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of-recommendation labels.  A

ppendicitis remains the most com-
mon acute surgical condition of 
the abdomen. In 1997, more than  
 260,000 new cases occurred in 

the United States. The overall lifetime occur-
rence is approximately 12 percent in men 
and 25 percent in women.1-3 

Because abdominal pain is a common pre-
senting complaint in the outpatient setting, 
family physicians serve an important role 

in the rapid diagnosis of acute 
appendicitis. Accurate and timely 
diagnosis of acute appendicitis is 
essential to minimize morbidity. 
Prompt surgical treatment may 
reduce the risk of appendix per-
foration. The case-fatality rate of 
appendicitis jumps from less than 

1 percent in nonperforated cases to 5 percent 
or higher when perforation occurs.4

The diagnosis of appendicitis traditionally 
has been based on clinical features found 
primarily in the patient’s history and physi-

cal examination.5 An elevated white blood 
cell count has a low predictive value for 
appendicitis because it is present in a num-
ber of conditions.6 While the clinical diag-
nosis of appendicitis may be straightforward 
in patients with classic signs and symptoms, 
atypical presentations can result in delays in 
treatment, unnecessary hospital admissions 
for observation, and unnecessary surgery. 

Unnecessary surgery for suspected appendi-
citis exposes patients to increased risks, mor-
bidity, and expense. In 1997, 261,134 patients 
underwent nonincidental appendectomies in 
the United States. However, 39,901 (15.3 per-
cent) of the appendixes removed showed no 
pathologic features of appendicitis.1 

Diagnostic accuracy achieved by history 
and physical examination has remained at 
about 80 percent in men and women (men 
are diagnosed accurately 78 to 92 percent 
of the time, and women 58 to 85 percent 
of the time).5 Recently, imaging techniques 
such as ultrasonography, computed tomog-

Acute appendicitis is the most common reason for emergency abdomi-
nal surgery and must be distinguished from other causes of abdominal 
pain. Family physicians play a valuable role in the early diagnosis and 
management of this condition. However, the overall diagnostic accu-
racy achieved by traditional history, physical examination, and labora-
tory tests has been approximately 80 percent. The ease and accuracy 
of diagnosis varies by the patient’s sex and age, and is more difficult 
in women of childbearing age, children, and elderly persons. If the 
diagnosis of acute appendicitis is clear from the history and physical 
examination, prompt surgical referral is warranted. In atypical cases, 
ultrasonography and computed tomography (CT) may help lower the 
rate of false-negative appendicitis diagnoses, reduce morbidity from 
perforation, and lower hospital expenses. Ultrasonography is safe 
and readily available, with accuracy rates between 71 and 97 percent, 
although it is highly operator dependent and difficult in patients 
with a large body habitus. While there is controversy regarding the 
use of contrast media and which CT technique is best, the accuracy 
rate of CT scanning is between 93 and 98 percent. Disadvantages of 
CT include radiation exposure, cost, and possible complications from 
contrast media. (Am Fam Physician 2005;71:71-8. Copyright© 2005 
American Academy of Family Physicians.)

Imaging for Suspected Appendicitis 
JERRY L. OLD, M.D., REGINALD W. DUSING, M.D., WENDELL YAP, M.D., and JARED DIRKS, M.D.  
University of Kansas School of Medicine, Kansas City, Kansas 

The case-fatality rate of 
appendicitis jumps from 
less than 1 percent to 5 
percent or higher when 
perforation occurs.
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raphy (CT), and magnetic resonance imaging 
(MRI) were evaluated as diagnostic modali-
ties in acute appendicitis and were shown to 
improve diagnostic accuracy and patient out-
comes. However, the routine use of imaging 
studies in all patients is not well established.

