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ACR Appropriateness Criteria® 1 Fever Without Source — Child 

American College of Radiology 
ACR Appropriateness Criteria® 

Clinical Condition: Fever without Source — Child 

Variant 1: Infant or child age 1 month to 36 months with no respiratory signs or symptoms. 

Radiologic Procedure Rating Comments RRL* 

X-ray chest 2  ☢  

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate *Relative 
Radiation Level 

Variant 2: Infant or child age 1 to 36 months with respiratory signs or symptoms, or fever ≥39° 
centigrade and WBC count ≥20,000/mm3. 

Radiologic Procedure Rating Comments RRL* 

X-ray chest 9  ☢  

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate *Relative 
Radiation Level 

Variant 3: Neonate younger than 1 month of age (with or without respiratory symptoms). 

Radiologic Procedure Rating Comments RRL* 

X-ray chest 6 
Little supporting data, but neonates are at 
relatively greater risk for SBI and occult 
infection. 

☢  

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate *Relative 
Radiation Level 

Variant 4: Infant or child more than 1-month of age with fever of unknown origin (FUO). 

Radiologic Procedure Rating Comments RRL* 

X-ray chest 6 

Little supporting data, but this is a simple 
and low-radiation examination to exclude 
significant parenchymal consolidation and 
adenopathy. Part of many published clinical 
algorithms. In general, imaging does not 
play a role in patients with FUO, and there 
is insufficient evidence to endorse the use 
of other imaging modalities. 

☢  

FDG-PET skull base to mid thigh 2 

Mixed data, but in the child with persistent 
fever and a negative thorough workup it 
might provide useful information. 
Attenuation correction by radionuclide 
methods or, more commonly, with 
computed tomography (CT), is considered 
part of the examination. 

☢ ☢ ☢ ☢ ☢  

FDG-PET skull base to mid-thigh and 
CT chest abdomen and pelvis with 
contrast 

2 

Mixed data, but in the child with persistent 
fever and a negative thorough workup it 
might provide useful information. A 
diagnostic-quality CT examination is 
performed. 

☢ ☢ ☢ ☢ ☢  

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate *Relative 
Radiation Level 
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Clinical Condition: Fever without Source — Child 

Variant 5: Child with fever and neutropenia. 

Radiologic Procedure Rating Comments RRL* 

X-ray chest 6 

Little supporting data, but this is a simple 
and low-radiation examination to exclude 
significant parenchymal consolidation and 
adenopathy. 

☢  

CT sinuses chest abdomen with 
contrast 

6 

Evaluation of the chest and sinuses has a 
greater yield for detecting occult infection 
than does evaluation of the abdomen. Low 
yield in the absence of localizing findings 
on physical examination. However, in 
bone marrow transplant patients and 
others at particular risk for bacterial and 
fungal infection, CT of the chest has been 
shown to provide clinically useful 
information even in the absence of 
respiratory symptoms. Further, in patients 
who do not respond to broad-spectrum 
antibiotics and remain neutropenic, CT of 
the chest and abdomen is useful to 
evaluate for disseminated fungal infection. 

☢ ☢ ☢ ☢  

CT sinuses chest abdomen without 
contrast 

3 
Only if there is a strong contraindication 
to the administration of contrast media. ☢ ☢ ☢ ☢  

CT sinuses chest abdomen without and 
with contrast 

2 
Additional information gained does not 
justify additional radiation exposure. ☢ ☢ ☢ ☢  

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate *Relative 
Radiation Level 
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FEVER WITHOUT SOURCE — CHILD 

Expert Panel on Pediatric Imaging: Brian D. Coley, MD1; 
Boaz Karmazyn, MD2; Larry A. Binkovitz, MD3;  
Dorothy Bulas, MD4; Christopher E. Dory, MD5; 
Matthew Garber, MD6; Laura L. Hayes, MD7;  
Marc S. Keller, MD8; James S. Meyer, MD9;  
Sarah S. Milla, MD10; Charles Paidas, MD.11 

Summary of Literature Review 

Introduction/Background 

The febrile pediatric patient, especially an infant, 
represents a dilemma for the primary care physician. The 
definition of fever is generally regarded as a rectal 
temperature of 38° centigrade or higher [1-2]. Oral 
temperatures are less reliable in infants and young 
children, although they are the usual method of measuring 
temperature in older children and adults. Fever without 
source (FWS) is an acute febrile illness in which the 
origin of the fever is not apparent after initial careful 
history and examination [2-8]. Most FWS is caused by 
infections [2-4,7-9]. While this is mostly self-limited and 
of little clinical concern, the burden on clinicians is to 
decide which children actually have a serious bacterial 
infection (SBI) that requires antibiotic treatment and even 
hospitalization [10-11]. In children, the usual 
sources/causes of SBI are urinary tract infection, 
pneumonia, blood stream infection, and meningitis. With 
the advent of vaccines for the most common pathogenic 
serotypes of Hemophilus influenza (H. flu) and 
Streptococcus pneumoniae (S. pneumonia), the incidence 
of SBI has dropped significantly [2-3,7,12-13]. However, 
the need to identify those FWS patients with potential SBI 
remains [2,4,8,14-19]. 

Although the terms are sometimes used interchangeably, 
FWS is different from fever of unknown origin (FUO). 
Strictly defined, FUO refers to a fever of 38.3° centigrade 
lasting 3 weeks or more without an apparent etiology 
[20], although some recent authors have liberalized the 
definition of FUO to fevers lasting more than 1 week and 
undiagnosed despite outpatient evaluation [4,21-23]. The 
majority of children with FUO have infectious causes, 
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although inflammatory, neoplastic, and autoimmune 
conditions are also in the differential [4,21-22,24-26]. The 
distinction between FWS and FUO is more than just 
academic, as the clinical and imaging approaches to these 
conditions may differ. 

