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IMPORTANCE Acute appendicitis is the most common abdominal surgical emergency
worldwide and a leading cause of emergency hospital admissions and operations. Despite
its frequency, substantial variability persists in diagnosis and management across patient
populations and health care settings.

OBJECTIVE To provide updated, evidence-based recommendations for the diagnosis and
treatment of acute appendicitis in adults, children, pregnant women, older patients (aged
=65 years), immunocompromised individuals, and patients with obesity (body mass index
=30), developed by the World Society of Emergency Surgery (WSES) using the Grading of
Recommendations Assessment, Development, and Evaluation (GRADE) approach.

EVIDENCE REVIEW A systematic literature search was performed in MEDLINE, Embase,
Scopus, Web of Science, and the Cochrane Library to identify relevant studies published
until May 2025. Eligible designs included randomized clinical trials, observational studies,
systematic reviews, and meta-analyses. Risk of bias was assessed with design-appropriate
tools (RoB-2, ROBINS-I, QUADAS-2). Evidence profiles and evidence-to-decision frameworks
were generated for each of 19 key clinical questions. The certainty of evidence was rated as
high, moderate, low, or very low. Recommendations were classified as strong or conditional
(weak) according to GRADE.

FINDINGS Six key clinical domains were addressed across 19 questions. Thirty-five
recommendations were formulated. Key findings include: (1) clinical risk scores and imaging
improve diagnostic accuracy and reduce negative appendectomy rates; (2) nonoperative
management with antibiotics is safe and effective in selected patients with uncomplicated
appendicitis, with recommendations tailored for specific populations; (3) appendectomy for
uncomplicated appendicitis may be safely delayed within 24 hours without increased risk of
adverse outcomes; (4) laparoscopic appendectomy remains the standard surgical approach;
(5) postoperative antibiotic therapy should be limited to short courses (2-3 days) in
complicated disease; and (6) follow-up strategies are essential after nonoperative
management of complicated appendicitis with abscess to detect neoplasms.

CONCLUSIONS AND RELEVANCE The 2025 WSES Jerusalem Guidelines provide updated,
evidence-based recommendations for the diagnosis and treatment of acute appendicitis with
the aim to standardize practice, reduce unwarranted variability, and support safe, effective,
and patient-centered care across diverse populations and health care systems. Their
implementation should be adapted to local resources.
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ith an annual incidence of about 100 per 100 000

population, acute appendicitis is the most common ab-

dominal surgical emergency worldwide.™ Although
mortality is low in high-income countries, it remains relevant in re-
source-limited settings.>® Acute appendicitis is generally classified
as uncomplicated or complicated (Table 1).”"

The 2025 update of the World Society of Emergency Surgery
(WSES) Jerusalem Guidelines provides evidence-based recommen-
dations to support clinicians and health care systems in delivering
safe, effective, and standardized care for patients with acute ap-
pendicitis globally (Figure).

Table 1. Definitions

Definition
Uncomplicated
acute appendicitis

Complicated acute
appendicitis®

Explanation

Inflammation of the appendix with hyperemia
and/or phlegmon

Inflammation of the appendix with extended
gangrene/necrosis, perforation, abscess, or
diffuse peritonitis

2 Appendicolith is a known risk factor for perforation and for failure of
nonoperative management, but it is not a defining criterion for complicated
appendicitis, as its presence does not invariably indicate perforation, abscess,
or peritonitis.

2025 WSES Guidelines on Acute Appendicitis

Methods

This article is based on previously published studies and does not
contain any new studies with human participants or animals per-
formed by any of the authors. Ethical approval and informed con-
sent were therefore not required.

The guidelines were developed according to the AGREE Il
instrument.™ The project was conducted under the auspices of the
WSES, that nominated the guideline chairs (M.P.and F.C.). The panel
of experts’ group included 41 experts in the field of acute appendi-
citis from the WSES Board of Directors and authors of relevant stud-
ies in the field. A specialized evidence review team of 6 experts in
conducting literature search and systematic reviews (M.P., M.C., B.D.,
P.F.,F.P, A.B.) and 2 methodology supervisors (C.G. and E.A.) pro-
vided methodological oversight.

Research topics and key questions (KQs) were selected through
a structured prioritization process using a modified Delphi meth-
odology. Aninitial brainstorming phase identified 8 candidate top-
ics, evaluated by the expert panel in a first Delphi round using a
5-point Likert scale. A 70% agreement threshold, defined as 70%
of scores or more being 4 or 5, was required for inclusion. Six topics

Figure. Diagnosis and Treatment of Acute Appendicitis: The 2025 Edition of the World Society of Emergency Surgery (WSES) Jerusalem Guidelines
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Rectangles indicate diagnostic or therapeutic steps, whereas diamonds
represent decision nodes based on clinical risk stratification or imaging findings.
Orange rectangles identify patients who exit the algorithm because acute
appendicitis is considered unlikely and an alternative diagnosis should be
pursued. Dashed outlines denote optional, conditional, or context-dependent
pathways, where management should be individualized according to
patient-specific factors (age, sex, pregnancy status, body mass index,

comorbidities) and shared decision-making. AAS indicates Adult Appendicitis
Score; AIR, Appendicitis Inflammatory Response score; CT, computed
tomography; MRI, magnetic resonance imaging; NOM, nonoperative
management; PAS, Pediatric Appendicitis Score; US, ultrasound.
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reached consensus. Within these domains, candidate questions that
were population, intervention, comparison, and outcome (PICO) for-
mulated were refined across 3 additional Delphi rounds, during which
panelists assessed clinical relevance, feasibility, and applicability.
Nineteen PICO-compliant KQs were identified. Outcomes were pri-
oritized according to theirimportance for decision-making using the
Grading of Recommendations Assessment, Development, and Evalu-
ation (GRADE) approach.™

A systematic literature search was performed in MEDLINE,
Embase, Scopus, Web of Science, and the Cochrane Library. The
systematic literature search was first performed in January 2025
and subsequently updated in May 2025. The GRADE methodology
was applied to assess the certainty of evidence and the strength
of recommendations.'*"® The certainty of evidence was rated as
high, moderate, low, or very low, considering the risk of bias, impre-
cision, inconsistency, indirectness, and publication bias. Recom-
mendations were classified as strong or conditional based on the
GRADE domains. Draft recommendations and their evidence-to-
decision frameworks were discussed in structured online consen-
sus meetings and refined through iterative rounds until full agree-
ment was achieved (Table 2 and Table 3).

. |
Recommendations

Supplementary material for each recommendationincludes the com-
plete evidence synthesis, evidence profiles, and evidence-to-
decision frameworks developed according to the GRADE approach
(eAppendixes 1-19 in the Supplement).

Topic 1: Diagnosis

KQ1

In patients with painin the right iliac fossa and suspected acute ap-
pendicitis, is the use of risk stratification scores based on clinical find-
ings and laboratory tests (no imaging) for guiding the diagnostic
workup preferable to traditional clinical, laboratory, and imaging
investigations, in terms of diagnostic accuracy?

Recommendation 1| We suggest using risk stratification scores based
on clinical findings and laboratory tests (Appendicitis Inflamma-
tory Response [AIR] score, Adult Appendicitis Score [AAS], and Pe-
diatric Appendicitis Score [PS]) to guide the initial diagnostic workup
in patients with right iliac fossa pain to rule out acute appendicitis
(low-risk patients) and identify intermediate-risk patients who need
imaging for diagnosis or active observation. In unclear presenta-
tions, computed tomography (CT) imaging remains the diagnostic
standard because of its higher sensitivity. Strength of recommenda-
tion: Conditional (weak). Certainty of evidence: Moderate.

KQ2

In patients with painin the right iliac fossa and suspected acute ap-
pendicitis, is the use of risk stratification scores based on clinical find-
ings and laboratory tests (no imaging) preferable to traditional clini-
cal, laboratory, and imaging investigations, in identifying low
suspicion of appendicitis?

Recommendation 2 | We suggest using risk stratification scores based
onclinicaland laboratory findings (AIR score, AAS, and PAS) toiden-
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tify patients at low probability for acute appendicitis and to guide
the need for furtherimaging or observation. Strength of recommen-
dation: Conditional (weak). Certainty of evidence: Low.

KQ3

In patients with pain in the right iliac fossa and suspected acute
appendicitis needing imaging diagnostics, is CT scan preferable to
ultrasound scan (US) in terms of diagnostic accuracy?

Recommendation 3.1 | We suggest using risk stratification scores
based on clinical and laboratory findings (AIR score, AAS) com-
bined with US as an alternative to low-radiation-dose protocol CT
as theinitial diagnostic workup for adults with suspected acute ap-
pendicitis (based on risk stratification scores) in settings where CT
is not readily available or when minimizing radiation exposure is a
priority. Where available, low-dose CT (protocol <2-3 mSv) should
be considered the preferred imaging modality. Strength of recom-
mendation: Conditional (weak). Certainty of evidence: Moderate.

Recommendation 3.2 | We suggest using US as the first-line imaging
test for children and adolescents with suspected acute appendici-
tis, reserving low-radiation-dose CT for cases in which US is nondi-
agnostic or clinical suspicion remains high. Strength of recommen-
dation: Conditional (weak). Certainty of evidence: Moderate.

Recommendation 3.3 | We suggest using CT, preferably a low-
radiation-dose protocol, rather than US as the primary imaging test
for adults with obesity who present with suspected acute appen-
dicitis. Strength of recommendation: Conditional (weak). Certainty
of evidence: Low.