Pathophysiology
The appendix in an adult is a diverticulum 
arising from the posteromedial wall of the 
cecum. It averages 10 cm in length. The base 

of the appendix is fixed to the cecum, while 
the remainder of the appendix is free. This 
fact accounts for its variable location (i.e., 
retrocecal, subcecal, retroileal, pre-ileal, or 
pelvic) and explains much of the diversity in 
clinical presentations among patients with 
acute appendicitis.7

The pathophysiology of appendici-
tis begins with obstruction of the narrow 
appendiceal lumen. Obstruction has many 
sources, including fecaliths, lymphoid 
hyperplasia (related to viral illnesses such as 
upper respiratory infections, mononucleo-
sis, or gastroenteritis), gastrointestinal para-
sites, foreign bodies, and Crohn’s disease. 
Continued secretion of mucus from within 
the obstructed appendix results in elevated 
intraluminal pressure, leading to tissue isch-
emia, over-growth of bacteria, transmural 
inflammation, appendiceal infarction, and 
possible perforation.8,9 Inflammation may 
then quickly extend into the parietal perito-
neum and adjacent structures.

Clinical Findings
In a typical presentation, the three clinical 
findings with the highest predictive value for 
acute appendicitis are right lower quadrant 
pain, abdominal rigidity, and migration of 
pain from the periumbilical region to the 
right lower quadrant.7 These classic findings 
occur in about 50 percent of patients,5 how-
ever, making missed diagnosis of appendici-
tis a common successful malpractice claim 
against family and emergency department 
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Strength of Recommendations 

Key clinical recommendation Label References

If the diagnosis of acute appendicitis is clear from the history and  
physical examination, no further testing is needed.

C 15

When the diagnosis of appendicitis is uncertain, computed tomography 
(CT) and ultrasonography may reduce the rate of perforation. 

C 5, 17-19

The diagnostic accuracy of ultrasonography for acute appendicitis has 
been reported to range from 71 to 97 percent. The most useful sign  
of acute appendicitis on ultrasonography is an outer appendiceal 
diameter of 6 mm or greater on cross-section.

C 21-24

Depending on the technique used, the diagnostic accuracy of CT in  
acute appendicitis ranges from 93 to 98 percent. On CT, an inflamed 
appendix is greater than 6 mm in diameter, has appendiceal wall 
thickening, and wall enhancement after contrast media infusion, and 
reveals inflammatory changes in the surrounding tissues.

C 
 
 
 

11, 32, 33 
 
 
 

A = consistent, good-quality patient-oriented evidence; B = inconsistent or limited-quality patient-oriented evidence;  
C = consensus, disease-oriented evidence, usual practice, opinion, or case series. See page 19 for more information.
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Appendicitis

physicians.10 Table 16,11 summarizes the prev-
alence of common signs and symptoms of 
appendicitis. 

Unusual presentations occur when the 
appendix is not in its normal location, when 
the patient is young or elderly, and when the 
patient is a woman of childbearing age or is 
pregnant.12-14 

The single most important physical find-
ing is right lower quadrant pain on palpation 
of the abdomen. Other findings include low-
grade fever, peritoneal signs, and guarding. 
In addition, the physical signs (Table 2)8,9,15 
resulting from various maneuvers designed 
to elicit peritoneal pain can be helpful in the 
diagnosis.15 

In a recent meta-analysis,5 no single clini-
cal finding was found to effectively rule in 
or rule out acute appendicitis. Diagnosis is 
particularly difficult in women of childbear-
ing age because acute gynecologic conditions 
(e.g., pelvic inflammatory disease) may cause 
symptoms similar to appendicitis. Therefore, 
false-negative appendectomy (i.e., removal of 
a normal appendix) rates have been reported 
to be as high as 47 percent in female patients 
who are 10 to 39 years of age.5 

Management Options
If the diagnosis of appendicitis is clear from 
the patient’s history and physical exami-
nation, no further testing is needed, and 
prompt surgical referral is warranted.15 
When the diagnosis is not clear, management 

options for suspected appen-
dicitis include observation in a 
hospital, diagnostic imaging to 
clarify the diagnosis, laparos-
copy, and appendectomy. Imag-
ing studies are cost effective if a definitive 
diagnosis can be made and observation in a 
hospital can be avoided.16 Surgical removal 
of a normal appendix adds to increased mor-
bidity and higher medical costs.