Fever without Source 

The cause of fever in the pediatric patient can often be 
determined from the history, physical examination, and 
laboratory tests [4,6-8,27-28]. Prior medical conditions, 
medications, foreign travel, and immunization history are 
all important in directing subsequent investigations [2-
3,12-13,29-30]. Twenty percent of cases, however, will 
have no apparent source and thus are defined as having 
FWS [6]. The approach to a febrile child is generally 
divided into the infant younger than 3 months and the 
older infant and child between 3-36 months of age [6-
7,28]. Many authors place infants younger than 1 month 
into a special category deserving more aggressive 
evaluation, as these children have more immature immune 
systems, are more difficult to evaluate, and do not have 
the protection afforded by the H. flu and S. pneumonia 
vaccines [2,4,7]. For purposes of this discussion regarding 
the contribution of imaging in the evaluation of these 
patients, children will be grouped into neonates younger 
than 1 month, and older infants and children 1-36 months 
of age. 

Traditionally, febrile infants younger than 1 to 3 months 
of age are often hospitalized with the goal to prevent any 
SBI that might not be immediately apparent but could 
prove clinically devastating if there were diagnostic or 
treatment delay. While there is adherence to guidelines 
varies, in general the cerebral spinal fluid is examined 
(especially in neonates younger than 1 month of age), the 
blood and urine are cultured for pathogens, and empiric 
antibiotics are given. In addition, a chest radiograph has 
been part of most protocols and practices [2,4,8,31-32]. 
Hospitalization for all febrile infants in the first several 
months of life has been shown to be an expensive 
management strategy and can incur significant iatrogenic 
complications. Infants in this category traditionally have 
somewhere between 3%-10% incidence of what would be 
designated as a SBI. 

Various clinical protocols have been published to assist 
clinicians in evaluating the child with FWS [6-
9,14,22,28,33-34]. By determining the most effective and 
least invasive testing, these guidelines seek to identify the 
child with SBI who requires aggressive management, 
while allowing low-risk children to avoid unnecessary 
intervention [6,35-36]. In general these guidelines rely 
upon the degree and duration of fever, urinalysis, white 
blood cell (WBC) count, and lumbar puncture in younger 
patients. 

Some studies have also examined the utility of C-reactive 
protein (CRP) and pulse oximetry oxygen saturation 
[14,28], and more recent studies have included evaluation 
of procalcitonin and rapid viral testing. Procalcitonin is a 
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biomarker of bacterial and fungal infection, and rises 
within 6 to 24 hours after the onset of fever, much sooner 
than CRP increases [17]. Although its exact role in 
routine use is not fully established, distinguishing 
between children who have a potential SBI and those with 
a less concerning febrile illness could prove important 
[11]. Similarly, rapid viral testing is being used to 
separate those children with fevers caused by simple viral 
infections from those with potentially more SBI 
[10,15,18]. At least one paper has reported a significantly 
lower risk of SBI in patients with documented 
bronchiolitis [16]. The goal of all of these investigations 
is to decrease the amount of additional ancillary testing 
(including usually low-yield imaging studies) and 
unnecessary prophylactic antibiotic administration 
without missing any cases of occult SBI. Physical 
examination findings such as respiratory distress, poor 
peripheral perfusion, and a “toxic” appearance are also 
important in deciding on further diagnostic testing and 
treatment. 

The only radiologic study discussed in studies of the acute 
evaluation of children with FWS is the chest radiograph. 
For infants and young children who have fever and chest 
symptoms, most investigators feel that chest radiographs 
are indicated and useful [2,6-9,19,25,32,37]. (However, 
one could argue that a child with signs of respiratory 
infection does not truly fit the definition of FWS.) The 
presence of rales is the single best clinical indicator of 
pneumonia in infants and children. Tachypnea, intercostal 
retractions, and nasal flaring are also predictive of 
pneumonia in the pediatric population [14,38-39]. Other 
traditional clinical factors that may be predictive of 
pneumonia in children of all ages, such as degree of fever, 
WBC, and pulse oximetry have been studied [9,39-42], as 
well as newer biomarkers such as CRP, procalcitonin, and 
rapid viral testing as discussed above. 

Baraff [2,43] recommends that in patients 3-36 months of 
age with fever, chest radiographs be obtained only when 
there are clinical manifestations of chest disease or when 
the patient appears toxic. Baraff et al [44] reported a 3.3% 
incidence of positive chest radiographs based on collected 
reviews of infants and children from birth to 36 months of 
age with fever and no respiratory symptoms or signs. 
McCarthy [45], summarizing a number of clinical series 
dealing with acute episodes of fever in infants, also 
believes that chest radiographs should be obtained only 
when there are clinical indications. A later study by 
Baraff [6] summarizing the work of other authors 
[38,41,46] reports that occult pneumonia is seen in only 
3% of infants without respiratory findings on physical 
examination. Given that the risk of SBI in febrile infants 
and children has dropped in the era of pneumococcal 
vaccination, and that most FWS cases will be related to 
urinary tract or viral infections, some authors recommend 
obtaining urinalysis first and considering chest imaging 
only if this is negative [2,4,15]. 

Bramson et al [47] combined data of three investigations 
and subjected them to a statistical meta-analysis by using 
methods described in recent medical literature [48-49]. 
The larger number of patients in the combined study 

allowed more valid conclusions concerning the accepted 
practice of performing chest radiographs in febrile infants 
as part of the sepsis workup. These three series had 671 
infants. In 361 infants with no clinical evidence of 
pulmonary disease on history and physical examination, 
all had normal chest radiographs. A finding of only 
hyperinflation on a chest radiograph was interpreted as 
normal because it was felt that the infants would likely 
have a viral illness or reactive airway disease and would 
not usually be receiving antibiotics, unlike older children 
and adults [50]. Bramson et al [47] indicated that a chest 
radiograph in a patient with no pulmonary symptoms or 
signs would be positive <1.2% of the time. In the current 
era of S. pneumoniae and H. influenza vaccine use, this 
rate might fall even further. In the same series, nearly 
one-third of 256 infants with clinical manifestations of 
pulmonary disease had a positive chest radiograph; 
therefore, in symptomatic, febrile infants, a chest 
radiograph can help identify significant pulmonary 
disease and should be obtained. Similarly, another recent 
article by Baraff suggests that even in infants younger 
than 3 months, chest radiographs are probably only 
warranted when there is a high fever or the presence of 
respiratory symptoms [2]. 

