
Patients with abdominal pain present some of the most chal-
lenging cases encountered in the emergency department (ED).
Furthermore, “belly pain” is also one of the most common chief
complaints. These patients are seen on every shift, can vary
from the infant to the elderly nursing home patient, and often
take much more time than the
average patient to see and eval-
uate. Some patients with acute
processes that require surgical
intervention actually appear
quite well early in their course,
making it easy to miss the
severity of their problem. Like-
wise, other patients initially
appear ill with an “acute
abdomen” only to improve dra-
matically during their ED stay
and ultimately be discharged with gastritis or constipation as
the cause. Even after a careful and thorough work-up by the
best physicians, the end result of these patient encounters is fre-
quently “abdominal pain of uncertain etiology.” This diagnosis
is applied to 40% of ED patients evaluated and discharged for
abdominal pain.1,2 While this ultimately is the correct diagnosis
in many patients, the task of the emergency physician is to iden-
tify the subset of patients who require further intervention. The
case of acute appendicitis is an important diagnosis to find, and
a dangerous one to miss in these patients. 

Appendicitis is a relatively common entity encountered in
the ED, with one case per 1000 people per year.3,4 Every per-
son has a 6% lifetime risk of developing appendicitis.5 It is the
most common surgical emergency reported in children and
pregnant patients.6,7 While common, acute appendicitis is often
difficult for both ED physicians and surgeons to diagnose

accurately. Up to as many as 30% of patients with proven
appendicitis are misdiagnosed and discharged by a physician
before being correctly identified.8 The negative laparotomy
rate remains in the 20-25% range.9 The rates are even higher
for the elderly, women, and children, a testimony to the diffi-

culty of making this diagnosis
in these subgroups. Although
morbidity and mortality have
been reduced over time, the
acceptable rate of perforation
remains at about 20%.10, 11

However, the rate approaches
a staggering 70% in patients
younger than 9 years and
older than 60 years of age.12,13

The mortality rate of simple
appendicitis is 0.1%, but

increases 20- to 60-fold with perforation.3,14-16 The rate of
wound infection in all patients increases to 35% with perfora-
tion.17,18 It is easy to understand why misdiagnosis of appen-
dicitis is the fifth leading cause of successful litigation against
emergency physicians and accounts for 15% of all dollars paid
in ED malpractice claims.8,19 

Atypical presentations and appendicitis in high-risk popula-
tions, such as children, the elderly, and pregnant patients, are
difficult to detect. The rate of complications, including death, is
directly correlated with delay of diagnosis and surgery. The fact
that no single laboratory test is 100% accurate for diagnosing
appendicitis exacerbates the problem. With all these factors
combined, it is not surprising that attempts to diagnose patients
with appendicitis can lead to frustration and confusion for both
the patient and doctor. Unfortunately, when a case of appen-
dicitis is “missed,” it can produce unsatisfactory outcomes for
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mark 40-year review of more than 70,000 cases found the
appendix in the right upper quadrant in 4% of the subjects, the
left upper quadrant in 0.06% and the left lower quadrant in
0.04%.22 Undiagnosed congenital malrotation can explain some
of these more bizarre locations. 

Although not typical, recurrent episodes and even chronic
appendicitis are recognized clinical entities.9,23,24 There are
even case reports of patients with ultrasound and clinical find-
ings of acute appendicitis who are followed without surgery,
and whose appendix on ultrasound returned to normal.25,26 One
author estimates recurrent appendicitis affects 6% of those indi-
viduals ultimately diagnosed with acute appendicitis.27 Acute
appendicitis should be considered even if a patient has had sim-
ilar episodes of pain before, or if the pain has persisted for
longer than 1- 2 weeks.

Finally, it is useful to keep in mind the myriad diseases that
can be confused with acute appendicitis. At the top of the list
are acute gastroenteritis (AGE) and pelvic inflammatory dis-
ease (PID). The striking point here is that each of these is more
common than acute appendicitis in the ED. Do not neglect to
consider the diagnosis of appendicitis in these patients. (Strate-
gies for differentiating these entities from appendicitis will be
discussed in later sections). Other conditions less commonly
confused with appendicitis, but still important to remember,
include: Crohn’s disease, mittleschmerz, pancreatitis, testicular
torsion, Meckel’s diverticulum, diverticulitis, cholelithiasis,
bowel obstruction, endometriosis, ovarian cyst, tubo-ovarian
abscess, ectopic pregnancy, urinary tract infection, and
pyelonephritis. The bottom line is, many patients seen daily
with abdominal pain in the ED do not have appendicitis, but,
unless the appendix has been taken out, any of them could have
this condition.

Pathophysiology of Acute Appendicitis
Some of the difficulties in recognizing acute appendicitis

can be diminished by an understanding of how this condition
develops. Attention to the sequence of events and the body’s
reaction to them can help the physician identify appendicitis
whether the patient presents 12 hours or two days into the dis-
ease. The appendix is a blind pouch that arises from the inferior
border of the cecum. It contains lymphoid tissue, but the func-
tion of the appendix remains a mystery. No detectable loss is
noted by its surgical absence; however, even a negative laparo-
tomy does carry risks of wound infection, fetal loss, and
myocardial infarction, among others.28-30 While the appendix
contains little lymphoid tissue at birth, more develops as we
age. This continues, peaking in adolescent years and followed
by atrophy of this tissue as we age. This parallels the risk and
peak incidence of appendicitis, and might explain why 69% of
cases are seen in patients 10-30 years old.31 Obstruction of the
appendix lumen is thought to be the first event in development
of appendicitis.32 Lymph tissue hypertrophy may play a role in
luminal obstruction, especially in children. This may explain
why acute appendicitis can follow gastroenteritis, upper respira-
tory infections, measles, or infectious mononucleosis.33 Unfor-
tunately, when appendicitis develops late in the course of a viral
illness, distinguishing between these two entities may be diffi-
cult. The theory of lymphatic hyperplasia is also consistent with
the fact that the majority of cases occur between October and

both as well. The following review of acute appendicitis will
help to update our perspective on this troublesome disease. A
thorough overview of the pathophysiology of acute appendicitis
and its clinical features in high-risk patients can help improve
outcomes and reduce medico-legal risk. 

