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Diagnosis and Management of Acute Appendicitis in Adults
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IMPORTANCE Acute appendicitis is the most common abdominal surgical emergency in the
world, with an annual incidence of 96.5 to 100 cases per 100 000 adults.

OBSERVATIONS The clinical diagnosis of acute appendicitis is based on history and physical,
laboratory evaluation, and imaging. Classic symptoms of appendicitis include vague
periumbilical pain, anorexia/nausea/intermittent vomiting, migration of pain to the right
lower quadrant, and low-grade fever. The diagnosis of acute appendicitis is made in
approximately 90% of patients presenting with these symptoms. Laparoscopic
appendectomy remains the most common treatment. However, increasing evidence
suggests that broad-spectrum antibiotics, such as piperacillin-tazobactam monotherapy or
combination therapy with either cephalosporins or fluroguinolones with metronidazole,
successfully treats uncomplicated acute appendicitis in approximately 70% of patients.
Specific imaging findings on computed tomography (CT), such as appendiceal dilatation
(appendiceal diameter =7 mm), or presence of appendicoliths, defined as the
conglomeration of feces in the appendiceal lumen, identify patients for whom an
antibiotics-first management strategy is more likely to fail. CT findings of appendicolith,
mass effect, and a dilated appendix greater than 13 mm are associated with higher risk of
treatment failure (=40%) of an antibiotics-first approach. Therefore, surgical management
should be recommended in patients with CT findings of appendicolith, mass effect,

or a dilated appendix who are fit for surgery, defined as having relatively low risk of
adverse outcomes or postoperative mortality and morbidity. In patients without

high-risk CT findings, either appendectomy or antibiotics can be considered as first-line
therapy. In unfit patients without these high-risk CT findings, the antibiotics-first approach is
recommended, and surgery may be considered if antibiotic treatment fails. In unfit patients
with high-risk CT findings, perioperative risk assessment as well as patient preferences
should be considered.

CONCLUSIONS AND RELEVANCE Acute appendicitis affects 96.5 to 100 people per 100 000
adults per year worldwide. Appendectomy remains first-line therapy for acute appendicitis,
but treatment with antibiotics rather than surgery is appropriate in selected patients with
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ppendicitis is defined as inflammation of the vermiform
appendix and worldwide is the most common reason
for emergency abdominal surgery. Globally, the annual
incidence is 96.5 to 100 cases per 100 000 adult population.’?
The diagnosis of acute appendicitis is based on history and physi-
cal, laboratory evaluation, and imaging. With these diagnostic
methods, early and accurate diagnosis of acute appendicitis
can be typically achieved in an estimated more than 90% of
patients, including in premenopausal women, for whom gyneco-
logic pathologies can mimic appendicitis, and in older patients,
for whom appendicitis can present with nonclassical clinical
features (ie, generalized instead of localized abdominal pain, lack
of leukocytosis).*
Open appendectomy has been standard treatment for appen-
dicitis since 1735.% Over the past 40 years, laparoscopy gradually
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became the routine surgical treatment. Compared with an open ap-
proach, laparoscopic appendectomy is associated with less post-
operative pain and faster recovery, earlier hospital discharge, and
faster return to normal state of health.®® Recent clinical trials have
suggested that it is feasible and effective to treat acute uncompli-
cated appendicitis nonoperatively with antibiotics alone.> This
review summarizes current evidence regarding diagnosis and man-
agement of acute appendicitis in adults.

. |
Discussions and Observations

Methods
The MEDLINE/PubMed, Scopus, Cochrane, and EMBASE data-
bases were searched for English-language studies on the diagnosis
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Diagnosis and Management of Acute Appendicitis

Figure 1. Pathophysiology of Acute Appendicitis
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and management of adult acute appendicitis published from
January 2003 to October 2021. The search strategy used a simple
algorithm (appendicitis AND adult). This strategy revealed 5728
articles eligible for further evaluation. In addition, a manual search
was performed by searching through the references of the
included articles, relevant reviews, and articles in PubMed to avoid
missing any important data. Exclusion criteria included any study
without full-text availability, non-peer-reviewed publications
(theses, book chapters, conference posters), animal studies, stud-
ies without extractable data and duplicate or overlapping data sets.
Last, we excluded case reports and small case series (<50 patients).
Studies of the diagnosis and management of acute appendicitis in
children were also excluded.

Atotal of 71articles were included in this manuscript, including
11 clinical trials, 30 observational longitudinal studies, 10 system-
aticreviews, 9 meta-analyses, and 11 practice guidelines relevant to
a general medical audience.

