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Diagnosis of Appendicitis by a Pediatric Emergency Medicine 
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Abstract
Over the past decade Point-of-Care Ultrasound (POC US) is in-
creasingly performed in adult emergency medicine for a variety of 
indications. Pediatric emergency medicine has been much slower 
to embrace POC US. The authors report a case of a 15-year-old boy 
that presented to the pediatric emergency department with abdominal 
pain. A diagnosis of appendicitis was made using real-time POC US 
by a pediatric emergency medicine attending. Knowledge of the 
sonographic characteristics of appendicitis can help the physician 
in the prompt diagnosis of this condition, thereby reducing morbidity 
and mortality that may result from a delay in diagnosis.

Over the past decades ultrasound (US) has been utilized by many 
different medical specialties and is no longer limited to radiology. 
In 1999, the American Academy of Emergency Medicine published 
its position statement defi ning POC US as a sonographic imaging 
procedure by an emergency physician on a patient in the emergency 
department in an effort to detect acute medical problems.1 POC 
US has grown dramatically over the last years in adult emergency 
departments and increasingly emergency physicians have dedicated 
ultrasound machines available for POC evaluation. In 2001, the 
American College of Emergency Physicians (ACEP) issued a policy 
statement on the use of emergency ultrasound, endorsing its use in 
emergency departments nationwide.2 Emergency medicine physi-
cians have been on the forefront of clinical use and research of new 
ultrasound techniques, particularly in adult patients. A POC US is 
not a complete US but a focused, limited, goal directed exam with 
the purpose of answering a specifi c clinical question. The attrac-
tion of immediate POC US in the evaluation of specifi c emergent 
complaints makes it an ideal tool in the emergency department. The 
ability to perform these focused studies may allow for faster and 
safer management of patients.
 Most emergency medicine residencies in the United States cur-
rently train their residents in POC US as part of the curriculum and 
it is an accepted tool for the rapid assessment of the emergency 
patient.3 Both the American College of Emergency Physicians 
and the Society for Academic Emergency Medicine continue to 
support these advancements. In a revised statement from October 
2008 the ACEP suggested guidelines for specifi c training pathways, 
quality improvement, documentation and credentialing guidelines, 
but at this time there is no set national standard for training and 
competency assessment is left to the individual program directors.4

Pediatric emergency medicine physicians have been much slower to 
embrace POC US ultrasound, but they have the luxury of adapting 
some of the proven uses to the pediatric population, for example the 
FAST exam (Focused Assessment with Sonography in Trauma).5

Although only a few pediatric emergency medicine fellowships 
have integrated POC US training into their curriculum and offer 
a 2- to 4-week ultrasound rotation during the fellowship,6 94% 
of pediatric emergency medicine fellowship directors expressed a 
desire for pediatric-specifi c POC US training.7 Currently,numerous 
courses and “mini-fellowships” exist and are generally designed for 

emergency physicians who graduated without ultrasound training. 
However, none of these are pediatric specifi c.
 To the authors’ knowledge, there are no previous reported cases 
of acute appendicitis diagnosed by a pediatric emergency medicine 
attending using POC US. One of the authors (BMH), who obtained 
experience in pediatric US through a foreign pediatric residency 
program that incorporates ultrasound into their curriculum, reports 
her case here. 

Case Report
A 15-year-old boy was brought to the pediatric emergency depart-
ment by his father with the chief complaint of abdominal pain for 
one day. The patient described the pain as intermittent and located 
initially in the periumbilical area, but stated the pain had become 
constant and more severe in the right lower abdomen over the last 
several hours. He reported several non-bilious and non-bloody 
emeses. He denied any fever, chills, dysuria, cough, or runny nose. 
His fl uid intake and urine output were decreased. Past medical 
history revealed no hospitalizations or surgery. His immunizations 
were up to date and he had no known drug allergies. Vital signs on 
initial examination included a blood pressure of 128/69 mmHg, 
heart rate of 76 beats/min, respiratory rate of 24/min, temperature 
of 101˚ F and an oxygen saturation of 100% in room air. His weight 
was 48 kg.
 He was alert but in obvious pain. His heart and lung exam was 
normal. He had strong peripheral pulses and good perfusion. The 
abdomen was non-distended with decreased bowel sounds in all 
quadrants. He had signifi cant right lower quadrant abdominal ten-
derness with guarding and rebound. The remainder of the physical 
examination was unremarkable.

