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Abstract 
 
Significant advances in radiological techniques have led to improved care of ill and injured children in the 
Emergency Department. This work reviews the most recent findings on the still-controversial value of 
imaging for the diagnosis and treatment of acute scrotal and abdominal pain in the pediatric age group. The 
role of color Doppler ultrasound in the differential diagnosis of suspected testicular torsion is stressed, 
especially in low-risk patients, as are the diagnostic benefits of sonography in children with possible 
intussusception – where the yield of plain films is low -- provided that operator training is sound. The 
typical imaging pictures are described, and the place of imaging in the therapeutic armamentarium is 
weighed against other available modalities. In addition, the advantages and limitations of ultrasound and 
computed tomography in the diagnosis of suspected appendicitis are discussed, together with the possibility 
of their combined use. 
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Introduction 
 
Over the last decade, pediatric emergency 
medicine has benefited from significant advances 
in radiology.  The introduction of digital cross-
sectional imaging, increased use of 
ultrasonography, and advent of telemedicine 
have all led to improved care of the ill or injured 
child. However, the utility and value of imaging 
in children with acute scrotal or abdominal pain 
are still controversial.  This article reviews the 
latest ways that different imaging modalities can 
facilitate the diagnosis and treatment of children 
who present to the Emergency Department with 
acute scrotum, vomiting, intermittent abdominal  

 
 
pain and currant jelly stool, and right lower 
quadrant pain. 
 
I. The child with acute scrotal pain      
 
Why is imaging important in the management of 
a child with an acute scrotum? 
 
Testicular torsion afflicts 1 in every 125 males, 
almost all under the age of 20 years [1]. The 
diagnosis of testicular torsion in children with 
acute scrotum is important because it is a 
medical emergency. However, the clinical signs  
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of testicular torsion overlap with torsion of the 
testicular appendix, epididymo-orchitis and 
trauma.  The differentiation of these conditions is 
imprecise, with a nearly 50% false-positive rate 
for the diagnosis of testicular torsion based 
solely on clinical findings, leading to often 
unnecessary surgical exploration [2]. Indeed, up 
to 70% of cases of acute scrotum are due to a 
pathology that does not require surgery [3-5]. 
 
The salvage rate of testicular torsion depends on 
its duration and degree. Treatment within the 
first 6 hours of onset of symptoms is associated 
with an almost 100% salvage rate; treatment 
within 6 to 12 hours, with a 70% salvage rate, 
and treatment within 12 to 24 hours, with a 20% 
rate [6]. In patients presenting early, imaging 
plays a critical role in determining whether 
exploratory surgery is necessary. 
 
Is there a role for radionuclide imaging, i.e. 
nuclear scintigraphy, in testicular torsion? 
 
Probably not.  In the 1980s, nuclear medicine 
studies were considered more accurate than 
sonography for diagnosing and ruling out 
testicular torsion (Figure 1). However, owing to 
improvements in ultrasound (US) technology, 
this is no longer the case.  Nuclear medicine 
studies are limited by lack of anatomic 
definition.  They may also yield false-negative 
results in patients with testicular torsion because 
the hyperemic scrotal skin can take up atypical 
amounts of tracer. Torsion of less than 360 
degrees can cause diminished blood flow which 
can be better detected by color Doppler 
sonography [7-9].    
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Radionuclide image showing normal blood flow to 
the left testicle (long arrow) with absent blood flow to the 
right one. Note the hyperemic ring around the left testicle 
indicating blood flow to the surrounding scrotal wall (short 
arrow). 
 
 
 

 
Are gray scale US images useful in the acute 
evaluation of a painful scrotum? 
 
Gray scale images are not specific for testicular 
torsion [10], and they may appear normal if the 
torsion has just occurred (Figure 2). At 4 to 6 
hours after onset of torsion, gray scale images 
may reveal testicular swelling and decreased 
echogenicity; at 24 hours, they reveal a 
heterogeneous testicular echotexture secondary 
to vascular congestion, hemorrhage, and 
infarction [11]. 
 