Pathogenesis

Appendiceal outlet obstruction has been proposed as the primary
factor that initiates appendicitis.'®"” Appendiceal outlet obstruc-
tion may be caused by appendicoliths, defined as the conglomera-
tion of feces in the appendiceal lumen, calculi, lymphoid hyperpla-
sia, infection, and benign or malignant tumors. In young adults,
lymphoid follicular hyperplasia due to infection is thought to be the
main cause of acute appendicitis, whereas in elderly patients, lumi-
nal obstruction by appendicolith or mass is more likely.

Acute appendicitis begins with inflammation of the appendi-
ceal wall that is followed by localized ischemia, perforation, and the
development of a contained abscess or generalized peritonitis
(Figure 1). The obstruction of the appendiceal lumen leads to in-
creased luminal and intramural pressure, resulting in thrombosis of
small vessels in the appendiceal wall and lymphatic flow stasis.
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As lymphatic and vascular compromise progress, the wall of the ap-
pendix becomes ischemic and eventually necrotic. In the presence
of ischemia, antibiotics may be unable to effectively inhibit the in-
flammatory and infectious processes, which may explain why some
patients with acute uncomplicated appendicitis do notimprove with
use of antibiotics. It may also explain why antibiotics-first manage-
ment is more likely to fail in patients with appendicoliths that ob-
struct the appendiceal lumen and create a closed-space infection.
As the appendix becomes dilated and congested, the T8-T10 vis-
ceral afferent nerves are stimulated, leading to vague periumbilical
abdominal pain.' Irritation of the surrounding parietal peritoneum
stimulates somatic nerves, whichis clinically manifest as right lower
quadrant pain.’®

The most common bacterial phyla associated with acute ap-
pendicitis are Firmicutes (=37%), Proteobacteria (=24%), Bacteroi-
detes (=18%), and Actinobacteria (16%).2° Aerobic organisms pre-
dominate in early appendicitis, while mixed infection is more
commonin late appendicitis.?’ Common organismsinvolved in gan-
grenous and perforated appendicitis include Escherichia coli,
Peptostreptococcus, Bacteroides fragilis, and Pseudomonas species.??

Epidemiology

Acute appendicitis is most frequent during the second and third de-
cades of life, whereas children 9 years or younger have the lowest
incidence.2*>2* Appendicitis is more common among men (male-
female ratio, 1.4:1), who have a lifetime incidence of 8.6% com-
pared with 6.7% for women.?32* People with a higher income
($44 691 vs $30 027) and education (college-educated vs non-
college-educated patients) have a lower incidence of acute
appendicitis.>* The incidence of perforated appendicitis has been
increasing despite a decline in the overall incidence of acute
appendicitis.> Men are more likely to have perforated appendicitis
than women (31vs 25 per 100 000 person-years).2*
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Table 1. Clinical Symptoms and Signs for the Diagnosis of Acute Appendicitis

%

Sensitivity Specificity Other considerations
Symptoms26-31
Fever? 60-75 65-75 Nonspecific symptom. Usually

low-grade

Right lower quadrant abdominal 80-90 40-60 The single most important symptom,
pain present in >90% of patients
Nausea 58-68 40-50 Frequency of 80%-90%
Emesis 50-60 45-69 Frequency 75%
Onset of pain before vomiting 90-100 55-70 Frequency >90%
Anorexia 80-90 55-70 Frequency of 90%
Migrating abdominal pain 55-75 70-90 Frequency of 50%
Signs319.29.30.32-36
McBurney sign (tenderness at the 50-94 75-86 The single most important sign
point one-third of the distance
from the right anterior superior
iliac spine to the umbilicus)
Rovsing sign (pain in the right 22-68 58-96 Absence of these signs does not
lower quadrant with palpation exclude appendicitis
of the left lower quadrant)
Psoas sign (right lower quadrant 13-42 79-97 Positive sign associated with
abdominal pain with passive right appendix located behind the
hip extension) peritoneum and cecum
Obturator sign (right lower 5-15 90-95 Positive sign associated with
quadrant abdominal pain with extension of appendix into pelvis
flexion of the right hip and knee,
followed by internal rotation of the
right hip)
Guarding (reflex contraction or 39-74 57-84 Positive sign associated with
spasm of the abdominal muscles localized peritoneal inflammation
on palpation)
Rebound tenderness (pain on 55-70 65-80 Positive sign associated with
removal of pressure rather than peritonitis
application of pressure to the
abdomen)
Rigidity (involuntary tightening 20-30 80-90 Positive sign associated with

of the abdominal musculature)

