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Abstract
Objective: Controversy exists regarding which febrile children with sickle cell disease (SCD) should
receive a chest x-ray (CXR). Our goal is to provide data informing the decision of which febrile children
with SCD presenting to the emergency department (ED) require a CXR to evaluate for acute chest
syndrome (ACS).

Methods: Retrospective chart review of children ages 3 months to 21 years with SCD presenting to the
ED at one of two academic children’s hospitals with fever ≥38.5°C between January 1, 2010, and
December 31, 2012. Demographic characteristics, respiratory symptoms, and laboratory results were
abstracted. The primary outcome was the presence of ACS. Binary recursive partitioning was performed
to determine predictive factors for a diagnosis of ACS.

Results: A total of 185 (10%) of 1,837 febrile ED visits met ACS criteria. The current National Heart, Lung,
and Blood Institute (NHLBI) consensus criteria for obtaining a CXR (shortness of breath, tachypnea, cough,
or rales) identified 158 (85%) of ACS cases, while avoiding 825 CXRs. Obtaining a CXR in children with
NHLBI criteria or chest pain and in children without those symptoms but with a white blood cell (WBC)
count ≥18.75 9 109/L or a history of ACS identified 181 (98%), while avoiding 430 CXRs.

Conclusion: Children with SCD presenting to the ED with fever and shortness of breath, tachypnea,
cough, rales, or chest pain should receive a CXR due to high ACS rates. A higher WBC count or history
of ACS in a child without one of those symptoms may suggest the need for a CXR. Prospective validation
of these criteria is needed.
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The National Heart, Lung, and Blood Institute
(NHLBI) recommends urgent medical evaluation
for all children with sickle cell disease (SCD) who

develop a fever ≥38.5°C.1 As part of the medical evalua-
tion, all febrile children with SCD should have a com-
plete blood count and blood culture obtained and
receive intravenous antibiotics.1 Furthermore, those
children with shortness of breath, tachypnea, cough,
and/or rales should have an immediate chest x-ray
(CXR) to investigate for acute chest syndrome (ACS).
The NHLBI expert panel proposed this CXR recommen-
dation for ACS utilizing a consensus process, citing
insufficient evidence to determine which children were
at increased risk of having ACS.

ACS is the second leading cause of hospitalization in
children with SCD, accounting for up to 25% of

premature deaths in this patient population.2–5 Patients
with ACS frequently present with fever due to the
underlying infectious or noninfectious etiology of the
disease such as pulmonary infarction or microvascula-
ture sludging.6–8 Given the high susceptibility of
patients with SCD to serious bacterial infections,9 it is
critical that any fever be considered a potential emer-
gency situation. The high morbidity of ACS mandates
that evaluation for ACS is performed when indicated. A
previous study by Vichinsky et al.2 found that 99% of
cases of ACS had a new pulmonary infiltrate on CXR
and, therefore, positive CXR findings in the setting of
fever can be considered diagnostic for ACS.

A single-site study concluded that history and physi-
cal examination are not sensitive enough to determine
which febrile SCD patients require a CXR.10 Utilizing a
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prospectively collected physician questionnaire, Morris
et al.10 found that 61% of ACS cases were not clinically
suspected based on physical evaluation. Specifically, no
symptoms or examination findings were able to identify
patients with ACS, and 57% of the patients had com-
pletely normal examination findings. Based on these
results, the authors recommend a low threshold for
obtaining a CXR for all febrile SCD patients. However,
it is important to note that despite these known study
results, the NHLBI expert panel did not recommend a
CXR for all febrile patients with SCD.

Due to these conflicting recommendations in the liter-
ature, significant variation exists in clinical practice. A
recent analysis of the 2010 Pediatric Health Information
System demonstrated that the percentage of febrile chil-
dren with SCD who received a CXR in the emergency
department (ED) ranged from less than 40% to more
than 90% across 36 tertiary care children’s hospitals in
the United States.11 This variation in care suggests that
there is an absence of data-driven evidence supporting
the clinical guidelines for CXR utilization in the ED. To
our knowledge, this project will be the first multicenter
study to provide data that will aid providers in deciding
which patients presenting to the ED with SCD and fever
require a CXR to evaluate for ACS.