Recommendation 3.4 | We suggest using CT, preferably a low-
radiation-dose protocol, rather than US as the primary imaging test
in older patients with suspected acute appendicitis. Strength of rec-
ommendation: Conditional (Weak). Certainty of evidence: Very low.

KQ4

In pregnant patients with pain in the right iliac fossa and suspected
acute appendicitis needingimaging diagnostics, is magnetic resonance
imaging (MRI) scan preferable to US in terms of diagnostic accuracy?

Recommendation 4 | We suggest obtaining MRI in pregnant pa-
tients whenever the initial US finding is negative or inconclusive and
clinical suspicion of appendicitis persists. Strength of recommenda-
tion: Conditional (weak). Certainty of evidence: Moderate.

Topic 2: Nonoperative Management

of Uncomplicated Acute Appendicitis

KQ5

In patients with uncomplicated acute appendicitis, is nonoperative
treatment with antibiotics preferable to laparoscopic appendec-
tomy in terms of which outcomes?

Recommendation 5.1 | We suggest the use of antibiotics as an alter-
native to appendectomy for the treatment of uncomplicated ap-
pendicitis in adult patients, provided there is appropriate clinical
monitoring and shared decision-making. Strength of recommenda-
tion: Conditional (weak). Certainty of evidence: Moderate.
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Table 2. Summary of the Research Questions and Recommendations of the 2025 Edition of the World Society of Emergency Surgery Jerusalem
Guidelines on the Diagnosis and Treatment of Acute Appendicitis

Strength of Certainty
PICO question Recommendation recommendation of evidence
Topic 1: diagnosis
In patients with pain in the right iliac fossaand ~ Recommendation 1. We suggest using risk stratification scores based on Conditional (weak)  Moderate
suspected acute appendicitis, is the use of risk  clinical findings and laboratory tests (AIR, AAS, and PAS) to guide the initial
stratification scores based on clinical findings diagnostic workup in patients with right iliac fossa pain to rule out acute
and laboratory tests (no imaging) for guiding appendicitis (low-risk patients) and identify intermediate-risk patients who
the diagnostic workup preferable to traditional  need imaging for diagnosis or active observation. In unclear presentations,
clinical, laboratory, and imaging investigations, CT imaging remains the diagnostic standard because of its higher sensitivity.
in terms of diagnostic accuracy?
In patients with pain in the right iliac fossaand ~ Recommendation 2. We suggest using risk stratification scores based on Conditional (weak)  Low
suspected acute appendicitis, is the use of risk  clinical and laboratory findings (AIR, AAS, and PAS) to identify patients at low
stratification scores based on clinical findings probability for acute appendicitis and to guide the need for further imaging
and laboratory tests (no imaging) preferable or observation.
to traditional clinical, laboratory, and imaging
investigations, in identifying low suspicion of
appendicitis?
In patients with pain in the right iliac fossaand ~ Recommendation 3.1. We suggest using risk stratification scores based on Conditional (weak) ~ Moderate
suspected acute appendicitis needing imaging  clinical and laboratory findings (AIR score, AAS) combined with US as an
diagnostics, is CT scan preferable to US in terms  alternative to low-radiation-dose protocol CT as the initial diagnostic workup
of diagnostic accuracy? for adults with suspected acute appendicitis (based on risk stratification
scores) in settings where CT is not readily available or when minimizing
radiation exposure is a priority. Where available, low-dose CT (protocol
<2-3 mSv) should be considered the preferred imaging modality.
Recommendation 3.2. We suggest using US as the first-line imaging test for Conditional (weak) ~ Moderate
children and adolescents with suspected acute appendicitis, reserving
low-radiation-dose CT for cases in which US is nondiagnostic or clinical
suspicion remains high.
Recommendation 3.3. We suggest using CT, preferably a low-radiation-dose Conditional (weak)  Low
protocol, rather than US as the primary imaging test for adults with obesity
who present with suspected acute appendicitis.
Recommendation 3.4. We suggest using CT, preferably a low-radiation-dose Conditional (weak)  Very low
protocol, rather than US as the primary imaging test in older patients with
suspected acute appendicitis.
In pregnant patients with pain in the rightiliac ~ Recommendation 4. We suggest obtaining MRI in pregnant patients whenever ~ Conditional (weak) ~ Moderate
fossa and suspected acute appendicitis needing  the initial US finding is negative or inconclusive and clinical suspicion of
imaging diagnostics, is MRI scan preferable to appendicitis persists.
US in terms of diagnostic accuracy?
Topic 2: nonoperative management of uncomplicated acute appendicitis
In patients with uncomplicated acute Recommendation 5.1. We suggest the use of antibiotics as an alternative to Conditional (weak) ~ Moderate
appendicitis, is nonoperative treatment with appendectomy for the treatment of uncomplicated appendicitis in adult
antibiotics preferable to laparoscopic patients, provided there is appropriate clinical monitoring and shared
appendectomy in terms of which outcomes? decision-making.
Recommendation 5.2. We suggest the use of antibiotics as an alternative to Conditional (weak)  Moderate
appendectomy for the treatment of uncomplicated appendicitis in children,
provided there is appropriate clinical monitoring and shared decision-making.
Recommendation 5.3. We suggest performing laparoscopic appendectomy as ~ Conditional (weak)  Very low
the preferred treatment for uncomplicated acute appendicitis in pregnant
patients. Nonoperative management with antibiotics may be considered as an
alternative when surgery poses increased risks or is not immediately available,
although the evidence supporting this approach is very uncertain.
Recommendation 5.4. We suggest performing appendectomy as the preferred  Conditional (weak) ~ Very low
treatment for uncomplicated acute appendicitis in older patients.
Nonoperative management with antibiotics may be considered as an
alternative, particularly in those with significant comorbidities and high
surgical risk.
In patients with uncomplicated acute Recommendation 6. We suggest offering outpatient management with Conditional (weak) ~ Moderate
appendicitis treated nonoperatively, antibiotics as an option for patients with uncomplicated acute appendicitis,
is outpatient treatment preferable to provided there is proper follow-up and access to medical services in case of
in-hospital treatment in terms of which clinical deterioration.
outcomes?
In patients with uncomplicated acute Recommendation 7.1. We suggest against routine follow-up beyond 30 d in Conditional (weak)  Very low
appendicitis treated nonoperatively, are adult patients with uncomplicated acute appendicitis treated nonoperatively.
follow-up measures preferable to no follow-up  Follow-up may be considered on a case-by-case basis, especially in patients
measures in terms of safety and efficacy? with persistent or recurrent symptoms, diagnostic uncertainty, or risk factors
for malignancy.
Recommendation 7.2. We suggest against routine follow-up beyond 30 d in Conditional (weak)  Very low
children with uncomplicated acute appendicitis treated nonoperatively.
Follow-up may be considered on a case-by-case basis, especially in patients
with persistent or recurrent symptoms or diagnostic uncertainty.
In patients with uncomplicated acute Recommendation 8. We suggest not performing routine interval Conditional (weak)  Low
appendicitis initially treated nonoperatively, appendectomy in adult patients with uncomplicated acute appendicitis
is interval appendectomy preferable to no initially managed nonoperatively, in the absence of persistent or recurrent
interval appendectomy in terms of safety symptoms.
and efficacy?
(continued)
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Table 2. Summary of the Research Questions and Recommendations of the 2025 Edition of the World Society of Emergency Surgery Jerusalem
Guidelines on the Diagnosis and Treatment of Acute Appendicitis (continued)