intra-abdominal infection 2 Both symptom and sign

Clinical Presentation
History and physical examination are the initial steps in diagnos-
ing acute appendicitis (Table 1). Classically, abdominal pain is the
first symptom of appendicitis and typically presents in the peri-
umbilical region. Approximately 50% to 60% of patients with
appendicitis who present with periumbilical pain report migration
of the pain to the right lower quadrant within 24 hours.3'8-26:37
Approximately 80% to 85% of patients report anorexia after the
onset of abdominal pain and 40% to 60% report nausea with or
without emesis.?” Common signs include fever, McBurney sign
(tenderness at the point one-third of the distance from the right
anterior superior iliac spine to the umbilicus [sensitivity, 50%-
94%; specificity, 75%-86%]).22>2 Rovsing sign (pain in the right
lower quadrant with palpation of the left lower quadrant [sensi-
tivity, 22%-68%; specificity, 58%-96%]1),2>” psoas sign (right
lower quadrant abdominal pain with passive right hip extension
[sensitivity, 13%-42%; specificity, 79%-97%]).>* and obturator
sign (right lower quadrant pain with flexion of the right hip and
knee, followed by internal rotation of the right hip [sensitivity,
8%: specificity, 94%]).26-2°

Laboratory evaluation of patients with suspected appendicitis
should include acomplete blood cell count with differential.>1925-36
A mild leukocytosis (white blood cell count >10 000/pL) is pre-
sent in 67% to 90% of patients with acute appendicitis, and
approximately 80% have a left shift in the differential.>® The sen-
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sitivity and specificity of an elevated white blood cell count in
acute appendicitis are approximately 70% to 80% and 55% to
65%. respectively.383° Evaluation for alternative diagnoses can
include urine analysis (to rule out urinary tract infection) and pel-
vic examination with urine B-human chorionic gonadotropin level
(to rule out uterine or ectopic pregnancy).>*’

Assessment and Diagnosis

Appendicitis is classified as uncomplicated or complicated.
Uncomplicated appendicitis is defined by acute appendicitis
without clinical or radiographic signs of perforation (inflammatory
mass, phlegmon, or abscess). Complicated appendicitis is de-
fined by appendiceal rupture with subsequent abscess or phleg-
mon formation. Rates of complicated appendicitis are higher
among men and older people.*® Symptom duration more than
24 hours is a risk factor for perforation; however, the time
course of progression of appendicitis to necrosis and perforation
varies. Perforation can develop in less than 24 hours after
symptom onset and should always be part of the differential diag-
nosis. In cases of diagnostic uncertainty, imaging should be per-
formed. For young women of reproductive age with suspected
appendicitis, the most common misdiagnoses include pelvic
inflammatory disease, gastroenteritis, abdominal pain of
unknown origin, urinary tract infection, ruptured ovarian follicle,
and ectopic pregnancy.

JAMA December 14,2021 Volume 326, Number 22

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ by a Shanghai Jiaotong University User on 12/23/2021

2301


http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2021.20502

2302

Clinical Review & Education Review

The most common modalities for imaging are ultrasound and
computed tomography (CT). In the US, in patients with suspected
appendicitis, CT is the first line imaging modality in most centers
because of its widespread availability and acceptance by sur-
geons, standardized technique, rapid acquisition, and ability to
identify alternative diagnoses. The American College of Radiology
recommends CT as the study of choice for adults presenting
with right lower quadrant pain with suspected appendicitis*'+2
because it is highly sensitive (91% [95% Cl, 84%-95%]) and
specific (90% [95% Cl, 85%-94%]) for the diagnosis of acute
appendicitis and has superior diagnostic accuracy compared with
ultrasound (sensitivity, 78% [95% Cl, 67%-86%]; specificity,
83% [95% Cl, 76%-88%]1).*>** In a meta-analysis of 671 pa-
tients with suspected appendicitis, CT was associated with a
sensitivity of 96% and specificity of 94% for the diagnosis of
acute appendicitis.*® Intravenous contrast administration is rec-
ommended because it improves examination accuracy, particu-
larly in patients with appendiceal perforation or abscess forma-
tion, and facilitates detection of alternative disease processes.
Noncontrast CT is an acceptable alternative, however, if intrave-
nous contrast is contraindicated because of the relatively high
diagnostic accuracy of CT without contrast.#®4” The routine
administration of oral contrast is not necessary in the setting of
suspected acute appendicitis.*®

In addition to the high diagnostic accuracy, CT is a cost-
effective tool in guiding management because its application in
patients with suspected appendicitis leads to fewer negative
appendectomies (defined as operations performed for suspected
appendicitis in which the appendix is found to be normal on histo-
logic evaluation), avoidance of unnecessary hospital admissions,
and prompt identification of alterative disease processes.*>°° A
limitation of CT is exposure to ionizing radiation. Thus, discussion
between physician and patient should take place about the risks
and benefits of CT after taking into consideration the individual
patient characteristics including age, potential for alternative
diagnoses, and pregnancy. However, improvements in imaging
technology over the last decade have reduced the radiation dose
per scan,” without decreasing diagnostic accuracy.>?