METHODS

Study Design
We conducted a retrospective chart review of all ED
visits made by children ages 3 months to 21 years with
a diagnosis of SCD or sickle cell crisis between January
1, 2010, and December 31, 2012, at two children’s hospi-
tals. Both sites are academic medical centers with a
comprehensive sickle cell center and an ED staffed by
pediatric emergency medicine physicians. The study
was reviewed and approved as expedited research with
a waiver of informed consent by the institutional review
board at both centers.

Methods and Measurements
Our inclusion criteria were febrile children with SCD
presenting to the ED. Charts were included as having
SCD based on ICD-9-CM discharge diagnosis codes for
various diagnoses of SCD (282.41, 282.42, 282.6, 282.61,
282.62, 282.63, 282.64, 282.68, 282.69), which include
both crisis and noncrisis codes. All charts were
retrieved via an electronic data extraction using these
ICD codes. As it has been shown that using ICD-9-CM
codes to identify fever in patients with SCD is unreli-
able, we individually reviewed all retrieved charts for
documented fever.12 Any chart with a documented fever
≥38.5°C within the past 24 hours at home, in the ED
triage record, or the ED physician note, was included. If
the chart did not provide a specific time when the fever
started but instead indicated that the fever began within
the past 24 hours (e.g. “yesterday,” “last night,” “this
morning,” or “one day of fever”), the chart was
included. We had 100% agreement when 80 charts
were reviewed by two reviewers for the fever criteria.

Visits were excluded due to antibiotic pretreatment as
this would influence testing. Patients were classified as
pretreated if they received ceftriaxone within 24 hours

in the same ED or if noted in the chart to have been
received elsewhere. Visits were not excluded for use of
penicillin, amoxicillin, or azithromycin at home, as these
were believed to be for prophylactic use.

Demographic characteristics and signs and symptoms
of a respiratory illness were abstracted from the patient
chart. Triage vitals were used for all vital signs. The
patient’s genotype was retrieved from the sickle cell
database maintained by the comprehensive sickle cell
center at each institution. All respiratory symptoms
were documented (Table 1), with specific categorization
into groupings consistent with high-risk symptoms as
defined by the NHLBI guidelines for evaluation of ACS.1

A patient was considered to have shortness of breath if
any of the following was documented in the chart: trou-
ble breathing, shortness of breath, decreased air move-
ment, decreased breath sounds, increased work of
breathing, respiratory distress, shallow breathing,
retractions, or chest tightness. The absence of docu-
mentation of respiratory symptoms was treated as neg-
ative for analysis. A patient was classified as having
tachypnea based on the age-based 99th percentile Lan-
cet criteria.13 A patient was classified as “ill-appearing”
if the ED documentation contained one of the following
terms: ill-appearing, toxic, limp, unresponsive, gray,
cyanotic, apnea, weak cry, poorly perfused, grunting,
listless, lethargic, or irritable. Terms such as slightly irri-
table, mildly irritable, cranky, fussy, mottled, slightly
delayed capillary refill, tired, and sleepy were not con-
sidered ill-appearing.14 A patient was recorded as hav-
ing a central line if it was noted in the patient’s chart or
if there was documentation that a central line was
accessed. If the patient received a complete blood count
or reticulocyte count in the ED, these laboratory results
were abstracted. Finally, history of ACS was recorded if
noted in the ED documentation; absence of documenta-
tion was treated as negative for analysis.

Data were abstracted by a trained medical student
and research assistant at one site and a single medical
student at the second site under the supervision of the
site principal investigators (PI). The reviewers were
blind to the study hypothesis. An initial set of five charts
was collaboratively abstracted with each site’s study PI
to ensure an accurate understanding of all data ele-
ments. A formal coding manual and custom Access
database (Microsoft Access, 2010) were used to stan-
dardize abstraction between sites. Site PIs periodically
met with abstractors to review the abstraction process
and answer questions. Coding decisions were commu-
nicated between sites to maintain consistency.