Patterson et al [51] retrospectively studied 105 infants 
who had fever. Of the 37 patients who had no respiratory 
symptoms or signs, only one had chest radiograph 
showing a focal parenchymal airspace disease. 
Hyperinflation and peribronchial thickening were not 
classified as abnormal. In a prospective study the same 
authors included 121 infants who were free of signs of 
lower respiratory tract symptoms and signs but who had 
fever. None had chest radiographs that showed an 
abnormality. These data suggest that obtaining chest 
radiographs to look for parenchymal airspace diseases 
treatable by antibiotics for infants younger than age 2 is 
necessary only in those who have clinical evidence of 
lower respiratory illness. Heulitt et al [49] concluded that 
in febrile infants younger than 3 months of age, a chest 
radiograph should be obtained only when signs of 
respiratory disease are present. In this series the incidence 
of pneumonia in infants without respiratory 
manifestations was 6%, and all those infants did well, 
having only mild airspace diseases evident on their chest 
radiographs. 

In a recent study by Mahabee-Gittens et al [39] of 510 
children 2-59 months of age presenting with symptoms of 
lower respiratory infection had chest radiographs, with 
8.6% showing pneumonia. Clinical variables found to 
correlate with positive radiographic findings included age 
>12 months, respiratory rate >50, oxygen saturation 
≤96%, and nasal flaring in children younger than 12 
months. Combinations of these clinical variables 
produced likelihood ratios of radiographic pneumonia 
from 3.6 to 11.0. 

In spite of the often low diagnostic yield, most authors 
suggest that in young infants, particularly neonates 
younger than 1 month, a chest radiograph should be 
obtained. These infants are relatively 
immunocompromised compared with older infants and 
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children, and the consequences of a missed SBI or occult 
infection are felt to be greater [7]. A chest radiograph in a 
septic-appearing neonate with FWS may disclose an 
occult thoracic source of the fever [7-9,52]. In addition, a 
chest radiograph will help exclude congenital or acquired 
cardiac disease in a child who is febrile and ill. 

There are data, however, indicating that in certain 
circumstances chest radiography may be warranted even 
in the absence of clinical respiratory symptoms. Bachur et 
al [42] found that 26% of children with fever ≥39° 
centigrade and a WBC count ≥20,000/mm3 had 
pneumonia on chest radiographs. The use of polyvalent S. 
pneumoniae vaccine has been shown to reduce 
pneumonia with radiographic consolidation by 73% [53]. 
This led Baraff [6] to suggest that a chest radiograph 
should be obtained in patients with high fever and 
elevated WBC count who have not received the 
pneumococcal vaccine, regardless of respiratory findings. 
The American College of Emergency Physicians states 
that a chest radiograph should be considered in patients 
older than 3 months with fever ≥39° centigrade and a 
WBC count ≥20,000/mm3 [54]. Similar recommendations 
have been made by the British Thoracic Society for 
children younger than 5 years [55]. Other authors have 
included this scenario in their recommendations, although 
their evidence is generally not listed [6-9]. Rutman et al 
[3] reported that since the institution of pneumococcal 
vaccination, the incidence of radiographically evident 
pneumonia has dropped by 20% to 39%. In their study of 
children younger than 5 years with fever >39° centigrade, 
WBC >20,000, and respiratory symptoms, pneumonia 
was present in 18% of 355 children, making chest 
radiography a reasonable study under those 
circumstances. Brook [9] also recommends obtaining a 
chest radiograph in all patients younger than 36 months 
with an oxygen saturation <95%, although there is no 
supporting evidence given, nor are there data as to the 
diagnostic yield of such radiographs. 

Fever of Unknown Origin 

Occult infection is the usual cause of FUO in adults and 
children, and is less commonly due to rheumatologic, 
autoimmune, neoplastic, or other inflammatory conditions 
[4,21,25,56-57]. Some children never have a specific 
diagnosis reached [4,25,58]. While many studies describe 
the clinical course of such patients, few of them examine 
the utility of diagnostic imaging modalities in these 
difficult patients. Most patients undergo chest 
radiography at some point in their evaluation; while the 
results of those studies are rarely discussed, presumably 
they were normal or the patients in these studies would 
not still carry the diagnosis of FUO. Cifti et al [24] 
reported that chest radiography was positive in 15 of 89 
pediatric patients. 

The clinical evaluation relies on careful physical 
examination and laboratory and serologic testing, the 
exact nature of which depends upon local disease 
prevalence [4,21,24-25,59]. Advanced imaging plays a 
relatively minor role [4] especially early in the evaluation 
of FUO, and has been shown to have mixed utility. How 

often noninvasive testing has provided a diagnosis in 
FUO cases is difficult to determine, but in adults it has 
been reported to help in perhaps one quarter [27]. 

Steele et al [60] evaluated 109 children with FUO, many 
of whom had advanced imaging performed. The positive 
rates of various imaging tests were: ultrasound (US), eight 
of 43 patients; abdominal computed tomography (CT), 
three of 14; Indium scan, five of 11; and gallium scan, 
one of four. They concluded that in children with FUO 
without localizing signs or symptoms, special imaging 
studies rarely lead to a diagnosis. Lopez Rodriguez et al 
[61] reported better results in a study of 24 adult patients, 
finding that thoracoabdominal CT contributed useful 
information in 10 of 24 cases; US provided help in only 
two of 24. 