Ultrasound s also commonly used in the assessment of appen-
dicitis because of its widespread availability, portability, and lack of
ionizing radiation. According to the European Association for En-
doscopic Surgery (EAES), ultrasound is the first modality recom-
mended for patients with suspected appendicitis, although it is ac-
knowledged that a negative ultrasound or nonvisualization of the
appendix does not exclude acute appendicitis.>> Since the EAES ac-
knowledges the decreased accuracy of ultrasound in patients with
obesity, it recommends CT scanning as the second-line diagnostic
imaging method that can be used when ultrasound findings are
equivocal.3® Ultrasound is particularly well-suited for pediatric pa-
tients and pregnant women, given its accuracy and lack of ionizing
radiation exposure.>>354

A principal disadvantage of ultrasound is the potential for
nonvisualization of the appendix, which can be due to a large
body habitus, pregnancy, overlying bowel loops, an atypical
appendix location, and sonographer experience. More specifi-
cally, a retrospective analysis of 705 patients with acute appendi-
citis showed that 42% of patients with body mass index greater
than or equal to 25 (calculated as weight in kilograms divided by
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height in meters squared) had nondiagnostic ultrasound examina-
tions, compared with 6% in patients with a body mass index less
than 25 (P < .001).%° Similarly, older age is also found to be associ-
ated with nondiagnostic ultrasound.>® In most settings, nonvisu-
alization of the appendix should be considered a nondiagnostic
examination and further clinical follow-up or repeat imaging with
CT should be arranged.

At most institutions, magnetic resonance imaging (MRI) plays
alimited role inthe diagnosis of patients with possible acute appen-
dicitis because of its higher costs, limited availability, and lower ex-
perience using MRI to diagnose possible appendicitis, compared with
CT. MRI may be used when there is a concern about ionizing radia-
tion, most commonly in pregnant women and children®”->8
(Table 2)'3.42,44,46-48.51,53,54,56-64

Findings of acute uncomplicated appendicitis on CT include di-
lated appendix (=7 mm); appendiceal wall thickening, hyper-
enhancement, or both; and inflammatory stranding of the periap-
pendiceal fat tissue. Since the pathophysiology of acute appendicitis
is characterized by appendiceal luminal obstruction and inflamma-
tion, in the absence of inflammatory changes the presence of gas
within the appendiceal lumen generally suggests patency with the
cecum and excludes acute appendicitis. CT findings of acute com-
plicated appendicitis include extraluminal appendicoliths, abscess
formation, appendiceal wall defect, extraluminal gas, ileus, periap-
pendiceal or free intraperitoneal fluid, and severe periappendiceal
inflammation or phlegmon.

Appendicoliths are incidentally discovered by CT in approxi-
mately 4% of asymptomatic patients.>® However, approximately
40% of patients with acute appendicitis have appendicoliths
identified by CT.>° Ranieri et al°® showed that in 248 patients
with acute appendicitis, the presence of appendicoliths was asso-
ciated with more extensive or severe inflammation and an
increased (38.7% vs 4.4%) risk of perforation (P < .05 for both).
In a single-center study of 94 patients with surgically proven
appendicitis, Horrow et al®9:®° reported that the presence of
appendiceal wall defect, severe inflammation or phlegmon, fluid
collection, extraluminal gas, or extraluminal appendicoliths were
highly specific for appendiceal rupture (specificities were 100%
for all findings with the exception of phlegmon, for which speci-
ficity was 95%), but these findings lacked sensitivity (36% for
appendiceal wall defect, 46% for severe inflammation or phleg-
mon, 36% for fluid collection, 21% for extraluminal gas, and 64%
for extraluminal appendicoliths). In a meta-analysis of 4427
patients, extraluminal appendicoliths, abscess, extraluminal gas,
and appendiceal wall defects were specific (70%-100%) for the
diagnosis of complicated appendicitis, although relatively insensi-
tive (14%-59%).8" Conversely, the presence of severe periappen-
diceal inflammation was sensitive (86%-98%) but not specific
(23%-60%) for perforation.®®