More importantly, imaging studies of 
patients with an uncertain diagnosis may 
reduce the rate of perforation, and thus 
reduce morbidity, mortality, and postopera-
tive hospital stays.5

Radiologic Evaluation
If the diagnosis of appendicitis is suspected, 
a number of radiologic modalities may 
improve patient outcomes.12,17-19

Plain radiography (Figure 1) is not specific, 
generally is not cost effective, and can be 
misleading in this situation.20 In fewer than 
5 percent of patients, an opaque fecalith 
may be apparent in the right lower quad-
rant. Plain abdominal films generally are 
not recommended unless other conditions 

TABLE 1

Prevalence of Common Signs and 
Symptoms of Appendicitis

Sign or symptom
Frequency  
(%)

Abdominal pain 99 to 100

Right lower quadrant pain or 
tenderness

96

Anorexia 24 to 99

Nausea 62 to 90

Low-grade fever 67 to 69

Vomiting 32 to 75

Pain migration from periumbilical  
area to the right lower quadrant

50

Rebound tenderness 26

Right lower quadrant guarding 21

Information from references 6 and 11.

TABLE 2

Common Signs of Acute Appendicitis

Sign Description

McBurney sign Localized right lower quadrant pain or guarding 
on palpation of the abdomen (the single most 
important sign) 

Psoas sign Pain on hyperextension of right thigh (often indicates 
retroperitoneal retrocecal appendix)

Obturator sign Pain on internal rotation of right thigh (pelvic 
appendix)

Rovsing sign Pain in the right lower quadrant with palpation of the 
left lower quadrant

Dunphy’s sign Increased pain in the right lower quadrant with 
coughing

Hip flexion Patient maintains hip flexion with knees drawn up for 
comfort

Other peritoneal  
signs

Rebound tenderness, hyperesthesia of the skin in the 
right lower quadrant

NOTE: The absence of these signs does not exclude appendicitis.

Information from references 8, 9, and 15.

Classic presentation occurs 
in approximately one half 
of acute appendicitis cases.
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(e.g., perforation, intestinal obstruction, ure-
teral calculus) are suspected.8 Likewise, as 
advanced cross-sectional imaging techniques 
have become available, barium enema is now 
used infrequently.9

ULTRASONOGRAPHY

Ultrasonography (Figure 2) is inexpensive, 
safe, and widely available. Diagnostic accu-
racy, reported to range from 71 to 97 per-
cent,21,22 is highly dependent on operator 
skill. Ultrasonography is especially useful in 
women who are pregnant or of childbear-
ing age, and in children. Major advantages 
to ultrasonography include noninvasive-
ness, short acquisition time, lack of radiation 
exposure, and potential for discovering other 
causes of abdominal pain (e.g., ovarian cysts, 
ectopic pregnancy, tubo-ovarian abscess).

Criteria for diagnosis of acute appendici-
tis by ultrasonography are well established 
and reliable.5,23 The most useful finding on 
ultrasonography that is suggestive of appen-
dicitis is an outer appendiceal diameter of  
6 mm or greater on cross section.24 Peri-
appendiceal findings of inflammatory fat 
changes frequently are apparent on ultraso-
nography with acute appendicitis. Findings 
of appendiceal perforation include loculated 
pericecal f luid, phlegmon (an ill-defined 
layer structure of the appendiceal wall) or 
abscess, prominent pericecal fat, and cir-
cumferential loss of the submucosal layer.25 

Difficulties with ultrasonography include 
the fact that a normal appendix must be 
identified to rule out acute appendicitis.17 

Visualization of a normal appendix is more 
difficult in patients with a large body habitus 
and when there is an associated ileus, which 
produces shadowing secondary to overlying 
gas-filled loops of bowel. Accuracy of ultra-
sonography also decreases with retrocecal 
location of the appendix. This is one of the 
reasons the diagnosis may be in doubt.26 

Meckel’s diverticulum, cecal diverticulitis, 
inflammatory bowel disease, pelvic inflam-
matory disease, and endometriosis can cause 
false-positive ultrasound results. Patients 
often complain of discomfort evoked by 
the transducer pressure during ultrasound 
evaluation.27

Figure 2. (Top) Transverse ultrasound image of the right lower quad-
rant of the abdomen (left view, noncompressed; right view, com-
pressed) revealing a thick-walled, noncompressible tubular structure 
(an inflamed appendix) with a shadowing appendicolith (arrow), and 
(bottom) a longitudinal ultrasound image revealing the thick-walled 
inflamed appendix and appendicolith (arrow) and a small periappendi-
ceal fluid collection.