Habib et al [62] evaluated 102 adult patients with FUO 
who underwent gallium 67 planar and single-photon-
emission computed tomography (SPECT) scanning and 
found that in only two patients did the study contribute 
significant diagnostic information. Buonomo and Treves 
[58] evaluated 30 children with gallium scanning. In 
children with generalized fever and no localizing features 
the positive rate was only one of 25. In those children 
with localized complaints, the gallium scan showed an 
occult source of infection in three of five that had been 
missed by other imaging methods. 

In a study of 31 adult patients, indium-111 granulocyte 
scintigraphy showed a sensitivity of 75% and a specificity 
of 83%, but had a high negative predictive value of 90% 
[63]. This same group subsequently showed that indium-
111 granulocyte scintigraphy performed better than 
positron emission tomography with the tracer 2-[18]-
fluoro-2-deoxy-D-glucose (FDG-PET) imaging, with the 
latter hampered by a much greater rate of false positive 
results [64]. However, Sturm et al [65] studied 11 
children with biliary cirrhosis and FUO with FDG-PET 
prior to liver transplantation and imaging findings with 
histopathology from the explanted livers; there were five 
true positive and six true negative results, indicating that 
FDG-PET was clinical useful in the this small select 
group of patients. 

The combination of CT with scintigraphy improves the 
diagnostic performance of scintigraphic techniques. 
Dumarey et al [66] evaluated 21 adult patients with FDG-
PET. The accuracy of diagnosis varied depending on the 
interpretation algorithm used, but an examination without 
an observable lesion had essentially a 100% negative 
predictive value for bacterial infection. The importance of 
a reliable negative result was recently addressed by 
Simons et al [67].  In their study of 28 adults and 5 
children FDG-PET had a negative predictive value of 
79% and an overall accuracy of 91%.  In the subset of 
nine patients with true FUO, all had a positive diagnosis 
after FDG-PET imaging. Bar-Shalom et al [68] evaluated 
47 adult patients, 13 of whom had FUO, comparing the 
results of SPECT with low-dose correlative CT imaging 
with those  of planar images obtained from gallium and 
indium WBC imaging. They found improved detection 
and localization in 36% of gallium scans and 63% of 
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indium WBC scans.  Ferda et al [69] recently reported 
that carefully performed whole-body FDG-PET with CT 
with contrast provided clarifying diagnostic information 
in 92% of mostly adult patients. Sheng et al [70] in a 
study of 48 adults found that FDG-PET/CT found positive 
results in 12 of 15 patients eventually proven to have 
infectious disease, and all 12 patients with malignancy. 
The negative overall negative predictive value was only 
50%, but the positive predictive value was 80%. In a 
meta-analysis of FDG-PET and FDG-PET/CT performed 
by Dong et al [71] nine studies involving 388 patients met 
inclusion criteria. In the eventual detection of a source for 
FUO, The pooled sensitivity and specificity of FDG-PET 
were 83% and 58%, respectively, and for FDG-PET/CT 
were 98% and 86%, respectively. Although FDG-PET/CT 
performed better than FDG-PET alone, this difference 
was not statistically significant. 

In a study of 69 children with FUO, Jasper et al [72] 
reported that a final diagnosis was reached in only 54% of 
cases, consistent with reported literature rates of 33% to 
88%.  In all cases in their study, FDG-PET alone or FDG-
PET with low-dose CT scan correlation was considered 
helpful in 43%, with FDG-PET with CT helpful in 53%, 
and FDG-PET alone in 40%. Among those children in 
whom a diagnosis was eventually reached, FDG-PET 
with CT was considered helpful in 77% [72]. 

The Neutropenic Child 

A child with cancer or immunodeficiency who is 
neutropenic and febrile causes great concern. In 
neutropenic patients a significant fever is usually defined 
as a single oral temperature of ≥38.3° centigrade or two 
measurements of ≥38.0° centigrade at least 1 hour apart 
[73].  Neutropenia is an absolute neutrophil count (ANC) 
of <500, or <1,000 with the expectation of rapid decrease 
[73]. Such children are more susceptible to the common 
infections facing all children; gram-positive organisms are 
responsible for 70% of SBI in these patients, but gram-
negative organisms are responsible for most SBI related 
fatalities [73]. These patients are also at risk for viral and 
other atypical infections, and invasive fungal infections 
are a particular concern for high-risk patients with 
persistent febrile neutropenia [73]. Because of the 
heightened clinical concern, a chest radiograph is usually 
obtained in addition to other assessments, including 
cultures of the blood and urine. 

The practice of routinely including a chest radiograph has 
been challenged in a study by Korones et al [74] who 
evaluated 54 children with cancer who were hospitalized 
for hundreds of episodes of fever and neutropenia. They 
found an incidence of radiographic pneumonia of only 
3%-6%. The children without respiratory findings had no 
evidence of pneumonia on chest radiographs, and children 
who did not have chest radiographs showed no significant 
outcome differences from those who did.  However, given 
the complexity and medical fragility of these patients, 
even with the low yield of chest radiography in the 
absence of symptoms, chest radiography may provide 
reassurance to the treating physician and provide a 
baseline for the future [73,75]. 

These children often undergo advanced imaging, but there 
is little evidence-based data about which studies are most 
efficacious. Archibald et al [76] evaluated the 
performance of CT in 83 neutropenic cancer patients who 
had 109 instances of fever lasting 4 days or more. Rates 
of positive CT findings varied by body region: head and 
neck 8%, sinus 41%, chest 49%, abdomen 19%. Findings 
on sinus and chest CT led to changes in therapy in 24% 
and 30% of cases, respectively. However, they added that 
“CT was rarely abnormal in the absence of localizing 
signs or symptoms,” and that in the absence of symptoms 
CT findings rarely lead to therapeutic changes. In their 
2002 guidelines (not pediatric specific), the Infectious 
Diseases Society of America noted that one-half of febrile 
neutropenic patients with normal chest radiographs will 
have evidence of pneumonia on chest CT [77]. 

