
Acute Appendicitis Diagnosis 
and Treatment in 2009: Part II

This second part concludes our discussion of acute appendicitis, focusing on three
patient populations where the diagnosis can be challenging and imaging modalities
are commonly used: the elderly, children, and pregnant women. In addition, this
article will discuss the use of pre-operative antibiotics and the evolving concept of
delaying appendectomy until the operating room is available during day-shift.

—J. Stephan Stapczynski, MD, FACEP, Editor

Special Populations
Elderly. Appendicitis in the elderly can be difficult to diagnose because many

patients present atypically.1,2 The presence of fever and elevated white blood count
are not reliably present in the elderly, and many patients may have minimal or no
right lower quadrant pain. About one-third to one-half of elderly patients are mis-
diagnosed initially, and half have perforation at time of operation.1 Diverticulitis
and bowel obstruction are common misdiagnoses in this age group. CT can be
used more liberally in the elderly with abdominal pain, as the diagnostic yield is
high and the risk of radiation-induced malignancy is less due to the time required
to mainifest such complications. 

Children. Acute appendicitis is the most common surgical emergency in child-
hood, responsible for 10% of all children admitted to the hospital.3 The classic
clinical picture of acute appendicitis has been widely known for more than 110
years. However, it has been mostly described in adult patients. The pathophysiol-
ogy of appendicitis in children differs from that of adults because of the changing
anatomical location and shape of the appendix throughout childhood. Neonates
develop appendicitis infrequently because they have a funnel-shaped appendix.4

Around age 1-2 years, the appendix assumes the typical tubular adult shape and
becomes more susceptible to appendicitis.5,6 Lymphoid follicle hyperplasia and fol-
licular size gradually increase throughout childhood and peak in the adolescent
years, corresponding to the period of highest incidence of appendicitis.5,6

Children are at increased risk of misdiagnosis due to atypical signs and symp-
toms. Many children present with clinical findings that are considered not classic
for appendicitis. In one study, more than 50% of patients with appendicitis had no
fever, negative Rosving’s sign, and no rebound tenderness. Almost half had
abrupt onset of pain or lack of pain migration.7 In children younger than 3 years
of age, diarrhea is reported in as many as 41% of cases of appendicitis and is more
common in this age group than in older children. Additionally, local abdominal
tenderness is not as frequent as in older children.8,9

In the past, ultrasound has been the radiologic test of choice to assist in the
diagnosis of appendicitis in children. Ultrasound, however, is operator dependent,
and wide ranges of sensitivity and specificity have been reported in the broad
pediatric age population.10-12 One pediatric subpopulation where ultrasound may
be more useful is in younger children. Chang et al studied the utility of ultra-
sound in diagnosing appendicitis in children age 3 and younger. They reported a
positive predictive value of 93% and a negative predictive value of 93%.13

Volume 30, Number 7 / March 16, 2009 www.emreports.com

Authors: 
Lisa Freeman Grossheim, MD,
FACEP, Assistant Professor of
Emergency Medicine, University of
Texas Medical School at Houston

Katrin Takenaka, MD, FACEP,
Assistant Professor of Emergency
Medicine, University of Texas
Medical School at Houston

Amy Noland, MD, Resident,
Department of Emergency
Medicine, University of Texas
Medical School at Houston

Peer Reviewer: 
Madelyn Garcia, MD, MPH,
Assistant Professor of Emergency
Medicine, Department of
Emergency Medicine, University of
Rochester School of Medicine,
Rochester, NY.

Statement of Financial Disclosure
To reveal any potential bias in this publication, and in
accordance with Accreditation Council for Continuing
Medical Education guidelines, we disclose that Dr.
Schneider (editor) serves on the advisory board of Logical
Images. Dr. Farel (CME question reviewer) owns stock in
Johnson & Johnson. Dr. Stapczynski (editor), Dr.
Grossheim (author), Dr. Takenaka (author), Dr. Noland
(author), and Dr. Garcia (peer reviewer) report no relation-
ships with companies related to the field of study covered
by this CME activity.



CT has been shown to be highly
sensitive and specific for diagnosing
acute appendicitis in children.
Reported sensitivities for CT range
from 87-100% and specificity from
89-98%.14-19 CT has a higher sensitiv-
ity for the diagnosis of appendicitis in
children than ultrasound.20,21 There is
also evidence that CT improves out-
comes as well. Reduced negative
appendectomy rates21,22 and reduced
length of hospitalization17 have been
reported. However, due to the radia-
tion risk, attempts should be made to
minimize CT use in children when-
ever possible.