Strength of Certainty
PICO question Recommendation recommendation of evidence
Topic 3: timing of appendectomy and in-hospital delay
In patients with uncomplicated acute Recommendation 9.1. We recommend performing laparoscopic Strong Moderate
appendicitis who have been selected for appendectomy within 24 h of hospital admission in adult patients with
surgical management, is immediate uncomplicated acute appendicitis who have been selected for surgical
laparoscopic appendectomy preferable to management.
_laparoscop;lc ?cppendsctf?(my dglayed upto24h  pecommendation 9.2. We recommend performing laparoscopic Strong Moderate
in terms of safety and efficacy? appendectomy within 24 h of hospital admission in children with
uncomplicated acute appendicitis who have been selected for surgical
management.
Topic 4: surgical treatment
In patients with complicated acute appendicitis Recommendation 10.1. We suggest using suction of the contaminated fluids Conditional (weak) ~ Moderate
undergoing laparoscopic appendectomy, is alone, rather than lavage and suction of the peritoneal cavity, during
suction alone preferable to lavage and suction  laparoscopic appendectomy for adult patients with complicated acute
of the peritoneal cavity in terms of safety and appendicitis.
efficacy? Recommendation 10.2. We suggest using suction of the contaminated fluids ~ Conditional (weak) ~ Moderate
alone, rather than lavage and suction of the peritoneal cavity, during
laparoscopic appendectomy in children with complicated acute appendicitis.
In patients with complicated acute appendicitis Recommendation 11.1. We suggest avoiding routine use of abdominal drains  Conditional (weak)  Low
undergoing laparoscopic appendectomy, is the  in adults undergoing laparoscopic appendectomy for complicated acute
use of abdominal drains preferable to the appendicitis.
av;)ldancz oigbdor;llnal drains in terms of Recommendation 11.2. We suggest avoiding routine use of abdominal drains  Conditional (weak)  Very low
safety and efficacy? in children undergoing laparoscopic appendectomy for complicated acute
appendicitis.
In patients with pain in the right iliac fossaand ~ Recommendation 12. We suggest removing a macroscopically normal Conditional (weak)  Very low
suspected appendicitis undergoing exploratory  appendix during diagnostic laparoscopy for suspected appendicitis when no
laparoscopy with no intraoperative clear signs  other intra-abdominal pathology is identified that justifies the patient’s
of acute appendicitis, is the removal of the clinical presentation.
appendix preferable to leaving the appendix in
situ in terms of safety and efficacy?
Topic 5: management of perforated appendicitis with abscess
In patients with complicated acute appendicitis Recommendation 13.1. We suggest early laparoscopic appendectomy in adult ~ Conditional (weak) ~ Moderate
with periappendicular abscess, is early patients <35 y with complicated acute appendicitis and periappendicular
laparoscopic appendectomy preferable to initial abscess. Initial nonoperative management followed by interval appendectomy
nonoperative management and interval (between 6 and 12 wk after initial nonoperative management) is suggested as
appendectomy in terms of safety and efficacy?  an alternative in settings lacking access to adequate laparoscopic expertise or
resources for emergency implementation. Conversely, in patients aged 35y or
older, we suggest against early appendectomy because of the increased risk of
underlying appendiceal neoplasm (up to 14.3%).
Recommendation 13.2. We suggest early laparoscopic appendectomy in Conditional (weak)  Moderate
children with complicated acute appendicitis with periappendicular abscess.
Initial nonoperative management followed by interval appendectomy
(between 6 and 12 wk after initial nonoperative management) is suggested as
an alternative to early appendectomy in settings lacking access to adequate
laparoscopic expertise or resources for emergency implementation.
In patients with complicated acute appendicitis Recommendation 14.1. We recommend performing interval appendectomy Strong Moderate
with periappendicular abscess initially treated ~ between 6 and 12 wk after initial nonoperative management in adult patients
nonoperatively, is interval appendectomy 35y or older with complicated acute appendicitis and periappendicular
preferable to no interval appendectomy in abscess to reduce the risk of missed appendiceal neoplasm.
terms of safety and efficacy? Recommendation 14.2. We suggest against routine interval appendectomy in ~ Conditional (weak)  Low
children with complicated acute appendicitis and periappendicular abscess
initially treated nonoperatively.
Topic 6: perioperative antibiotic therapy
In patients with uncomplicated acute Recommendation 15.1. We recommend administering a single dose of Strong Moderate
appendicitis undergoing laparoscopic preoperative prophylactic antibiotics to adult patients with uncomplicated
appendectomy, are preoperative antibiotics acute appendicitis undergoing laparoscopic appendectomy to reduce the risk
preferable to no preoperative antibiotics in of surgical site infections and postoperative intra-abdominal abscess. We
terms of safety and efficacy? suggest against administering antibiotics while awaiting surgery beyond
single-dose prophylaxis, as no additional benefit has been demonstrated in
reducing the risk of appendiceal perforation and surgical site infections when
appendectomy is performed within 24 h.
Recommendation 15.2. We suggest administering a single dose of Conditional (weak)  Low
preoperative prophylactic antibiotics to children with uncomplicated acute
appendicitis undergoing laparoscopic appendectomy, considering the
potential benefit in preventing infectious complications.
(continued)

Recommendation 5.2 | We suggest the use of antibiotics as an alter-
native to appendectomy for the treatment of uncomplicated ap-
pendicitis in children, provided there is appropriate clinical moni-
toring and shared decision-making. Strength of recommendation:
Conditional (weak). Certainty of evidence: Moderate.

Recommendation 5.3 | We suggest performing laparoscopic appen-
dectomy as the preferred treatment for uncomplicated acute ap-
pendicitis in pregnant patients. Nonoperative management with an-
tibiotics may be considered as an alternative when surgery poses
increased risks or is not immediately available, although the evi-
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Table 2. Summary of the Research Questions and Recommendations of the 2025 Edition of the World Society of Emergency Surgery Jerusalem
Guidelines on the Diagnosis and Treatment of Acute Appendicitis (continued)

Strength of Certainty

PICO question Recommendation recommendation of evidence
In patients with complicated acute appendicitis Recommendation 16.1. We recommend the administration of preoperative Strong High
undergoing laparoscopic appendectomy, are prophylactic antibiotics in adult patients with complicated acute appendicitis
preoperative antibiotics preferable to no undergoing laparoscopic appendectomy to reduce the risk of surgical site
preoperative antibiotics in terms of safety infections. We recommend administering therapeutic antibiotics while
and efficacy? awaiting appendectomy in adult patients with complicated acute

appendicitis, particularly when immediate surgery is not feasible.

Recommendation 16.2. We recommend administering preoperative Strong Moderate

prophylactic antibiotics in children with complicated acute appendicitis
undergoing laparoscopic appendectomy to reduce the risk of surgical site
infections. We recommend administering therapeutic antibiotics while
awaiting appendectomy in children with complicated acute appendicitis,
particularly when immediate surgery is not feasible.

In patients with uncomplicated acute
appendicitis undergoing laparoscopic
appendectomy, are postoperative antibiotics
preferable to no postoperative antibiotics in
terms of safety and efficacy?

of evidence.

Recommendation 17.1. In adult patients with uncomplicated acute
appendicitis undergoing laparoscopic appendectomy, we suggest against
administering postoperative antibiotics.

Conditional (weak)  Low

Recommendation 17.2. In children with uncomplicated acute appendicitis No recommendation Very low
undergoing laparoscopic appendectomy, we make no recommendation
regarding the use of postoperative antibiotics because of very low certainty

Strong Moderate

In patients with complicated acute appendicitis
undergoing laparoscopic appendectomy, are
postoperative antibiotics preferable to no
postoperative antibiotics in terms of safety

and efficacy?

surgical site infections.

Recommendation 18.1. In adult patients with complicated acute
appendicitis undergoing laparoscopic appendectomy, we recommend the
administration of postoperative antibiotics to reduce the incidence of

Recommendation 18.2. In children with complicated acute appendicitis

Conditional (weak)  Low

undergoing laparoscopic appendectomy, we suggest the administration
of postoperative antibiotics to reduce the incidence of surgical site

infections.

In patients with complicated acute appendicitis
undergoing laparoscopic appendectomy, is

a short course of antibiotic therapy (2-3 d)
preferable to a longer course (5-7 d) after
source control in terms of safety and efficacy?

laparoscopic appendectomy.

Recommendation 19.1. We suggest using a short course of postoperative
antibiotics (2-3 d) instead of a longer course (5-7 d) after adequate source
control in adult patients with complicated acute appendicitis submitted to

Recommendation 19.2. We suggest using a short course of postoperative

Conditional (weak)  Moderate

Conditional (weak)  Moderate

antibiotics (2-3 d) instead of a longer course (5-7 d) after adequate source
control in children with complicated acute appendicitis submitted to

laparoscopic appendectomy.

Abbreviations: AAS, Adult Appendicitis Score; AIR, Appendicitis Inflammatory
Response score; CT, computed tomography; MRI, magnetic resonance imaging;

PAS, Pediatric Appendicitis Score; PICO, population, intervention, comparison,
and outcome; US, ultrasound.

dence supporting this approach is very uncertain. Strength of rec-
ommendation: Conditional (weak). Certainty of evidence: Very low.

Recommendation 5.4 | We suggest performing appendectomy as the
preferred treatment for uncomplicated acute appendicitis in older
patients. Nonoperative management with antibiotics may be con-
sidered as an alternative, particularly in those with significant
comorbidities and high surgical risk. Strength of recommendation:
Conditional (weak). Certainty of evidence: Very low.

KQ6

In patients with uncomplicated acute appendicitis treated nonop-
eratively, is outpatient treatment preferable to in-hospital treat-
ment in terms of which outcomes?

Recommendation 6 | We suggest offering outpatient management
with antibiotics as an option for patients with uncomplicated acute
appendicitis, provided thereis proper follow-up and access to medi-
cal services in case of clinical deterioration. Strength of recommen-
dation: Conditional (weak). Certainty of evidence: Moderate.

KQ7

In patients with uncomplicated acute appendicitis treated nonop-
eratively, are follow-up measures preferable to no follow-up mea-
sures in terms of safety and efficacy?

JAMA Surgery March2026 Volume 161, Number 3
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Recommendation 7.1 | We suggest against routine follow-up be-
yond 30 days in adult patients with uncomplicated acute appendi-
citis treated nonoperatively. Follow-up may be considered on a case-
by-case basis, especially in patients with persistent or recurrent
symptoms, diagnostic uncertainty, or risk factors for malignancy.
Strength of recommendation: Conditional (weak). Certainty of evi-
dence: Very low.

Recommendation 7.2 | We suggest against routine follow-up be-
yond 30 days in children with uncomplicated acute appendicitis
treated nonoperatively. Follow-up may be considered on a case-by-
case basis, especially in patients with persistent or recurrent symp-
toms or diagnostic uncertainty. Strength of recommendation:
Conditional (weak). Certainty of evidence: Very low.

KQ8

In patients with uncomplicated acute appendicitis initially treated
nonoperatively, is interval appendectomy preferable to no interval
appendectomy in terms of safety and efficacy?