ER Course
Intravenous fl uids with normal saline were started and the patient 
was given 4 mg of morphine IV for pain control. Laboratory results 
revealed a white blood cell count of 13,800 per microliter with 
71% neutrophils, 13% bands and 16% lymphocytes. CRP was 
2.2mg/dl. His electrolytes and renal function were within normal 
limits. Urinalysis was normal. An abdominal x-ray (Figure 1) re-
vealed a normal intestinal gas pattern and a 2mm calcifi cation in 
the right side of the pelvis. A radiology US was ordered because 
of suspicion for appendicitis. However, the US technician was not 
in-house and needed to be called in. In the meantime, the pediatric 
emergency medicine attending performed a POC US. A TITAN 
Handcarried Ultrasound (SonoSite, Inc. Bothell, WA) with a 10-5 
MHz 38-mm broadband linear array transducer was utilized. POC 
US with graded compression technique was performed in the region 
of maximal pain while the patient was in the supine position. The 
study revealed a swollen, noncompressible, blind ending tubular 
structure measuring 1.05 cm in diameter with no peristaltic activity 
inside the lumen (Figure 2). It also showed an appendicolith with 
acoustic shadowing. Anterior to the appendix the rectus abdominis 
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Figure 1.— Calcifi cation in the Right Lower Quadrant (white arrow)
Figure 2.— A noncompressible tubular structure measuring 1.05cm in 
diameter with an appendicolith in the lumen (white arrow)

Figure 3.— Appendicolith with acoustic shadowing (black arrows). Rectus 
abdominis muscle (white arrows) anterior to the appendix

Figure 4.— Appendix in cross-sectional view (black arrow) anterior to 
the iliac vessels (white arrows)

muscle could be visualized on transverse view with its speckled 
appearance (Figure 3). A picture taken with a 3.5MZ curved array 
probe showed the proximity to the iliac artery and vein (Figure 4). 
A surgical consultation was obtained and the patient was seen and 
evaluated by a pediatric surgeon. The POC US pictures were reviewed 
and assured the surgeon of the diagnosis. The patient was taken to 
the operating room just before the US technician arrived. A lapa-
roscopic appendectomy was performed and the diagnosis of acute, 
suppurative, non-perforated appendicitis was confi rmed by visual 
inspection and pathologic analysis. The patient had an uneventful 
postoperative course and was discharged home the next day. 
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Discussion
Appendicitis is a common, yet serious, cause of acute abdominal pain 
in adolescents and young adults often presenting to an emergency 
department. In most cases acute appendicitis is caused by a luminal 
obstruction, which leads to distension, increased intraluminal pres-
sure, and mucosal compromise with subsequent mural invasion by 
intraluminal bacteria.8

 With increasing pressure and venous obstruction, gangrene and 
perforation can result which may lead to peritonitis and death. Early 
surgical intervention in patients with acute appendicitis is imperative 
to avoid appendiceal perforation, which is associated with increased 
morbidity and mortality. Duration of symptoms is the factor most 
closely associated with advanced disease.9

 With the invention of helical computed tomography (CT) in the 
mid 90’s, CT has emerged as the leading imaging modality for adult 
patients with suspected appendicitis in the United States. There is 
a growing body of literature that shows this imaging modality to 
be the most accurate way to diagnose or exclude appendicitis. Kim 
et al reported that helical CT’s in patients with a high degree of 
clinical suspicion for acute appendicitis reduces the numberof false 
positives and has the potential to reduce negativeappendectomies.10

However, Brenner and Hall remind of the signifi cant cancer risk from 
CT examinations due to exposure to ionizing radiation, especially 
for children.11