— The Editor

Introduction
When evaluating a patient in whom the diagnosis of appen-

dicitis is being considered, several key points should be empha-
sized. Appendicitis is most commonly seen in 10-30-year olds,
but can be seen in patients of any age. Although rare in infants,
it has been reported.20 It should be included in the differential of
any patient seen in the ED with abdominal pain. While most
patients will present with right lower quadrant (RLQ) pain, the
appendix can be found anywhere in the abdomen. One study of
more than 10,000 cases revealed that the appendix was retroce-
cal in 65% of cases and in the pelvis in 31%.21 Another land-
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May, correlating with a higher frequency of enteric infections
during this same time.34

Obstruction of the appendix lumen is also thought to occur
from other factors as well. Some causes of obstruction include
fecaliths, strictures, barium, tumors, pinworms, and foreign
bodies. Examples of the more unusual foreign bodies include
bones, seeds, wood, metal, plastic, and even chewing gum.34

Obstruction of the lumen triggers a cascade of events culminat-
ing in acute appendicitis. First, the epithelial cells lining the
appendix continue to secrete mucus after the lumen is blocked.
Accumulation of this fluid results in distension of the appen-
dix, which reduces venous and lymphatic drainage of the
appendix. Bacteria multiply in the lumen, and rapidly invade
the wall of the appendix. This creates further edema of the
appendix and additional stretching of its muscular wall. The
sensation of stretch of the appendix wall is transmitted by vis-
ceral autonomic nerves entering the spinal cord along T8 to
T10. As visceral pain is poorly localized, this explains why the
patient feels only vague periumbilical pain. At this stage, the
patient has simple appendicitis. It takes an average of 17 hours
for patients to present at this stage.35 Consequently, it is impor-
tant to realize that patients with only “a few hours” of vague
abdominal pain can be well into their course of appendicitis.
Identifying patients at this stage of their disease can reduce the
risk of subsequent perforation. 

If obstruction of the lumen is not relieved, increased intra-
luminal pressure compromises venous arterial blood supply to
the appendix. Subsequent ischemia of the appendix wall leads
to necrosis, perforation, and abscess formation. When inflam-

mation indirectly reaches the parietal peritoneum through the
inflamed appendix wall or directly through perforation,
somatic pain develops. Interestingly, classical rebound RLQ
tenderness is actually a sign of probable or impending perfo-
ration. Stimulation of somatic pain receptors produces
stronger, localized RLQ pain. This is the basis of pain migra-
tion from the periumbilical area to the RLQ and can be a key
feature for differentiating appendicitis from other diseases.
Average time from onset of disease to perforation is 34 hours;
72 hours is required for abscess formation.35 When perfora-
tion occurs, the luminal pressure of the appendix decreases,
and this may explain why some patients experience a brief
period of pain relief. In adults, the abscess is often contained
by the omentum. However, young children have a lesser-
developed omentum, and rupture of the appendix leads more
quickly to diffuse peritonitis. 

Atypical Presentations Aren’t Rare
Classical presentations aren’t really that classical. The patient

who presents looking healthy and complains of indigestion can
be just as likely to have an acute myocardial infarction as the
one that appears ill and complains of “an elephant sitting on my
chest.” The ED physician quickly learns to be especially vigilant
for “atypical” presentations of angina, and to treat these patients
conservatively with admission if one cannot safely exclude the
diagnosis of unstable angina. While acute appendicitis may not
be as common as unstable angina, the ED physician needs to
remain suspicious of patients presenting with abdominal pain
and sometimes approach them in a similar fashion. In other
words, if you cannot safely exclude appendicitis as the diagno-
sis, it may be prudent to obtain a consult or admit the patient for
your protection and theirs. The following discussion will illus-
trate just how variable the signs and symptoms of acute appen-
dicitis can be.

Figure 1. Variations in Normal Position 
of the Appendix

SYMPTOMS FREQUENCY (%)

Abdominal Pain 97-100
Migration of Pain to RLQ 49-61 
Nausea 67-78 
Vomiting 49-74 
Anorexia 70-92 
Fever 10-20
Diarrhea 4 -16
Constipation 4 -16

SIGNS

Abdominal tenderness 95-100
RLQ tenderness 90-95
Rebound tenderness 33-68
Rectal tenderness 30-40
Cervical motion tenderness 30
Rigidity 12
Psoas sign 5-3
Obturator sign 5-8
Rovsing’s sign 5
Palpable mass < 5
Mean Temperature 37.9°C

Table 1. Signs and Symptoms 
Seen in Presentation of 
Acute Appendicitis1,4,14,31,37,96,14414
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While no ED physician would miss a patient presenting
with the classic symptoms of pain beginning periumbilically
and moving to the RLQ and associated with vomiting, anorex-
ia, rebound, and fever, it is essential to realize how many
patients present without classic features. “Classical” presenta-
tions of appendicitis are reported in only 50-60% of
patients.14,19,36,37 Table 1 summarizes the frequency of signs
and symptoms seen in patients with proven appendicitis.
While most patients present with abdominal pain, only about
half (49-61%) give the history of migration of the pain to the
RLQ. Only about two-thirds complain of nausea, vomiting, or
anorexia. The number with RLQ tenderness is near 100%, but
only one-third to two-thirds have rebound tenderness. Worse
still, 30% of females can have cervical motion tenderness
(CMT) on exam!14,19,36,37 The classic psoas and obturator
signs are absent in 85-90% of exams. It is imperative to
remember that peritoneal signs are reliably present after perfo-
ration has occurred. The mean temperature on presentation
does not even reach the classic cut-off of 38°C to define the
presence of a fever. The take-home message from these num-
bers is that one should not discount appendicitis in a patient
with abdominal pain just because the “classic” features are not
present. 