US and CT can be used as comple-
mentary studies for the evaluation of
acute appendicitis in children. One
approach is to use risk stratification to
determine the initial imaging study
and the need for alternative studies.
Garcia-Pena et al retrospectively ana-
lyzed this risk stratification in a cohort
of children with equivocal presenta-
tions for appendicitis who were
divided into low-, medium-, and
high-risk groups for appendicitis.
Three different imaging guidelines
were utilized. Low risk was defined as
neutrophils < 67%, bands < 5%, and
no guarding on abdominal examina-
tion. High risk was defined as neu-
trophils > 67%, white blood cell count
>10,000/mm3, guarding, and abdom-
inal pain > 13 hours. Imaging guide-
line number one (the standard
practice at the authors’ institution)
dictated that all children with equivo-
cal signs and symptoms for acute
appendicitis have ultrasound first. If
the ultrasound is positive, the child
proceeds to appendectomy. If the
ultrasound is negative, the child

undergoes CT. Under guideline num-
ber two, low-risk children undergo
ultrasound and, if negative, are dis-
charged from the hospital. High-risk
children undergo CT, and medium-
risk children undergo ultrasound fol-
lowed by CT. Under the third
guideline, low-risk children undergo
no imaging and are admitted for
observation. High-risk children pro-
ceed directly to appendectomy with-
out imaging studies. Medium-risk
children undergo ultrasound followed
by CT. Of the total 958 children
studied, 61% had appendicitis. Two
hundred twenty-five patients were
classified as high-risk. Under imaging
guideline 1, there were 22 negative
appendectomies, 35 missed or delayed
diagnoses, and 958 ultrasounds and
673 CT scans performed. Under
guideline 2, there would have been
23 negative appendectomies, 36
missed or delayed diagnoses, and 733
ultrasounds and 637 CT scans per-
formed. Under guideline 3, there
would have been 36 negative appen-
dectomies, 37 missed or delayed diag-
noses, and 590 ultrasounds and 412
CT scans performed. The authors
concluded that selective imaging
guidelines can reduce the number of
radiographic studies performed with a
minimal diminution of accuracy in the
diagnosis of pediatric appendicitis.23

Children with a low likelihood of
appendicitis may be spared the expense
and risk of a more invasive and costly
workup for appendicitis and may be
sent home safely with careful followup.
The use of the pediatric appendicitis
scale can help determine which patients
can be considered low-risk. However,
in particularly young children in whom

the diagnosis of appendicitis is difficult
to make, clinicians will continue to rely
on radiologic studies and surgical eval-
uation to assess the potential appen-
dicitis patient since the clinical
examination alone cannot definitively
confirm this diagnosis.24

Women. Non-pregnant female
patients with acute abdominal pain
usually require a lengthier and more
extensive evaluation because of the
different nature of their anatomy and
pathologic processes. With the repro-
ductive tract’s adjacent location to
the abdominal cavity, referred pain
from multiple spaces and organs can
be referred to the right lower quad-
rant. CT often is necessary in these
patients for accurate diagnosis.
Pregnancy further complicates the
search for a diagnosis.

Pregnancy. Acute appendicitis com-
plicates approximately 1 in 1500
pregnancies and is one of the leading
indications for surgery during preg-
nancy.25 Accurate diagnosis is impor-
tant as delay in diagnosis leads to a
higher rate of maternal and fetal
complications.26,27

The clinical diagnosis of appendici-
tis in pregnancy is challenging, since
some of the hallmarks of appendicitis,
such as nausea, vomiting, and abdom-
inal pain often are present in pregnant
patients without appendicitis.26-28

Anorexia, nausea, vomiting, and initial
periumbilical pain are similar in the
pregnant and non-pregnant state.
Gross peritoneal signs with rebound
and guarding are not normal in preg-
nancy, although the laxity of the ante-
rior abdominal wall and enlarged
uterus may delay or diminish these
signs. 
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● Atypical symptoms and physical signs occur in up to half
of children and elderly with acute appendicitis. 

● Risk stratification can be used to guide imaging modality
use in children.

● The white blood cell count or other inflammatory markers
are more effective in supporting a clinical diagnosis of
acute appendicitis than in excluding the diagnosis.

● Preoperative antibiotics reduce post-operative wound
infection and abscess formation.

● Delay for surgical appendectomy if < 12 hours does not
increase the incidence of complications.

Executive Summary



The physical examination may be
unreliable and the location of the
appendix variable, depending on the
size of the gravid uterus, which may
reposition the appendix within the
peritoneal cavity.29,30 (See Figures 1 A-
B and 2 A-B.) Early during preg-
nancy, peritoneal irritation develops in
the right lower quadrant, but after the
fifth month of gestation, the
appediceal position and site of pain
are shifted superiorly about the right
iliac crest, and the appendix tip is
rotated medially by the gravid uterus.
The tenderness also becomes less
localized as distention of the
abdomen lifts the peritoneum away
from the inflamed appendix and
cecum.27 The location of the appendix
traditionally has been described as ris-
ing in the peritoneal cavity as the
uterus enlarges, beginning at 12
weeks and reaching the iliac crest by
24 weeks.31,32 More recently, this
dogma has been challenged by a
prospective study comparing the loca-
tion of the appendix in women under-
going cesarean at term, in pregnant
women undergoing appendectomy,
and in non-pregnant women under-
going appendectomy, with no differ-
ence in appendix location among the
three groups.33

The usefulness of ultrasound for
diagnosing acute appendicitis in many
pregnant patients is limited, as the
appendix may be displaced from its
expected location. The enlarged
uterus may make graded compression
difficult. If an abnormal appendix is
seen on ultrasound, the specificity of
sonography is high; however, if the
appendix is not visualized, other
imaging is needed.