A specific exception to this finding may be children who 
have undergone bone marrow transplantation (BMT) or 
who have acute myelogenous leukemia [73]. Children 
frequently have fevers after BMT, and a specific source is 
often lacking. In 1991, Barloon et al [78] in a study of 33 
adult BMT patients reported that CT found clinically 
significant disease that was unsuspected by chest 
radiographs and that CT findings improved patient 
management. A more recent study of 188 chest CT 
studies in 112 adult BMT patients with fever but normal 
chest radiographs [79] showed CT findings suggestive of 
pneumonia in 60%. 

While many of these patients eventually had radiographic 
or laboratory confirmation of infection, those patients 
identified with CT were able to start empiric therapy an 
average of 5 days earlier. While Heusell et al [79] did not 
prove a benefit in survival, earlier institution of 
appropriate therapy is felt to be clearly beneficial. Also 
important was the finding that BMT patients with normal 
chest CT scans were very unlikely to have an occult 
infection (negative predictive value of 97%), and that a 
normal chest radiograph did not exclude the possibility of 
chest infection in BMT patients. 

Summary 

 Infants and children with FWS should have prompt 
evaluations, even though the incidence of SBI is low. 
Clinical pathways provide guidelines for the physician 
but are not a substitute for overall clinical judgment in 
the decision about which febrile infants and children 
would benefit from chest radiographs. 

 Most data support that in the previously healthy child 
with FWS, a chest radiograph should be obtained 
when there is clinical evidence of a respiratory illness, 
and for those with fever ≥39° centigrade, WBC count 
≥20,000 mm3, and oxygen saturation ≤95%. 

 Neonates younger than 1 month with FWS are a high-
risk group, and chest radiography should be 
considered, regardless of respiratory symptoms. 

 Imaging studies in children with nonlocalizing FUO 
have a low yield. 

 There are promising data on the use of FDG-PET or 
FDG-PET/CT in evaluating adults with FUO, but the 
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data regarding their use in pediatric patients are more 
limited.   

 In children with neutropenia and persistent fever 
despite the administration of antibiotics, CT with 
contrast of the chest and abdomen should be 
considered to evaluate for disseminated fungal disease. 

Relative Radiation Level Information 

Potential adverse health effects associated with radiation 
exposure are an important factor to consider when 
selecting the appropriate imaging procedure. Because 
there is a wide range of radiation exposures associated 
with different diagnostic procedures, a relative radiation 
level (RRL) indication has been included for each 
imaging examination. The RRLs are based on effective 
dose, which is a radiation dose quantity that is used to 
estimate population total radiation risk associated with an 
imaging procedure. Patients in the pediatric age group are 
at inherently higher risk from exposure, both because of 
organ sensitivity and longer life expectancy (relevant to 
the long latency that appears to accompany radiation 
exposure). For these reasons, the RRL dose estimate 
ranges for pediatric examinations are lower as compared 
to those specified for adults (see Table below). Additional 
information regarding radiation dose assessment for 
imaging examinations can be found in the ACR 
Appropriateness Criteria® Radiation Dose Assessment 
Introduction document. 

Relative Radiation Level Designations 

Relative 
Radiation 

Level* 

Adult Effective 
Dose Estimate 

Range 

Pediatric 
Effective Dose 

Estimate Range 
O 0 mSv 0 mSv 

☢  <0.1 mSv <0.03 mSv 

☢ ☢  0.1-1 mSv 0.03-0.3 mSv 

☢ ☢ ☢  1-10 mSv 0.3-3 mSv 

☢ ☢ ☢ ☢  10-30 mSv 3-10 mSv 

☢ ☢ ☢ ☢ ☢  30-100 mSv 10-30 mSv 

*RRL assignments for some of the examinations 
cannot be made, because the actual patient doses in 
these procedures vary as a function of a number of 
factors (eg, region of the body exposed to ionizing 
radiation, the imaging guidance that is used). The 
RRLs for these examinations are designated as NS (not 
specified). 

Supporting Document(s) 

 ACR Appropriateness Criteria® Overview 

 Procedure Information 

 Evidence Table 

References 
1. Chinnock R, Butto J, Fernando N. Hot tots: current approach to the 

young febrile infant. Compr Ther 1995; 21(3):109-114. 
2. Baraff LJ. Management of infants and young children with fever 

without source. Pediatr Ann 2008; 37(10):673-679. 

3. Rutman MS, Bachur R, Harper MB. Radiographic pneumonia in 
young, highly febrile children with leukocytosis before and after 
universal conjugate pneumococcal vaccination. Pediatr Emerg 
Care 2009; 25(1):1-7. 

4. Tolan RW, Jr. Fever of unknown origin: a diagnostic approach to 
this vexing problem. Clin Pediatr (Phila) 2010; 49(3):207-213. 

5. Gartner JC, Jr. Fever of unknown origin. Adv Pediatr Infect Dis 
1992; 7:1-24. 

6. Baraff LJ. Management of fever without source in infants and 
children. Ann Emerg Med 2000; 36(6):602-614. 

7. Ishimine P. Fever without source in children 0 to 36 months of age. 
Pediatr Clin North Am 2006; 53(2):167-194. 

8. Massin MM, Montesanti J, Lepage P. Management of fever 
without source in young children presenting to an emergency 
room. Acta Paediatr 2006; 95(11):1446-1450. 

9. Brook I. Unexplained fever in young children: how to manage 
severe bacterial infection. BMJ 2003; 327(7423):1094-1097. 

10. Lacour AG, Zamora SA, Gervaix A. A score identifying serious 
bacterial infections in children with fever without source. Pediatr 
Infect Dis J 2008; 27(7):654-656. 