The fact that the appendix can be found in a variety of
anatomic locations helps explain some of this variability.
(See Figure 1.) Only when the appendix lies anteriorly can it
make contact with the anterior peritoneum and produce a
classical presentation. If the appendix tip lies retrocecally,
less inflammation will reach the bowel to produce anorexia,
nausea, or vomiting. These patients may even present with
flank pain instead of abdominal pain. The extreme example
of this problem is encountered when the appendix lies in an
extraperitoneal position; fortunately, this is an infrequent
occurrence. When the appendix is retroileal, inflammation of
the ureter occurs, causing testicular pain or lab findings con-
sistent with urinary tract infection. (See Urinalysis section on
pg. 75.) When the tip reaches the right upper quadrant, as in
pregnancy, the findings can be more consistent with acute
cholecystitis than appendicitis. (See section on High-Risk
Patient Populations for more information on diagnosis of
appendicitis in pregnancy.) 

Diagnostic Tests
No laboratory test can establish the diagnosis of acute

appendicitis with 100% accuracy. With this in mind, a patient
with a “classical” presentation should not have any laboratory
tests done that will delay their transition to surgery. As stated
above, however, most patients do not have such a clearcut
presentation. In these patients, ancillary tests will be used in
combination with observation and repeated exam to help sup-
port the diagnosis of appendicitis, or to rule out another diag-
nosis. The following section will discuss the strengths and
weaknesses of commonly used lab tests, as well as recent
studies evaluating imaging by computed tomography (CT)
and ultrasound. Remember that while some of these tests can
be helpful, the most useful “tests” are the history and physi-
cal, followed by surgical consultation, and observation when
the diagnosis is in doubt. 

White Blood Cell Count. The usefulness of the white

blood cell count (WBC) for diagnosing acute appendicitis in
the ED has long been controversial. The conversation is famil-
iar: The general surgeon/resident asks “What’s the white
count?” and the ED physician/resident states to the consultant
“What difference will it make?” Then, the general surgeon/res-
ident responds with “I’ll see the patient after the WBC, films,
etc. are done.” Fortunately, the issue is slowly being resolved;
even the surgical literature is reporting that the WBC is not
essential and does not affect the decision to operate.38 In gener-
al, ED physicians still get a WBC count when considering
appendicitis, and surgeons will sometimes take the patient to
the OR without labs. The best advice is to know the prefer-
ences of the consultants with whom you regularly interact, and
do as they prefer, or provide them with papers to inform them
of the opposing view. 

The facts are that leukocytosis is seen in 75-80% of patients
with acute appendicitis,5 and a similar number have an
increased number of immature band forms or “left shift.”39

Both of these values alone have been shown not to be useful in
ruling out appendicitis, as they are too nonspecific; they can be
seen in many of the diseases (AGE, PID) that are confused
with appendicitis as well.40,41 However, several authors report
only 4-11% of patients with appendicitis will have both a
WBC count less than 10,000 and normal differential of less
than 75% neutrophils.5,32,42,43 While the combination of a nor-
mal WBC and differential apparently makes appendicitis less
likely in these patients, again, it will not rule it out in all
patients. It may also take time for this elevation to occur; one
study noted that while the WBC count did eventually show
elevation, it was still normal in 80% of patients during the first
24 hours.44,45 Furthermore, some high-risk populations are less
likely to present with an increased WBC count. Elderly
patients have normal WBC counts in up to 45% of patients on
presentation.46

The typical WBC range for simple appendicitis is between
12,000 and 18,000 cells per mm3. Unfortunately, many of the
diseases that can simulate acute appendicitis (i.e., PID, ovari-
an cyst rupture, AGE, ectopic pregnancy, etc.) can also pro-
duce a WBC in this range. Furthermore, progressive increase
of the WBC with time has been shown to be unreliable in dif-
ferentiating appendicitis from other diseases.47,48 As men-
tioned above, a recent article showed that the WBC itself did
not affect the decision by surgeons to operate on patients
with RLQ pain.39 In addition, a WBC count of 15,000 to
25,000 cells per mm3 is reported to be associated with perfo-
ration.49 However, another recent article reviewing 1919
cases challenges this by showing the height of the WBC
count could not predict the presence of perforation. This
study found the proportion of patients with an elevated WBC
count and perforation at surgery was equal to the proportion
perforated with a normal WBC count.50 This is consistent
with other studies.51,52

Other serum markers, such as C-reactive protein levels
alone,53 leukocyte elastase,54 and even technetium leukocyte
scans61 have also been investigated for possible use in diag-
nosis of appendicitis. However, they have not yet been shown
to be consistently reliable to recommend general use.56,57

Lastly, the combination of C-reactive protein levels with
WBC and differential, the “triple test,” has also been



0.6 mg/dL), the likelihood of appendicitis is very small. This
may prove useful after further verification with larger num-
bers of patients. 

Urinalysis. A urinalysis (UA) is helpful to screen for renal
colic, as appendicitis will not normally produce hematuria
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prospectively evaluated.58 While the ability to accurately pre-
dict appendicitis was again low (37%), the authors did find
that there was a high negative predictive value of near
100%.58 In other words, if all three tests are negative (WBC
< 9000, neutrophil differential < 75%, C-reactive protein <

Figure 2. Examples of CT Findings in Acute Appendicitis

Figure 2 A shows an example of the early findings of simple appendicitis. An enlarged appendix (approximately 1.5 cm) is seen, and
in the same patient inflammatory changes are seen in place of the appendix 2 centimeters distal to the first image. The next two fig-
ures show an example of CT findings in a more-advanced case of appendicitis. In figure 2 C, a fecalith can be seen just medial to a
loculate fluid collection. Figure 2 D shows a well-developed abscess in the same patient, several centimeters distal to the first image. 