Management of Acute Appendicitis

Surgical Management

Appendectomy is a definitive treatment of acute appendicitis
because the whole vermiform appendix is resected during the
operation. In 1980, the first case of successful laparoscopic treat-
ment of appendicitis was described.®” Since then, laparoscopic
appendectomy has emerged as the preferred surgical approach.
Laparoscopy allows direct visualization of the abdominal cavity,
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Table 2. Performance of Imaging Modalities in the Evaluation of a Patient With Possible Acute Appendicitis

:«‘Toadgalntgy CT3,42,44,46-48,51,56,57,59—63 MRI3,42,44,48,51,56,57,59,62 Ultrasound3,42,44,53,54,56-58,62,64
Sensitivity 0.96 (0.95-0.97) 0.95 (0.88-0.98) 0.85(0.79-0.90)

Specificity 0.96 (0.93-0.97) 0.92 (0.87-0.95) 0.90 (0.83-0.95)

Advantages « High diagnostic accuracy ¢ No ionizing radiation * No ionizing radiation

¢ Lowest rates of
indeterminate
examinations
(80%-90% of normal
appendix visualized)

« Associated with decrease
in the number of
unnecessary surgical
appendectomies

« lonizing radiation exposure

e Intravenous iodinated
contrast needed for optimum
diagnostic performance

 High diagnostic accuracy

¢ Moderate rates of
nondiagnostic
examinations (20%-30%
normal appendices
not visualized)

* Appropriate for pregnant
patients when CT
is contraindicated

« Limited availability
¢ Longer scanning time

Disadvantages

Abnormal appendix
identified or calcified
appendicolith seen
in association with
periappendiceal
inflammation

or diameter >7 mm

Inflamed appendix

has a caliber >7 mm

and a thickened wall
that appears hypointense
on T1-weighted images
and hyperintense

on T2-weighted images;
periappendiceal fat
inflammation has

a hyperintense signal
on T2-weighted images,
a finding consistent
with edema

Diagnostic
criteria

* Easy to use, portable
* Appropriate for pediatric
and pregnant patients

* Lower diagnostic accuracy
than CT or MRI

e Patient- and operator-dependent
variability in diagnostic
performance

* High rates of indeterminate
examinations (>50% of normal
appendices not visualized)

Aperistaltic and noncompressible
structure with diameter >7 mm

Abbreviations: CT, computed
tomography; MRI, magnetic
resonance imaging.

thereby confirming or excluding the diagnosis of appendicitis in
patients with equivocal presentations and reducing rates of
unnecessary appendectomy.3© A retrospective study of 198
patients with acute appendicitis showed that, compared with
open appendectomy (n = 105), laparoscopy (n = 93) was the pre-
ferred treatment for appendicitis because of shorter hospitaliza-
tion (2.6 vs 3.4 days, P < .01), earlier return to routine activity
(14 vs 21 days, P < .02), shorter duration of parenteral analgesia
(1.6 vs 2.2 days, P < .01),%8 and lower rates of surgical site infec-
tion (48%-70% decrease, P < .01).%%® The Society of American
Gastrointestinal and Endoscopic Surgeons recommends laparo-
scopic appendectomy as the treatment of choice in adult patients
with acute uncomplicated appendicitis and in suspected appendi-
citis in pregnant women.®°

Standard care for patients undergoing surgery for acute appen-
dicitis includes preoperative receipt of a single dose of intravenous
broad-spectrum antibiotics (a single dose of cefoxitin or cefotetan,
or the combination of cefazolin plus metronidazole),”® since this
strategy reduced the risk of wound infection associated with
appendectomy.’® Postoperative antibiotics are not necessary.”’
However, in patients with appendicitis scheduled for appendec-
tomy and anticipated delayed surgical management, broad-
spectrum intravenous antibiotics can be started as soon as pos-
sible, often in the emergency department.

Antibiotics Alone for Treating Acute Appendicitis

Several randomized trials as well as systematic reviews suggested
that approximately 60% of adult patients with acute uncompli-
cated appendicitis can be treated successfully with antibiotics. % 1>727>
Theemerging datasupportingthe role of an antibiotics-first approach
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in acute uncomplicated appendicitis were included in the guide-
lines from American Association for the Surgery of Trauma,”® the
World Society of Emergency Surgery,®? and the Eastern Associa-
tion for the Surgery of Trauma.””

