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Introduction 

A
 ppendicitis is thought to be the result of luminal ob-
struction due to various etiologies (such as lymph 
node hyperplasia, coprolites, or parasites) which lead 

to increased mucus production and bacterial over-
growth. This results in wall tension and eventually ne-
crosis and potentially perforation.1 

Appendicitis is one of the most common causes of 
acute abdominal pain requiring urgent surgical inter-
vention. For this reason, caution should be exercised in 
patients in whom appendicitis is suspected; in short, it 
should not be missed. Appendicitis affects males more 
than females (lifetime risk of 8.6% vs 6.7%, respectively).2 

Though common, appendicitis still presents as a dia-
gnostic challenge—especially in females of childbearing 
age, due to similarities in the clinical representation of 
appendicitis and gynecological abnormalities. In preg-
nancy, it is the most common nonobstetric surgical 
emergency, with an incidence of 6.3 per 10,000 preg-
nancies during the antepartum period that increases to 
9.9 per 10,000 postpartum.3 

In the United States, more than 300,000 appendec-
tomies are performed each year. Due to the extensive 
use of CT scan, in less than 10% of these appendec-
tomies does the removed appendix turn out to be nor-
mal.4 In Europe, on the other hand, diagnosis is often 

made clinically, resulting in higher laparoscopy rate 
and higher negative appendectomies (up to 32%).5 

If untreated, appendicitis can result in perforation. 
The perforation rate of appendicitis is 16%-40%, highest 
in the younger age group (40%-57% in patients <50 
years of age), and between 55% and 70% in patients 50 
and older. The mortality rate of perforated appendicitis 
is around 5%.6 Acute pelvic pain, defined by the sudden 
onset of abdominal pain with particular intensity, is re-
lated to a wide variety of diseases. 

The presence of vague or altered clinical signs can 
make it difficult to diagnose acute appendicitis. This 
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can be due to the large variations in the location of the 
appendix. Diagnosis is more complicated in pregnant 
women due to concurrent maternal physiologic and 
anatomic changes.7 

The clinical diagnosis of appendicitis is based on the 
classic anamnesis such as: McBurney’s, Blumberg’s, Rov-
sing’s, obturator, and psoas signs during the physical 
examination, together with fever and elevated inflam-
mation values from laboratory tests. 

Clinical signs and symptoms are more helpful in con-
firming the diagnosis rather than ruling it out when 
absent. 

The clinical diagnosis of appendicitis is not always 
easy and can be challenging, involving a combination 
of clinical, laboratory, and radiological findings. 

The use of laboratory investigations such as total leu-
kocyte count, differential leukocyte count, C-reactive 
protein, and others are thought to be sensitive but lack 
sufficient specificity.8 Ultrasound is thought to be a use-
ful modality after the introduction of graded compres-
sion by Puylaert9 in diagnosis of appendicitis. Ultra-
sound is operator-dependent and in the right hands is 
considered to have the same accuracy as CT scan for 
the diagnosis of acute appendicitis.10 
 
History and Physical Examination 
One of the most important functions of urgent care 
diagnosis is an accurate patient history. A patient must 
always be asked about the time of onset of symptoms, 
site of pain, medical history, and current medications. 
Physical examination for the known signs of appen-
dicitis such as a positive McBurney’s sign, psoas sign, 
obturator sign, and Rovsing sign are essential. 

The signs and symptoms that best rule in acute ap-
pendicitis in adults are right lower quadrant pain, ab-

dominal rigidity, and radiation of periumbilical pain to 
the right lower quadrant with positive likelihood ratio 
of 7.3-8.5, 3.8, and 3.2 respectively.11 In children ho-
wever, absent or decreased bowel sounds, a positive 
psoas sign, a positive obturator sign and positive Rovsing 
sign are the most reliable for ruling in acute appendicitis 
with positive likelihood ratio of 3.1, 3.2, 3.5 and 3.5, 
 respectively.12 Table 1 presents the likelihood ratios of 
various signs and symptoms in adults and children. 