Recommendation 8 | We suggest not performing routine interval ap-
pendectomy in adult patients with uncomplicated acute appendi-
citis initially managed nonoperatively, in the absence of persistent
or recurrent symptoms. Strength of recommendation: Conditional
(Weak). Certainty of evidence: Low.
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Table 3. Summary of GRADE Assessment of the 2025 Edition of the World Society of Emergency Surgery Jerusalem Guidelines on the Diagnosis
and Treatment of Acute Appendicitis

KQ Balance of benefit and harm Values and preferences Equity Acceptability and feasibility

1 Risk stratification scores can reduce Most patients value avoiding unnecessary  The use of stratification scores may  Risk stratification scores are
unnecessary imaging and surgery in testing and surgery. Preferences may vary improve access to standardized simple, widely used, and
low-risk patients and help identify with risk tolerance and availability of diagnosis where imaging is limited. ~ based on routine clinical and
intermediate-risk cases that may benefit imaging. However, there are limited data for  laboratory data, making them
from imaging or observation. In high-risk subgroups (older, pregnant, and easily implementable. No
or unclear presentations, CT imaging immunocompromised patients special training is required.
remains superior in diagnostic accuracy. and patients with obesity).

Using risk scores also allows timely
identification and management of
high-risk patients, potentially preventing
complications from delayed treatment.

2 Risk stratification scores help identify Patients prefer avoiding unnecessary Arisk score stratification strategy Risk scores are already in use
patients at low risk safely, reducing imaging or surgery when appendicitis can  can be widely implemented, even in many settings. Their ease
overdiagnosis and overtreatment. be confidently ruled out with simple in settings with limited access to of application makes them

scores. imaging. However, evidence is acceptable for routine clinical

sparse for key subgroups, such as decision-making. Risk

older, pregnant, and stratification based on history,

immunocompromised patients, examination, and laboratory

and patients with obesity. results is feasible in both high-
and low-resource settings.
Their implementation in
clinical practice does not
require advanced
infrastructure or expertise.

3 For adults, the desirable effects of CT scan ~ Most patients are likely to value avoiding ~ Broader CT use could exacerbate Acceptability may be high
may outweigh the undesirable ones. unnecessary surgery and diagnostic disparities where scanners are among surgeons and
Benefit of CT scan include substantially delays more than the small additional risk  scarce. Low-dose CT (<2-3 mSv) radiologists who value
fewer missed diagnoses and a lower NAR.  of radiation, but some may prioritize does not create new equity concerns  diagnostic gains in adults. It
Harm included radiation exposure. Modern — minimizing radiation exposure. In compared with standard CT. A may be lower among clinicians
low-dose CT (<2-3 mSv) mitigates children, parents and clinicians generally ~ US-first strategy promotes equity who are concerned about
radiation exposure. For children, the prioritize diagnostic certainty but also where CT scanners are scarce while  radiation or costs. For children,
benefit of CT included markedly fewer strongly value radiation avoidance. still allowing CT when needed. CTis  acceptability may be high
missed diagnoses and slightly higher costlier and may be less availablein  among pediatric surgeons,
specificity, but in children, the ionizing some settings; however, repeat or radiologists, and parents.
radiation exposure is a major harm. As second-line imaging after an
US already yields acceptable accuracy for inconclusive ultrasound can
children and avoids radiation, the consume similar resources. Despite
benefit-harm balance favors starting with the favorable effect estimates for
US, adding CT selectively. For patients with CT, the panel opted for a conditional
obesity, higher sensitivity of CT reduces recommendation in favor of a
the risk of missed appendicitis. Radiation US-first strategy combined with risk
exposure is less concerning in older scores, as an acceptable alternative
patients; contrast nephropathy remains to CT in adult patients.

a consideration.

4 The potential benefit of MRI includes an Pregnant patients, gynecologists, MRI availability and cost vary. High among surgeons,
increase in sensitivity from 0.47 to 0.86 surgeons, and radiologists value radiation ~ Conditional wording accommodates gynecologists, radiologists,
and a maintained high specificity (0.94), avoidance and diagnostic certainty. Most  centers lacking timely MRI access. and patients. Conditional
thereby reducing the risk of missed will therefore prefer MRI over additional ~ No special equipment beyond grade reflects resource
appendicitis and potential complications US or CT once US is inconclusive. routine 1.5-T or 3-T scanners is variability and limited
due to diagnostic delay. Potential harm required. This recommendation may comparative evidence. This
includes higher cost, longer acquisition widen disparities where MRI is recommendation should not
time, and possible claustrophobia. Net scarce. lead to clinically significant
benefit favors MRI when a US is delays in diagnosis or
nondiagnostic. treatment solely to obtain MRI.

5 Antibiotic treatment avoids surgical risks Patients may prefer to avoid surgery if Access to antibiotics and follow-up ~ Nonoperative treatment with
and the immediate recovery period safe and effective alternatives are care is generally widespread in antibiotics is acceptable to
associated with appendectomy. However, available. Some may prioritize immediate  high-resource settings, suggesting  both patients and clinicians
it carries a 15%-20% risk of recurrence resolution with surgery to avoid the risk minimal equity concerns; however,  when there is clear
and the potential for subsequent of recurrence. Parents often prefer in low-resource environments, communication about risks,
appendectomy. Patient values and nonsurgical options to avoid anesthesia limited availability of antibiotics, benefit, and recurrence
preferences play a critical role in and recovery time, though some may opt  imaging, and structured follow-up possibilities. Especially for
decision-making. In pregnant patients, the  for surgery to prevent recurrence. may represent a significant equity children, shared
foremost concern is the risk of preterm Pregnant women typically prioritize issue. decision-making is critical to
labor associated with a persisting infection, noninvasive approaches to protect the align with family preferences.
particularly in the first and second fetus, valuing reduced surgical risks. Shared decision-making is also
trimesters. Additional potential harm Older patients often prioritize minimizing crucial in patients with limited
includes abscess formation and surgical risks due to frailty and multiple life expectancy. The discussion
complications if nonoperative treatment comorbidities. about the choice between
fails. While antibiotic management may antibiotic therapy and
avoid the risks of anesthesia and surgery, appendectomy should be
especially in early pregnancy, these must clearly documented in the
be weighed carefully against the risks of medical records.
delayed intervention. In the older
population, nonoperative treatment may
reduce the risk of surgical and
anesthesia-related complications, wound
infections, and prolonged recovery, which
are more common in older patients with
significant comorbidities.

(continued)
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Table 3. Summary of GRADE Assessment of the 2025 Edition of the World Society of Emergency Surgery Jerusalem Guidelines on the Diagnosis
and Treatment of Acute Appendicitis (continued)

KQ Balance of benefit and harm Values and preferences Equity Acceptability and feasibility

6 Outpatient treatment reduces the number  Patients with uncomplicated appendicitis ~ Outpatient management may be Generally acceptable among
of appendectomies, is associated with may prefer outpatient management to more accessible in high-resource patients and health care
fewer missed workdays, and demonstrates  avoid hospitalization and resume normal  settings where follow-up is reliable.  professionals, particularly
noninferior quality of life. activities sooner. In low-resource settings, close when clear follow-up protocols

monitoring may be challenging, are established.
increasing the risk of adverse
outcomes.

7 Routine follow-up may lead to unnecessary Most patients are likely to value avoiding A case-by-case follow-up approach  The recommendation is likely
investigations, anxiety, or costs without unnecessary medical visits and tests, could reduce unnecessary health acceptable to both patients
clear benefit in most patients. especially when the risk of serious missed  care utilization and improve equity  and clinicians. For children,

conditions is low. Preferences may vary in by focusing resources on patients acceptability increases when
subgroups or may be based on symptom who are most likely to benefit. families are clearly informed
persistence. Parents typically prioritize about what to do if symptoms
minimizing invasive procedures and recur or worsen.

hospital visits for their children.

8 Interval appendectomy may prevent Most patients likely value avoiding Avoiding routine surgery may Most surgeons and patients are
recurrence and detect missed neoplasms unnecessary surgery, anesthesia, recovery improve access and reduce likely to accept a nonoperative,
early. However, it involves surgical time, and potential complications. disparities, especially where surgical symptom-based approach to
morbidity (which is not adequately However, some individuals may strongly ~ services are limited. Recurrent avoid overtreatment.
quantified), resource utilization, and risks  value preventing recurrence, especially if  appendicitis might still burden Acceptability may be
associated with anesthesia and surgery. they are anxious about recurrence, or patients in areas with poor access to  influenced by local surgical
Benefit of interval appendectomy may not  detecting incidental neoplasms early. emergency care. The avoidance of practices and medicolegal
outweigh the harm for all patients, The decision for interval appendectomy routine interval appendectomy concerns. The intervention is
especially when symptoms are resolved. should be based on an individual probably increases equity, acceptable to key stakeholders

risk-benefit assessment that also particularly by reducing when clear protocols are in

considers broader personal unnecessary surgical interventions.  place. Moreover, nonoperative

circumstances, including travel plans, management with follow-up is

insurance implications, and access to feasible in most settings,

emergency care. particularly where outpatient
monitoring and imaging are
readily available.

9 In patients with uncomplicated acute Patients prioritize timely interventionto ~ Access to appendectomy within Highly acceptable and feasible
appendicitis who have been selected for avoid prolonged symptoms. Surgeons 24 his achievable in most health among emergency surgeons
surgical treatment, appendectomy generally favor early intervention within ~ care settings that have surgical and health care professionals.
performed within 24 h minimizes therisk 24 h to optimize outcomes without the capacity.
of perforation, SSls, and reduces hospital need for immediate emergency
stay compared with delayed surgery scheduling. Parents and caregivers often
beyond 24 h. Importantly, no increase in prioritize rapid resolution to avoid
complication rates has been observed complications and minimize child
when surgery is performed between 6 discomfort.
and 24 h vs within the first 6 h. These
recommendations apply exclusively to
patients with uncomplicated appendicitis.