For patients with acute uncomplicated appendicitis, em-
pirical broad-spectrum antibiotic coverage, including intrave-
nous ertapenem monotherapy or inpatient treatment with
intravenous cephalosporin plus metronidazole that can be
transitioned to outpatient treatment with oral fluoroquinolones
plus metronidazole, are commonly used.”® For patients with
complicated appendicitis, source control with percutaneous
drainage and empirical broad-spectrum therapy with activity
against gram-negative rods and anaerobic organisms are recom-
mended. The antibiotic therapies most commonly prescribed
are ertapenem or piperacillin-tazobactam monotherapy or
combined therapy with either cephalosporins or fluroquinolones
with metronidazole.”® The selection of the antibiotic cover-
age is empirical, based on the expected microorganisms involved
in the pathogenesis of acute appendicitis as well as the severity of
intra-abdominal infection, the presence of risk factors for antibi-
otic resistance, and/or history of treatment failure of specific anti-
biotics for prior infections. Other factors affecting the selection
of antibiotics include recent travel to areas with high rates of
antibiotic-resistant organisms, known colonization with such
organisms, advanced age, immunocompromising conditions,
or other major medical comorbidities. Both complicated and
uncomplicated appendicitis are considered mild to moderate
community-acquired intra-abdominal infections in patients with-
out risk factors for antibiotic resistance or treatment failure.
Therefore, for most patients, antibiotics that cover streptococci,
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nonresistant Enterobacteriaceae, and anaerobes are usually
adequate. In patients at high risk for adverse outcomes or resis-
tance, broader empirical coverage including Pseudomonas aerugi-
nosa and Enterobacteriaceae is required.”®

The duration of antibiotic therapy depends on the disease sta-
tus. In patients with uncomplicated appendicitis treated nonopera-
tively, the recommended duration of antibiotics is 10 days.2° In pa-
tients with complicated appendicitis, where source control of the
intra-abdominal infection has been achieved, 4 days of antibiotics
are adequate.®82

In most clinical trials that compare an antibiotics-first ap-
proach with a surgical approach, the diagnosis of acute uncompli-
cated appendicitis was established with imaging, primarily ultra-
sound and CT.%%57275 |n most studies, the primary end point was
treatment failure at 1-year follow-up, defined as recurrence of symp-
toms during the 1-year period. In the antibiotics-first group, the re-
currence rate varied from 15% to 41%.%">727> The recurrence of
symptoms after appendectomy was not evaluated in these trials be-
cause recurrent appendicitis rarely occurs after surgical appendec-
tomy (approximately 1in 50 000 appendectomies). Recurrent ap-
pendicitis is typically caused by inflammation of the appendiceal
stump in patients who inadvertently have only a portion of their ap-
pendix removed or by inflammation of a retained appendiceal tip,
which is aunique entity that can also cause recurrent appendicitis.®3

Most trials excluded patients with acute appendicitis in the set-
ting of appendicoliths because these patients were considered to
have complicated presentations of acute appendicitis.’®">84 The
trials that included patients with appendicoliths showed that pres-
ence of appendicoliths was an important risk factor for treatment
failure in the antibiotics-first group.'>727#

Early treatment failure of the antibiotics-first approach, de-
fined as clinical deterioration or lack of clinical improvement within
24 to 72 hours, occurred in approximately 8% to 12% of
patients.'*7374 The only trial that evaluated the long-term out-
comes (ie, beyond 1 year of follow-up) of an antibiotics-first ap-
proach in patients with acute uncomplicated appendicitis was the
Appendicitis Acuta (APPAC) randomized clinical trial'® that com-
pared open appendectomy with an antibiotics-first approach (in-
travenous ertapenem, 1g/d for 3 days, followed by 7 days of oral le-
vofloxacin, 500 mgonce daily, and metronidazole, 500 mg 3 times
perday)in 530 patients with CT-confirmed acute uncomplicated ap-
pendicitis. The trial showed a 5-year recurrence rate of acute ap-
pendicitis of 391% (95% Cl, 33.1%-45.3%) in patientsinitially treated
with antibiotics alone. Most trials concluded that there was no dif-
ference in length of hospital stay or number of missed workdays be-
tween the 2 treatment groups.>>7275

