 0-6
3.9 2.2
32 26 AT*
11-112 12-120
24 30
1.43 1.43 1.0*
1-2 1-2
0.45 0.48

19 (86%) 17 (81%) .70t
3 (14%) 4(19%) .70t
12 (54%) 11 (52%) .89*

prophylaxis according to institutional policy.
There were no statistically significant differences between the
two groups (dexamethasor@lacebo) in any measured demo-
graphic, clinical, or laboratory characteristic. The degree of
respiratory distress on admission, assessed by the previously

*Student t-test for two independent groups.
TChi-square contingency table analysis or Fisher exact test.
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described scoring systelh,was not significantly different 21)in the dexamethasone group< .001) experienced clinical
between the two groups (Table 2). deterioration (see definition above) of their respiratory status
(Table 3). Two patients in the placebo group required endotra-
cheal intubation with mechanical ventilation and double-
The length of hospitalization, determined from the time of volume exchange transfusions. Both recovered.
administration of the first dose of study drug to the time of
hospital discharge, was significantly shorter in the dexamethal-:ever and Documented Infections
sone-treated group (4780 hours;P = .006; Table 3). None of
the study patients remained hospitalized for any other reason All 43 patients had a history of fever before admission, and
(eg, pain, psychosocial problems, etc) after the respiratonB6 children (84%) were documented to be febrite38.5°C) on
distress had resolved. Four of the nine patients whose episodggesentation (including 19 in the dexamethasone group; Table
of ACS were not fully evaluable for reasons other than having2). After administration of the first dose of dexamethasone, all
received methylprednisolone for wheezing received at least Datients except one became afebrile within 4 hours and re-
doses of study drug. When these episodes were included in th@ained so during the remainder of the hospital admission. In
analysis (totaling 47 episodes), the difference in the meartomparison, 14 of the 17 children who received placebo had
hospital stay continued to be statistically significant, favoring persistent fever (intermittent or persistent fever over 38.5°C
the dexamethasone group (437 hoursP = .005). after the administration of the first dose of placebo or dexametha-
To further assess the efﬁcgcy of dexamfethasone, the Iengthgfone) for a median of 36 hours (mean, 52 hours; range, 13 to
the second hospital admission of the patient who was readmit] 5 houyrs; Table 3). The difference in the percentage of patients
ted with exacerbation of ACS 72 hours after discharge (patient,;i, persistent fever was highly significar® (< .001). One
6, Table 4) was added to the initial hospital admission as if itpatient, randomized to placebo, had a positive blood culture
were a ;ingle .pro!onged admission. The .differe.ncg.in dUIratior\tobtained at admission) due$&taphylococcus aureudis chest
of hospitalization in the two groups fema‘f‘e_d S|gn|f|car_1t 63 radiograph at presentation showed infiltrates in the right middle
80 hours;P = .033). However, when a similar analysis was . . . }
and lower lobes. Because the patient did not appear seriously ill,

performed considering all six patients readmitted within 72 : . .
hours after discharge due to exacerbation of ACS or developpecame afebrile during the second hospital day, and had two

ment of vaso-occlusive events (patients 1 to 6, Table 4), théwegatlve repeat blood cultures, no modification was made in

difference in duration of hospitalization in the two groups was antlb!otlc coverage._ He ) had no comphcaﬁpns durlng the
no longer significant (66 80; P = .31). hospital course. During his follow-up clinic visit, he remained

Eight (8 of 22) patients in the placebo group, but none (0 ofasymptomatic, and a chest radiograph showed improvement of
the pulmonary infiltrates.