When a patient complains of a change in the location 
of pain from the upper abdomen to the right lower ab-
dominal quadrant, this is most often associated with 
acute appendicitis. This is due to a “shift” of periumbil-
ical or epigastric pain (visceral) to the right lower quad-
rant (somatic) pain when the parietal peritoneum be-
comes involved with the inflammatory process.13 

Care must be taken when it comes to children and 
adolescents. History and physical examination must be 
taken according to the patient’s age and developmental 
stage. Experience in clinical diagnosis is very important, 
especially when it comes to small children. Absence of 
nausea and vomiting, abdominal tenderness, and leu-
kocytosis rules out appendicitis with 98% accuracy.14 

The location of the appendix is very important. In 
pregnant women, the appendix may be displaced cra-
nially due to the enlarged uterus, resulting in pain felt 
in the upper abdomen rather than in the right lower 
quadrant. Symptoms of nausea, vomiting, and abdominal 
pain can be difficult to distinguish from pregnancy-related 
symptoms.3 

Moreover, depending on the location of the inflam-
matory process such as along the psoas muscle, pain 
may be perceived in the lower back, thigh, or knee and 
not on the right anterior abdominal wall. This makes 
diagnosis of acute appendicitis in pregnant women 
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Table 1. Accuracy of History and Physical Examination Findings in the Diagnosis of Acute Appendicitis

 Adult11 Child12 

Positive likelihood 
ratio

Negative likelihood 
ratio

Positive likelihood 
ratio

Negative likelihood 
ratio 

Right lower quadrant pain 7.3-8.5 0-0.28 1.4 NA 

Rigidity 3.8 0.82 NA NA 

Psoas sign 2.4 0.90 3.2 0.70 

Periumbilical pain 3.2 0.5 1.8 0.70 

Obturator sigh NA NA 3.5 0.73 

Rovsing sign NA NA 3.5 0.72 

Absent/decreased bowel sounds NA NA 3.1 0.6 

NA, not available
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challenging. Delay in the diagnosis of acute appendicitis 
may lead to increased mortality and morbidity rates  
for both mother and fetus. It is very important to dia-
gnose acute appendicitis as early as possible; at the same 
time, care must be taken to avoid negative appendec-
tomy due to misdiagnosis. 

  
Laboratory Tests 
There are no specific laboratory parameters specific to 
diagnosing acute appendicitis. Individually, white blood 
cell (WBC) count, leukocytosis/neutrophilia, and an el-
evated serum concentration of C-reactive protein (CRP) 
are considered and widely used for this purpose; ho-
wever, they are nonspecific signs of inflammation.15 

These parameters are also high in healthy pregnant 
women.14 Nevertheless, it has been shown that WBC 
count value of higher than 18x109/L is one of the most 
important parameters for the diagnosis of acute appen-
dicitis in pregnant women.16 

Laboratory tests are helpful when combined with 
clinical signs and symptoms and clinical decision rules 
or in combination with imaging studies as part of a 
structured evaluation of the patient and patient man-
agement.15 Body temperature should be measured, and 
urinalysis should be performed. At the same time, a 
pregnancy test should be done in females of childbear-
ing age.10 

These tests serve to rule out several differential dia-
gnoses of right lower quadrant pain such as urolithiasis, 
urinary tract infection, and ectopic pregnancy. In fe-
males with unclear clinical presentation, gynecological 

consultation should be considered. A digital rectal ex-
amination is of low diagnostic benefit and need not be 
performed.17 
 
Scoring Systems 
Many scoring systems have been developed so that an 
investigation can be done objectively and independent 
of the clinical experience of the examiner in suspected 
diagnosis of acute appendicitis. 

The most commonly used scoring systems are the 
Alvarado score (1986) and the Appendicitis Inflam-
matory Response (AIR) score (2008).18 Many countries 
do not generally use scoring systems like these as part 
of routine clinical practice to aid in the diagnosis. The 
Alvarado score system has a 99% sensitivity but is only 
43% specific. This is because of the setting of the thres-
hold. If the threshold is increased from 5 to 7, the speci-
ficity increases to 81% at the cost of a lower sensitivity, 
down to 82%. That is why the Alvarado score system is 
most useful for ruling out appendicitis, rather than dia-
gnosing it. The AIR score has a sensitivity of 92% and a 
specificity 63%18. 