Outcomes
The primary outcome was the presence of ACS. Radiol-
ogy reports from all ED-obtained CXRs were reviewed
and categorized into a priori defined categories as: nor-
mal, infiltrate (if the impression included the words
ACS, pneumonia, infiltrate or consolidation or opacifi-
cation, atelectasis (if the impression explicitly stated so),
atelectasis versus infiltrate (impression includes the
words atelectasis and infiltrate), and other (not meeting
any of the previous four categories). All radiology
reports classified as other were individually reviewed a
second time by the medical student abstractors and
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none of these radiology reports were consistent with
ACS. ACS was defined based on our a priori classifica-
tions as the occurrence of one of three scenarios: 1)
radiology reported infiltrate on CXR, 2) infiltrate versus
atelectasis on CXR with patient admitted to the inpatient
unit and having a discharge diagnosis of ACS or pneu-
monia, or 3) no ED CXR obtained but a CXR within
48 hours read as positive for infiltrate. Forty-eight
hours was conservatively chosen to indicate that the
ACS was probably present at the initial visit and not
simple disease progression.

Data Analysis
With 3 years of medical record review at each site, we
estimated that approximately 2000 febrile visits would
be reviewed. If ACS occurred in 15% this would yield
300 cases of ACS. Using the standard 10 outcomes per
explanatory variable, our sample size would be ade-
quate to develop a parsimonious decision rule. We first

created a composite variable using the NHLBI guideline
for performing a CXR in febrile children with SCD
(Table 1, section footnote).1 Additional composite vari-
ables were created incorporating wheezing and chest
pain with the NHLBI criteria. The variables abstracted
from the patient chart and these composites were com-
pared between those with ACS and those without ACS
using a chi-square test for categorical variables (and
Fisher’s exact test where indicated due to small sample
sizes) and a Wilcoxon rank-sum test for nonparametric
continuous variables with a Type I error rate of <0.05.
Similar to previous studies, all visits were treated as
independent occurrences for analysis.10,11,16 We per-
formed binary recursive partitioning using classification
and regression tree (CART) analysis to determine pre-
dictive factors for a diagnosis of ACS (CART PRO 6.0,
Salford Systems).15 Recursive partitioning progressively
divides patients into subpopulations that only have a
particular outcome and is therefore a method to use

Table 1
Demographics Characteristics and Clinical Findings

ACS (!), n = 1,652 ACS (+), n = 185 p-value OR (95% CI)

Age (y) 3.2 (1.4–9.1) 5.0 (2.2–10.2) <0.001 1.0 (1.0–1.1)
Female 828 (50.1) 98 (53.0) 0.46 1.1 (0.8–1.5)
Severe disease (Hb-SS/Hb-SB0) 1,070 (64.8) 129 (69.7) 0.18 0.8 (0.6–1.1)
Fever in the ED 1,199 (72.6) 151 (81.6) <0.01 1.7 (1.1–2.5)
Hypoxia (triage pulse ox <93%) 83 (5.0) 33 (17.8) <0.001 4.1 (2.7–6.3)
Central line 26 (1.6) 0 (0) 0.10* 0.3 (0.0–2.5)
Ill-appearing 27 (1.6) 13 (7.0) <0.001 4.6 (2.3–9.0)
History of ACS 586 (35.5) 104 (56.2) <0.001 2.3 (1.7–3.2)
ED laboratory values
WBC count (9109/L) 14.1 (9.8–19.5) 18.5 (13.1–25.2) <0.001 1.1 (1.0–1.1)
Neutrophils (%) 65 (49–75) 69 (61–77) <0.001 4.8 (1.9–12.2)
Hemoglobin (g/dL) 9.3 (8.0–10.5) 8.3 (7.4–9.8) <0.001 0.7 (0.7–0.8)
Platelets (9109/L) 372 (271–478) 381 (280–517) 0.71 1.0 (1.0–1.0)
Reticulocytes (%) 8 (4–14) 10 (4–16) <0.01 13.9 (1.6–120.4)