 
 
Figure 2: Grey scale ultrasound image of a normal-size right 
testicle. 
 
How sensitive and specific is color Doppler US 
for diagnosing testicular torsion? 
 
Color Doppler US is currently the preferred 
diagnostic imaging modality for testicular 
torsion because of the superior anatomic and 
functional detail it provides (Figure 3). Studies 
have shown that when the presence or absence of 
intratesticular flow was used as the only 
diagnostic criterion in children with painful 
scrotum, color Doppler US had an 86% 
sensitivity, 100% specificity, and 97% accuracy 
in the identification of torsion and ischemia [12]. 
 

 
Figure 3: Color Doppler US scan showing blood flow to the 
left testicle but no blood flow to the right one. 
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Is the presence of Doppler flow to the testicle an 
“all or none phenomenon” in testicular torsion? 
 
The sonographic picture in patients with 
testicular torsion varies by the degree of rotation 
of the spermatic cord. The most important 
finding is decreased testicular blood flow, which 
occurs when the cord twists 120o, or absent 
testicular blood flow, which occurs when the 
cord twists 720° [13,14].  
 
Nevertheless, the presence of testicular flow does 
not necessarily exclude testicular torsion.  When 
torsion is early or incomplete, some blood flow 
may be noted on the Doppler sonogram [15], 
resulting in a difference between the two sides. 
In these cases, Doppler arterial and venous 
waveform studies can facilitate diagnosis. Since 
the venous circulation, which is a low pressure 
system, is compromised first in the torsion 
process (Figures 4-6), early or partial torsion 
may yield absent venous waveforms while 
arterial waveforms are still present [16]. These 
findings warrant surgical intervention. 
 
In cases of partial or complete spontaneous 
detorsion, Doppler US may show normal or even 
increased testicular blood flow [16]. 
 
What role does imaging play in the high-risk 
versus low-risk patient with testicular torsion? 
 
Acute scrotum poses a diagnostic challenge for 
the emergency physician, urologist, and 
radiologist, since no single examination or 
laboratory finding provides a definitive diagnosis 
with 100% accuracy, short of surgical 
exploration. The need for a rapid diagnosis 
further complicates this situation, for while 
radiologic testing delays diagnosis, unnecessary 
surgical exploration is undesirable.  
 
Therefore, if the clinical history and physical 
examination are highly suspicious for torsion, 
immediate testicular exploration should be 
performed, eliminating the expected delay of US 
examination [17, 18]. However, in most children, 
the clinical evaluation is not specific enough, and 
it is in this lower-risk group of children that 
color Doppler US examination of the scrotum is 
most useful. 
 
 
 
 

 

 
 
Figure 4: Color Doppler arterial waveforms revealing blood 
flow to the left testicle. 
 
 

 
 
Figure 5: Color Doppler venous waveforms revealing blood 
flow to the left testicle. 
 
 

 
 
Figure 6: Color Doppler US scan revealing absence of blood 
flow to the right testicle. 
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II: The young child with vomiting, 
intermittent abdominal pain, and currant 
jelly stool 
 
If there is a clinical suspicion of intussusception, 
should plain radiographs of the abdomen be 
obtained?  
 
The yield of plain films in intussuseption is low.  
Sargent et al. [19] and Bolin [20] reported a less 
than 50% correct identification of 
intussusception on plain radiographs.  The 
characteristic radiographic signs include the 
meniscus sign and the target sign (Figures 7, 8) 
[19, 20]. Findings suggestive of intussusception 
are a soft tissue mass, absence of cecal gas and 
stool, and paucity of bowel gas [19, 21]. Air-
fluid levels are noted almost as frequently in 
children with intussusception as in those without. 
Evidence of small bowel obstruction (Figure 9) 
or free intraperitoneal air in children with 
intussusception is rare [19].  
 
 

 
Figure 7: Plain abdominal film showing the meniscus sign 
seen with intussusception. 
 