Clinical Course and Duration of Hospitalization

Table 3. Effects of Dexamethasone in 43 Episodes of ACS Occurring

in 38 Children With SCD Oxygen, Analgesic, and Transfusion Requirements

Dexamethasone Placebo P L . .
(n=22) (h=21)  Value There was no significant difference in the transcutaneous
Length of hospitalization () oxygen saturation or suppl_emental o>_<yg_en requirement be-
Mean 47 80 005 tween the two groups at the time of admission (Table 2;.96
Range 18-87 34-245 and .60, respectively). However, after randomization, the mean
sD 16 50 duration of oxygen therapy was significantly less in patients
Duration of oxygen therapy (h) receiving dexamethasone (861 hoursP = .004; Table 3).
Mean 30 60 004 The mean duration of opioid therapy was significantly less in
Range 11-83 9-162 the dexamethasone-treated group (A678.8 hoursP < .001;
Dusr:tion of opioid therapy (h) 18 43 Table 3). Also, the mean number of opioid doses administered
Mean 19 76 <001 was significantly less in the dexamethasone-treated patients (2.5
Range 237 37-123 v 20 dosesP < .001; Table 3). Patients receiving placebo were
sD 14 31 more likely to require modifications (eg, changing the route of
No. of administered opioid opioid administration from oral to intravenous or from intermit-
doses <.001 tent intravenous to a continuous infusion and/or increasing the
Mean 2.46 20.2 dose) of the analgesic therapy (five eventsie eventP = .08).
Range 1-5 2-53 Atotal of 12 blood transfusions were administered during 10
Peffistemfever i'(347_5%) iifm%) ool episoples of ACS. Two transfusions wer'e administered during
Occurrence of clinical deterio- two d|fferen'F dexa_rnetha_sone-treated episodes of AC_:S, whereas
ration 0 8(38%) <.001 10 transfusions, including two exchange transfusions, were
Blood transfusion require- given during eight episodes of placebo-treated patieBts- (
ments 2 (9%) 10 (47%)  .013 .013; Table 3). Clinical deterioration and a decline in hemoglo-
Readmission within 72 hours bin concentration were the indication for 8 of the 10 transfu-
after discharge 6 (27%) 1(47%)  .095 sions in the placebo-treated group. The two dexamethasone-
Readmission with ACS within treated patients received a transfusion for a decline in hemoglobin
72 hours after discharge 1 (4.5%) 0 1.000

concentration (from 8.7 g/dL to 5.3 g/dL and from 7.0 g/dL to
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Table 4. Clinical and Laboratory Characteristics of the Seven Patients Who Were Readmitted Within 72 Hours After Discharge

First Admission

Hours

Elapsed Subsequent Admission
Randomization Between
and No. of Hospital Discharge Hospital
Patient Doses Concomitant Stay Chest and Reason for Concomitant Stay Chest
No. Received Pain (hr) Radiograph* Readmission Readmission Pain (hr) Radiographt
1 Dexamethasone Chest, back 36 Same 27 VOC#t Back, abdomen 65 ND
4 doses
2 Dexamethasone Abdomen, chest 63 Improved 36 Stroke Head 65 ND
4 doses
3 Dexamethasone Chest, extremity 72 Same 15 VOC Back 48 ND
4 doses
4 Dexamethasone Chest 42 Same 56 VOC Arm 88 ND
4 doses
5 Dexamethasone Chest, back 19 Worse 58 VvOC Hand 105 Normal
2 doses
6 Dexamethasone None 34 Improved 24 ACS None 125 New infiltrates
3 doses
7 Placebo Extremity 36 Improved 48 Aplastic crisis  None 33 ND
4 doses

Abbreviations: VOC, vaso-occlusive pain crisis; ACS, acute chest syndrome; ND, not done; improved, partial or complete resolution of
pulmonary infiltrates; same, no changes in pulmonary infiltrates; worse, extension of previous pulmonary infiltrates or new infiltrates.

*At the time of discharge, when compared with the admission chest radiograph.

TAt the time of the second admission.

fDeveloped ACS during the third day of hospital course.

5.7 g/dL, respectively). Their clinical course was otherwiseafter discharge. During the previous admission, he had no
dexamethasone-related complications (such as hypertension)
known to contribute to stroke. However, he had received a

stable.