Respiratory symptoms
Shortness of breath† 111 (6.7) 43 (23.2) <0.001 4.2 (2.8–6.2)
Tachypnea (Lancet)‡ 299 (18.1) 74 (40.0) <0.001 3.0 (2.2–4.2)
Cough 662 (40.1) 139 (75.1) <0.001 4.5 (3.2–6.4)
Rales/crackles 0 (0) 2 (1.1) 0.01* 10.0 (8.7–11.5)
Chest pain 129 (7.8) 41 (22.2) <0.001 3.4 (2.3–5.0)
Wheezing 42 (2.5) 13 (7.0) 0.001 2.9 (1.5–5.5)
Sore throat 196 (11.9) 16 (8.6) 0.19 0.7 (0.4–1.2)
Rhinorrhea 559 (33.8) 63 (34.1) 0.95 1.0 (0.7–1.4)
Congestion 150 (9.1) 22 (11.9) 0.21 1.4 (0.8–2.2)
Sneezing 11 (0.7) 1 (0.5) 1.00* 0.8 (0.1–6.3)

Respiratory symptom composites
NHLBI guideline§|| 854 (51.7) 158 (85.4) <0.001 5.5 (3.6–8.3)
NHLBI guideline or chest pain 894 (54.1) 162 (87.6) <0.001 6.0 (3.8–9.3)
NHLBI guideline or wheezing 858 (51.9) 158 (85.4) <0.001 5.4 (3.6–8.2)
NHLBI guideline or chest pain or wheezing 897 (54.3) 162 (87.6) <0.001 5.9 (3.8–9.3)
Any respiratory symptoms¶ 1,198 (72.5) 173 (93.5) <0.001 5.5 (3.0–9.9)

Data are reported as median (IQR) or n (%).
ACS = acute chest syndrome; IQR = interquartile range; NHLBI = National Heart, Lung, and Blood Institute; WBC = white blood
cell.
*Calculated using Fisher’s exact test.
†One or more of the following: trouble breathing (n = 119), shortness of breath (n = 12), decreased air movement (n = 1),
decreased breath sounds (n = 3), increased work of breathing (n = 21), respiratory distress (n = 1), shallow breathing (n = 1),
retractions (n = 1), or chest tightness (n = 7).
‡Data from Fleming et al.13

§Guideline recommends immediate CXR in children whose SCD is accompanied by shortness of breath, tachypnea, cough and/
or rales.1

||All NHLBI consensus panel guideline composites were calculated using the Lancet criteria for tachypnea.
¶Any of the respiratory symptoms noted in the “Respiratory symptoms” subsection of this table.
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when trying to develop a decision rule with high sensi-
tivity.17–19 We also calculated the sensitivity, specificity,
positive and negative predictive values, positive and
negative likelihood ratios, 95% confidence intervals
(CIs), and area under the curve (AUC) for the NHLBI
criteria and the final primary analysis CART model.

Finally, we performed a secondary analysis using the
same outcomes, but including only those children who
had a CXR obtained during the ED visit. This analysis
was performed to evaluate whether risk factors and
recursive partitioning analyses would be consistent
when applied to all patients versus those who had a
CXR obtained.

RESULTS

There were a total of 6,400 visits made by 1207 children
ages 3 months to 21 years with SCD between January
1, 2010, and December 31, 2012 (Figure 1). Of these vis-
its, 1,881 (29.4%) had a documented fever ≥38.5°C.
Forty-four visits were excluded due to treatment with
ceftriaxone within 24 hours of the visit. Therefore, the
final sample included 1,837 febrile ED visits made by
697 children with SCD.

Demographic characteristics are shown in Table 1.
Fifty percent of the population was female. The median
age was 3.5 years (interquartile range [IQR] = 1.5 to
9.2 years); 65% had either genotype HbSS or genotype
HbSb0.

Prevalence of ACS
A total of 185 (10%) of 1,837 visits met criteria for ACS.
One-hundred forty-two were diagnosed based on CXR
showing infiltrate at initial visit, 32 visits had a CXR of
atelectasis versus infiltrate and had a discharge

diagnosis of ACS, and 11 patients had no ED CXR
obtained but had a CXR positive for infiltrate within
48 hours.