In cases of complicated appendicitis with
diffuse peritonitis, prompt surgical
intervention remains the standard of care.

10 Lavage offers no additional clinical benefit ~ Patients (or parents) and surgeons are Suction alone may improve access Suction alone is feasible in
and may prolong surgery. Suction alone likely to value shorter, simpler procedures and efficiency in resource-limited nearly all surgical settings. It
is associated with shorter operative time when safety and efficacy are comparable.  settings where operative time and is highly acceptable among
and a trend toward fewer reinterventions, consumables are critical constraints. surgeons, and may reduce
with no significant difference in unnecessary procedural steps.
intra-abdominal abscess, SSI, morbidity,
or readmission.

11 Drains were associated with higher Patients and families generally prefer to Avoiding drains may reduce Adoption may depend on
postoperative morbidity and increased SSI  avoid invasive devices when they offer no  operative time, material use, and institutional norms.
without apparent benefit in preventing clear benefit. Avoiding drains aligns with  duration of hospitalization. This
intra-abdominal abscess. Operative time preferences for fewer complications and is feasible in all surgical settings.
and hospital stay were longer in the drain shorter hospitalization and can be largely A no-drain strategy may reduce
group. No meaningful difference in accepted by patients and surgeons. disparities by simplifying care and
readmission rates was found. lowering costs and postoperative

burden.
12 No consistent clinical benefit has been Patients are likely to value avoiding a Although removal of a Acceptance may vary

demonstrated for the removal of a
macroscopically normal appendix.
However, performing an appendectomy

in such cases may simplify the diagnostic
process in future episodes of right iliac
fossa pain, as appendicitis can then be
excluded. Conversely, leaving the appendix
in situ may result in diagnostic uncertainty
if symptoms recur, potentially leading to
repeated imaging and additional
investigations.

surgical procedure when it does not
confer clear clinical benefit and carries
potential risks. Conversely, a subset of
patients may prefer removal of the
appendix to eliminate the small but
possible risk of future appendicitis or
neoplastic disease. Some surgeons may
favor appendectomy in this setting due
to concerns about missed subclinical
pathology or potential medicolegal
consequences in the event of symptom
recurrence. The decision to remove a
macroscopically normal appendix should
be made through shared decision-making
with the patient, considering the
uncertain benefit and potential risks of
the procedure.

macroscopically normal appendix
may be feasible in many
high-resource settings, the panel
acknowledged that this approach
could reduce equity, particularly in
low- and middle-income countries,
especially when laparoscopic
surgery is unavailable.

depending on local practices
and surgeon experience.
Practice may vary by region or
training background. With
proper preoperative imaging
and thorough intraoperative
assessment, the need to
remove a normal-looking
appendix may be reduced.

(continued)
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Table 3. Summary of GRADE Assessment of the 2025 Edition of the World Society of Emergency Surgery Jerusalem Guidelines on the Diagnosis
and Treatment of Acute Appendicitis (continued)

KQ Balance of benefit and harm Values and preferences Equity Acceptability and feasibility

13 In adults, interval appendectomy was Patients may value avoiding immediate Initial nonoperative treatment may  Interval appendectomy can be
associated with lower morbidity and fewer  surgery, especially if it carries increased reduce burden in resource-limited acceptable to most clinicians
SSls, whereas early appendectomy may risk of complications. The final decision settings by avoiding urgent surgery, and patients in centers with
reduce intra-abdominal abscesses. must be based on shared and it may be especially valuable protocols and monitoring for
Unplanned bowel resection was more decision-making, particularly where where access to laparoscopy is nonoperative management.
frequent with early surgery. No consistent  emergency laparoscopic appendectomy is  limited. For children, early Early appendectomy may still
differences in hospital stay or operative not guaranteed. Families may prioritize laparoscopic appendectomy be adequate based on patient
time were found. Overall, harm and benefit rapid resolution with early surgery to requires operating room availability  choice, clinical presentation,
appear balanced. In children, early minimize recurrence or rehospitalization. ~ and pediatric surgical expertise, or lack of follow-up feasibility.
appendectomy reduced intra-abdominal which may not be uniformly
abscesses (confirmed in RCTs), although available.
the SSI rate was higher with early
appendectomy. No apparent difference was
found in overall postoperative morbidity,
operative time, or conversion to open
surgery. Interval strategy was associated
with a recurrence rate of 16.7% during the
waiting period.

14 The potential benefit of identifying Patients may prioritize the reduction of The need for follow-up imaging or Interval appendectomy is likely
malignancies early in adult patients 35y or  long-term uncertainty and cancer risk. interval surgery may limit access for acceptable to patients and
older (up to 14.3% tumor detection rate) Shared decision-making is critical, patients in low-resource settings. clinicians when cancer risk is
may outweigh the risks of surgical especially in low-risk individuals. For children, avoiding routine considered relevant (adults
complications (similar morbidity across Conversely, for children, most parents and  surgery may reduce burden on 35y or older). Conversely,
groups), especially in older patients. In clinicians may prefer to avoid surgery health care systems and familiesin ~ avoiding unnecessary surgery
children, interval appendectomy reduces unless recurrence occurs, particularly low-resource settings. is generally acceptable to both
recurrence but is associated with higher given the low tumor risk. families and clinicians in
complication rates and very low incidence children. Observation without
of neoplasm (0.5%). For most children, surgery is acceptable and
the harm likely outweighs the benefit. feasible in most pediatric care

settings, provided there is
appropriate follow-up.
Preoperative assessment
before interval appendectomy
should include a CT scan to
monitor the resolution of the
abscess and colonoscopy to
rule out right-sided colonic
neoplasms, especially in adults
35y orolder.

15 In adults, the use of preoperative Patients and surgeons would place a high  The implementation of this The intervention is consistent
antibiotics is associated with a significant ~ value on avoiding SSIs and intervention is unlikely to with standard perioperative
reduction in the risk of SSls (OR, 0.40; 95% intra-abdominal abscesses and would exacerbate health inequities and prophylaxis guidelines and
C10.26-0.61) and postoperative accept a preoperative dose of antibiotics, may reduce postoperative does not represent a significant
intra-abdominal abscess (OR, 0.55; 95% Cl  which is routine in surgical practice. No complications, particularly in departure from current clinical
0.25-1.18 in RCTs). No significant harm variability in patient preferences is low-resource settings. practice. No logistical or
was reported. The balance favors the anticipated. Cost-effectiveness and treatment systemic barriers are
intervention. efficacy may vary across health care  anticipated.

The evidence in children is limited and does settings due to differences in

not show statistically significant reductions antibiotic access, health care

in SSIs or postoperative intra-abdominal infrastructure, infection rates, and
abscesses with preoperative antibiotics. resource costs, potentially limiting
However, given the low risks associated the generalizability of findings
with a single dose and potential benefit in across countries.

preventing rare but serious complications,

the balance slightly favors the

intervention.

16 Preoperative antibiotics significantly Most patients would value reduced risk of ~ Preoperative antibiotics are Antibiotic prophylaxis is a
reduce SSIs with no major associated harm, wound infections and complications. low-cost and widely accessible, well-established and widely
while the risk of antibiotic-related Clinicians also generally support even in resource-limited settings. accepted intervention.
complications is minimal. evidence-based antibiotic use. Cost-effectiveness and treatment Single-dose preoperative

efficacy may vary across health care  antibiotics are simple to
settings because of differences in implement and standard in
antibiotic access, health care most health care settings.
infrastructure, infection rates, and However, acceptability may
resource costs, potentially limiting ~ vary more in settings with
the generalizability of findings different antibiotic

across countries. stewardship norms.

17 The lack of demonstrated benefit, Most patients and parents would value Unnecessary antibiotics may burden  Surgeons and patients are
combined with potential harm and costs, avoiding unnecessary antibiotics if there  health systems, especially in increasingly open to
supports avoiding routine use of antibiotics is no proven benefit. However, we found low-resource settings. Routine minimizingusb antibiotic use
postoperatively. limited evidence on pediatric or parental  antibiotic use increases direct costs ~ when appropriate. Not

preferences regarding the use of and may prolong hospital stay. administering postoperative
postoperative antibiotics. antibiotics is practical and
easily implemented in most
settings.
(continued)
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Table 3. Summary of GRADE Assessment of the 2025 Edition of the World Society of Emergency Surgery Jerusalem Guidelines on the Diagnosis

and Treatment of Acute Appendicitis (continued)

KQ Balance of benefit and harm Values and preferences

Equity Acceptability and feasibility

18 Postoperative antibiotics reduce SSls,
although evidence for intra-abdominal
abscess is uncertain and imprecise. No
clear harm was reported, but routine use
must be balanced with potential resistance
and costs.

19 The balance favors short-course therapy
because of similar or better clinical
outcomes and improved resource use,
despite low certainty for some outcomes.

compromise safety.

Prevention of infections is likely highly
valued by patients. Patients, parents, and
clinicians are likely to value reduced risk
of SSIs highly, and a short course of
antibiotics is generally acceptable.

Patients and clinicians would value
avoiding unnecessary antibiotic exposure,
minimizing hospital stay, and reducing
costs, especially if this does not

The use of antibiotics
postoperatively is a standard
practice in many settings
and widely accepted among
clinicians. The
recommendation aligns with
current surgical practices and
antimicrobial stewardship
strategies. Administration of
postoperative antibiotics is
technically and logistically
feasible in most clinical
settings.