Figure 1. Plain radiographic image of the 
abdomen revealing an appendicolith (arrow) 
in the right lower quadrant. 
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Appendicitis

COMPUTED TOMOGRAPHY

CT is more precise than ultrasonography 
and more reproducible from hospital to hos-
pital (Figures 3 through 5). It has a diagnostic 
accuracy rate for acute appendicitis of 93 
to 98 percent.11 In a recent meta-analysis, 
findings on CT increased the certainty of 
diagnosis more than findings on ultraso-

nography.28 [Strength of recommendation: 
B, meta-analysis of studies with inconsistent 
findings] Therefore, consensus in the litera-
ture is moving toward an opti-
mal CT scanning technique 
for acute appendicitis.27 In the 
past, three major approaches 
have been advocated: (1) unen-
hanced CT of the abdomen 
and pelvis,29 (2) addition of 
oral and/or intravenous con-
trast media,30 and (3) focused 
appendiceal CT (imaging only 
the right lower quadrant) using rectally 
administered contrast media,16,31 although 
this would exclude abdominal pathology 
outside the field of view.

Recent investigation indicates that 
abdominopelvic CT is an appropriate ini-
tial approach to imaging patients for acute 
appendicitis.27 Use of intravenous and oral/
rectal contrast media and thin cuts opti-
mizes the study.

The accuracy of CT relies in part on its 
ability to reveal a normal appendix better 
than ultrasonography. An inflamed appen-
dix revealed on a CT scan is larger than 
6 mm in diameter, and has appendiceal 
wall thickening and wall enhancement after 
contrast media infusion.32,33 CT scans also 
can reveal periappendiceal inflammatory 
changes, which may include inflammatory 
fat stranding, phlegmon, free fluid, free air 
bubbles, abscess, and adenopathy.33 

Helical CT also has been shown to be 
an excellent imaging tool for differentiat-
ing appendicitis from most acute gyneco-
logic conditions, thus challenging the use of 
ultrasonography in women.34 Nevertheless, 
transvaginal ultrasonography remains the 
standard if a gynecologic diagnosis is in 
question following CT.

Disadvantages of CT include possible iodin-
ated-contrast-media allergy, patient discom-
fort from administration of contrast media 
(especially if rectal contrast media is used), 
exposure to ionizing radiation, and cost. 
However, the cost is considerably less than 
that of removing a normal appendix or hospi-
tal observation (which is currently an average 
of 1.6 days to rule out appendicitis).21 

Figure 4. Axial computed tomographic image 
of pericecal inflammatory changes (arrow) 
and mild free fluid in a patient with ruptured 
acute appendicitis.

Figure 5. Axial computed tomographic image 
of an inflamed appendix with an appendico-
lith (arrow) and associated periappendiceal 
and pericecal free fluid.

Plain abdominal radiog-
raphy generally is not 
recommended unless other 
conditions such as perfora-
tion, intestinal obstruction, 
or ureteral calculus are 
suspected.

Figure 3. Axial computed tomographic image 
of an inflamed appendix filled with fluid and 
an appendicolith (arrow). 
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RADIOISOTOPE AND MAGNETIC RESONANCE 
IMAGING

Radioisotope imaging with labeled white 
blood cells (WBCs) is being investigated in 
patients with acute appendicitis. In the fall of 

2004, the U.S. Food and Drug 
Administration approved a new 
product that utilizes a monoclo-
nal antibody to label WBCs in 
vivo quickly and effectively. The 
product, technetium (99m Tc) 
fanolesomab (NeutroSpec), is 
specifically indicated for “scinti-
graphic imaging of patients with 

equivocal signs and symptoms of appendicitis 
who are five years of age or older.”35 

The results from a few studies indicate 
that MRI is helpful in diagnosing acute 
appendicitis in certain patient populations 
(e.g., children, pregnant women).5 

Indications for Radiologic Modalities 
The optimal imaging technique for acute 
appendicitis should have several key char-
acteristics. It must be accurate, quick, safe, 
technically nonchallenging, readily available, 

cost efficient, and capable of being per-
formed with little risk or discomfort for 
the patient. Imaging procedures, specifically 
ultrasonography and CT (Table 35,15,21), seem 
to hold great promise, especially when used 
in clinically equivocal cases.