Symptoms Related to ACS
Ninety-four percent of visits made by patients with ACS
had one or more respiratory signs or symptoms. The
percentage of patients diagnosed with ACS who had
each clinical or laboratory finding are listed in Table 1.
The most common respiratory finding in these patients
was cough (75.1%) followed by tachypnea (40.0%). Only
7.0% of patients with ACS were documented as ill-
appearing in the ED and 56.2% had a history of ACS.

Evaluation of the composite variables listed in Table 1
showed 158 patients with ACS (85%) had one or more
of the respiratory findings included in the NHLBI rec-
ommendations (shortness of breath, tachypnea, cough,
and/or rales). Relying on the NHLBI guideline alone
would have missed 27 ACS diagnoses, but avoided 825
CXRs. When chest pain was added, 162 (88%) of the
patients with ACS were identified, and 781 CXRs were
avoided.

CART Analysis
The CART model identifying patients at increased risk
of ACS is shown in Figure 2. In our CART model, the
first split was the NHLBI consensus criteria of shortness
of breath, tachypnea, cough, and/or rales plus chest
pain. A total of 1,056 (57.5%) of the 1,837 total patients
with fever met these criteria; 162 (15.3%) of those were
diagnosed with ACS. The test characteristics for the
model are shown in Table 2. Of the 781 who did not
meet these criteria, 23 (2.9%) were diagnosed with ACS.
Next, the CART analysis split this lower risk group
based on white blood cell (WBC) count. Of the 781, a

*Infiltrate on CXR = 142; Infiltrate vs. atelectasis on CXR with discharge diagnosis of ACS = 32

Figure 1. Flow diagram of sample population. *Infiltrate on CXR = 142; infiltrate versus atelectasis on CXR with discharge diagno-
sis of ACS = 32. ACS = acute chest syndrome; CXR = chest x-ray.
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total of 188 (24.1%) had a WBC count >18.75 9 109/L;
11 (6%) of those had ACS. Including those with a his-
tory of ACS, we identified 181 (98%) of 185 cases of
ACS while avoiding 430 CXRs. Clinical characteristics
and outcomes of the four patients missed by the CART
model are shown in Table 3.

Of the 517 visits at which an ED CXR was not per-
formed (Table 1), 170 (33%) had at least one of the risk
criteria noted in the NHLBI guideline. When the
additional risk criteria identified by the CART model
were added, 333 visits (64%) met at least one of the risk
criteria for obtaining an ED CXR. More specifically, of
the 11 visits at which an ED CXR was not performed
but subsequently developed ACS, nine (82%) met one
or more of the CART model criteria for obtaining a
CXR.

Secondary Analysis in Those With a CXR Obtained
Chest x-rays were performed at 1,320 (71.9%) visits. Of
those children who received a CXR, 174 (13.2%) had
ACS. The clinical characteristics, laboratory values and
respiratory symptoms and the outcome of ACS are
shown in Table 4. A CART analysis on this subpopula-
tion revealed the primary split again to be the NHLBI

Figure 2. CART model for CXR utilization. ACS= acute chest
syndrome; CART = classification and regression tree; CXR = ch-
est x-ray; NHLBI = National Heart, Lung, and Blood Institute;
WBC = white blood cell.
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consensus criteria of shortness of breath, tachypnea,
cough, and/or rales plus chest pain. A total of 878
(66.5%) of patients met these criteria and 157 (17.9%) of
those were diagnosed with ACS. Of the 442 who did
not meet these criteria, 17 (3.8%) were diagnosed with
ACS. The next CART split was the combined
WBC count >18.75 9 109/L or history of ACS. A total of
196 children met one of these criteria; 15 (7.7%) were
diagnosed with ACS. The remaining 246 children met
none of these criteria, and two (0.8%) had a diagnosis
of ACS.