The use of a scoring system alone for the diagnosis 
of acute appendicitis is not recommended by the World 
Society of Emergency Surgery (WSES),19 which prefers a 
stepwise diagnostic approach pathway depending on 
age, sex, and clinical signs and symptoms of the patient.  
 
Imaging 
Ultrasound, CT, and MRI are the imaging modalities 
used to evaluate a patient with suspected appendicitis; 
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Table 2. Advantages and Disadvantages of Imaging Modalities in Patients with Suspected Acute Appendicitis

Modality Advantages Disadvantages

Ultrasound • High sensitivity/specificity in expert operator 
• Cost effective 
• Noninvasive 
• No patient preparation 
• No patient discomfort 
• Quick

• Highly operator dependent 
• Limited evaluation in case of overlying intestinal 

gas, adiposity, and pregnancy

CT scan • High sensitivity/specificity 
• Short examination time 
• Possibility of secondary findings and 

differentials 
• Optimal treatment planning 
• Good visualization of anatomy

• Radiation exposure 
• Risk associated with contrast agent 

administration

MRI • High sensitivity/specificity 
• High soft tissue contrast 
• Contrast agent is not always necessary 
• Secondary findings and differentials

• Comparatively longer examination time 
• Susceptibility to artifacts 
• Higher costsLimited availability
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each has its relative merits and drawbacks (see Table 2). 
Since the beginning of the millennium, in the United 

States CT scanning has been considered as the gold 
standard for diagnosing appendicitis.19 

Many organizations such as the National Cancer In-
stitute, the American Academy of Pediatrics , and the 
American College of Radiology recommend ultrasound 
as the initial imaging modality, especially in children 
and pregnant women.20 However, ultrasound is oper-
ator-dependent, and its diagnostic accuracy depends 
on the skills and experience of the operator. This places 
ultrasound at a disadvantage compared with other 
modes of imaging. 

A negative ultrasound finding may not suffice to rule 
out appendicitis.21 Moreover, obesity is a problem for 
ultrasound. Patients who are overweight (BMI >30 
kg/m2) are more likely to undergo a CT scan (see Figure 
1), as ultrasound will not be helpful for such patients.21 
This is due to the fact that ultrasound waves cannot at-
tenuate the fat layer, not reaching and visualizing the 
appendix for accurate diagnosis. 

 
Urgent Care Disposition 
In an urgent care setting, it is important to estimate 
the pre-image likelihood of appendicitis to facilitate the 
appropriate diagnostic workup and necessary referrals. 
Using scoring systems such as AIR and Alvarado scores, 

patients are categorized as low risk, intermediate risk, 
or high risk. 

Patients categorized as low risk are discharged with 
appropriate safety netting, whereas high-risk patients 
are referred directly to the hospital as they are likely to 
require surgery. Intermediate-risk patient are those who 
can benefit from diagnostic imaging.22  

The overall sensitivity and specificity of ultrasound 
in the diagnosis of appendicitis are 76% and 95%, re-
spectively.23 In one meta-analysis, the sensitivity and 
specificity of ultrasound in diagnosis of acute appen-
dicitis were even higher, at 91% and 97%.24 

According to WSES,20 ultrasound in combination with 
clinical parameters may improve the diagnostic sensi-
tivity and specificity and reduce the need for CT scan-
ning in adult patients with suspected acute appendicitis 
(see Figure 2). In the case of pediatric and young adult 
patients, ultrasound is the initial imaging study of 
choice for the diagnosis of acute appendicitis.  

MRI may play a role in avoiding radiation dose from 
CT scanning in children and pregnant women with in-
conclusive ultrasound findings. A prospective study per-
formed by Kinner, et al25 compared MRI and CT scan-
ning, and showed similar diagnostic accuracy of acute 
appendicitis—85.9% sensitivity and 93.8% specificity 
for unenhanced MRI, 93.6% and 94.3% for contrast-
enhanced MRI, and 93.6% and 94.3% for CT scanning, 
respectively. 

The cost and availability of MRI often prevent its use 
as the initial imaging investigation in the cases of sus-
pected acute appendicitis.  