MRI has been touted as a useful
imaging modality for the detection of
acute appendicitis in pregnant patients
because it eliminates radiation expo-
sure, avoids the operator dependency
of ultrasound, facilitates alternative
diagnoses, and is considered safe for
use in pregnancy.34 The use of ultra-
sound is limited to less than 35 weeks
gestation, as the graded compression
technique is not able to visualize the
appendix clearly and is less useful later
in pregnancy.35 MRI can identify not
only appendicitis, but also ovarian dis-
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Figure 1A: Axial CT Image of a Pregnant Female

Figure 1B: Coronal Reconstruction View of the Same 
Patient as in 1A

Axial CT image of a 9-month pregnant female who had CT
scan performed due to blunt abdominal trauma sustained in
a motor vehicle collision. The appendix has migrated up out
of the pelvis and lies anterior to right kidney.
Image courtesy of Dan Gridley, MD, Vice Chair of Radiology,
Maricopa Medical Center, Phoenix, AZ

Image courtesy of Dan Gridley, MD, Vice Chair of
Radiology, Maricopa Medical Center, Phoenix, AZ



ease, colitis, abscesses, pyelonephritis,
and fibroid degneration.36 A study by
Pedrosa et al evaluated 51 pregnant
patients with clinical suspicion of
acute appendicitis who subsequently
had MRI. The sensitivity of MRI in
this study was 100%, and the speci-
ficity was 93.6%.37

Israel et al published a small, retro-
spective study of 33 pregnant patients
with suspected appendicitis, each of
whom had an ultrasound and MRI.
Appendicitis can be excluded only by
graded compression ultrasound when a
normal appendix is identified. In their
study, in 88% of the ultrasound exami-
nations, the appendix could not be
identified, including three patients with
pathologically proven appendicitis.38

Similar results were seen by Pedrosa39

and Cobben.40 When the appendix was
seen on MRI, 100% sensitivity, speci-
ficity, and positive and negative predic-
tive value were achieved. When the
appendix was seen on ultrasound, the
sensitivity was 50%, specificity was
100%, PPV 100%, and NPV 66%.41

CT may be done in pregnancy if
necessary. Fetal exposure from
abdominal CT in the first trimester
may double the likelihood of child-
hood cancer from 1/600 to 1/300.42

Information from atomic bomb sur-
vivors shows the greatest risk to the
fetus is exposure at 8-15 weeks gesta-
tion,43 with radiation-induced mental
retardation the highest specific poten-
tial danger. No single diagnostic radi-
ographic procedure results in
radiation exposure to a degree that
would threaten the wellbeing of the
developing fetus, according to the
American College of Radiology.44

Pelvic Inflammatory Disease vs.
Appendicitis. Part of the diagnostic
dilemma of evaluating women of
child-bearing age is differentiating
appendicitis from pelvic pathology
such as pelvic inflammatory disease
(PID). Both conditions may present
with abdominal/pelvic pain, nausea,
vomiting, and fever. Vaginal discharge
is not always present in PID. While
the pain of appendicitis often begins
in the epigrastrium or mid-abdomen,
the pain from PID typically is in the
lower abdomen. The afferent sensory
nerves from the adnexae originate
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Figure 2A: Pregnant Female with Appendix in Right 
Lower Quadrant

Figure 2B: Coronal Reconstruction View of the Same 
Patient as in Figure 2A

Axial CT image of a 7-month pregnant female showing the
appendix has remained in the right lower quadrant.
Image courtesy of Dan Gridley, MD, Vice Chair of Radiology,
Maricopa Medical Center, Phoenix, AZ

Image courtesy of Dan Gridley, MD, Vice Chair of Radiology,
Maricopa Medical Center, Phoenix, AZ



from T12 to L2 and L5 to S1-3. This
results in the pain being confined to
the lower abdomen.45 Morishita et al
developed a clinical prediction rule to
help distinguish the two conditions.
The rule consists of 3 clinical criteria
and can differentiate between appen-
dicitis and PID with 99% sensitivity
and 95% negative predictive value
when a patient is classified as low risk
for appendicitis by the following fac-
tors: no migration of pain; presence of
bilateral abdominal tenderness; and
no nausea and vomiting. Although
these 3 factors cannot rule out appen-
dicitis as a single criterion, the combi-
nation of these 3 findings could be
used as a quick guide for clinical deci-
sion making.46

Inflammatory Markers. “What’s
the white count?” Medical mythology
would have us believe that patients
with presumed appendicitis need to
have an elevated white blood cell
count. Cardell et al demonstrated that
a total WBC of > 10,000 cells/mm3

has a sensitivity of 76% and a speci-
ficity of 52% for appendicitis. The
positive predictive value was 42%, and
the negative predictive value was 82%.
These data suggest that the total
WBC count has insufficient sensitivity
and specificity to be of clinical value
in the diagnosis of appendicitis.47