DISCUSSION

Our multicenter study provides data to guide future
CXR utilization in children with SCD and fever who
present to the ED. Our results provide data to support
the consensus panel assertion that shortness of breath,
tachypnea, cough, and/or rales are associated with
higher rates of ACS. The current NHLBI consensus cri-
teria would have identified 85.4% of patients subse-
quently diagnosed with ACS. Adding chest pain to the
NHLBI consensus panel recommendations would allow

Table 3
Clinical Characteristics and Outcomes of Patients Missed by CART Model

Case 1 Case 2 Case 3 Case 4

Age (y) 1.8 0.6 2.0 2.2
Sex Male Male Female Female
Genotype Hb-SC Hb-SS Hb-SC Hb-SC
Fever in ED Yes Yes No Yes
WBC count (9109/L) 13.3 8.9 8.9 15.3
Hemoglobin (g/dL) 10.3 9.1 10.6 10.3
Respiratory symptoms None None None None
ED CXR impression No CXR No CXR Infiltrate vs. atelectasis Infiltrate
Disposition Hospitalized Hospitalized Hospitalized Discharged*
Length of stay (days) 2 7 1 0
Final diagnosis ACS ACS, bacteremia ACS Viral syndrome

ACS = acute chest syndrome; CXR = chest x-ray; WBC = white blood cell.
*Patient was called to return to ED the next day after radiologist read CXR as infiltrate. Patient had no respiratory distress,
hypoxia or fever and was discharged home on oral antibiotics with a final diagnosis of ACS.

Table 4
Demographics Characteristics and Clinical Findings in the Subset of Children With a CXR Performed

ACS (–), n = 1,146 ACS (+), n = 174 p-value OR (95% CI)

Age (y) 2.7 (1.3–8.3) 5.1 (2.2–10.3) <0.001 1.0 (1.0–1.1)
Hypoxia (triage pulse ox < 93%) 77 (6.7) 33 (19.0) <0.001 3.2 (2.1–5.1)
Ill-appearing 25 (2.2) 12 (6.9) <0.001 3.3 (1.6–6.7)
History of ACS 397 (34.6) 99 (56.9) <0.001 2.5 (1.8–3.3)
ED laboratory values
WBC (9109/L) 14.2 (9.8–19.6) 18.5 (13.1–25.9) <0.001 1.1 (1.0–1.1)
Neutrophils (%) 63 (48–75) 68 (61–77) <0.001 6.5 (2.4–17.3)
Hemoglobin (g/dL) 9.2 (8.0–10.4) 8.3 (7.4–9.8) <0.001 0.8 (0.7–0.9)

Respiratory symptoms
Shortness of breath* 107 (9.3) 43 (24.7) <0.001 3.2 (2.1–4.7)
Tachypnea (Lancet)† 233 (20.3) 73 (42.0) <0.001 2.8 (2.0–4.0)
Cough 551 (48.1) 134 (77.0) <0.001 3.6 (2.5–5.2)
Rales/crackles 0 (0) 2 (1.1) 0.01‡ 7.7 (6.7–8.8)
Chest pain 117 (10.2) 41 (23.6) <0.001 2.7 (1.8–4.0)
Wheezing 40 (3.5) 13 (7.5) <0.05 2.2 (1.2–4.3)

Respiratory symptom composites
NHLBI guideline§|| 689 (60.1) 153 (87.9) <0.001 4.8 (3.0–7.7)
NHLBI guideline or chest pain 721 (62.9) 157 (90.2) <0.001 5.4 (3.3–9.1)

Data are reported as median (IQR) or n (%).
ACS = acute chest syndrome; CXR = chest x-ray; IQR = interquartile range; NHLBI = National Heart, Lung, and Blood Institute;
WBC = white blood cell.
*One or more of the following: trouble breathing (n = 119), shortness of breath (n = 12), decreased air movement (n = 1),
decreased breath sounds (n = 3), increased work of breathing (n = 21), respiratory distress (n = 1), shallow breathing (n = 1),
retractions (n = 1), or chest tightness (n = 7).
†Data from Fleming et al.13

‡Calculated using Fisher’s exact test.
§Guideline recommends immediate CXR in children whose SCD is accompanied by shortness of breath, tachypnea, cough and/
or rales.1

||All NHLBI consensus panel guideline composites were calculated using the Lancet criteria for tachypnea.