11. Semeraro M, Thomee C, Rolland E, et al. A predictor of 
unfavourable outcome in neutropenic paediatric patients presenting 
with fever of unknown origin. Pediatr Blood Cancer 2010; 
54(2):284-290. 

12. Gabriel ME, Aiuto L, Kohn N, Barone SR. Management of febrile 
children in the conjugate pneumococcal vaccine era. Clin Pediatr 
(Phila) 2004; 43(1):75-82. 

13. Mintegi S, Benito J, Sanchez J, Azkunaga B, Iturralde I, Garcia S. 
Predictors of occult bacteremia in young febrile children in the era 
of heptavalent pneumococcal conjugated vaccine. Eur J Emerg 
Med 2009; 16(4):199-205. 

14. Bleeker SE, Derksen-Lubsen G, Grobbee DE, Donders AR, Moons 
KG, Moll HA. Validating and updating a prediction rule for 
serious bacterial infection in patients with fever without source. 
Acta Paediatr 2007; 96(1):100-104. 

15. Antonyrajah B, Mukundan D. Fever without apparent source on 
clinical examination. Curr Opin Pediatr 2008; 20(1):96-102. 

16. Bilavsky E, Shouval DS, Yarden-Bilavsky H, Fisch N, Ashkenazi 
S, Amir J. A prospective study of the risk for serious bacterial 
infections in hospitalized febrile infants with or without 
bronchiolitis. Pediatr Infect Dis J 2008; 27(3):269-270. 

17. Bressan S, Andreola B, Cattelan F, Zangardi T, Perilongo G, Da 
Dalt L. Predicting severe bacterial infections in well-appearing 
febrile neonates: laboratory markers accuracy and duration of 
fever. Pediatr Infect Dis J 2010; 29(3):227-232. 

18. Doan Q, Enarson P, Kissoon N, Klassen TP, Johnson DW. Rapid 
viral diagnosis for acute febrile respiratory illness in children in the 
Emergency Department. Cochrane Database Syst Rev 2009; 
(4):CD006452. 

19. Machado BM, Cardoso DM, de Paulis M, Escobar AM, Gilio AE. 
Fever without source: evaluation of a guideline. J Pediatr (Rio J) 
2009; 85(5):426-432. 

20. Petersdorf RG, Beeson PB. Fever of unexplained origin: report on 
100 cases. Medicine (Baltimore) 1961; 40:1-30. 

21. Cogulu O, Koturoglu G, Kurugol Z, Ozkinay F, Vardar F, Ozkinay 
C. Evaluation of 80 children with prolonged fever. Pediatr Int 
2003; 45(5):564-569. 

22. McCarthy P. Fever without apparent source on clinical 
examination. Curr Opin Pediatr 2005; 17(1):93-110. 

23. McCarthy PL, Bachman DT, Shapiro ED, Baron MA. Fever 
without apparent source on clinical examination, lower respiratory 
infections in children, bacterial infections, and acute gastroenteritis 
and diarrhea of infancy and early childhood. Curr Opin Pediatr 
1995; 7(1):107-125. 

24. Ciftci E, Ince E, Dogru U. Pyrexia of unknown origin in children: 
a review of 102 patients from Turkey. Ann Trop Paediatr 2003; 
23(4):259-263. 

25. Pasic S, Minic A, Djuric P, et al. Fever of unknown origin in 185 
paediatric patients: a single-centre experience. Acta Paediatr 2006; 
95(4):463-466. 

26. Hofer M, Mahlaoui N, Prieur AM. A child with a systemic febrile 
illness - differential diagnosis and management. Best Pract Res 
Clin Rheumatol 2006; 20(4):627-640. 

27. Arnow PM, Flaherty JP. Fever of unknown origin. Lancet 1997; 
350(9077):575-580. 

http://www.acr.org/SecondaryMainMenuCategories/quality_safety/app_criteria/RRLInformation.aspx
http://www.acr.org/SecondaryMainMenuCategories/quality_safety/app_criteria/overview.aspx
http://www.acr.org/SecondaryMainMenuCategories/quality_safety/app_criteria/ProcedureContrastInfo.aspx
http://www.acr.org/acet/Fever-without-Source-Child-ET.pdf


ACR Appropriateness Criteria® 8 Fever Without Source — Child 

28. Kourtis AP, Sullivan DT, Sathian U. Practice guidelines for the 
management of febrile infants less than 90 days of age at the 
ambulatory network of a large pediatric health care system in the 
United States: summary of new evidence. Clin Pediatr (Phila) 
2004; 43(1):11-16. 

29. Lohr JA, Hendley JO. Prolonged fever of unknown origin: a record 
of experiences with 54 childhood patients. Clin Pediatr (Phila) 
1977; 16(9):768-773. 

30. McClung HJ. Prolonged fever of unknown origin in children. Am J 
Dis Child 1972; 124(4):544-550. 

31. Jones RG, Bass JW. Febrile children with no focus of infection: a 
survey of their management by primary care physicians. Pediatr 
Infect Dis J 1993; 12(3):179-183. 

32. Goldman RD, Scolnik D, Chauvin-Kimoff L, et al. Practice 
variations in the treatment of febrile infants among pediatric 
emergency physicians. Pediatrics 2009; 124(2):439-445. 

33. Berger RM, Berger MY, van Steensel-Moll HA, Dzoljic-Danilovic 
G, Derksen-Lubsen G. A predictive model to estimate the risk of 
serious bacterial infections in febrile infants. Eur J Pediatr 1996; 
155(6):468-473. 

34. Bonadio WA, Hagen E, Rucka J, Shallow K, Stommel P, Smith D. 
Efficacy of a protocol to distinguish risk of serious bacterial 
infection in the outpatient evaluation of febrile young infants. Clin 
Pediatr (Phila) 1993; 32(7):401-404. 

35. Baker MD, Bell LM, Avner JR. Outpatient management without 
antibiotics of fever in selected infants. N Engl J Med 1993; 
329(20):1437-1441. 