 
 
 
 
 
 
 
 
 
 

 

 
Figure 8: Plain abdominal film showng the target sign seen 
with intussusception. 
 
 

 
Figure 9: Plain abdominal film revealing evidence of early 
small bowel obstruction in a child with intussusception. 
 
What are ultrasound findings of intussusception? 
 
Intussusception has a characteristic sonographic 
appearance [24, 25]. Target or pseudokidney 
images are seen (Figures 10,11), with the 
intussusception usually located just deep to the 
abdominal wall, mostly on the right side of the 
abdomen.  
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Figure 10: Ultrasound scan showing the”pseudo-kidney” 
appearance of the intussusception. 
 

 
Figure 11: Ultrasound scan showing the target sign of the 
intussusception. 
 
How easy or difficult is it for the radiologist to 
identify cases of intussusception using US?  
 
The role of sonography in the diagnosis of 
intussusception is well established, with a 
sensitivity of 98% to 100% and a specificity of 
88% to 100% [29]. However, the quality and 
interpretation of US images are definitely 
operator-dependent [26].  Although the literature 
suggests that sonographic recognition of 
intussusception requires some level of expertise 
on the part of the radiologist, several studies 
have shown that appropriate training may suffice 
[27,28]. Verschelden et al. [27] found that a 
100% accuracy rate could be achieved by third- 
and fourth-year radiology residents who 
completed a 3-5-month training course in adult 
sonography.  Daneman [28] reported a similarly 
high accuracy rate when sonographic studies 
were performed by pediatric radiology fellows 
who had completed 4 years of residency and 
were given practical, targeted training in the 
sonographic detection and evaluation of 
intussusception.  
 
 

 
It has been suggested that sonography should be 
the initial imaging modality, with the enema 
examination reserved for therapeutic purposes 
[30].  In cases of negative findings for 
intusussception in young children, US may be 
useful in detecting other pathologic processes.  
Pracos et al. [31] reported a 4% detection rate of 
other intraabdominal diseases in such cases, 
including urinary tract pathology, torsion of 
ovarian cyst, and small bowel volvulus. 
 
Is sonography more useful in older patients with 
intusussception who are more likely to have a 
pathologic lead point? 
 
Sonography can be effective in identifying the 
presence of pathologic lead points, such as 
Meckel's diverticulum, duplication cysts, 
intestinal polyps, lymphoma, and intramural 
hematomas, which may be seen in children more 
than 3 years old [32]. In their review, Navarro et 
al. [3] reported sonographically depicted lead 
points in 23 of 35 patients (66%), whereas 
barium enema depicted the lead point in only 6 
of 15 patients (40%), and air enema, in 3 of 28 
patients (11%). 
 
Has US been universally adopted for the 
evalutation of intussusception? 
 
In many parts of the world, sonography has 
become the imaging modality of choice for the 
evaluation of children with suspected 
intussusception.  Nevertheless, some radiologists 
and departments have been slow to implement it 
[26, 34, 35, 36] because of lack of expertise of 
the radiology staff, high cost, and low 
accessibility. In addition, some argue that 
contrast enema is performed for diagnosis, the 
physician can then simply continue with this 
modality to reduce the intussusception, if present 
[37].   
 
Is there a role for US in reducing 
intussusception? 
 
The use of sonography to guide hydrostatic 
reduction is most prevalent in the Eastern 
hemisphere and is increasing in Europe. The 
reduction rate is high (76%–95%), and the 
perforation rate, according to Riebel [37] and 
Rohrschneider [38], quite low (1 in 825 cases). 
The instilled fluid – either water, saline solution, 
or Hartmann solution -- is followed as it courses 
through the large bowel until it fills the terminal  
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ileum and distal small bowel and the 
intussusception is no longer visualized. The 
advantages of this procedure include no radiation 
exposure, high accuracy and reliability for 
monitoring the reduction process, visualization 
of all components of the intussusception 
(including the edematous ileocecal valve 
following reduction), and easier recognition of 
pathologic lead points and residual 
intussusception.  The main disadvantage is the 
need for an available radiologist who is 
comfortable with the use of this modality for 
enema guidance. 
 