1254 Eisenbrown et al. • CXR FOR FEBRILE CHILDREN WITH SCD



for the capture of 87.6% of children with ACS, and
would find ACS in approximately 15% of patients in
whom a CXR was obtained. Those children not meeting
NHLBI consensus guidelines had a 2.9% chance of
ACS, a risk that could be decreased with routinely col-
lected additional information concerning WBC and his-
tory of ACS.

When other respiratory signs and symptoms such as
hypoxia, wheezing, sore throat, rhinorrhea, and conges-
tion were included in the CART analysis, the patients
identified with ACS did not improve substantially. In
isolation (without any positive NHLBI consensus panel
symptoms) genotype or clinically ill-appearing were not
associated with risk of ACS to warrant obtaining a
CXR.3,5

The current criterion standard for determining the
necessity of a CXR for febrile children with SCD, the
NHLBI consensus panel guideline, does not recommend
a CXR for all febrile patients with SCD. In our analysis,
it would miss 27 ACS diagnoses. Our data suggest that
there is strong evidence to add chest pain to these high-
risk criteria, while a high WBC count and history of
ACS can further identify patients at risk for ACS. Given
the previously documented variability in practice, it is
clear that data-driven evidence is needed to further
determine which patients require a CXR.11,20 While nei-
ther the NHLBI guideline nor our model identified all
instances of ACS, our model provides additional evi-
dence of high-risk groups that might be more likely to
benefit from obtaining a CXR. This model does not
exclude providers from ordering CXRs on all febrile
patients, but may provide evidence that might expand
the CXR usage to other high-risk groups for providers
who currently utilize the NHLBI criteria in determining
on which children to obtain a CXR.

As a retrospective chart review, our study is limited
by the information abstracted from the patient chart. In
particular, whether the patient had a fever relied on
medical record documentation. However, chart review
has been previously shown to identify patients with
fever more accurately than using ICD-9-CM coding.12

Although our study focused on a small subset of
patients within the larger SCD population, we collected
data from two academic medical centers, each with a
comprehensive sickle cell center. Therefore, the results
may be generalized to other sites with similar patient
demographics. Additionally, our treatment of missing
documentation for respiratory symptoms and history of
ACS as negative may have minimized the effect of these
variables in our model. Most importantly, these results
have not been validated in another population and that
would be required before any substantial change in
clinical practice could be recommended.

CONCLUSION

Based on our multisite study, we providence evidence
that patients with sickle cell disease presenting to the
ED with a fever who also have shortness of breath,
tachypnea, cough, rales, or chest pain should receive a
chest x-ray to investigate for ACS. To further maximize
the number of patients accurately diagnosed with acute
chest syndrome, a white blood cell count greater than

18.75 9 109/L or a history of acute chest syndrome in a
patient who does not have one of the above respiratory
symptoms may be used to determine a high-risk group
for acute chest syndrome. If validated, these data can
help guide a provider when deciding if a patient with
sickle cell disease presenting with fever needs a chest x-
ray.

References

1. National Heart, Lung, and Blood Institute. Evidence-
based management of sickle cell disease, expert
panel report 2014. 2014;37–38.

2. Vichinsky EP, Styles LA, Colangelo LH, Wright EC,
Castro O, Nickerson B. Acute chest syndrome in
sickle cell disease: clinical presentation and course.
Blood 1997;89:1787–92.

3. Vichinsky EP, Neumayr LD, Earles AN, et al. Causes
and outcomes of the acute chest syndrome in sickle
cell disease. National Acute Chest Syndrome Study
Group. N Engl J Med 2000;342:1855–65.

4. Castro O, Brambilla DJ, Thorington B, et al. The
acute chest syndrome in sickle cell disease: inci-
dence and risk factors. The Cooperative Study of
Sickle Cell Disease. Blood 1994;84:643–9.

5. Chang TP, Kriengsoontorkij W, Chan LS, Wang VJ.
Clinical factors and incidence of acute chest syn-
drome or pneumonia among children with sickle cell
disease presenting with a fever. Pediatr Emerg Care
2013;29:781–6.