Other inflammatory markers that
have been investigated include C reac-
tive protein (CRP), leukocyte elastase
activity, D-lactate, phospholipase A2,
and interleukin-6. Deballon et al
prospectively studied 134 patients
with right lower quadrant pain who
had complete blood counts and CRP
levels drawn. Normal range for CRP
was < 6 mg/L; normal for WBC was
considered 4500-9600/mm3, and
normal for granulocytes was < 75%.
The negative appendectomy rate in
this study was 15%, while 66% of
patients had appendicitis. Mean levels
of CRP, WBC, and granulocytes were
all significantly higher in patients with
surgical diseases. CRP had the highest

diagnostic accuracy of a single marker.
However, when CRP was combined
with WBC, it led to a diagnostic accu-
racy of 87% (p < 0.0005). WBC and
CRP had better diagnostic accuracy in
patients with greater than 12 hours of
pain. The positive predictive value
when CRP and WBC were elevated
was 93%, while the negative predictive
value if both were normal was 92%.48

However, no threshold value for
WBC or CRP will reliably diagnose or
exclude appendicitis. Testing of the
white blood cell count, neutrophil
count, and C-reactive protein are
more effective in supporting a clinical
diagnosis of acute appendicitis in
patients with typical clinical features
than in excluding the diagnosis.49

Differential Diagnosis
The differential diagnosis for appen-

dicitis is extensive. Various types of
gastrointestinal, genitourinary, obstet-
ric/gynecologic, systemic, and other
conditions can mimic the clinical pres-
entation of appendicitis. (See Table 1.)

In children, intussusception,
Meckel’s diverticulitis, gastroenteritis,
and mesenteric lymphadenitis may be
mistaken for appendicitis. Children
with intussusception commonly pres-
ent with vomiting and colicky
abdominal pain interspersed with
pain-free periods.50-52 Rectal bleeding
and a palpable right-sided abdominal
mass may be noted on examina-
tion.51,52 However, peritoneal signs
usually are absent.50 CT may demon-
strate a segment of bowel that has
telescoped in on itself, a mass,
and/or a proximal bowel obstruc-
tion.13 Plain abdominal radiographs
can be used to rule out intussuscep-
tion as well. 

With Meckel’s diverticulitis, chil-
dren typically present with periumbili-
cal pain and tenderness.50 CT may
reveal inflammation adjacent to a loop
of small bowel (Meckel’s diverticuli
are usually located about 60 cm from
the ileocecal valve) and occasionally
an obstructing fecalith.51,53

Gastroenteritis is a common misdi-
agnosis in both children and adults
with appendicitis. Patients with acute
gastroenteritis present with varying
degrees of nausea, vomiting, and diar-
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GGaassttrrooiinntteessttiinnaall  DDiisseeaassee
Bowel obstruction
Cholecystitis
Diverticulitis (right-sided)
Duodenal ulcer
Epiploic appendagitis
Gastroenteritis
Hernia
Ileocolitis
Inflammatory bowel disease 

(Crohn’s disease)
Intussusception
Meckel’s diverticulitis
Mesenteric adenitis
Neoplasm 
Omental torsion
Pancreatitis
Perforated viscus
Volvulus

GGeenniittoouurriinnaarryy  DDiisseeaassee
Epididymoorchitis
Nephrolithiasis
Perinephric abscess
Prostatitis
Pyelonephritis
Testicular torsion
Urinary tract infection

OObbsstteettrriicc//GGyynneeccoollooggiicc  CCaauusseess
Ectopic pregnancy
Endometriosis
Mittelschmerz
Ovarian cyst (ruptured)
Ovarian torsion
Ovarian tumor
Pelvic inflammatory disease
Tubo-ovarian abscess

SSyysstteemmiicc
Diabetic ketoacidosis
Porphyria
Sickle cell disease
Henoch-Schonlein purpura

MMiisscceellllaanneeoouuss
Parasitic infection
Pneumonia
Psoas abscess
Pulmonary infarction
Rectus sheath hematoma

Table 1: Appendicitis Mimics



rhea that typically start before the
onset of abdominal pain. Fever also
may be present.52,54 However, these
patients usually do not have focal
abdominal tenderness or peritoneal
findings on examination.50 In con-
trast, patients with appendicitis often
have abdominal pain that precedes the
onset of other gastrointestinal symp-
toms such as vomiting. In addition,
diarrhea is less common in patients
with appendicitis. 

Mesenteric adenitis may occur fol-
lowing a viral infection.52,53 Its clinical
presentation may be nearly indistin-
guishable from that of appendicitis.
On CT, patients with mesenteric lym-
phadenitis have enlarged mesenteric
lymph nodes in the right lower quad-
rant without any other inflammatory
changes except possibly mild thicken-
ing of the terminal ileum. The appen-
dix, if visualized, is normal.13,53

In older patients, Crohn’s disease
and right-sided diverticulitis are also
considerations. Patients with an acute
exacerbation of Crohn’s disease may
present with right lower quadrant
pain, fever, and leukocytosis.13 CT
may reveal mural stratification, skip
lesions, thickened bowel wall (espe-
cially of the terminal ileum and
cecum), creeping fat around affected
bowel, and mesenteric fat strand-
ing.53,55 The center of inflammation
should be away from the appendix.13