Acceptability can be high
among surgeons, infectious
disease specialists, and
patients, given the current
trend toward minimizing
antimicrobial use.
Short-course treatment is
feasible in all health care
settings, although it requires
clear clinical protocols and
monitoring to ensure adequate
source control before
shortening antibiotic duration.

Appropriate antibiotic use may
reduce disparities in infection
outcomes, especially in settings
with limited access to advanced
surgical care.

A shorter antibiotic course is likely
to increase equity by reducing
hospitalization time and treatment
costs.

Abbreviations: CT, computed tomography; KQ, key question; MRI, magnetic resonance imaging; OR, odds ratio; NAR, negative appendectomy rate;

RCTs, randomized clinical trials; SSls, surgical site infections; US, ultrasound.

Topic 3: Timing of Appendectomy and In-Hospital Delay

KQ9

In patients with uncomplicated acute appendicitis who have been
selected for surgical management, is immediate laparoscopic ap-
pendectomy preferable to laparoscopic appendectomy delayed up
to 24 hours in terms of safety and efficacy?

Recommendation 9.1 | We recommend performing laparoscopic
appendectomy within 24 hours of hospital admission in adult pa-
tients with uncomplicated acute appendicitis who have been se-
lected for surgical management. Strength of recommendation:
Strong. Certainty of evidence: Moderate.

Recommendation 9.2 | We recommend performing laparoscopic
appendectomy within 24 hours of hospital admission in children with
uncomplicated acute appendicitis who have been selected for sur-
gical management. Strength of recommendation: Strong. Certainty
of evidence: Moderate.

Topic 4: Surgical Treatment

KQ10

In patients with complicated acute appendicitis undergoing laparo-
scopic appendectomy, is suction alone preferable to lavage and
suction of the peritoneal cavity in terms of safety and efficacy?

Recommendation 10.1 | We suggest using suction of the contami-
nated fluids alone, rather than lavage and suction of the peritoneal
cavity, during laparoscopic appendectomy for adult patients with
complicated acute appendicitis. Strength of recommendation: Con-
ditional (weak). Certainty of evidence: Moderate.

Recommendation 10.2 | We suggest using suction of the contami-
nated fluids alone, rather than lavage and suction of the peritoneal

JAMA Surgery March2026 Volume 161, Number 3
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cavity, during laparoscopic appendectomy in children with compli-
cated acute appendicitis. Strength of recommendation: Condi-
tional (weak). Certainty of evidence: Moderate.

KQ

In patients with complicated acute appendicitis undergoing lapa-
roscopic appendectomy, is the use of abdominal drains preferable
to the avoidance of abdominal drains in terms of safety and
efficacy?

Recommendation 11.1 | We suggest avoiding routine use of abdomi-
nal drainsin adults undergoing laparoscopic appendectomy for com-
plicated acute appendicitis. Strength of recommendation: Condi-
tional (weak). Certainty of evidence: Low.

Recommendation 11.2 | We suggest avoiding routine use of abdomi-
nal drains in children undergoing laparoscopic appendectomy for
complicated acute appendicitis. Strength of recommendation:
Conditional (weak). Certainty of evidence: Very low.

KQ12

In patients with pain in the right iliac fossa and suspected appendi-
citis undergoing exploratory laparoscopy with no intraoperative
clear signs of acute appendicitis, is the removal of the appendix
preferable to leaving the appendix in situ in terms of safety and
efficacy?

Recommendation 12 | We suggest removing a macroscopically
normal appendix during diagnostic laparoscopy for suspected
appendicitis when no other intra-abdominal pathology is identi-
fied that justifies the patient’s clinical presentation. Strength
of recommendation: Conditional (weak). Certainty of evidence:
Very low.
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Topic 5: Management of Perforated Appendicitis

With Abscess

KQ13

In patients with complicated acute appendicitis with periappen-
dicular abscess, is early laparoscopic appendectomy preferable to
initial nonoperative management and interval appendectomy in
terms of safety and efficacy?

Recommendation 13.1 | We suggest early laparoscopic appendec-
tomy in adult patients younger than 35 years with complicated acute
appendicitis and periappendicular abscess. Initial nonoperative man-
agement followed by interval appendectomy (between 6 and 12
weeks after initial nonoperative management) is suggested as an al-
ternative in settings lacking access to adequate laparoscopic exper-
tise or resources for emergency implementation. Conversely, in pa-
tients aged 35 years or older, we suggest against early appendectomy
because of the increased risk of underlying appendiceal neoplasm
(upt014.3%). Strength of recommendation: Conditional (weak). Cer-
tainty of evidence: Moderate.

Recommendation 13.2 | We suggest early laparoscopic appendec-
tomy in children with complicated acute appendicitis with periap-
pendicular abscess. Initial nonoperative management followed by
interval appendectomy (between 6 and 12 weeks after initial
nonoperative management) is suggested as an alternative to early ap-
pendectomy in settings lacking access to adequate laparoscopic ex-
pertise or resources for emergency implementation. Strength of rec-
ommendation: Conditional (weak). Certainty of evidence: Moderate.

KQ14

In patients with complicated acute appendicitis with periappen-
dicular abscess initially treated nonoperatively, is interval appen-
dectomy preferable to no interval appendectomy in terms of safety
and efficacy?

Recommendation 14.1 | We recommend performing interval appen-
dectomy between 6 and 12 weeks after initial nonoperative man-
agement in adult patients 35 years or older with complicated acute
appendicitis and periappendicular abscess to reduce the risk of
missed appendiceal neoplasm. Strength of recommendation: Strong.
Certainty of evidence: Moderate.

Recommendation 14.2 | We suggest against routine interval appen-
dectomy in children with complicated acute appendicitis and peri-
appendicular abscess initially treated nonoperatively. Strength of
recommendation: Conditional (weak). Certainty of evidence: Low.

Topic 6: Perioperative Antibiotic Therapy

KQ15

In patients with uncomplicated acute appendicitis undergoing lapa-
roscopic appendectomy, are preoperative antibiotics preferable
to no preoperative antibiotics in terms of safety and efficacy?

Recommendation 15.1| We recommend administering a single dose
of preoperative prophylactic antibiotics to adult patients with un-
complicated acute appendicitis undergoing laparoscopic appendec-
tomy to reduce the risk of surgical site infections and postopera-
tive intra-abdominal abscess. We suggest against administering
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antibiotics while awaiting surgery beyond single-dose prophylaxis,
as no additional benefit has been demonstrated in reducing the risk
of appendiceal perforation and surgical site infections when appen-
dectomy is performed within 24 hours. Strength of recommenda-
tion: Strong. Certainty of evidence: Moderate.

Recommendation 15.2 | We suggest administering a single dose of pre-
operative prophylactic antibiotics to children with uncomplicated
acute appendicitis undergoing laparoscopic appendectomy, con-
sidering the potential benefit in preventing infectious complica-
tions. Strength of recommendation: Conditional (weak). Certainty of
evidence: Low.

KQ16

In patients with complicated acute appendicitis undergoing laparo-
scopic appendectomy, are preoperative antibiotics preferable to
no preoperative antibiotics in terms of safety and efficacy?

Recommendation 16.1 | We recommend the administration of pre-
operative prophylactic antibiotics in adult patients with compli-
cated acute appendicitis undergoing laparoscopic appendectomy
toreduce therisk of surgical site infections. We recommend admin-
istering therapeutic antibiotics while awaiting appendectomy in adult
patients with complicated acute appendicitis, particularly when
immediate surgery is not feasible. Strength of recommendation:
Strong. Certainty of evidence: High.

Recommendation 16.2 | We recommend administering preoperative
prophylactic antibiotics in children with complicated acute appendi-
citis undergoing laparoscopic appendectomy to reduce the risk of sur-
gical site infections. We recommend administering therapeutic anti-
biotics while awaiting appendectomy in children with complicated
acute appendicitis, particularly whenimmediate surgery is not feasible.
Strength of recommendation: Strong. Certainty of evidence: Moderate.

KQ17

In patients with uncomplicated acute appendicitis undergoing lapa-
roscopic appendectomy, are postoperative antibiotics preferable
to no postoperative antibiotics in terms of safety and efficacy?

Recommendation 171 | In adult patients with uncomplicated acute
appendicitis undergoing laparoscopic appendectomy, we suggest
against administering postoperative antibiotics. Strength of recom-
mendation: Conditional (weak). Certainty of evidence: Low.

Recommendation 17.2 | In children with uncomplicated acute appen-
dicitis undergoing laparoscopic appendectomy, we make no rec-
ommendation regarding the use of postoperative antibiotics be-
cause of very low certainty of evidence. Strength of recommendation:
No recommendation. Certainty of evidence: Very low.

KQ18

In patients with complicated acute appendicitis undergoing laparo-
scopic appendectomy, are postoperative antibiotics preferable to
no postoperative antibiotics in terms of safety and efficacy?

Recommendation 18.1] In adult patients with complicated acute ap-
pendicitis undergoing laparoscopic appendectomy, we recom-
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mend the administration of postoperative antibiotics to reduce the
incidence of surgical site infections. Strength of recommendation:
Strong. Certainty of evidence: Moderate.

Recommendation 18.2 | In children with complicated acute appen-
dicitis undergoing laparoscopic appendectomy, we suggest the ad-
ministration of postoperative antibiotics to reduce the incidence of
surgical site infections. Strength of recommendation: Conditional
(weak). Certainty of evidence: Low.

KQ19

In patients with complicated acute appendicitis undergoing laparo-
scopic appendectomy, is a short course of antibiotic therapy (2-3
days) preferable to a longer course (5-7 days) after source control
in terms of safety and efficacy?