B

D

C

A



76 April 12, 1999/Emergency Medicine Reports

nancy test should be run on all women of child-
bearing age to rule out ectopic pregnancy. 
Plain Radiography. Flat and upright abdomi-
nal films have long been used in the ED work-
up of patients with suspected appendicitis.
Physicians have noted that these tests are of lit-
tle use in helping make the diagnosis of appen-
dicitis.61 The infamous fecalith is the only find-
ing specific for appendicitis, but is rarely seen
on plain films. The 2% incidence does not jus-
tify the expense of obtaining the study.14,62,63

Other findings reported to be helpful in diag-
nosing appendicitis (local air-fluid levels, soft
tissue mass, psoas obliteration, gas in the
appendix, etc.) have also been shown to be pre-
sent in other diseases39,64 and in normal indi-
viduals.62,65,66 Ultimately, plain films can help
identify other diseases (i.e., bowel obstruction),
but they are of little use in patients being eval-
uated for acute appendicitis.39

A similar consensus has been reached con-
cerning the use of a barium enema to diagnose
appendicitis. While the obstructed appendix is
not supposed to fill with barium, the normal
appendix will not fill in 10-12% of
individuals,67-69 thereby generalizing an unac-
ceptable false-positive rate. Other studies have
shown the converse as well; the “obstructed”
appendix can also completely fill with bari-
um.67,70 To make matters worse, barium enema
is also suspected as a cause of appendicitis.71

These facts have led most authors to recom-
mend discontinuing use of barium enema in
work-up of appendicitis.72,73

Computed Tomography. Early studies
with computed tomography (CT) found that
while this modality is extremely helpful in
diagnosing many kinds of abdominal patholo-
gy in the ED setting, it was not as helpful in
the diagnosis of appendicitis.74-76 Perhaps the
small size and variable location of the appen-
dix caused the initial low yield with CT in
appendicitis. However, more recent investiga-
tions, including one prospective study,77 have
suggested helical CT to be much more accu-
rate in appendicitis than previously reported.
Sensitivities of 97-100%, a specificity of 95%,
and an accuracy rate of 98% have been report-
ed.77,78 Even if appendicitis was not identified
using this modality, an alternative diagnosis
was found in 54-80% of patients.77,78 Another
retrospective study found that CT negative

laparotomy rates decreased to 4% in adult males and 8% in
ovulating women,79 compared to typical rates of 20% in men
and 45% in women of childbearing age. Interestingly, the per-
foration rates were not lower in these same cases, and
remained in the 19-22% range.79 The encouraging sensitivity
and specificity rates have led one author to proclaim that “the
great mimicker, acute appendicitis, has met its match.”80

alone. But do not be led astray if the UA shows WBCs and bac-
teriuria. Though most authors state that greater than 30 WBCs is
indicative of a urinary tract infection (UTI), if the appendix
makes contact with the ureter, the UA in appendicitis can mimic
a UTI. In documented appendicitis, up to 30% of UAs will show
more than 5 WBC per high power field,59 and bacteriuria can be
present in up to 15%.60 Finally, do not forget that a urine preg-

Figure 3. Examples of Ultrasound Findings in Acute
Appendicitis

These figures show close-up images of two patients with US findings consistent
with appendicitis. Figure 3 A shows an enlarged appendix (approximately 2 cm),
with a “bulls eye” finding of central solid matter in the appendix lumen surrounded
by free fluid. Figure 3 B shows an example of appendiceal abscess as seen by US. 

B

A



April 12, 1999/Emergency Medicine Reports 77

is not visualized on US. This is
especially common in obese
patients and patients with perfora-
tion and/or abscess.83 The test may
also be problematic if the patient’s
pain does not allow him or her to
tolerate the pressure that must be
applied with the probe in the RLQ
to permit visualization of the
appendix. In this regard, all of the
diagnostic criteria depend upon
visualization of the appendix, and,
if it is not seen on US, the diagno-
sis of appendicitis is still possible.
Indeed, one reason for lack of visu-
alization is perforation, in which
case sensitivity is reported to be as
low as 29%.94 Consequently, as
good as US can be, it still lacks the
ability to rule out the diagnosis
100% of the time. US appears to be
most useful in the early stages of
disease when the diagnosis is

unclear. As in other situations we routinely encounter (i.e.,
chest pain and negative ECGs), positive findings are helpful,
but negative studies mean “keep looking.” Repeat exam,
consultation, and admission for observation may be required
to ensure safety of the patient. Observation in the ED or as
an inpatient has been shown to be beneficial in patients with
possible appendicitis14,95 without increasing risk of compli-
cations.96,97

High-Risk Patient Populations
Unfortunately, healthy, adult men are the only group of

patients in which an evaluation for possible appendicitis can be
considered “routine.” The “atypical” presentation is more like-
ly to be encountered. The following sections review strategies
for detecting acute appendicitis in other patient subgroups:
ovulating women, pregnant women, children, the elderly, and
immunosuppressed patients. 

Ovulating Women. The principal reason that diagnosis of
appendicitis in women can be difficult is because other, more
common conditions, such as pelvic inflammatory disease
(PID) and ovarian cyst rupture, may be confused with appen-
dicitis. PID deserves special attention since it can be espe-
cially difficult to distinguish from appendicitis. The inflam-
matory process associated with PID can masquerade as
appendicitis, producing RLQ tenderness, elevated WBC,
fever, and a history consistent with appendicitis. The nega-
tive laparotomy rate of 30-50% in adult women is testimony
to the difficulty of diagnosing appendicitis in this
population.14,98,99 A recent study of 174 non-pregnant women
found that 33% had been misdiagnosed before being correct-
ly identified as having appendicitis.100 The majority of misdi-
agnosed women had atypical features in their presentations,
including diffuse bilateral lower quadrant pain, CMT, and
right adnexal tenderness.100

Many authors have tried to identify features that would dif-
ferentiate these two diseases, and have suggested the follow-

However, at least one expert has pointed out that a negative
scan will not definitively rule out appendicitis,74 and a recent
review of the subject in the surgical literature emphasizes that
improvements in outcome have not been demonstrated with
routine use of new technology.81 Clearly, further studies on
larger numbers of patients are needed to settle this controver-
sy. CT scans can be helpful in identification of a phlegmon or
appendiceal abscess, but the clinical exam in these patients
typically is sufficient for surgical intervention. Finally, CT
will not always rule out ovarian pathology, PID, gastroenteri-
tis, or other diseases in the differential, but it does have the
advantage over ultrasound in that no pain is produced by the
exam and obesity does not impair the study. Figure 2 illus-
trates typical CT findings of acute appendicitis in both early
and advanced cases. 