Laboratory and Imaging Results

measurement$(= .07 andP = .79, respectively).

nine in the placebo group had a partial or complete resolution o
their infiltrate by the time of discharge. Ten patients in the

blood transfusion because of a decline in hemoglobin concentra-
Comparison of steady state hemoglobin concentration andéion (from 7.0 to 5.7 g/dL). His posttransfusion hemoglobin
transcutaneous oxygen saturation levels with nadir valuesoncentration was 9.5 g/dL. On readmission, magnetic reso-
observed during the episode of ACS indicated that dexametharance imaging showed a cerebral infarct in the right middle
sone therapy did not prevent a significant decline in thesecerebral artery distribution. Magnetic resonance angiography
imaging and transcranial Doppler studies showed extensive
Comparison of chest radiograph findings on admission andarge vessel disease. The patient experienced a near complete
discharge disclosed no apparent impact of dexamethasorigeurological recovery and remains on a chronic transfusion
therapy on short-term progression or resolution of the pulmo{rogram without further sequelae.
nary infiltrates. Five patients in the dexamethasone group and

Pther Complications

No specific complications related to the use of dexametha-

dexamethasone group and seven in the placebo group had sone (such as hypertension, psychosis, symptomatic osteonecro-
change in their pulmonary infiltrates, while four patients in the sis, gastrointestinal bleeding, hyperglycemia, or opportunistic
dexamethasone group and three patients in the placebo groupfection) were observed during the study period or on fol-
had extension of the pulmonary infiltrates noted on admissionlow-up in any of the 38 patients. All blood pressure values were
Five patients (two in the placebo-treated group) did not have awithin the age-related normal range for pediatric patients. A

repeat chest radiograph at the time of discharge.

Readmission

specific comparison of individual blood pressure measurements
in each dexamethasone- or placebo-treated patient was not
undertaken.

All enrolled patients were evaluated for readmission to the

hospital for 3 weeks after discharge. Seven patients (six o
whom had received dexamethasone; Tabl® 3: .095) were

theless, only one patient was readmitted with AGS< 1.00).

differed from the rest of the study population (Table 4).

Follow-up

Twenty-four patients (12 in each group) returned for a
readmitted, each within 72 hours after initial discharge. Never-follow-up outpatient clinic visit 7 days after discharge. All
patients were free of symptoms. There were no statistically
The seven patients who were readmitted exhibited no apparersignificant differences between the two groups when the results
demographic, clinical, and/or laboratory characteristics thawf follow-up chest radiographs were compared with the findings
at discharge. Specifically, 10 patients in the dexamethasone
The dexamethasone-treated patient readmitted because ofgaoup and nine in the placebo group had partial or complete
cerebrovascular accident (patient 2; Table 4) was a 6-year-oldesolution of pulmonary infiltrates between discharge and the
boy who developed left hemiparesis and headache 36 hour®llow-up visit. One patient in each group had no change, while
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one patient in the dexamethasone group and two patients in th&ne therapy may diminish or prevent irreversible injury to the
placebo group had extension of previous pulmonary infiltratespulmonary parenchyma.

The distribution of results in the two groups is similBr= .40). Although the number of children in each subgroup was too
small to provide definitive conclusions, in a stepwise multiple
Results of Stepwise Multiple Linear Regression Analysis regression analysis, males and patients with fewer prior ACS

. . . . . __episodes appeared to have a particularly favorable response to
Stepwise multiple regression analysis explored the relation- ; :
) . . dexamethasone. Lung damage caused by previous episodes of
ship of age, gender, number of previous ACS episodes, presence ) .
. i ACS might have adversely influenced the response to dexametha-
or absence of concomitant pain, and type of treatment to the .
one. Additionally, young males have been shown to have a

length of hospitalization. In order of importance, three variables® . . . ;
entered the prediction equation: type of treatment, number of Maller peripheral airway diameter than fem#iégso might
previous episodes, and gender. The multiple regression wakierefore have benefitted more from the antiinflammatory
significant at thé® = .002 level with a multipleR = .565. properties of glucocorticoids. _