Unfortunately, when air enemas are performed, 
the air prevents the passage of the US beam 
making it difficult for the operator to visualize 
the ileocecal valve; therefore, small residual 
ileoileal intussusceptions cannot be observed.   
Additionally, US is not amenable to the detection 
of a perforation-induced pneumoperitoneum 
[38].   
 
For strictly DIAGNOSTIC reasons, is contrast 
enema still the study of choice? 
 
Until the mid-1980s, barium enema examination 
was considered the gold standard for the 
diagnosis or exclusion of intussusception in 
many parts of the world.  Many institutions still 
consider the contrast enema (with barium or air) 
as the quickest and most cost-effective method 
[39]. Several reasons are offered for its use:  it is 
probably the least likely of the available means 
to miss a diagnosis of intussusception; it is well 
known to all radiologists; and once the diagnosis 
is made, therapy can be undertaken as part of the 
same procedure, in the same session [37]. 
 
What are some of the reasons why contrast 
enema may not be the diagnostic study of 
choice? 
 
Contrast enema is an invasive procedure and also 
requires a small dose of radiation. In addition, it 
may not depict pathologic lead points as well as 
sonography, and in children found to be negative 
for intussusception, it may not identify other 
intra-abdominal pathology [33].   
 
The clinician should consider these factors when 
deciding whether to use a contrast enema or 
sonography simply for diagnosis, especially in 
view of earlier reports of a more than 50% rate 
of negative findings for contrast enemas in  

 
children with suspected intussusception [40, 41].  
This high rate reflects the overlap of the clinical 
findings of intussusception with other acute 
abdominal conditions in children. 
 
III: The child with right lower quadrant pain 
 
What role does imaging play in the diagnosis of 
possible appendicitis? 
 
Annually, 60,000–80,000 children are treated for 
appendicitis in the United States [42].  We know 
that the number of children with suspected 
appendicitis referred for imaging evaluation is 
much higher. In the past, radiology had little to 
offer other than the identification of 
appendicoliths on plain films or non-filling of 
the appendix on barium enema. However, 
advances in US and CT over the last 10 years 
have made imaging a key factor in the diagnosis 
of appendicitis in the ED in children with 
equivocal clinical findings. Nevertheless, while 
advocates of imaging cite improvements in 
diagnosis, reduced “negative” appendectomies, 
and better outcomes, others cite delays in 
diagnosis, greater expense, increased perforation 
rates, and greater costs without any demonstrable 
benefit to the patient. 
 
Is there a role for plain abdominal films? 
 
In select cases, abdominal films are useful for 
detecting fecaliths, localized ileus, scoliosis to 
the right (Figure 12), soft-tissue masses, and 
obliteration of the psoas margin.  
 

 
Figure 12: Splinting noted by slight curvature of the 
vertebral bodies to the right. 
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How effective is appendiceal ultrasonography?  
What are its advantages and limitations? 
 
Ultrasonography has been used in the evaluation 

of children with suspected appendicitis for the 
past decade. During that time, 14 published 
studies including nearly 10,000 patients reported 
acceptable specificity (88%–99%) and accuracy 
(82%–99%), although the range of  sensitivity 
was wide (50%–100%) [44].   
 
The advantages of this modality include 
portability, noninvasiveness, rapid performance, 
and absence of radiation exposure.  It is preferred 
in the evaluation of thin adolescent females in 
whom the differential diagnosis includes tube-
ovarian pathology.  Limitations include high user 
dependence and only rare visualization of the 

normal appendix. Visualization rates vary widely 

in the literature, from a high of 98% to a low of 
22% [45]. US also has limited use in obese 
adolescents.  
 
What are the typical ultrasonography findings in 
acute appendicitis? 
 