Ultrasound. Ultrasound (US) evaluation of patients with
abdominal pain is rapidly expanding in the ED. The US find-
ings in adults include visualization of a non-compressible
appendix more than 6-7 mm in outer-wall-to-outer-wall diame-
ter, single-wall diameter greater than 2 mm, dilated lumen, or
presence of periappendiceal fluid. One expert team has identi-
fied three criteria for the diagnosis of appendicitis by US: 1) a
tender, not-compressible appendix; 2) no peristalsis of the
appendix; and 3) overall diameter greater than 6 mm.83 Figure
3 shows an example of a non-compressible, dilated appendix
on US and an example of appendiceal abscess. In adults, the
sensitivity is reported to be 75-89%84,85 and the specificity is
95%, yielding an overall accuracy of 87-96%.84-86 A similar
number range has recently been established using US in chil-
dren with appendicitis,87-89 although at least two published
studies suggest the outcome is not improved by using US in
children.90,91 

The advantages of US are well known. The study is
quick, readily available in most EDs, is non-invasive, has
low-risk, and has been shown to be accurate.84,85,92,93 Despite
its usefulness, the diagnosis may be difficult if the appendix

PELVIC INFLAMMATORY ACUTE 
FEATURE: DISEASE APPENDICITIS

Abdominal pain:
Location: variable, may radiate to back migration to RLQ
Duration: present with pain > 2 days present with pain < 2 days
Onset: within 7 days of menstrual cycle no relation to menstruation

Cervical motion tenderness: common—82 %** less common 28-30 % 

Bilateral adnexal tenderness: more common—58 % unusual—8 % 

History of prior PID: more common—44 % unusual—8 % 

Presence of nausea/ 
vomiting: less common more common

* No one feature can distinguish reliably between PID and appendicitis.4

** All data from reference4

Table 2. Features that Aid in Differentiation 
of PID and Appendicitis*
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of the appendix in pregnancy may lead the physician to con-
fuse appendicitis with cholecystitis or pyelonephritis, both
of which are common in later pregnancy. Another problem is
the similarity between symptoms encountered in early preg-
nancy and acute appendicitis; these include anorexia, nau-
sea, vomiting, and mild abdominal pain. In addition, the nat-
ural elevation of WBC in pregnancy can further confuse the
clinical picture. As a result, US may be the most useful test
for confirming the diagnosis of appendicitis in pregnant
patients. With US, there is no risk to the patient or fetus, and
renal disease or gallstones can easily be identified in most
patients. Use of US may lead to early surgical consultation.
Ultimately, the best counsel is to be aware that appendicitis
can occur in pregnant patients and to document other diag-
noses before discharging or admitting the patient. Finally,
consultation is mandatory when the clinical picture is not
straightforward.  

Children
While acute appendicitis is the most common surgical dis-

order in children, only 5% of visits for abdominal pain in chil-
dren are due to appendicitis.1 Seeing so many children with
varied causes of abdominal pain, the majority of which are
from a benign process, can lull the physician into a sense of
false security and can increase the risk of missing the diagno-
sis. Indeed, up to 50% of children with documented appendici-
tis who are initially seen by a physician are misdiagnosed.55,110

Furthermore, the younger the child, the more likely a delay in
diagnosis will occur leading to perforation. Children younger
than 2 years of age have rates of perforation that approach
100%; the perforation rate is about 71% in the 3-5 year age
group, and 40% in the 6 to 10-year-old age group.110,111 Some
of the features associated with perforation include: younger
age, home observation after initial visit, pain duration of more
than two days, atypical clinical features, and temperature high-
er than 39°C.112-114 The incidence of complications, including
wound infection and even death, is correlated with perforation
which is caused by delay to treatment. 

One of the most common misdiagnoses for appendicitis in
children is AGE. This is not surprising, since many signs,
symptoms, and findings of the two diseases can overlap.
Moreover, AGE is very common, and lymphoid hyperplasia
secondary to viral illnesses is thought to trigger appendicitis
as a result of luminal obstruction. It is impossible, however,
to say how many of these “missed” cases of appendicitis
actually represent appendicitis following AGE. In either case,
several strategies can help reduce the chance of missing
appendicitis in the setting of possible AGE. (See Table 3.) If
the child has abdominal pain and vomiting but does not have
diarrhea, then AGE should not be listed as a diagnosis and
appendicitis should be more strongly considered. Further-
more, the presence of diarrhea does not exclude appendicitis
from the differential. One study evaluated the presence of
diarrhea in children younger than 3 years with appendicitis
and found that diarrhea was present in 33% of cases.115

Another investigator has pointed out that diarrhea from AGE
is usually watery and abundant, whereas the diarrhea associ-
ated with appendicitis tends to be less voluminous and may
have mucoid stools.41 Constipation is often cited as a source

ing. (See Table 2.) The presence of anorexia/nausea/vomiting
and onset of pain less than one day before presentation make
appendicitis more likely in a retrospective review of 1000
cases of appendicitis.14 Other features identified that made
PID more likely were: pain greater than two days before pre-
sentation and onset of symptoms within seven days of last
menstrual cycle. However, one study specifically looking at
the usefulness of the timing of pain and stage of menstrual
cycle found no difference between the onset of pain in PID or
appendicitis and the stage of the patient’s menstrual cycle.101

Another prospective study suggested four additional criteria:
history of sexually transmitted disease, abdominal tenderness
other than RLQ, CMT, and bilateral adnexal tenderness.4 A
more recent retrospective review supports these criteria, and
adds history of vaginal discharge, urinary symptoms, and dis-
charge at the os as additional features to support a diagnosis
of PID.102

Although these criteria may aid clinical judgement, they
are not 100% reliable.103 For example, CMT can occur with
an appendix lying in the pelvis, and, therefore, cannot be used
alone to make the diagnosis of PID.104 Vaginal probe ultra-
sound may be a useful modality to help reduce the rate of
complications and unnecessary surgery in adult women.
Another approach recently evaluated is diagnostic
laparoscopy, a strategy that reduced the negative appendecto-
my rate to 5%.105