Many trials showed that the incidence of major complica-
tions, including reoperation, wound infection, incisional hernias,
and small bowel obstruction were 2- to 4-fold higher in the
appendectomy group compared with the antibiotics-first group.
For example, in a randomized trial of 369 participants with 1-year
follow-up, Hansson et al”® reported complication rates of 10% for
the appendectomy group vs 2.5% for the antibiotics-first group
(P < .05). In a randomized trial of 530 participants with acute
appendicitis, Salminen et al'®" reported complication rates of
20.5% vs 2.8% at 1year and 24.4% vs 6.5% at 5 years (P < .001);
in a randomized trial of 318 participants with 1-year follow-up,
Podda et al'® reported complication rates of 13% vs 4.3%
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(P =.03). Only the CODA Collaborative clinical trial of 1552
patients with acute uncomplicated appendicitis showed that
major complications, including the combined outcomes of soft
tissue infection and sepsis, were more common in the antibiotics
group than in the appendectomy group (8.1% vs 3.5% [95% ClI,
1.30%-3.98%]).7? In that trial, the higher rate of complications in
the antibiotics group occurred in patients with an appendicolith
(20.2% vs 3.6% [95% Cl, 2.11%-15.38%]; P < .05).”> Most of these
complications (>90%) were classified as wound complications
including wound infection. The 30-day overall (both major and
minor) complication rate in all trials varied from 0% to 16.2%
after appendectomy compared with complication rates of 0% to
26.3% in patients treated with antibiotics alone.'0113146785 |n 3
meta-analysis of 2551 patients with acute appendicitis, the cumu-
lative complication rate in the appendectomy group was 8.8%, vs
6.9% in the antibiotics group.® Most trials reported a low (<1%)
incidence of adverse events in the patients treated with an
antibiotics-first approach (eg, allergic reactions, Clostridium
difficile infection).®1>727>

The optimal antibiotic regimen for acute appendicitis is not
well-established. The APPAC Il open-label, noninferiority random-
ized trial conducted in 599 adult patients with acute uncompli-
cated appendicitis showed that treatment with 7 days of oral moxi-
floxacin compared with 2 days of intravenous ertapenem followed
by 5 days of levofloxacin and metronidazole resulted in treatment
success rates of 70.2% (1-sided 95% Cl, 65.8% to «) for patients
treated with oral antibiotics and 73.8% (1-sided 95% Cl, 69.5% to
oo) for patients treated with intravenous followed by oral antibiot-
ics. However, the trial did not meet prespecified criteria for nonin-
feriority. The difference between the treatments was -3.6%
(1-sided 95% Cl, -9.7% to ; P = .26 for noninferiority)®* (Table 3).

Few studies have investigated whether stratifying patients by
CT findings can identify patients who are more likely to have suc-
cessful outcomes with an antibiotics-first approach. In a retrospec-
tive study of 81 patients who underwent nonoperative manage-
ment of acute uncomplicated appendicitis, an appendiceal
diameter of 13 mm or greater was associated with a higher likeli-
hood of treatment failure with antibiotics alone in a logistic regres-
sion model that adjusted for demographics, comorbidities, admis-
sion vital signs, and admission laboratory values (odds ratio, 17.55
[95% Cl, 1.30-237.28]).87 The mean appendix diameters were
9.0 mm vs 10.5 mm, respectively, in patients with successful vs
unsuccessful nonoperative management.®” In a randomized trial of
1552 patients with acute uncomplicated appendicitis randomized
to surgery vs antibiotics, patients with an appendicolith (n = 419)
were less likely to respond to antibiotics alone, had higher rates of
appendectomy (41% vs 25%, P < .05), and were more likely to
experience complications such as surgical site and intra-abdominal
infections (20.2% vs 3.5%, P < .05) than the 1133 patients without
an appendicolith.”? Evidence from a cross-sectional study of 321
patients with appendicoliths identified on CT determined the char-
acteristics of appendicoliths that are associated with acute appen-
dicitis. Multiple appendicoliths (62% with appendicitis vs 38% with
no appendicitis, P = .02) or appendicoliths larger than 5 mm (69%
with appendicitis vs 13% with no appendicitis, P < .001) as well as
appendicoliths at the base of the appendix (33% with appendicitis
vs 15% with no appendicitis, P < .001) were independently associ-
ated with the presence of acute appendicitis.®®
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In patients with suspected appendicitis and find-
ings that are atypical for appendicitis, an antibiotic trial
or, in very mild cases, clinical observation alone is
appropriate. When there is no clinical improvement
after 24 to 48 hours, diagnostic laparoscopy can
be considered both a diagnostic and a therapeutic
tool, especially in young women.3® If symptoms
resolve with antibiotic therapy, appendectomy in 4 to
6 weeks should be discussed with the patient
(Figure 2).88 In patients with acute uncomplicated
appendicitis, physical examination, laboratory workup,
imaging, and the patient's clinical condition should

only 1 complication was recorded
(incisional hernia, grade Il1a)
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¢ 5.4% complication rate in

1 prolonged vomiting
« In the antibiotics-first group,

surgical group vs 4.3% in the
antibiotics group
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emergency or urgent operation, the preoperative
evaluation should assess the trade-off between the
procedure risk and preserving long-term health. In
healthy, young patients this assessment is usually
straightforward; however, in older patients with mul-
tiple comorbidities, assessment of operative risk can
be challenging because of their frailty, which is
defined as a lack of physiologic resilience and reserve
capacity (energy, physical ability, cognition, or health)
that gives rise to vulnerability to adverse events.®°