Complications such as sinus tracts, fis-
tulae, and abscesses also may be

apparent on CT. Patients with diverti-
culitis may present with right lower
quadrant pain if they have redundant
sigmoid colon or right-sided divertic-
ula.56 Associated signs and symptoms
can include fever, nausea, vomiting,
anorexia, and a palpable abdominal
mass.56,57 The area of tenderness with
diverticulitis may be larger than the
classic McBurney’s point of appendici-
tis.50 Typical CT findings include focal
asymmetric thickening of the cecal
wall, adjacent fat stranding, divertic-
ula, and a normal appendix.13

Another important consideration in
the differential diagnosis is pyelone-
phritis. Patients with pyelonephritis
may present with right-sided abdomi-
nal pain, fever, leukocytosis, and
pyuria.50 Some actually may have peri-
toneal signs on examination. CT com-
monly demonstrates low attenuation
streaks and wedges in the renal
parenchyma. Hydronephrosis and per-
inephric fat stranding also may be
seen.58

The urinalysis can be deceptively
benign in some cases of pyelonephritis,
and this diagnosis may be found inci-
dentally on CT obtained in patients
with concerning abdominal examina-
tions and unremarkable urinalyses. 

In women presenting with right
lower quadrant pain, ectopic preg-
nancy, pelvic inflammatory disease,
ovarian torsion, and ruptured ovarian
cysts also should be considered. The
classic presentation of an ectopic

pregnancy includes amenorrhea,
abdominal pain, and vaginal bleeding.
Although vaginal bleeding may be
absent, abdominal pain is almost
always present.59 Physical examination
may reveal abdominal tenderness, a
slightly enlarged uterus, cervical
motion tenderness, and/or an adnexal
mass.58 Ectopic pregnancy should be
considered in the differential of any
pregnant woman with right lower
quadrant pain. Ultrasound may be
helpful in ruling in (showing an
adnexal mass, especially with a fetal
pole) or ruling out (showing an
intrauterine pregnancy) ectopic preg-
nancy or ovarian torsion (normal
Doppler flow).  

Pelvic inflammatory disease (PID)
can be difficult to distinguish from
appendicitis as patients with both can
present with lower abdominal pain,
fever, and leukocytosis. Abnormal cer-
vical or vaginal discharge (mucopuru-
lent) may also suggest PID.60,61

Patients with ovarian torsion may
present with severe abdominal pain
and nausea and vomiting. Unlike with
appendicitis, the pain of a torsed
ovary classically is abrupt in onset and
described as sharp in nature. If inter-
mittent torsion and spontaneous
reduction occur, the pain may be
more colicky.59 A tender adnexal mass
may be appreciated on examination.
CT findings may include an ovarian
mass and adjacent fat stranding.13

However, if ovarian torsion is sus-
pected, a pelvic ultrasound with
Doppler is the preferred imaging
study. With a ruptured ovarian cyst,
women may present with peritoneal
signs similar to patients with perfo-
rated appendicitis. If significant bleed-
ing occurs, abdominal distention and
hypotension may occur.59 CT in these
patients should reveal an ovarian cyst,
inflammation in the adnexal area, free
fluid in the pelvis, and a normal
appendix.13 Ultrasound is a useful
imaging modality in these patients.

Complications
Perforation is the most common

complication of appendicitis, occur-
ring in about 15-20% of all patients,
but perforation is significantly
increased in the elderly and young
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• Piperacillin/tazobactam
• Ampicillin/sulbactam
• Ticarcillin/clavulanate
• Ertapenem
• Moxifloxacin
• Ciprofloxacin or levofloxacin + metronidazole
• Cefepime + metronidazole
• Tigeycline

• Imipenem or meropenem or doripenem
• Ampicillin + metronidazole + ciprofloxacin or levofloxacin
• Ampicillin + metronidazole + anti-pseudomonal aminoglycoside

Table 2: Antibiotic Options for Acute Appendicitis

Moderate Clinical Presentation

Moderate/Severe Clinical Presentation



children, in whom the rate may be as
high as 50-97%.62-65 This is usually
due to a delay in diagnosis.64,65 In
children, there appears to be an
inverse relationship between age and
risk for perforation. Patients at the
extremes of age are at increased risk
for perforation. Overall, children have
a 23-88% incidence of perfora-
tion.62,63,66 In this population, there
appears to be an inverse relationship
between age and risk for perfora-
tion.67 In children 10-17 years old,
the rate of perforation is 10-20%.24,68

In those younger than 4 years old, it
rises as high as 80-100%.6,24,69

Similarly, the elderly have a 29-70%
incidence.62,63,67,70-72 Misdiagnosis and
delayed diagnosis are common in
both of these age groups due to atyp-
ical clinical presentations as well as
limitations in obtaining a clear history
and physicial exam, and may con-
tribute to the higher perforation
rates.62

After the appendix ruptures,
patients may present with more severe
or more generalized pain, higher tem-
perature, and higher WBC counts
with prominent left shifts.68 According
to a meta-analysis by Andersson, a
high WBC (> 15 x 109/L) and granu-
locyte count (> 9 x 109/L) and an
elevated CRP level (> 10 mg/L) had
positive likelihood ratios of 7.2, 4.16,
and 4.24, respectively, making them
relatively strong predictors for perfo-
ration. In contrast, a WBC count <
10 x 109/L, a granulocyte count < 7
x 109/L, and CRP < 10 mg/L had
negative likelihood ratios of 0.11-
0.20, making perforation unlikely in
patients with these laboratory values.73