Results of this analysis indicated that irrespective of treat- 1he Specific mechanisms by which dexamethasone may be
ment group, the males tended to have a shorter hospitalizatioR€neficial during ACS are unclear. Because many of the signs
than did females, and those children with no previous Acsand symptoms of painful vaso-occlusive crisis (and perhaps of
episodes tended to have a shorter hospital stay than those witAtrapulmonary sickling as well) resemble those seen in states
one or more prior events. Patients’ age and the presence ¢ inflammation, the salutary effects of dexamethasone noted
concomitant pain played no role in predicting response tohere may have resulted from inhibition of the inflammatory
dexamethasone as measured by length of hospital stay. response that accompanies tissue ischemia/infarction. Cyto-
kines (eg, interleukins, tumor necrosis factor, prostaglandins,
DISCUSSION etc) released during infection and episodes of ischemia have

) o been shown to play a pivotal role in inflammatory reactions

The treatment of ACS has included hospitalization, supple+yithin the lung®! Glucocorticoids inhibit the production of
mentgl oxygen, intravenous and/or oral antibiotics, anfalgesucscytokineS and alter arachidonic acid metabol@#t The
and simple or exchange transfusfott:=* However, no single  ijinical significance of these antiinflammatory pharmacologic
Fherapeuhc approach has prewogsly been shown 'to be eﬁeCt'Vﬁroperties have been well demonstrated in bacterial meningi-
In ACS vyhen tested by a rgndomlzed controlled tr.'al' AIthOUghti 25 This mechanism may also explain the dramatic effect of
aggressive blood transfusion support has been widely used a xamethasone on the resolution of fever in our patients.

is seemingly beneficial, there is no consensus on its indications . . . . .
gy There is increasing evidence that fat embolism resulting from

or method of administratioff. : . . .
L . ... bone marrow infarction may play a cardinal role in the

To our knowledge, the use of glucocorticoids in patients with : 617 35 : : '
X pathophysiology of AC3%17:3%Although we did not investigate
SCD and ACS has not been previously reported. However, . . o . .
. . our patients for fat embolism, it is of interest that glucocorti-
steroids have been used to treat acute vaso-occlusive &&es. ids are often d in the orevention of pulmonary fat
Griffin et al”? studied the role of methylprednisolone (15 mg/kg) colds are often use € prevention of puimonary fa

. . 37 - .
in patients with SCD and pain. Duration of analgesic therapyembollsm after orthopedic traund@3’ The precise mechanisms

and hospital stay were significantly reduced in the steroid-forthe damaging effects of pulmonary fat embolism in ACS are
10t well understood. In a recent study, Styles &t @dported a

treated group. However, an excess number of patients randont ) ; k ;
40-fold increase in levels of plasma phospholipasei®

ized to methylprednisolone were readmitted due to recurrence ] i .
of pain. Concerns about administering such high doses opatlentswnh SCD and ACS compared with controls. Phospholi-

methylprednisolone and the possible “rebound” effect Sug_paseAanc_:I free fatty acids are known to cause bronghoconstric-
gested the use of a lower dose of a longer acting glucocorticoidi®n @nd increase pulmonary vascular permeability, mucus
(eg, dexamethasone) in the current study. The dexamethasorigcretion, and leukocyte chemota$is® Dexamethasone is a
dose and schedule used here was comparable to that previoudiptent inhibitor of phospholipase ,4°444% so perhaps its
used in infants and children with bacterial meningitis and beneficial effects in ACS are mediated by blocking the libera-
croup2s.26 tion of free fatty acids and preventing their damaging effects on
In this double-blind placebo-controlled trial, which assessedthe lungs.
the efficacy of dexamethasone in children with mild to moder- There were no significant differences in the clinical course or
ately severe ACS, treatment with dexamethasone reduced tHéuration of hospital stay between our placebo-treated group and
length of hospitalization by about 40%. In our patients, adjuvantPatients who were eligible, but not enrolled (Table 1). However,
dexamethasone therapy appears to have prevented clinicHl€ average hospital stay in placebo-treated patients was shorter
deterioration and reduced the need for blood transfusion to treghan in most previous reports of AC851"There are several
the worsening anemia that often characterizes A&S-urther-  explanations for this observation. First, patients with severe
more, dexamethasone therapy had a highly favorable impact oACS were excluded from the study. Such patients usually
the duration of fever, oxygen requirement, and need for opioidrequire exchange transfusion, intensive care, and prolonged
analgesia. hospitalization. Second, most reported series of ACS include
Numerous observers have suggested that recurrent and sevepatients admitted initially with ACS, as well as those who