Recommendation 19.1 | We suggest using a short course of postop-
erative antibiotics (2-3 days) instead of a longer course (5-7 days)
after adequate source control in adult patients with complicated
acute appendicitis submitted to laparoscopic appendectomy.
Strength of recommendation: Conditional (weak). Certainty of evi-
dence: Moderate.

Recommendation 19.2 | We suggest using a short course of postop-
erative antibiotics (2-3 days) instead of a longer course (5-7 days)
after adequate source control in children with complicated acute ap-
pendicitis submitted to laparoscopic appendectomy. Strength of rec-
ommendation: Conditional (weak). Certainty of evidence: Moderate.

|
Discussion

Several research priorities emerge from the current evidence base.
Diagnostic stratification tools require validation in populations that
remain understudied, including pregnant women, older individu-
als, and immunocompromised patients. Their performancein these
groups is unclear, and it is unknown whether stratified diagnostic
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pathways improve accuracy or resource use. Imaging strategies also
warrant further investigation. The optimal approach in pregnant pa-
tients and individuals with obesity remains uncertain, particularly
regarding radiation exposure, diagnostic precision, and feasibility in
settings with limited imaging capacity. Management pathways pre-
sent additional gaps. In children with uncomplicated appendicitis,
the safety of ambulatory nonoperative treatment has not been de-
fined. In pregnant patients, evidence does not allow precise esti-
mation of maternal or fetal risks associated with nonoperative
management. In older individuals, outcomes after antibiotic-first
treatment and the true incidence of underlying malignancy require
clarification. Follow-up after nonoperative management repre-
sents a further priority. The effectiveness of structured surveil-
lance in reducing missed neoplasms is unknown, particularly in older
or high-risk patients. Long-term outcomes after nonoperative
treatment of complicated appendicitis in children also remain in-
sufficiently described. Evidence supporting short-course antibi-
otic regimens in patients with significant comorbidities and in re-
source-constrained settings is limited, and key outcomes such as
readmission, reoperation, and duration of hospitalization are incon-
sistently reported. Most studies assessing perioperative antibiotic
duration were conducted during the era of open surgery; trials re-
flecting current laparoscopic practice are needed. Many existing data
originate from high-income regions, raising concerns about appli-
cability to low-resource environments. Addressing these gaps is
consistent with the GRADE approach, which requires attention to
indirectness, applicability, and variability in values and resources
when formulating recommendations.

. |
Conclusions

The 2025 WSES Jerusalem Guidelines are intended to support
clinicians in delivering safe, effective, and standardized care and to
reduce unwarranted variability in clinical practice for patients with
acute appendicitis. Implementation should be adapted to local re-
sources and system constraints.

Accepted for Publication: November 25, 2025.

Published Online: January 28, 2026.
doi:10.1001/jamasurg.2025.6218

Author Affiliations: Department of Surgical
Science, Emergency Surgery Unit, University of
Cagliari, Cagliari, Italy (Podda, Pisanu); Fondazione
IRCCS San Gerardo dei Tintori di Monza,
Department of General and Emergency Surgery,
University of Milano Bicocca, Monza, Italy
(Ceresoli); Department of Minimally Invasive,
General and Emergency Surgery, Infermi Hospital,
Rimini, Italy (De Simone); Department of General
Surgery |, University of Pavia, IRCCS San Matteo
Hospital, Pavia, Italy (Fugazzola, Ansaloni);
Department of Pharmacy, Health and Nutritional
Sciences, University of Calabria, Rende, Italy (Pata);
Department of General and Digestive Surgery,
University Hospital Virgen Macarena, Seville, Spain
(Balla); Center for Health Regulatory Policies,
Istituto di Ricerche Farmacologiche “Mario Negri”
IRCCS, Milan, Italy (Gerardi, Allocati); Department
of Digestive Surgery, Turku University Hospital,

294 JAMA Surgery March2026 Volume 161, Number 3

© 2026 American Medical Association. All rights reserved, including those for text and data mining, Al training, and similar technologies.

Turku, Finland (Salminen); Department of
Comparative Effectiveness and Clinical Outcomes
Research Center, CECORC), Riverside University
Health System, Moreno Valley, California (Coimbra);
Department of Surgery, MedAlliance Hospital,
Albury, Australia (Kelly); Department of Surgery,
Amsterdam UMC, Amsterdam, the Netherlands
(Boermeester); Department of Emergency, Hospital
de Clinicas, San Lorenzo, Paraguay (Segovia Lohse);
Department of Surgery, Radboud University
Medical Center, Nijmegen, the Netherlands (Tan);
The Research Office, College of Medicine, United
Arab Emirates University, Al-Ain, United Arab
Emirates (Abu-Zidan); Department of Surgery,
University of Washington, Seattle (Flum); First
Clinic of General Surgery, UMHAT St George,
Plovdiv, Bulgaria (Sakakushev); Department of
Critical Care Medicine, Foothills Medical Centre,
Calgary, Canada (Kirkpatrick); Department of
Surgery, Faculdade de Medicina, Universitario
Therezinha de Jesus, Suprema, Juiz de Fora, Brasil
(Gomes); Department of Emergency Medicine,
Ronald Reagan UCLA Medical Center, Los Angeles,
California (Talan); Department of Digestive and

Downloaded from jamanetwork.com by World Health Organization user on 03/20/2026

Emergency Surgery, Azienda Ospedaliera

Santa Maria, Terni, Italy (Tebala); Department of
General Surgery, Tan Tock Seng Hospital, Singapore
(Shelat); Department of Surgery, John Hunter
Hospital, University of Newcastle, Newcastle,
Australia (Bendinelli); Department of Traumatology,
John Hunter Hospital, University of Newcastle,
Newcastle, Australia (Balogh, Amico); Department
of Gastrointestinal Surgery, Helsinki University
Hospital, Helsinki, Finland (Mentula); Department
of Surgical Sciences and Advances Technologies,
University of Catania, Cannizzaro Hospital, Catania,
Italy (Di Carlo); Department of Surgery, Laniadu
Hospital, Ramat Hasharon, Israel (Kluger);
Department of Emergency Surgery, Helsinki
University Hospital, Helsinki, Finland (Tolonen);
Department of Gastrointestinal Surgery, Helsinki
University Hospital, Helsinki, Finland (Sammalkorpi,
Leppaniemi); Department of Surgery, University of
Edinburgh, Royal Infirmary Hospital, Edinburgh,
United Kingdom (Damaskos); Department of
Surgery, Scripps Clinic Medical Group, La Jolla,
California (Biffl); Department of Gastroenterology
and Oncology, Weifang People’s Hospital, Weifang,

jamasurgery.com


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamasurg.2025.6218?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2025.6218
http://www.jamasurgery.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2025.6218

2025 WSES Guidelines on Acute Appendicitis

China (Yang); Department of Gastroenterological
Surgery, Transplantation and Liver Surgery,
Helsinki University Hospital, Helsinki, Finland
(Sallinen); Cambridge Colorectal Unit,
Addenbrooke's Hospital, Cambridge,

United Kingdom (Davies); Department of General,
Emergency and Trauma Surgery, Maurizio Bufalini
Hospital, Cesena, Italy (Vallicelli, Catena);
Department of Applied Health Sciences, University
of Birmingham, Birmingham, United Kingdom
(Lee); Department of Surgery, University Hospital
Centre Zagreb, Zagreb, Croatia (Augustin);
Department of Surgery, AOU G. Martino, Messina,
Italy (Cucinotta); Department of Surgical Diseases
3, Gomel State Medical University, University Clinic,
Gomel, Belarus (Litvin); Department of Surgery,
Foothills Medical Centre, Calgary, Canada
(Kirkpatrick); General Surgery Department,
Fondazione Poliambulanza, Brescia, Italy
(de’Angelis); Department of General Surgery,
Royal Perth Hospital, University of Western
Australia, Perth, Australia (Weber); Department of
Trauma and Emergency Surgery, University of
Birmingham, Birmingham, United Kingdom (Lee);
Department of Surgery, Fundacion Santa Fe de
Bogota, Universidad de Los Andes, Bogota,
Colombia (Cabrera Vargas); Department of Surgery,
Macerata Hospital, Macerata, Italy (Sartelli);
Department of General, Emergency and Trauma
Surgery, University of Pisa, Pisa, Italy (Coccolini);
Department of General Surgery, Madonna del
Soccorso Hospital, San Benedetto del Tronto,

Italy (Di Saverio); Department of Medical and
Surgical Sciences (DIMEC), Alma Mater
Studiorum-University of Bologna, Bologna,

Italy (Catena).

Author Contributions: Dr Podda had full access to
all of the data in the study and takes responsibility
for the integrity of the data and the accuracy of
the data analysis.

Concept and design: Podda, Ceresoli, De Simone,
Pata, Gerardi, Allocati, Salminen, Tan, Pisanu,
Abu-Zidan, Gomes, Tebala, Shelat, Balogh, Kluger,
Damaskos, Sallinen, Vallicelli, Cucinotta, Weber,
Leppaniemi, Cabrera Vargas, Sartelli, Catena.
Acquisition, analysis, or interpretation of data:
Podda, Ceresoli, De Simone, Fugazzola, Pata, Balla,
Gerardi, Salminen, Coimbra, Kelly, Boermeester,
Segovia Lohse, Tan, Abu-Zidan, Flum, Sakakushev,
Ansaloni, Talan, Tebala, Bendinelli, Mentula, Di
Carlo, Kluger, Tolonen, Sammalkorpi, Biffl, Yang,
Davies, Vallicelli, Amico, Augustin, Litvin,
Kirkpatrick, de’Angelis, Weber, Leppaniemi, Lee,
Cabrera Vargas, Coccolini, Di Saverio.