However, the routine use of ultrasonogra-
phy and CT in the diagnosis of appendicitis 
in all patients is not well established.21 If 
the diagnosis is apparent from the history, 
physical examination, and laboratory stud-
ies, taking the patient directly to surgery 
without imaging is justified. The results of 
several studies show no significant change 
in misdiagnosis of appendicitis after wide-
spread implementation of ultrasonography 
and CT.36,37 There is concern that reliance on 
radiographic studies may distract from care-
ful and timely history and physical exami-
nation, and may not be cost effective. In 
addition, radiographic studies simply are not 
necessary in all patients. Figure 6 offers guid-
ance on the diagnosis and management of 
acute appendicitis. The exact role and indica-
tions for use of these imaging modalities as 
diagnostic aids still are being defined. 

TABLE 3

Comparison of Ultrasonography and CT in Suspected Appendicitis

Category Ultrasonography CT

Accuracy 71% to 97% 93% to 98%

Sensitivity 85% to 90% 87% to 100%

Specificity 47% to 96% 95% to 99%

Negative predictive  
value

76% 95%

Patient types Pregnant women and women of childbearing age, 
children

All types; avoid in pregnant women

Approximate cost* $250 $750

Advantages Easily available, noninvasive, no radiation, rapid, 
no preparation needed, ability to diagnose other 
sources of pain (especially gynecologic disorders)

More accurate, better identification of phlegmon 
and abscess, may complement ultrasonography 
when results are suboptimal, better ability to 
detect normal appendix

Disadvantages 
 

Operator dependent, not as accurate as CT, 
difficult with large body habitus, cannot rule out 
appendicitis if negative appendix is not apparent

Radiation exposure, patient discomfort/risk if 
contrast media used, cost 

CT = computed tomography.

*—Costs include reading. Costs determined December 2004 at the Diagnostic Imaging Center of Kansas City, Mo.

Information from references 5, 15, and 21. 

Computed tomography 
(CT) is more precise than 
ultrasonography and has a 
diagnostic accuracy rate of 
93 to 98 percent for acute 
appendicitis.
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A wide range of results for each imaging 
modality has been reported in the literature, 
depending on the study population and 
study design. Outcome studies are begin-
ning to appear in the literature in which the 
financial and medical implications of imag-
ing studies in patients with possible acute 
appendicitis are being assessed. For now, the 
use of imaging modalities in atypical pre-
sentations of suspected cases of appendicitis 

should complement, but not replace, clinical 
assessment and judgment.

The authors thank Mark Meyer, M.D., Department of 
Family Medicine, and Louis Wetzel, M.D., Department 
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Medicine, Kansas City, Kan., for guidance on this article.

The authors indicate that they do not have any conflicts 
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Figures 1 through 5 used with permission from Jerry L. 
Old, M.D.

Diagnosis and Management of Appendicitis

Figure 6. Algorithm for suspected appendicitis. Surgical referral is appropriate at any step. 

Information from references 8, 12, 15, 17, and 20.

Classic findings (i.e., right lower 
quadrant pain, abdominal 

rigidity, migration of pain from 
periumbilical region to right lower 
quadrant) for acute appendicitis

Abdominal/pelvic  
computed tomography

Inflamed  
appendix

Unable to visualize 
normal appendix

Hospital observation

Surgery

Hospital observation

Suspected appendicitis (surgical referral  
is appropriate at any step)

Complete history, physical  
examination, and blood count

Atypical findings and/or woman 
or child, or pregnant patient 

Imaging studies

Plain radiography

Obstruction, perforation,  
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Other  
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Indeterminate

Other  
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Discharge patient,  
observe patient, or  

repeat imaging
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This article is one in a series on radiologic decision mak-
ing. The series is coordinated by Mark Meyer, M.D., 
University of Kansas School of Medicine, Kansas City, 
Kan., and Walter Forred, M.D., University of Missouri–
Kansas City School of Medicine, Kansas City, Mo.
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