Pregnancy. Although the two conditions may coexist,
pregnancy has no influence on the frequency of acute appen-
dicitis;106 in fact, appendicitis occurs equally in each
trimester107 at a rate of about one per 1,500-2,200 pregnan-
cies.20,108 The risk for both mother and fetus is significant if
appendicitis is not diagnosed early in its course, with mor-
tality rates of about 2% for the mother and up to 35% for the
baby having been reported.109 One difficult aspect of diag-
nosis results from the shifting location of the appendix as
pregnancy progresses. (See Figure 4.) The shifting position

Figure 4. Changes in Normal Position of the
Appendix During Pregnancy
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had been seen and misdiagnosed with a non-sur-
gical problem before being correctly diagnosed
with appendicitis.121 Common surgical misdiag-
noses include bowel obstruction, cholecystitis,
and peptic ulcer disease.122 In addition, only 51%
of patients were correctly identified as having
appendicitis before surgery,18,123 and 50% of
patients older than 60 years who died from
appendicitis were admitted for three days or
more before surgery was performed.124

While their perforation rate is similar to that
of small children (46-83%),18,125 this may not be
due only to delayed presentations and misdiagno-
sis. One study noted that in patients presenting
within 24 hours of symptom onset, patients older
than 50 years of age were twice as likely to have
perforation (24% rate) compared to patients in
their 30s.118

It is speculated that the appendix wall in
elderly patients is weaker and perforates more
quickly; in addition, older patients may not be
able to mount as vigorous a defense. The pres-
ence of comorbid conditions in elderly patients

also complicates assessment. Finally, physical exam can be mis-
leading. RLQ pain and tenderness were noted to be absent in
23% of older patients,126,127 and classical pain migration was not
present in 60-80% of elderly individuals with appendici-
tis.18,128,119 Nausea, vomiting, and anorexia were also noted to
occur less often compared to younger adults.18,118 A more recent
review covering a 10-year period highlights the diagnostic chal-
lenges: only 20% of patients older than 60 years presented with
“classic” anorexia, fever, RLQ pain, and an elevated WBC.18 As
with other high-risk groups, it should be stressed that atypical
presentations are common, and, therefore, considering appen-
dicitis in every elderly patient with abdominal pain is essential
for improving outcomes. 

Immunocompromised Patients
Although patients with HIV come to mind when consider-

ing immunocompromised individuals, patients on chronic
steroids, sickle cell patients, those taking chemotherapy, dia-
betics, dialysis patients, and others with depressed immune
systems are also at higher risk of complications and misdiag-
nosis of appendicitis.  HIV-positive patients may have other
causes of abdominal pain that can confuse the diagnosis (i.e.
cryptosporidiosis, lymphoma, and cytomegaloviris [CMV]
colitis). While there have been reports of mycobacterial
infections mimicking appendicitis,128 AIDS patients can also
have appendicitis due to complications associated with their
HIV. Appendicitis arising from Kaposi’s sarcoma,129,130

cytomegalovirus,131 and mycobacterial infection132 have also
been reported. Patients with immune system dysfunction are
at higher risk because their inflammatory response to infec-
tion and perforation is diminished, which leads to delayed
presentation and masked signs and/or symptoms.133 The per-
foration rate is reported to be as high as 50% in one series of
HIV patients.134 The WBC is not helpful in these patients, as
bone marrow suppression prevents elevation. The early use
of diagnostic laparoscopy has been recommended as an alter-

of abdominal pain in children and is present in 8% of chil-
dren with appendicitis.41

Accordingly, the history of constipation should not “rule out”
appendicitis. In one study, constipation predisposed patients to a
high misdiagnosis rate.116

Fever is often absent early in appendicitis, but much less so
with AGE.41 The temporal relation of vomiting and pain are
repeatedly given significance. In AGE, vomiting is said to occur
before or concurrent with pain and in appendicitis; vomiting is
to begin after pain is noted.41 Finally, localizing tenderness
should never be ignored or interpreted as a feature of AGE.
Repeated exams may be necessary to establish localized tender-
ness, since abdominal exams in children can be difficult to
assess within the framework of one attempt. The pain of AGE is
more diffuse and crampy, where appendicitis should produce a
consistently tender area that is localized. This area may not be
localized in the classic “McBurney’s point,” as barium enema
studies have shown that the actual location of the appendix is
normally inferior and medial to McBurney’s point.117 One inves-
tigation stressed that 15% of appendiceal bases are more than 10
cm from McBurney’s point! Therefore, reproducible point ten-
derness anywhere near the RLQ in a child should raise a strong
suspicion for the presence of appendicitis. 

Elderly
Older patients with abdominal pain can be difficult to evalu-

ate in the ED. Geriatric patients are more likely to have serious
pathology, and their vital signs and exam do not always reflect
the severity of their underlying illness. Diagnostic problems
with appendicitis in the elderly are well-documented. Only 5-
10% of cases of appendicitis are diagnosed without delay in
patients older than 60 years, but more than 50% of the overall
mortality is in this age group.9,18 Delays to presentation con-
tribute to mortality in the following manner: most patients older
than 60 years waited 24-48 hours before presenting to a physi-
cian.118-120 One study noted 17% of patients older than 60 years

FEATURE: ACUTE GASTROENTERITIS ACUTE APPENDICITIS

Abdominal pain:
Location: poorly localized poorly localized early in 

course, later localized 
to RLQ

Duration: intermittent more constant
Character: crampy, diffuse becomes more severe 

with time
Exam: no peritoneal signs peritoneal signs present

Vomiting: begins with or before begins after pain, 
pain sometimes hours later

Diarrhea: watery, large volume mucoid, small volume, 

Fever: present early on in absent initially, or low 
course grade only

Table 3. Features that Aid in Differentiating 
Between AGE and Appendicitis
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patients in whom the diagnosis is unclear after an ED evalua-
tion. Those with high clinical suspicion should not be subject-
ed to any unnecessary delays in the ED before surgery. Intra-
venous (IV) fluid resuscitation should be initiated, all patients
should be NPO, and antiemetics should be given to decrease
discomfort from nausea and vomiting. Antibiotics should be
initiated in the ED and should provide broad-spectrum anaero-

native to exploratory surgery in these patients to aid in early
diagnosis and reduce complications as well as unnecessary
surgery.135