US findings consistent with acute appendicitis 
include a distended, painful and noncompressible 
fluid-filled tubular structure measuring more 
than 6 mm in diameter.  Other findings are an 
appendicolith, which appears as an echogenic 
focus with acoustic shadowing, and pericecal or 
periappendiceal fluid 
 
In cases of nonperforated appendicitis, color 
Doppler US demonstrates peripheral wall 
hyperemia reflecting inflammatory 
hyperperfusion. Color flow may be absent in 
gangrenous appendicitis or early inflammation. 
In cases of appendiceal perforation, color 
Doppler findings include hyperemia in the 
periappendiceal soft tissue or within a well-
defined abscess [44].   
 
What is the role of abdominal CT?  What are its 
advantages and limitations? 
 
Since 1999, 9 studies including a total of 1425 
patients have been performed to evaluate the role 
of CT in the diagnosis of pediatric appendicitis.  
CT imaging was found to have a 94-100% 

sensitivity, 89%–100% specificity, and 93%–
99% accuracy, despite the wide variability in 
techniques used. There remains considerable 
controversy in the literature regarding the use of  

 
oral, rectal, or intravenous contrast agents and 
possible limitations on the body area to be 
scanned [44].  
 
Advantages of CT imaging in this setting include 
potentially improved patient management, 
greater comfort to clinician and patient, less 
operator dependence than for US, more confident 
visualization of the appendix, and better 
delineation of the extent of phlegmon and 
abscess in complicated cases (Figures 13, 14).   
 
Furthermore, CT is readily available and 
reproducible.  Disadvantages include potential 

risks of contrast medium and ionizing radiation 
exposure 
 

 
Figure 13: CT scan showing thickened wall of the fluid-filled 
appendix.  An appendicolith is also present. 
 

 
Figure 14: CT scan showing a fusiform, fluid-filled appendix. 
 
Is the radiation risk of CT scans an important 
issue? 
 
Owing to the risk of ionizing radiation, 
childhood CT is not innocuous.  Children are 10 
times more sensitive than adults to radiation-
induced cancer.   In the United States, 
approximately 600,000 abdominal and head CT 
examinations are performed annually in children  
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under the age of 15 years. Researchers estimate 
that roughly 500 children will ultimately die 
from cancer attributable to CT radiation.  
Currently, the best estimate of the lifetime cancer 

mortality risk of radiation exposure in a single 
abdominal CT examination in a 1-year-old child 
is 1 in 550. [43] 
 
This risk can potentially be lowered by reducing 
the dosage of the ionizing radiation in children. 
However, reduced dosage is also the major 
reason for limitation of the scanning field, which 
may result in a failure to include the appendix in 
the CT scan and, thereby, adversely affect the 
reader’s ability to detect alternative conditions.   
Therefore, researchers recommend that if CT is 
going to be performed, it should be done with the 
lowest dose that provides the radiologist with the 
necessary diagnostic information [43]. 
 
For equivocal clinical cases, which imaging 
study is better—US or CT? 
 
Taylor [44] claimed that an effective imaging 
protocol should include both US and CT.  He 
suggested that US be performed initially 
(although omission of this step might be 
considered in obese children), and if the findings 
are inconclusive or fail to show the appendix, 
then contrast-enhanced CT should follow. Pena 
et al. [45] reported that this sequence of imaging 
had a combined sensitivity of 94%, specificity of 
94%, positive predictive value of 90%, negative 
predictive value of 97%, and accuracy of 94%.  
In 22% of cases, the initial US examination 
provided enough information to forgo the CT 
evaluation and its attendant radiation and 
stresses. 
 
Practically, however, the choice of imaging 
depends on the resources available in each 
institution, not the diagnostic accuracy. Imaging 
protocols that work in one clinical setting may 
not be amenable to others. In an academic 
environment with readily available pediatric 
radiology fellows and faculty, US followed by 
CT with intravenously and rectally administered 

contrast material is, indeed, a reasonable 
approach.  Clinicians at each hospital should 
review their local experience with imaging and 
clinical outcomes to determine what radiology 
imaging pathways should be implemented when 
evaluating a child with right lower quadrant pain. 
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