Another important risk factor for
appendiceal rupture is the time from
onset of symptoms to treatment.74

Bickell et al. performed a retrospective
chart review of 219 patients with
appendicitis and found that the risk of
perforation was negligible within the
first 36 hours after symptom onset (0-
2%). However, for those with symp-
toms that were untreated for 36 hours
or more, the risk rose to about 5% for
each ensuing 12 hours without treat-
ment.75 Inherent delay in obtaining
CT did not lead to an increase in the
perforation rate. Perforation tends to

be dependent on a delay in the initial
presentation to the hospital.76,77

Once appendiceal rupture occurs, it
is associated with increased morbidity
and mortality. In some studies, mor-
bidity rose from 3% with uncompli-
cated appendicitis to as high as 60%
after perforation.72,78 Perforation may
result in a localized abscess, peritoni-
tis, or sepsis.70,75 In the general popu-
lation, the mortality for appropriately
treated appendicitis is less than 1%.70-72

Appendiceal rupture has been associ-
ated with an 11-fold or greater
increase in mortality.63,79 Some people
consider perforation the single best
predictor of mortality.70 Elderly
patients with appendicitis also have a
higher risk of death (4-15%) and
account for half of deaths due to
appendicitis.70-72,74,75

Management
Analgesia. Analgesia should not be

withheld from patients for fear of
masking a diagnosis. This practice
dates prior to the development of the
CT scan and has been debunked by
multiple studies.80,81 Even Silen, the
current author of Sir Zachary Cope’s
classic treatise on acute abdominal
pain (first written in 1921), condemns
withholding analgesia for patients
who are in pain, even undifferentiated
abdominal pain.80,82,83

What about the patient who has
been given analgesia who subse-
quently has little or no abdominal
pain when re-examined? One small
study recently addressed this question.
In study patients with pain at
McBurney’s point or a positive
Murphy’s sign, there was no misdiag-
nosis of appendicitis or cholecystitis
when analgesia was given in the
absence of imaging.83 Does adminis-
tration of analgesia mandate imaging,
a specific observation interval, or pro-
tocol incorporating both imaging and
serial exams?80 Further research is
needed to answer this question.

Antimicrobials. All patients should
receive broad-spectrum antibiotics pre-
operatively (1-3 doses), as their use has
been shown to decrease the incidence
of post-operative wound infection and
intra-abdominal abscess formation.84

Unfortunately, there is no con-

census among surgeons regarding
antibiotic use in appendicitis. Some
choose single agents, double
agents, one-time dosing, and intra-
operative dosing. (See Table 2.)
There is no agreement on the
length of treatment as well.85

Prospective cohort studies and ran-
domized controlled trials are lack-
ing, explaining why there is a poor
agreement among institutions as to
what constitutes optimal care.86

Treatment. The timing and man-
agement of acute appendicitis has
changed dramatically. The role of pre-
operative imaging has extended
beyond a diagnostic tool to become
important in identifying those compli-
cated cases that may be amenable to
alternatives other than immediate
operation, such as extended antibiotic
therapy with or without percutaneous
drainage of abscesses.38,87,88

In a survey of 344 pediatric sur-
geons, 75% indicated that a clinically
stable child with suspected appendici-
tis could be operated on in an urgent
(3-12 hours from presentation) rather
than emergent manner.85 Twenty per-
cent of these surgeons used imaging
frequently, and 50% used imaging
occasionally. When an imaging study
is felt to be necessary in evaluating a
child with possible appendicitis, a
majority of respondents preferred CT
to ultrasound (62% vs 30%).85

Laproscopic appendectomy is tech-
nically more difficult than open
appendectomy, but in adults reduces
wound infections, post-operative pain,
and length of hospital stay, but may
have an increased risk of intra-abdom-
inal abscesses.89 Patients who have
periappendiceal abscesses often are
diagnosed preoperatively. These
patients are best treated with nonop-
erative management and selective per-
cutaneous drainage. Immediate
operation in these patients results in
higher complication rates and longer
hospital stays.90,91

Acute appendicitis has long been
considered a surgical emergency that
requires emergent appendectomy.
Recently, the concept of a surgical
emergency has been challenged and a
proposal has been advanced that
appendectomy can wait up to 12 hours
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after diagnosis so that the procedure
can be performed by fully rested and
awake surgeons and support personnel
during normal business hours without
an increase in morbidity.92 While the
data are only retrospective, there is no
evidence that delaying appendectomy
up to 12 hours after diagnosis increases
morbidity.93,94 Some physicians and
hospitals have devised protocols for
patients to be held in the ED for
observation, receive treatment with
intravenous fluid, analgesics, and
antibiotics while awaiting call to the
OR in the morning.

Disposition
Patients in whom the physician

believes the likelihood of acute appen-
dicitis is low can be discharged with
strict precautions to return if their
symptoms or pain worsens.  