episodes of ACS may result in permanent lung dis&&sE:2726  develop ACS while hospitalized for other reasons. Our cohort of
Therefore, by shortening the duration of symptomatic ACS andstudy patients included only those with ACS diagnosed on
reducing the accompanying inflammatory process, dexamethadmission. Not surprisingly, such patients have shorter hospital-
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izations than those whose ACS develops while already hospitalrers at Children's Medical Center of Dallas who cared for these
ized# Third, it has been reported that older patients with patients.
multiple prior events of ACS have longer hospitalizatiérig®
Thus, the younger age (mean, 6.7 years) and fewer prior
episodes of ACS (median, 2 previous events) may explain the 1. Buchanan GR: Newer concepts in the management of sickle cell
relatively brief hospital stay of the placebo-treated group. disease. Focus and Opinion: Pediatrics 1:100, 1995 _

Although no complications of dexamethasone therapy were 2. Vichinsky EP: Comprehensive care in sickle cell disease: Its

observed in our patients. caution must be exercised when sin|mpacton morbidity and mortality. Semin Hematol 28:220, 1991
urp » cau u using 3. Vichinsky EP, Styles LA, Colangelo LH, EC Wright, Castro O,

'g|u.C(.)C0rtICOIdS n Pa“e“ts with sickle cell anemia, a; SUChNikerson B, Disease Cooperative Study of Sickle Cell: Acute Chest
individuals are predisposed to develop avascular necrosis of thgyndrome in sickle cell disease: Clinical presentation and course. Blood
hip and shoulder. However, when extremely high glucocorti-gg:1787, 1997
coid doses are used for prolonged periods in children without 4. Sprinkle RH, Cole T, Smith S, Buchanan GR: Acute chest
SCD, avascular necrosis has rarely been repdftéd. syndrome in children with sickle cell disease. A retrospective analysis
Patient 2 (Table 4) had a stroke within 48 hours after of 100 hospitalized cases. Am J Pediatr Hematol Oncol 8:105, 1986
discharge. During his hospital admission, he received a simple 5- Poncz M, Kane E, Gill M: Acute chest syndrome in sickle cell
packed red blood cell transfusion. Strokes have been describgisease: Etiology and clinical correlates. J Pediatr 107:861, 1985
after simple or exchange transfusion resulting in a posttransfu- ‘6' Castro O, Brambilla D‘]_’ Thorington B, Reindorf CA’. SC.Ott RB,
. . . AR However. this Q|Ilette P, Vgra JC, Levy PS: The acute chest syndrome in sickle cell
sion hemoglobin (?oncentrqtlon overl2g ! disease: Incidence and risk factors. Blood 84:643, 1994
Wa_s not the case !n O_W pat'?nt' Furthermore, A(_:S appears t? be 7. Koren A, Wald |, Halevi R, Ben Ami M: Acute chest syndrome in
an independent significant risk factor for stroke in patients withchijgren with sickle cell anemia. Pediatr Hematol Oncol 7:99, 1990
sickle cell anemi&° Although our patient had neither hyperten- 8. Davies SC, Win AA, Luce PJ, Riordan JF, Brozovic M: Acute
sion nor other obvious complications of corticosteroids, wechest syndrome in sickle cell disease. Lancet 1:36, 1984
cannot definitively exclude the possibility that dexamethasone 9. De Ceulaer K, McMullen KW, Maude GH, Keatinge R, Serjeant
might have played a role in this event. GR: Pneumonia in young children with homozygous sickle cell disease:
Although the readmission rate among dexamethasone-treatdgisk and clinical features. Eur J Pediatr 144:255, 1985
patients was not significantly highe® & .095) than placebo- 10. M_|Iler. GJ, Serjeant QR: An assessment of lung volumes and gas
treated patients, individuals randomized to dexamethasonganSfer In sickle-cell anemia. Thorax 26:309, 1971 . ]
therapy were more likely to be readmitted with sickle cell- 11. Bowen EF, Crowston JG, De Ceulaer K, Serjeant GR: Peak
o . .._expiratory flow rate and acute chest syndrome in homozygous sickle
relateq cqmpllcatlons. Whgn all vasq-occlgswe-related hospltaie” disease. Arch Dis Child 66:330, 1991
readmissions were taken into consideration, the hospital stay 12, powars D, Weidman JA, Odom-Maryon T, Nilan JC, Johnson C:
length between the two groups became insignificant. Yetsickle cell chronic lung disease: Prior morbidity and the risk of
dexamethasone therapy still played a key role in improving thepuimonary failure. Medicine 67:66, 1988
overall well-being of the patients by preventing clinical deterio- 13. Shulman ST, Bartlett J, Clyde WA, Ayoub EM: The unusual
ration, decreasing the need for oxygen therapy, red blood cekeverity ofMycoplasmaneumonia in children with sickle cell disease.
transfusions, opioid therapy, and the resolution of fever. TheréV Engl J Med 287:164, 1972 o _
is no clear explanation for this phenomenon. It can be hypoth- 14 Miler ST, Hammerschlag MR, Chirgwin K, Rao SP, Roblin P,
esized that because the time between the reappearance of thg‘l?"'n M,_Splerman T, Schachter J, Cas.se" G: Ro!ecmlamyd'a .
NP pneumoniadn acute chest syndrome of sickle cell disease. J Pediatr
symptoms and the last dose of study drug is similar to the