36. Jaskiewicz JA, McCarthy CA, Richardson AC, et al. Febrile 
infants at low risk for serious bacterial infection--an appraisal of 
the Rochester criteria and implications for management. Febrile 
Infant Collaborative Study Group. Pediatrics 1994; 94(3):390-396. 

37. Alario AJ, McCarthy PL, Markowitz R, Kornguth P, Rosenfield N, 
Leventhal JM. Usefulness of chest radiographs in children with 
acute lower respiratory tract disease. J Pediatr 1987; 111(2):187-
193. 

38. Leventhal JM. Clinical predictors of pneumonia as a guide to 
ordering chest roentgenograms. Clin Pediatr (Phila) 1982; 
21(12):730-734. 

39. Mahabee-Gittens EM, Grupp-Phelan J, Brody AS, et al. 
Identifying children with pneumonia in the emergency department. 
Clin Pediatr (Phila) 2005; 44(5):427-435. 

40. Losek JD, Kishaba RG, Berens RJ, Bonadio WA, Wells RG. 
Indications for chest roentgenogram in the febrile young infant. 
Pediatr Emerg Care 1989; 5(3):149-152. 

41. Zukin DD, Hoffman JR, Cleveland RH, Kushner DC, Herman TE. 
Correlation of pulmonary signs and symptoms with chest 
radiographs in the pediatric age group. Ann Emerg Med 1986; 
15(7):792-796. 

42. Bachur R, Perry H, Harper MB. Occult pneumonias: empiric chest 
radiographs in febrile children with leukocytosis. Ann Emerg Med 
1999; 33(2):166-173. 

43. Baraff LJ. Management of infants and children 3 to 36 months of 
age with fever without source. Pediatr Ann 1993; 22(8):497-498, 
501-494. 

44. Baraff LJ, Bass JW, Fleisher GR, et al. Practice guideline for the 
management of infants and children 0 to 36 months of age with 
fever without source. Agency for Health Care Policy and Research. 
Ann Emerg Med 1993; 22(7):1198-1210. 

45. McCarthy PL. The pediatric clinical evaluation and pneumonia. 
Curr Opin Pediatr 1996; 8(5):427-429. 

46. Singal BM, Hedges JR, Radack KL. Decision rules and clinical 
prediction of pneumonia: evaluation of low-yield criteria. Ann 
Emerg Med 1989; 18(1):13-20. 

47. Bramson RT, Meyer TL, Silbiger ML, Blickman JG, Halpern E. 
The futility of the chest radiograph in the febrile infant without 
respiratory symptoms. Pediatrics 1993; 92(4):524-526. 

48. Crain EF, Bulas D, Bijur PE, Goldman HS. Is a chest radiograph 
necessary in the evaluation of every febrile infant less than 8 
weeks of age? Pediatrics 1991; 88(4):821-824. 

49. Heulitt MJ, Ablow RC, Santos CC, O'Shea TM, Hilfer CL. Febrile 
infants less than 3 months old: value of chest radiography. 
Radiology 1988; 167(1):135-137. 

50. Bramson RT, Griscom NT, Cleveland RH. Interpretation of chest 
radiographs in infants with cough and fever. Radiology 2005; 
236(1):22-29. 

51. Patterson RJ, Bisset GS, 3rd, Kirks DR, Vanness A. Chest 
radiographs in the evaluation of the febrile infant. AJR 1990; 
155(4):833-835. 

52. Singer JI, Vest J, Prints A. Occult bacteremia and septicemia in the 
febrile child younger than two years. Emerg Med Clin North Am 
1995; 13(2):381-416. 

53. Black S, Shinefield H, Fireman B, et al. Efficacy, safety and 
immunogenicity of heptavalent pneumococcal conjugate vaccine in 
children. Northern California Kaiser Permanente Vaccine Study 
Center Group. Pediatr Infect Dis J 2000; 19(3):187-195. 

54. Clinical policy for children younger than three years presenting to 
the emergency department with fever. Ann Emerg Med 2003; 
42(4):530-545. 

55. British Thoracic Society Guidelines for the Management of 
Community Acquired Pneumonia in Childhood. Thorax 2002; 57 
Suppl 1:i1-24. 

56. Abdulsalam AM, Al-Jahdali HH, Memish ZA, Ahmad AH. Fever 
of unknown origin. Experience of a large tertiary care hospital in 
Saudi Arabia. Saudi Med J 2005; 26(2):352-354. 

57. Arce-Salinas CA, Morales-Velazquez JL, Villasenor-Ovies P, 
Muro-Cruz D. Classical fever of unknown origin (FUO): current 
causes in Mexico. Rev Invest Clin 2005; 57(6):762-769. 

58. Buonomo C, Treves ST. Gallium scanning in children with fever 
of unknown origin. Pediatr Radiol 1993; 23(4):307-310. 

59. Tsukahara M, Tsuneoka H, Iino H, Murano I, Takahashi H, Uchida 
M. Bartonella henselae infection as a cause of fever of unknown 
origin. J Clin Microbiol 2000; 38(5):1990-1991. 

60. Steele RW, Jones SM, Lowe BA, Glasier CM. Usefulness of 
scanning procedures for diagnosis of fever of unknown origin in 
children. J Pediatr 1991; 119(4):526-530. 

61. Lopez Rodriguez M, Vazquez Munoz E, Gomez Cerezo J, et al. 
[Cost-effectiveness of computerized axial tomography in the 
diagnosis of traditional clinical picture of fever of unknown 
origin]. Rev Clin Esp 2005; 205(1):19-23. 

62. Habib GS, Masri R, Ben-Haim S. The utility of gallium 
scintigraphy in the evaluation of fever of unknown origin. Isr Med 
Assoc J 2004; 6(8):463-466. 

63. Kjaer A, Lebech AM. Diagnostic value of (111)In-granulocyte 
scintigraphy in patients with fever of unknown origin. J Nucl Med 
2002; 43(2):140-144. 