A 23-hour admission for observa-
tion is a feasible option for patients
whose pain is poorly tolerated in the
emergency department and for whom
a working diagnosis has not been
found. This disposition also is an
option for patients, particularly chil-
dren, who might have poor follow-up
and in whom the physician suspects a
diagnosis of early appendicitis. Clear
discharge instructions are particularly
important in patients who have had a
CT scan that was read as normal or
nondiagnostic. The patient should be
advised of the limitations of this test
and that early appendicitis still may be
present. 

For ED providers, it is their role
(medico-legally as well as ethically) to
inform families of children with symp-
toms of short duration who request a
CT scan that: if we image too early,
we may miss the diagnosis; and CT
scans expose children to radiation and
future cancer risk. This is a hard deci-
sion made on a case-by-case basis with
family/referring doctor and should
take into consideration the risk of
missing a diagnosis, the physician’s
responsibility to “do no harm” by the
patient, and the ability to ensure safe
and timely follow-up.  

Summary
Patients with possible appendicitis

can be risk-stratified based on their

clinical findings and divided into
groups. Patients with a high probabil-
ity of uncomplicated appendicitis
should undergo surgery. Patients sus-
pected of having an appendiceal
abscess should have a CT (or MRI if
pregnant). For patients with a low
likelihood of having appendicitis, an
alternate diagnosis should be sought.
Patients with intermediate probability
will require either a combination of
laboratory testing and imaging or
extended observation. Most low-risk
patients can be discharged with 12-24
hour follow-up. For patients who
require imaging, the authors recom-
mend CT for all patient groups except
pregnant women. Pregnant women
should undergo an ultrasound of the
abdomen and pelvis in an attempt to
visualize the appendix and to evaluate
the fetus and adenexae. If these stud-
ies are non-diagnostic, an MRI is a
reasonable next step for pregnant
women. If MRI is not available, re-
examine the patient’s abdomen. If
clinical suspicion still exists at this
point, consultations with surgery and
gynecology should be obtained, and
the patient should be admitted. 
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Physician CME Questions

61. Regarding acute appendicitis in the
elderly, which statement is true?
A. There is a lower rate of perforation

compared to young adults.
B. The WBC is less likely to be ele-

vated compared to young adults.
C. There is a greater incidence of fever

compared to young adults.
D. Ultrasound is a useful modality to

exclude the diagnosis.

62. Regarding appendicitis in childhood,
which of the following statements is
false?
A. Diarrhea is more common in chil-

dren < 3 years old than in older
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• understand the differential diagnosis of the entity discussed; 
• understand both likely and rare complications that may occur.



children.
B. CT has higher sensitivity for the

diagnosis of appendicitis in children
than ultrasound.

C. Appendicitis is common in
neonates.

D. Focal abdominal tenderness is not as
common in young children with
appendicitis as in older children.

63. Using a selective imaging approach for
the diagnosis of acute appendicitis in
children, which of the following state-
ments is true?
A. Low-risk patients – CT
B. High-risk patients – no imaging,

direct to OR
C. Intermediate-risk patients – US ini-

tially and, if negative, follow with
CT

D. Intermediate risk patients – CT ini-
tially and, if negative, follow with
US

64. Which of the following statements is
false?
A. Traditionally, the appendix is

thought to rise in the peritoneal
cavity as pregnancy progresses, but
recent research has called this
dogma into question.

B. Ultrasound is equally useful in all
stages of pregnancy to diagnose
appendicitis.

C. Many symptoms seen in appendicitis
may be seen in normal pregnancy as
well.

D. Appendicitis is as common in preg-
nant patients as in the general popu-
lation.

65. Which of the following statements is
true regarding the use of MRI to diag-
nose acute appendicitis in a pregnant
patient?
A. MRI is not as specific as CT.
B. MRI has known risks for fetal devel-

opment.
C. MRI is not as useful as ultrasound.
D. MRI is highly sensitive.

66. Which of the following inflammatory
marker combinations is the most 
sensitive for the diagnosis of acute
appendicitis?
A. WBC > 10,000 and C-reactive pro-

tein < 6 mg/L
B. WBC > 9,000 and C-reactive pro-

tein > 6 mg/L
C. WBC > 10,000 and C-reactive pro-

tein > 6 mg/L
D. WBC < 10,000 and C-reactive pro-

tein < 6 mg/L

67. Which of the following statements
regarding inflammatory markers in the
diagnosis of acute appendicitis is false?
A. They are more sensitive early in the

course (< 12 hours after onset of
pain).

B. They cannot be used to exclude the
diagnosis.

C. They are less useful in children and
the elderly.

D. They are less specific than imaging
modalities.

68. Regarding diagnosis and treatment of
appendicitis, which of the following
statements is not true?
A. Pre-operative antibiotic administra-

tion has been shown to decrease the
incidence of post-operative wound
infection and intra-abdominal
abscess.

B. Laproscopic appendectomy is tech-
nically more difficult than tradi-
tional open appendectomy.

C. Analgesia should be withheld in
abdominal pain patients until a firm
diagnosis is established.

D. No threshold value for WBC or
CRP will relaibly diagnose or
exclude appendicitis.

69. Which of the following statements
regarding surgical management of
acute appendicitis is false?
A. Patients with a periappendiceal

abscess should not undergo laporo-
scopic appendectomy.