. . 118:30, 1991
plasma half-life of dexamethasone (24 hours), the exacerbation ;5 - Gejtand MJ, Daya SA, Rucknagel DL, Kalinyak KA, Paltiel HJ:

of the symptoms might have represented a “rebound” effect. Ingimyitaneous occurrence of rib infarction and pulmonary infiltrates in
addition, there are three case reports of glucocorticoids precipisickle cell disease patients with acute chest syndrome. J Nucl Med
tating vaso-occlusive crises and or bone marrow fat necrosis34:614, 1993
However, the relationship between the development of the 16. Johnson K, Stastny JF, Rucknagel DL: Fat embolism syndrome
event and the administration of glucocorticoid appears to beassociated with asthma and sickle cell Betlhalassemia. Am J Hematol
only temporal, not causats! To our knowledge, there is no 46:354,1994 - ,
physiologic or pharmacologic explanation for this phenomenon, 17- Vichinsky E, Williams R, Das M, Earles AN, Lewis N, Alder A,

Dexamethasone is the first therapeutic intervention shown t(g/lcthty J: Pulmongry fat embo"s.m' A d'St'nCt_ cause of severe acute

) . . . . ., chest syndrome in sickle cell anemia. Blood 83:3107, 1994

benefit children Wlth ACS ',n a 'randonjlzed, dOUbl,e'b“n,d 18. Hassell KL, Eckman JR, Lane PA: Acute multiorgan failure
placebo-controlled trial. ACS in children differs appreciably in g qrome: A potentially catastrophic complication of severe sickle cell
its clinical features from the disease in addltBecause the pain episodes. Am J Med 96:155, 1994
study did not include older adolescents and/or adults, severely 19. Lanzkowsky P, Shende A, Karayalcin G, Kim YJ, Aballi AJ:
affected patients, or patients who developed ACS while in thePartial exchange transfusion in sickle cell anemia. Am J Dis Child
hospital for another reason, further study of dexamethasone i$32:1206, 1978
warranted in patients with ACS and SCD. 20. Pearson HA, Diamond LK: The critically ill child: Sickle cell
disease crises and their management. Pediatrics 48:629, 1971

21. Wayne AS, Kevy SV, Nathan DG: Transfusion management of
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