6. Gladwin MT, Schechter AN, Shelhamer JH, Ogni-
bene FP. The acute chest syndrome in sickle cell dis-
ease. Am J Respir Crit Care 1999;159:1368–76.

7. Taylor C, Carter F, Poulose J, Rolle S, Babu S, Cri-
chlow S. Clinical presentation of acute chest syn-
drome in sickle cell disease. Postgrad Med J
2004;80:346–9.

8. Quinn CT, Buchanan GR. The acute chest syndrome
of sickle cell disease. J Pediatr 1999;135:416–22.

9. Zarkowsky HS, Gallagher MS, Gill FM, et al. Bac-
teremia in sickle hemoglobinopathies. J Pediatr
1986;109:579–85.

10. Morris C, Vichinsky EP, Styles LA. Clinical assess-
ment for acute chest syndrome in febrile patients
with sickle cell disease: is it accurate enough? Ann
Emerg Med 1999;34:64–9.

11. Ellison AM, Thurm C, Alessandrini E, et al. Varia-
tion in pediatric emergency department care of
sickle cell disease and fever. Acad Emerg Med
2015;22:1–8.

12. Eisenbrown K, Nimmer M, Brousseau DC. The
accuracy of using ICD-9-CM codes to determine
genotype and fever status of patients with sickle cell
disease. Pediatr Blood Cancer 2015;62:924–5.

13. Fleming S, Thompson M, Stevens R, et al. Nor-
mal ranges of heart rate and respiratory rate in chil-
dren from birth to 18 years of age: a systematic
review of observational studies. Lancet
2011;377:1011–8.

14. Baskin MN, Goh XL, Heeney MM, Harper MB. Bac-
teremia risk and outpatient management of febrile
patients with sickle cell disease. Pediatrics
2013;131:1035–41.

ACADEMIC EMERGENCY MEDICINE • November 2016, Vol. 23, No. 11 • www.aemj.org 1255



15. Brousseau DC, Owens PL, Mosso AL, Panepinto
JA, Steiner CA. Acute care utilization and rehospi-
talizations for sickle cell disease. JAMA
2010;303:1288–94.

16. Breiman L, Friedman JH, Olshen RA, Stone CJ.
Classification and Regression Trees. London: Chap-
man & Hall, 1984.

17. Van Walraven C, Stiell IG, Wells GA, H!ebert PC,
Vandemheen K. Do advanced cardiac life support
drugs increase resuscitation rates form in-hospital
cardiac arrest? The OTAC Study Group. Ann Emerg
Med 1998;32:544–53.

18. Holmes JF, Sokolove PE, Brant WE, et al. Identifica-
tion of children with intra-abdominal injuries after
blunt trauma. Ann Emerg Med 2002;39:500–9.

19. Kuppermann N, Holmes JF, Dayan PS, et al. Identifi-
cation of children at very low risk of clinically-
important brain injuries after head trauma: a
prospective cohort study. Lancet 2009;374:1160–70.

20. Eisenbrown K, Ellison AM, Nimmer M, Badaki-
Makun O, Brousseau DC. Practice variation in
emergency department management of children
with sickle cell disease who present with fever.
Pediatr Emerg Care 2016 [Epub ahead of print].

Academic Emergency Medicine is going green! 
Effective January 2017, Academic Emergency Medicine will cease to print 
a paper journal, and will transition to online-only publication.  All other 
aspects of the journal, including the manuscript submission, review, editing, 
and typesetting processes, will remain the same; the only change will be 
the elimination of the print journal.  Robust online tools are already 
available for electronic viewing of the journal, through our app (available 
free at the Apple online store for iPad and iPhone; coming soon for 
Android) and our pdf and enhanced HTML versions (available on the Wiley 
Online Library, www.aemj.org).  Content alerts, RSS feeds, Twitter, and 
other productivity tools are also already available for our readers. 

1256 Eisenbrown et al. • CXR FOR FEBRILE CHILDREN WITH SCD