64. Kjaer A, Lebech AM, Eigtved A, Hojgaard L. Fever of unknown 
origin: prospective comparison of diagnostic value of 18F-FDG 
PET and 111In-granulocyte scintigraphy. Eur J Nucl Med Mol 
Imaging 2004; 31(5):622-626. 

65. Sturm E, Rings EH, Scholvinck EH, Gouw AS, Porte RJ, Pruim J. 
Fluordeoxyglucose positron emission tomography contributes to 
management of pediatric liver transplantation candidates with 
fever of unknown origin. Liver Transpl 2006; 12(11):1698-1704. 

66. Dumarey N, Egrise D, Blocklet D, et al. Imaging infection with 
18F-FDG-labeled leukocyte PET/CT: initial experience in 21 
patients. J Nucl Med 2006; 47(4):625-632. 

67. Simons KS, Pickkers P, Bleeker-Rovers CP, Oyen WJ, van der 
Hoeven JG. F-18-fluorodeoxyglucose positron emission 
tomography combined with CT in critically ill patients with 
suspected infection. Intensive Care Med 2010; 36(3):504-511. 

68. Bar-Shalom R, Yefremov N, Guralnik L, et al. SPECT/CT using 
67Ga and 111In-labeled leukocyte scintigraphy for diagnosis of 
infection. J Nucl Med 2006; 47(4):587-594. 

69. Ferda J, Ferdova E, Zahlava J, Matejovic M, Kreuzberg B. Fever 
of unknown origin: a value of (18)F-FDG-PET/CT with integrated 
full diagnostic isotropic CT imaging. Eur J Radiol 2010; 
73(3):518-525. 

70. Sheng JF, Sheng ZK, Shen XM, et al. Diagnostic value of fluorine-
18 fluorodeoxyglucose positron emission tomography/computed 
tomography in patients with fever of unknown origin. Eur J Intern 
Med 2011; 22(1):112-116. 

71. Dong MJ, Zhao K, Liu ZF, Wang GL, Yang SY, Zhou GJ. A meta-
analysis of the value of fluorodeoxyglucose-PET/PET-CT in the 
evaluation of fever of unknown origin. Eur J Radiol 2010. 

72. Jasper N, Dabritz J, Frosch M, Loeffler M, Weckesser M, Foell D. 
Diagnostic value of [(18)F]-FDG PET/CT in children with fever of 
unknown origin or unexplained signs of inflammation. Eur J Nucl 
Med Mol Imaging 2010; 37(1):136-145. 

73. Paulus S, Dobson S. Febrile neutropenia in children with cancer. 
Adv Exp Med Biol 2009; 634:185-204. 



ACR Appropriateness Criteria® 9 Fever Without Source — Child 

74. Korones DN, Hussong MR, Gullace MA. Routine chest 
radiography of children with cancer hospitalized for fever and 
neutropenia: is it really necessary? Cancer 1997; 80(6):1160-1164. 

75. Walsh TJ, Groll A, Gonzalez C, Pizzo PA. Infectious 
Complications in Pediatric Cancer Patients In: Pizzo PA, Poplack 
DG, eds. Principles and Practice of Pediatric Oncology. 5th ed: 
Lippincott Williams & Wilkins; 2005:1269-1329. 

76. Archibald S, Park J, Geyer JR, Hawkins DS. Computed 
tomography in the evaluation of febrile neutropenic pediatric 
oncology patients. Pediatr Infect Dis J 2001; 20(1):5-10. 

77. Hughes WT, Armstrong D, Bodey GP, et al. 2002 guidelines for 
the use of antimicrobial agents in neutropenic patients with cancer. 
Clin Infect Dis 2002; 34(6):730-751. 

78. Barloon TJ, Galvin JR, Mori M, et al. High-resolution ultrafast 
chest CT in the clinical management of febrile bone marrow 
transplant patients with normal or nonspecific chest 
roentgenograms. Pneumonia in febrile neutropenic patients and in 
bone marrow and blood stem-cell transplant recipients: use of 
high-resolution computed tomography. Chest 1991; 99(4):928-933. 

79. Heussel CP, Kauczor HU, Heussel GE, et al. Pneumonia in febrile 
neutropenic patients and in bone marrow and blood stem-cell 
transplant recipients: use of high-resolution computed tomography. 
J Clin Oncol 1999; 17(3):796-805. 

 

The ACR Committee on Appropriateness Criteria and its expert panels have developed criteria for determining appropriate imaging examinations for 
diagnosis and treatment of specified medical condition(s). These criteria are intended to guide radiologists, radiation oncologists and referring physicians 
in making decisions regarding radiologic imaging and treatment. Generally, the complexity and severity of a patient’s clinical condition should dictate the 
selection of appropriate imaging procedures or treatments. Only those examinations generally used for evaluation of the patient’s condition are ranked. 
Other imaging studies necessary to evaluate other co-existent diseases or other medical consequences of this condition are not considered in this 
document. The availability of equipment or personnel may influence the selection of appropriate imaging procedures or treatments. Imaging techniques 
classified as investigational by the FDA have not been considered in developing these criteria; however, study of new equipment and applications should 
be encouraged. The ultimate decision regarding the appropriateness of any specific radiologic examination or treatment must be made by the referring 
physician and radiologist in light of all the circumstances presented in an individual examination. 
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	Variant 1: Infant or child age 1 month to 36 months with no respiratory signs or symptoms.
	Variant 2: Infant or child age 1 to 36 months with respiratory signs or symptoms, or fever ≥39°centigrade and WBC count ≥20,000/mm3.
	Variant 3: Neonate younger than 1 month of age (with or without respiratory symptoms).
	Variant 4: Infant or child more than 1-month of age with fever of unknown origin (FUO).
	Variant 5: Child with fever and neutropenia.
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