Acute Appendicitis Pathway
Management of patients with suspected appendicitis in the

ED can be divided into three patient risk groups: those with
high, moderate, or low clinical probability of the diagnosis.
Table 4 presents a summary of a suggested approach for these
three patient groups. Those with a low clinical suspicion after
evaluation can be safely sent home from the ED provided good
follow-up precautions have been provided and the patient can
return after 12-24 hours. From a risk management perspective,
it is extremely important to stress to the patient and/or their
family the risks of not following up as directed. Those with a
moderate clinical suspicion and a negative US should either be
observed in the ED for 4-6 hours, or, preferably, admitted to an
observation unit for serial exams every 2-4 hours. It is always
in everyone’s best interest to obtain a surgical consult in

HIGH CLINICAL PROBABILITY

History and physical examination (including pelvic and rectal)
NPO
Saline lock and fluid resuscitation
Urinalysis
Urine pregnancy test, if applicable
Surgical consultation
Antibiotic (cefotetan or cefoxitin)
Appendectomy

MODERATE CLINICAL PROBABILITY

History and physical examination (including pelvic and rectal)
NPO
Saline lock and rehydration if needed
CBC
Urinalysis
Urine pregnancy test, if applicable
Surgical consultation
Ultrasound or CT

If positive, appendectomy
If negative, observation and serial examinations

LOW CLINICAL PROBABILITY

History and physical exam (including pelvic and rectal)
CBC
Urinalysis
Urine pregnancy test, if applicable
Ultrasound or CT if symptoms persist at time of follow-up
Surgical consultation for follow-up

If follow-up in ED, see in 12-24 hours for repeat 
examination, with earlier return for increased symptoms

* Adapted from reference 82

Table 4. Suggested ED Management Pathway
for Acute Appendicitis*

• All patients with RLQ tenderness have appendicitis until 
proven otherwise.

• Be aware that the “atypical” presentation is the common 
one.

• Beware of high-risk groups: children, ovulating or pregnant 
women, the elderly, and the immunocompromised.

• 50% of deaths from appendicitis occur in the elderly. Be 
especially vigilant for appendicitis presenting in atypical 
fashion in older patients.

• Vomiting following onset of abdominal pain is more consis-
tent with appendicitis than other diagnoses.

• Document all physical exams well, including rectal/pelvic 
exams.

• Perform serial abdominal exams and document them. Diag-
nosing appendicitis is difficult enough without limiting data 
through incomplete exams.

• Never use a normal WBC to determine that the patient does 
not have appendicitis.

• Remember no test will rule out appendicitis with 100% 
accuracy.

• Do not give IV narcotics to patients with vague abdominal 
pain and unclear diagnoses. Always obtain surgical consul-
tation and do not discharge patients with abdominal pain 
requiring narcotic pain relief when there is not a clear non-
surgical diagnosis (i.e., mild pancreatitis). 

• Use the diagnosis of “abdominal pain of uncertain etiology” 
for all patients with unclear presentations and explain to the 
patient that you “do not know yet what is causing their symp-
toms.”  

• Never write a discharge diagnosis of acute gastroenteritis if 
there is no history of diarrhea.

• Consult liberally in cases where the diagnosis of appendicitis 
is in question.

• Give complete and clear discharge/follow-up instructions, 
and document these well.

• Do not send patients home when the diagnosis is in ques-
tion and there is reasonable doubt that the patient can or 
will return as directed (i.e., alcoholics, homeless, those with-
out transportation, unreliable parents, etc.)

• Tell every patient discharged from the ED for abdominal 
pain that “appendicitis can develop in anyone in only 24 
hours” so they understand the importance of a return visit for 
continued or worsening pain.

Table 5. Tips to Reduce Malpractice Risk in
Suspected Appendicitis9
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tation, no nausea or vomiting, absence of rebound on exam,
lack of guarding on exam, lack of performance of rectal exam,
giving narcotic pain medication in the ED, and ED diagnosis of
gastroenteritis. In general, the diagnosis was more likely to be
missed in patients who presented with atypical features, includ-
ing lack of severe distress, lack of nausea and vomiting, and
absence of rebound and guarding on exam. They suggested that
perhaps patients were presenting in the interval after initial per-
foration and before signs of peritonitis could develop. The fact
that the misdiagnosed patients had pain on average for 50%
longer than control cases lends support to this interpretation.
Patients whose appendicitis was missed also had poor docu-
mentation of the history and physical exam in their charts.
Location, duration, quality, radiation, and increasing/decreasing
features of pain were consistently missing. Physical exams
were not complete in that rectal exams were not documented
and/or not performed. Almost 50% of patients misdiagnosed
were labeled as “gastroenteritis.” Interestingly, no patient in
this study whose appendicitis was missed had nausea, vomiting,
and diarrhea documented as present in their charts. As men-
tioned before, discharging a patient with the diagnosis of gas-
troenteritis who does not have diarrhea is not advisable. It may
be preferable to characterize the illness as “abdominal pain of
uncertain etiology,” and share this uncertainty with the patients
and their relatives. This will underscore the importance of
returning for repeat evaluation. 

Although the use of pain medication in appendicitis has been
discussed at length, this study makes an important distinction.
Narcotic pain relief is appropriate in consultation with an
admitting physician for a patient with probable appendicitis.
This should not be construed to mean that narcotics should be
given to patients in whom the pain is not severe if they are not
admitted or have consultation in the ED. This study found that
use of narcotic pain relief was more likely to be associated with
misdiagnosis in patients labeled as having gastroenteritis. These
patients were given the narcotics for vague abdominal symp-
toms only, and then sent home without consultation. Their con-
trol group of patients who were not misdiagnosed also had nar-
cotic medications administered, but only after the diagnosis of
appendicitis was written in the chart and surgical consultation
was obtained. It is estimated that 50% of the missed cases
might have been prevented if the patients requiring narcotics
for their abdominal pain had been given surgical consultation or
admission for observation instead of discharge home. Finally,
the important point is that 3% of patients with missed appen-
dicitis died, while none of the control group expired. This fig-
ure is consistent with a study noting deaths only in misdiag-
nosed patients.116