In females, a transvaginal examination can be done 
to rule out diseases of the female genitalia such as ovarian 
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Figure 1. Obese patient with suspected appendicitis. Figure 2. Adult patient with suspected acute appendicitis.
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torsion,26 symptomatic ovarian cysts, or an ectopic preg-
nancy27 and diagnosing appendicitis if a transabdominal 
ultrasound did not yield a definitive diagnosis. 

Acute appendicitis is the most common cause of an 
acute abdomen during pregnancy.3 Ultrasound is the mo-
dality of choice when it comes to pregnancy. In the first 
and second trimester of pregnancy ultrasound has a good 
diagnostic yield (see Figure 3); however, in the third tri-
mester, ultrasound is limited due to the changes of the 
anatomy in pregnant women at this stage of pregnancy.3 
This is due to the enlargement of the uterus displacing the 
appendix from the lower right quadrant to the upper right 
quadrant over the course of the pregnancy. 

 
Treatment 
In the diagnosis and treatment of acute appendicitis, 
there is increasing discussion of the possibility of non-
surgical treatment, of the optimal timing of surgery, 
and of the appropriate postoperative care.28 

According to the WSES, the Society of American Gas-
trointestinal Endoscopic Surgeons (SAGES), and the 
 European Association for Endoscopic Surgery (EAES), 
appendectomy is the treatment of choice for uncom -
plicated acute appendicitis in all age groups.28 Recently, 
many publications have documented the successful 
conservative treatment of uncomplicated appendicitis 
with antibiotics in children and adults. This approach 
was first proposed by Harrison in 1953, but is attracting 
increased attention.28 Current evidence is insufficient 
to enable the detection of any advantage for conserva-
tive treatment and surgery remains the treatment of 
choice for acute uncomplicated appendicitis. Moreover, 
surgery should not be delayed by more than 12 hours 
in children and adolescents, patients over age 65, or 
patients with comorbidities.29 

There is no standard evidence-based approach to the 
treatment of complicated acute appendicitis. In principle, 
it can either be treated with urgent surgery or managed 
conservatively (ie, with antibiotics alone or with the in-
terventional placement of drain). The morbidity and ef-
ficacy of conservative management are still debatable, ho-
wever, and further studies are needed to determine the 
best way to treat complicated appendicitis in consideration 
of the patient’s risk factors and clinical condition.30 
 
Complications 
The main concerning complication of acute appendic-
itis is perforation as this may lead to abscesses, perito-
nitis, bowel obstruction, sepsis, and even fertility prob-
lems in females. The rate of perforation in adults ranges 
from 17% to 32%.31 Perforation may lead to the ex-

tended use of antibiotics and more severe postoperative 
complications. The risk factors for perforation include 
age over 65, immune suppression or acquired immune 
deficit, and pregnancy. Perforation risk is directly asso-
ciated with the time from onset of diagnosis and sur-
gery.32 Demonstration of an appendicolith on an ultra-
sound is highly associated with perforation if not treated 
with early appendectomy.28 In the risk factor group of 
patients with high leukocyte counts, CRP values are 
correlated with the risk of gangrenous appendicitis. In 
pregnant women, appendectomy can be carried out 
safely in all three trimesters. Miscarriage is more com-
mon in complicated appendicitis (20%) than in un-
complicated appendicitis (1.5%).33 

 
Conclusion 
Appendicitis can present itself as acute or complicated 
acute. Diagnosis is based on imaging findings and clin-
ical presentation. Ultrasound is the first choice for the 
diagnosis of appendicitis but has the disadvantage of 
being dependent on the skills and experience of the op-
erator. When ultrasound is not conclusive, such as in 
patients having a high BMI, CT scan may be considered. 
In pregnant women, MRI should be performed if avail-
able. Treatment is currently based on surgical interven-
tion, although future research looks to focus on conser-
vative measures. To date, antibiotic treatment has 
demonstrated efficacy in the short term but recurrence 
is likely in the long term. Laparoscopy has surgical ad-
vances as it enables patients same-day discharge, fewer 
complications, shorter recovery times, and low cost. n 
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Figure 3. Pregnant patient with suspected appendicitis.
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