Drdfting of the manuscript: Podda, Ceresoli,

De Simone, Pata, Balla, Salminen, Boermeester,
Gomes, Yang, Vallicelli, Augustin, Cucinotta,
de’Angelis, Lee.

Critical review of the manuscript for important
intellectual content: Podda, Ceresoli, De Simone,
Fugazzola, Pata, Balla, Gerardi, Allocati, Salminen,
Coimbra, Kelly, Boermeester, Segovia Lohse, Tan,
Pisanu, Abu-Zidan, Flum, Sakakushev, Ansaloni,
Gomes, Talan, Tebala, Shelat, Bendinelli, Balogh,
Mentula, Di Carlo, Kluger, Tolonen, Sammalkorpi,
Damaskos, Biffl, Sallinen, Davies, Vallicelli, Amico,
Augustin, Litvin, Kirkpatrick, de’Angelis, Weber,
Leppaniemi, Lee, Cabrera Vargas, Sartelli, Coccolini,
Di Saverio, Catena.

jamasurgery.com

Statistical analysis: Podda, Ceresoli, De Simone,
Cabrera Vargas.

Administrative, technical, or material support:
Podda, Fugazzola, Pata, Kelly, Sammalkorpi, Yang,
Davies, Augustin, Weber, Lee, Cabrera Vargas.
Supervision: Podda, De Simone, Balla, Gerardi,
Allocati, Tan, Pisanu, Sakakushev, Ansaloni, Gomes,
Talan, Tebala, Balogh, Di Carlo, Tolonen, Damaskos,
Vallicelli, Augustin, de’Angelis, Weber, Leppaniemi,
Sartelli, Di Saverio, Catena.

Conflict of Interest Disclosures: Dr Salminen
reported grants from the European Research
Council, Academy of Finland, and Sigrid Jusélius
Foundation; lectures fees from Novo Nordisk, BD,
and Johnson & Johnson; and data and safety
monitoring committee fees from GT Metabolics
outside the submitted work. Dr Coimbra reported
a stipend from the American Association for the
Surgery of Trauma as a journal editor outside

the submitted work. Dr Boermeester reported

an institutional grant for nonrelated study and
consultancy work from Johnson & Johnson outside
the submitted work; an institutional grant for
investigator-initiated study and consultancy work
from TelaBio; institutional funds for consultancy
work from Angiodynamics, Molnlycke, Smith &
Nephew, Medtronic, and BD; and an institutional
grant for investigator-initiated research and
institutional funds for consultancy work from
Solventum outside the submitted work. Dr Mentula
reported personal fees from Pfizer outside the
submitted work. Dr Biffl reported expert witness
fees from attorneys, nonfinancial support (food and
beverage) from pharmaceutical companies, and
honoraria from UpToDate and academic institutions
outside the submitted work. Dr Kirkpatrick
reported grants from 3M/Acelity (supporting the
COOL Trial until 2022), consultation fees from Zoll,
and travel support from Innovative Trauma Care
outside the submitted work. No other disclosures
were reported.

Meeting Presentation: Part of this work was
presented at the XIl Congress of the World Society
of Emergency Surgery (October 21-25, 2025;
Antalya, Tiirkiye) and at the Emergency General
Surgery Symposium of the Association of Surgeons
of Great Britain and Ireland (November 12, 2025;
Birmingham, United Kingdom).

REFERENCES

1. Moris D, Paulson EK, Pappas TN. Diagnosis and
management of acute appendicitis in adults:
areview. JAMA. 2021;326(22):2299-2311.
doi:10.1001/jama.2021.20502

2. Ferris M, Quan S, Kaplan BS, et al. The global
incidence of appendicitis: a systematic review of
population-based studies. Ann Surg. 2017;266(2):
237-241. doi:10.1097/SLA.0000000000002188

3. Bhangu A, Sereide K, Di Saverio S,

Assarsson JH, Drake FT. Acute appendicitis:
modern understanding of pathogenesis,
diagnosis, and management. Lancet. 2015;386
(10000):1278-1287. doi:10.1016/S0140-6736(15)
00275-5

4. GBD 2021 Appendicitis Collaborator Group.
Trends and levels of the global, regional, and
national burden of appendicitis between 1990

Downloaded from jamanetwork.com by World Health Organization user on 03/20/2026

Special Communication Clinical Review & Education

and 2021: findings from the Global Burden of
Disease Study 2021. Lancet Gastroenterol Hepatol.
2024;9(9):825-858. doi:10.1016/52468-1253(24)
00157-2

5. Gomes CA, Abu-Zidan FM, Sartelli M, et al.
Management of Appendicitis Globally Based on
Income of Countries (MAGIC) study. World J Surg.
2018;42(12):3903-3910. doi:10.1007/s00268-018-
4736-1

6. Uribe-Leitz T, Jaramillo J, Maurer L, et al.
Variability in mortality following caesarean
delivery, appendectomy, and groin hernia repair
in low-income and middle-income countries:

a systematic review and analysis of published
data. Lancet Glob Health. 2016;4(3):€165-e174.
doi:10.1016/52214-109X(15)00320-4

7. Coccolini F, Licitra G, De’Angelis N, et al.
Complication analysis in acute appendicitis,
results from an international multicenter study.
Eur J Trauma Emerg Surg. 2024;50(1):305-314.
doi:10.1007/s00068-023-02361-2

8. Sartelli M, Chichom-Mefire A, Labricciosa FM,
et al. The management of intra-abdominal
infections from a global perspective: 2017 WSES
guidelines for management of intra-abdominal
infections. World J Emerg Surg. 2017;12:29.
doi:10.1186/s13017-017-0141-6

9. Scheijmans JCG, Haijanen J, Flum DR, et al.
Antibiotic treatment versus appendicectomy for
acute appendicitis in adults: an individual patient
data meta-analysis. Lancet Gastroenterol Hepatol.
2025;10(3):222-233. doi:10.1016/52468-1253(24)
00349-2

10. SulaS, Paananen T, Tammilehto V, et al. Impact
of an appendicolith and its characteristics on the
severity of acute appendicitis. BJS Open. 2024;8(5):
zrae093. doi:10.1093/bjsopen/zrae093

11. Méllinen J, Vaarala S, Makinen M, et al.
Appendicolith appendicitis is clinically complicated
acute appendicitis-is it histopathologically different
from uncomplicated acute appendicitis. Int J
Colorectal Dis. 2019;34(8):1393-1400. doi:10.1007/
s00384-019-03332-z

12. Bom WJ, Scheijmans JCG, Salminen P,
Boermeester MA. Diagnosis of uncomplicated and
complicated appendicitis in adults. Scand J Surg.
2021:110(2):170-179. doi:10.1177/14574969211008330

13. Brouwers MC, Kho ME, Browman GP, et al;
AGREE Next Steps Consortium. AGREE II:
advancing guideline development, reporting

and evaluation in health care. J Clin Epidemiol.
2010:63(12):1308-1311. doi:10.1016/j.jclinepi.2010.
07.001

14. Guyatt GH, Oxman AD, Vist GE, et al;
GRADE Working Group. GRADE: an emerging
consensus on rating quality of evidence and
strength of recommendations. BMJ. 2008;
336(7650):924-926. doi:10.1136/bmj.39489.
470347.AD

15. Schiinemann HJ, Oxman AD, Brozek J, et al;
GRADE Working Group. Grading quality of evidence
and strength of recommendations for diagnostic
tests and strategies. BMJ. 2008;336(7653):
1106-1110. doi:10.1136/bmj.39500.677199.AE

JAMA Surgery March2026 Volume 161, Number 3

295

© 2026 American Medical Association. All rights reserved, including those for text and data mining, Al training, and similar technologies.


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2021.20502?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2025.6218
https://dx.doi.org/10.1097/SLA.0000000000002188
https://dx.doi.org/10.1016/S0140-6736(15)00275-5
https://dx.doi.org/10.1016/S0140-6736(15)00275-5
https://dx.doi.org/10.1016/S2468-1253(24)00157-2
https://dx.doi.org/10.1016/S2468-1253(24)00157-2
https://dx.doi.org/10.1007/s00268-018-4736-1
https://dx.doi.org/10.1007/s00268-018-4736-1
https://dx.doi.org/10.1016/S2214-109X(15)00320-4
https://dx.doi.org/10.1007/s00068-023-02361-2
https://dx.doi.org/10.1186/s13017-017-0141-6
https://dx.doi.org/10.1016/S2468-1253(24)00349-2
https://dx.doi.org/10.1016/S2468-1253(24)00349-2
https://dx.doi.org/10.1093/bjsopen/zrae093
https://dx.doi.org/10.1007/s00384-019-03332-z
https://dx.doi.org/10.1007/s00384-019-03332-z
https://dx.doi.org/10.1177/14574969211008330
https://dx.doi.org/10.1016/j.jclinepi.2010.07.001
https://dx.doi.org/10.1016/j.jclinepi.2010.07.001
https://dx.doi.org/10.1136/bmj.39489.470347.AD
https://dx.doi.org/10.1136/bmj.39489.470347.AD
https://dx.doi.org/10.1136/bmj.39500.677199.AE
http://www.jamasurgery.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2025.6218