In a study focusing on children, a misdiagnosis rate of 28%
in 181 cases was noted. In these 50 cases of misdiagnosis in
children under the age of 13 years, Rothrock et al116 found the
most common misdiagnosis to be AGE. As with the study
above, they found misdiagnosed patients presented “atypical-
ly” with a mean younger age (5.3 yrs vs 7.9 yrs) and had more
complaints of constipation, diarrhea, dysuria, irritability,
lethargy, and signs of upper respiratory infections. On physical
exam, misdiagnosed patients also were less likely to have
abdominal tenderness. Of note, though, is that 48% of the mis-
diagnosed patients did have maximal tenderness in the RLQ

bic and gram-negative coverage. Cefotetan or cefoxitin (adult
dose 2 grams IV) can both be given as single agents in appen-
dicitis. In children, a triple antibiotic approach is often recom-
mended; ampicillin (100-200 mg/kg/24 hr q 4 hr IV), clin-
damycin (30-40 mg/kg/24 hr q 6 hr IV), and gentamycin (5.0-
7.5 mg/kg/24 hr q 8 hr IV).136,137 Remember that gentamycin is
a “category C” drug in pregnancy (safety has not been estab-
lished), whereas the cephalosporins are “category B” (usually
safe). Preoperative antibiotic use has been shown to reduce
complication rates,138 but should be given in consultation with
the admitting physician. 

Medication for pain relief in ED patients with severe abdom-
inal pain deserves special attention. In general, every patient
who has a high suspicion of appendicitis should be given some-
thing for pain relief. Although there is controversy regarding
the timing of pain relief in ED patients with significant abdomi-
nal pain, prospective studies have shown that appropriate use of
IV narcotics does not lead to misdiagnosis of patients with
acute abdominal pain; it may actually increase the accuracy of
diagnosis by making the exam more fruitful. This concept has
support in both the surgical literature,139,140 and emergency
medicine literature.141,142 In most patients, IV analgesia should
be administered after speaking with the consultant, but this
should not become a source of a “turf battle” between the ED
physician and the surgeon. Simply state that the patient is very
uncomfortable, is requesting some relief, and you feel that a
small dose of your drug of choice will not alter the patient’s
diagnosis. By calling the consultant before any pain relief is
given, he or she can be given the choice between coming to the
ED to examine the patient before IV pain relief, or he or she
can be actively involved in which drugs to give and in what
doses. If the consultant is opposed to use of analgesia, a good
alternative is use of droperidol (Inapsine®). Although this drug
is an antiemetic related to haldol, it can reduce anxiety associat-
ed with severe pain, as well as alleviate nausea. The patient’s
perception that the physician cares about their pain enough to
give them some relief without delay will help them to endure
the wait until more adequate pain relief can be provided. If a
surgeon is not immediately available, IV analgesia should be
administered. 

Risk Management Strategies
The diagnosis of acute appendicitis remains a clinical chal-

lenge. As many as 30% of patients with pathologically proven
appendicitis have been seen and misdiagnosed by another
physician before being correctly identified.8 One study charac-
terizing the features of misdiagnosis of appendicitis involving
litigation against ED physicians found that only 55% of non-
pregnant patients presented “classically.”143 Since misdiagno-
sis of appendicitis is among the top five leading causes of suc-
cessful malpractice suits against ED physicians in the United
States,8,19 strategies for reducing this risk should be used.
Table 5 summarizes several useful points to aid ED physicians
in reducing risks when evaluating patients with possible
appendicitis. 

A recent review of litigation against ED physicians for
missed appendicitis identified several features commonly
encountered in these cases.143 Seven statistically significant fea-
tures of misdiagnosed cases include: lack of distress on presen-
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Both of these are dramatically lower than the typical rates for
children.4 Another recent study of 252 patients found short-
term observation of 10 hours significantly improved diagnos-
tic accuracy.95 The surgeon’s adage of “when in doubt, take it
out” can be modified for the ED physician to “when in doubt,
don’t send them out!”
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and were still not thought to have a surgical problem. This
underscores the point that RLQ tenderness in a child should
never be considered insignificant until proven otherwise.
Finally, physical exams were poorly documented, especially
rectal exams. While many physicians may feel the rectal exam
is of little use in adults, and at least one study verified this,144
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appendicitis?
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B. Migration of pain to the RLQ as time progresses
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D. RLQ tenderness on physical exam
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B. Presence of periappendiceal fluid
C. A compressible appendix
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61. Which of the following is true concerning the WBC in 
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B. A WBC over 15,000 cells/mm3 means the patient has a 

perforation.
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D. If the patient has both a normal WBC and differential, then

they do not have appendicitis.
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62. Features which can help differentiate PID from appendicitis
include:
A. cervical motion tenderness (CMT).
B. elevated WBC.
C. fever.
D. RLQ pain or tenderness.
E. duration of symptoms.

63. The most common misdiagnosis of appendicitis is:
A. PID.
B. bowel obstruction.
C. AGE.
D. ovarian cyst rupture.

64. Which of the following is commonly found in litigation for failure
to diagnose appendicitis?
A. Documentation of a rectal exam or pelvic exam
B. Documentation of adequate follow-up instructions
C. Documentation of serial abdominal exams
D. Discharge diagnosis of gastroenteritis
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Antibiotic Therapy: 
The Quick Consult Guide

Antibiotic Therapy: The Quick Consult Guide
presents a thorough discussion of recent advances,

new indications, intravenous/oral treatment 
combinations, and controversies in an easy-to-read,

user friendly format. It also outlines a rational 
systematic approach to antimicrobial selection, with
special emphasis on indications and rational guide-
lines for day-to-day use. The guide is fully indexed

and features drug usage and indication tables.

Researched and written by Gideon Bosker, MD, FACEP,
Emergency Medicine Reports editor-in-chief, and peer

reviewed by respected physicians in 
emergency medicine

Call now to receive outcome-effective 
treatment guidelines for bacterial infections 
managed in the Primary Care, Hospital, and 

Emergency Department settings.

To purchase the guide, call our customer service
department at 1-800-688-2421.