 Ultrasound has been used for the diagnosis of acute appendicitis as 
early as 1981.12  Technologic improvements in ultrasound equipment 
have made systems more portable, easier to use at the bedside and 
of higher image quality, enhancing the accuracy of diagnosis. It is 
a risk free, low-cost, noninvasive, fast and painless procedure that 
does not use ionizing radiation and can be done at the bedside.
 The diagnosis of appendicitis is made by graded compression 
technique that was fi rst described by Puylaert in 1986. A linear 
high-frequency transducer is placed on the right lower quadrant 
and pressure is applied gradually while imaging, displacing the 
overlying gas-fi lled loops of bowel.13

 POC US in the diagnosis of appendicitis is increasingly used in 
other specialties including gynecology and surgery.14-16

 Sonographic fi ndings consistent with acute appendicitis include 
visualization of a blind-ending, non-compressible, tubular structure, 
6 mm or greater in diameter, that lacks peristalsis. Secondary signs 
include hyperemia with color-fl ow Doppler, periappendiceal fl uid, 
and visualization of a shadowing appendicolith.17,18

 The success of ultrasound depends largely on the skill and expe-
rience of the sonographer. In the hands of emergency physicians, 
sensitivity ranges between 39% to 96%, whereas the radiology 
literature reports sensitivities of 75% to 90%.19-23 A meta-analysis 
of 9,356 children and 4,341 adults demonstrated sensitivities of 
88% and 83% and specifi cities of 94% and 93%, respectively in 
diagnosing appendicitis by radiology department ultrasound.24 Many 
studies have demonstrated that emergency medicine physicians can 
be trained in POC US to answer a specifi c question.25-30

 In a prospective study, 40 consecutive patients with equivocal 
physical fi ndings of acute appendicitis were examined with graded 
compression sonography by emergency medicine residents after a 
1-hour lecture and 20 observations. The primary sonographic criterion 
for diagnosing acute appendicitis was an incompressible appendix 
with an outer diameter of 6 mm or larger with periappendicular 

infl amed fat with or without an appendicolith. The sonographic 
fi ndings were correlated with surgical and pathologic fi ndings. 
The sensitivity of emergency medicine residents diagnosing acute 
appendicitis by POC US was 83%, and specifi city was 100%. The 
positive predictive value was 100% and negative predictive value 
was 69%.31

 An important limitation of US is that the sensitivity and specifi city 
for perforated appendicitis are lower than those seen for non-perfo-
rated appendicitis.32-34

 The presence of an appendicolith on US in a patient with acute 
right lower quadrant abdominal pain is indicative of appendicitis. 
A retrospective study in 388 patients younger than 18 years found 
that the presence of an appendicolith was associated with earlier 
and higher rates of appendiceal perforation in pediatric patients with 
acute appendicitis.35

 Management of children with clinically suspected appendicitis 
involves a risk management decision whether to operate or not. 
Therefore any examination that improves diagnostic accuracy is 
helpful.
 CT scan and US have assumed critical roles in the diagnosis of 
patients suspected to have appendicitis.
 In the clinical setting the choice between US and CT largely 
depends on institutional preference and on available expertise. US 
does not involve ionizing radiation, in contrast to CT, and should 
therefore be the initial imaging study in children if available. If 
US is positive, an appendectomy should be performed and if it is 
equivocal, normal, or doubt remains, the child should undergo CT 
scanning.36-39

 Traditionally the radiology department makes the diagnosis of 
appendicitis with ultrasound. In some pediatric hospitals, radiology 
department US may not be available.40 The goal is to diagnose and 
treat appendicitis as early as possible, since a delay in diagnosis 
may result in perforation with increased morbidity and mortality.
POC US may be valuable if access to radiological facilities is 
delayed and the pediatric emergency physician has had adequate 
training in POC US. Surgeons have good understanding of clinical 
ultrasound and can incorporate the POC US images in the fi nal 
decision-making.

Conclusion
For pediatric emergency medicine physicians rapid diagnosis and 
treatment of life-threatening conditions is of utmost importance. 
Appendicitis is in the differential diagnosis of children presenting 
with right lower abdominal pain. The initial imaging modality in 
children should be graded compression exam by US done by the 
most experienced sonographer, usually the radiologist. However, 
if a delay for this study is anticipated, POC US by a physician 
trained in POC US can be crucial in reducing time to diagnosis and 
defi nitive treatment and therefore reducing morbidity and prolonged 
hospital stay. 
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