B. Emergency surgery within 12 hours
of diagnosis reduces the rate of per-
foration.

C. Laporoscopic appendectomy may
increase the risk of post-operative
abscess formation when compared
to open appendectomy.

D. Open appendectomy is associated
with a longer hospital stay than
laporoscopic appendectomy.

70. What the most common complication

of appendicitis?
A. generalized sepsis
B. appendico-cutaneous fistula
C. infertility
D. perforation
E. bowel obstruction
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CME Answer Key
61. B; 62. C; 63. C; 64. B; 65. D; 66. C; 67. A; 
68. C; 69. B; 70. D
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Acute
Appendicitis 

Part II

RAPID ACCESS MANAGEMENT GUIDELINESExclusive to our subscribers

Appendicitis Mimics

Gastrointestinal  Disease
Bowel obstruction
Cholecystitis
Diverticulitis (right-sided)
Duodenal ulcer
Epiploic appendagitis
Gastroenteritis
Hernia
Ileocolitis
Inflammatory bowel disease 

(Crohn’s disease)
Intussusception
Meckel’s diverticulitis
Mesenteric adenitis
Neoplasm 
Omental torsion
Pancreatitis
Perforated viscus
Volvulus

Genitourinary  Disease
Epididymoorchitis
Nephrolithiasis
Perinephric abscess
Prostatitis
Pyelonephritis
Testicular torsion
Urinary tract infection

Obstetric/Gynecologic  Causes
Ectopic pregnancy
Endometriosis
Mittelschmerz
Ovarian cyst (ruptured)
Ovarian torsion
Ovarian tumor
Pelvic inflammatory disease
Tubo-ovarian abscess

Systemic
Diabetic ketoacidosis
Porphyria
Sickle cell disease
Henoch-Schonlein purpura

Miscellaneous
Parasitic infection
Pneumonia
Psoas abscess
Pulmonary infarction
Rectus sheath hematoma

Antibiotic Options for Acute Appendicitis

• Piperacillin/tazobactam
• Ampicillin/sulbactam
• Ticarcillin/clavulanate
• Ertapenem
• Moxifloxacin
• Ciprofloxacin or levofloxacin + metronidazole
• Cefepime + metronidazole
• Tigeycline

• Imipenem or meropenem or doripenem
• Ampicillin + metronidazole + ciprofloxacin or levofloxacin
• Ampicillin + metronidazole + anti-pseudomonal aminoglycoside

Moderate Clinical Presentation

Moderate/Severe Clinical Presentation

Coronal Reconstruction View of the Same Patient 
as in Image Above

Image courtesy of Dan Gridley, MD, Vice Chair of
Radiology, Maricopa Medical Center, Phoenix, AZ

Axial CT Image of a Pregnant Female

Axial CT image of a 9-month pregnant female who had CT
scan performed due to blunt abdominal trauma sustained in
a motor vehicle collision. The appendix has migrated up out
of the pelvis and lies anterior to right kidney.
Image courtesy of Dan Gridley, MD, Vice Chair of Radiology,
Maricopa Medical Center, Phoenix, AZ
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Pregnant Female with Appendix in Right Lower 
Quadrant

Axial CT image of a 7-month pregnant female showing the
appendix has remained in the right lower quadrant.
Image courtesy of Dan Gridley, MD, Vice Chair of Radiology,
Maricopa Medical Center, Phoenix, AZ

Coronal Reconstruction View of the Same Patient 
as in Image Above

Image courtesy of Dan Gridley, MD, Vice Chair of Radiology,
Maricopa Medical Center, Phoenix, AZ



CME Evaluation
Please take a moment to answer the following questions to let us know your thoughts on the CME program. Fill in the appropriate space
and return this page in the envelope provided. You must return this evaluation to receive your certificate. ACEP members — Please
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1. If you are claiming physician credits, please indicate the appropriate credential: MD DO Other _____________

Strongly Slightly Slightly Strongly
Disagree Disagree Disagree Agree Agree Agree

After participating in this program, I am able to:
2. Recognize or increase index of suspicion for

specific conditions.

3. Understand the epidemiology, etiology, pathophy-
siology, and clinical features of the entity 
discussed.

4. Apply state-of-the-art diagnostic and therapeutic 
techniques (including the implications of pharma-
cologic therapy discussed) to patients with the 
particular medical problems discussed.

5. Understand the differential diagnosis of the 
entity discussed.

6. Understand both likely and rare complications 
that may occur.

7. The test questions were clear and appropriate.

9. I am satisfied with customer service for the
CME program.

10. I detected no commercial bias in this activity.

11. This activity reaffirmed my clinical practice.

12. This activity has changed my clinical practice.
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13. How many minutes do you estimate it took you to complete this entire semester (13 issues) activity? Please include time for read-
ing, reviewing, answering the questions, and comparing your answers with the correct ones listed. _______ minutes.

14. Do you have any general comments about the effectiveness of this CME program?

_________________________________________________________________________________________________________
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ACCIDENTAL HYPOTHERMIA
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In accordance with ACEP requirements, below we provide the option for ACEP members to submit their answers to this CME activity. If you wish to 
submit answers to this activity, please refer to Vol. 30, No. 7, and circle the correct responses.