> QOL assessed with the use of the European Quality of Life-5 Dimensions (EQ-5D) questionnaire (scores range from

0-1, with higher scores indicating better health status; minimal clinically important difference, 0.05 points).&®
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health status; minimal clinically important difference, 0.05 points).5®
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Figure 2. Clinical Algorithm for the Diagnosis and Management of Acute Appendicitis

Diagnosis of acute appendicitis
History and physical examination - Initial steps to identify symptoms and signs of acute appendicitis?

Laboratory workup - Includes complete blood cell count with differential to identify leukocytosis or left shift in the differential

Diagnostic imaging - Computed tomography preferred because of high sensitivity and specificity and wide availability
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Observation and serial physical examinations (Consider alternative diagnosis)
+/- antibiotics

Symptom improvement
NO | YES

(Discharge home and follow-up)

confirmed

© ( Treat as warranted

(Consider alternative diagnosis)

Negative
findings

[COnsider diagnostic
Continue with appendectomy ’

laparoscopy
if confirmed appendicitis

(Classification and treatment for confirmed acute appendicitis

Uncomplicated acute appendicitis diagnosed

Patient is fit for surgery
* Healthy
* Minor or no comorbidities

Patient is unfit for surgery

* Multiple comorbidities

* Above-average risk for
postoperative morbidity

; ;

High-risk features present on computed tomography imaging

YES | NO : YES | NO

IS T D T

Appendectomy Appendectomy | : | Antibiotics Antibiotics
or t | or
Antibiotics? AppendectomyP-c

Complicated acute appendicitis diagnosed

Patient is unstable
« Sepsis or peritonitis

Patient is stable with localized symptoms
* No evidence of sepsis or peritonitis

v v

Drainable abscess present [l Phlegmon present [

[ Antibiotics and

(Antibiotics only ) ( Immediate surgery )
percutaneous drainage

Symptom improvement
YES | NO

} Appendectomy

Consider interval appendectomy
in 4-6 weeks

This algorithm has not been validated and has not been shown to improve

clinical outcomes.

2 See Table 1for more information on the clinical symptoms and signs for the
diagnosis of acute appendicitis.

b Consider after medical optimization and risk assessment.
¢ Informed consent based on patient preferences.

using the National Surgical Quality Improvement Program
(NSQIP) calculator (a surgical risk calculator that estimates the
chance of an unfavorable outcome [such as a complication or
death] after surgery®®) or a frailty index,®* as well as patient pref-
erences, should be considered. Current literature indicates a
30-day complication rate of 6.9% (0%-26.3%) after an
antibiotics-first approach for appendicitis. If the NSQIP-calculated
risk of complications for appendectomy in a frail patient is high,
an antibiotics-first approach may be prudent. If the calculated risk
is acceptable, medical optimization and laparoscopic appendec-
tomy should be considered.

In patients with perforation of the appendix and generalized
peritonitis, preoperative resuscitation and emergent surgical
exploration are required, since these patients are typically signifi-
cantly ill and may be hemodynamically unstable. In clinically
stable patients with perforated appendicitis who are not acutely
ill, the mainstay of treatment includes antibiotics with percutane-
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ous drainage of drainable abscesses. In a meta-analysis of 59 448
patients with complicated appendicitis, immediate surgery was
associated with higher complication rates compared with nonop-
erative management (35.6% [95% Cl, 26.9%-44.2%] vs 13.5%
[95% Cl, 8.8%-18.1%], P < .001).> Thus, in patients with appen-
diceal perforation that improves with antibiotics, reassessment
and appendectomy can be considered in 6 to 8 weeks. Prior to
appendectomy, patients older than 40 years should also undergo
colonoscopy to exclude a cecal mass as a cause of acute appendi-
citis. In patients with small abscesses (<3 cm) or patients who do
not improve with antibiotics, appendectomy should be consid-
ered (Figure 2).%°

Limitations

This review has several limitations. First, the review focused on
adult patients and cannot be generalized to children. Second,
the search was restricted to English-language publications.
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Third, high-quality data are lacking for some topics, including
the effects of treatment for acute appendicitis on quality of life

Review Clinical Review & Education

Conclusions

and how patient preferences can optimally be incorporated into

decision-making in the management of acute appendicitis. Fourth,
the proposed algorithms for the management of acute appendicitis
have not been validated in randomized clinical trials and may not

improve clinical outcomes.
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