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Appendicitis Treatment

The Most Common Way to Make Sick Kids Better



Appendicitis
First Appendectomies

1735 

Claudius Amyand performs the world's first 
successful appendectomy, at St. George's 

Hospital in London. 

1883
Abraham Groves performs first appendectomy in 

North America in Fergus, Ontario.
.



300 Years Later!

“Frankly, one would 
think that after almost 

100 years since the 
development of 
anesthesia and 

antibiotics, we would 
have at least figured out 
appendicitis. It appears 

that we have not.”



Objectives

• To elucidate the role of diagnostic imaging.

• To present the outcomes of non-operative management.

• To emphasize the importance of risk stratification.

• To describe patient and family-centered care approaches.



Clinical Scenario
History

• 7 year old boy w/ 24 hr history of abdominal pain.

• Diffuse then localized to RLQ.

• Vomited X 3, including once in ED. 

• Now hungry.  

• No diarrhea or sick contacts.

NEXT STEP?



Clinical Scenario
Physical Exam

• Vital Signs

– HR 110. RR 20. BP 100/60 Temp 37.0. 

• Patient lying in bed, appears uncomfortable.

• Prefers not to move.

• Normal cardiorespiratory exam

• Abdomen with RLQ tenderness to percussion and 
palpation. Remainder abdomen soft.  

NEXT STEP?



Clinical Scenario
Labs

• WBC 15.4. Neutrophils 80%

• CRP 50.4

• U/A negative

NEXT STEP?



Next Step

Laparoscopic Appendectomy



Variations in Appendicitis Imaging

Any imaging AXR CT

US US in Females US in Males



Appendicitis
Abdominal Sonography

• Enlarged appendix

• Non-compressible

• Free Fluid

• Fecalith



Appendicitis
Abdominal Sonography

Sensitivity

90%

Specificity

97%

Accuracy

96%

PPV

82%

NPV

98%

3859 children over 7 years

Hahn, Hoepner, Kalle, et al., Pediatric Radiology, 1998



Appendicitis
Abdominal Sonography



Appendicitis
Sonography Results

454 Patients

263 191

(58%)                 (42%)

Clinical Sonography

Dx                      Dx

Sensitivity:  90%
PPV: 91%



Appendicitis
Sonography Results



Appendicitis
CT Scan?

NO!!
• Invasive

• Contrast

• Preparation

• Radiation

• Expensive

• No positive outcome data



Appendicitis
CT Scan



Appendicitis
Diagnosis

The best diagnostic test for acute 
appendicitis is  a good clinical exam.

In equivocal cases, the diagnostic test of 
choice is Ultrasound.



Timing of Appendectomy

Appendectomy for 
acute appendicitis 
is an urgent, not
an emergent 
procedure. 



Clinical Scenario
Treatment

• The next morning, the parents call you. 

• He slept through the night, tolerated some clear liquids, 
and the pain is better. 

• The parents ask for your opinion as to whether they 
should just continue antibiotics and avoid surgery.

How would you respond?



Non-Operative Treatment of Appendicitis

Simple

• Reasonably new

• Good literature 
emerging

• Balance between 
operative 
complications and 
non-operative 
failure

Perforated

• NOT New

• Poor literature

• Balance between 
immediate and 
delayed elective 
surgery.



Non-Operative Treatment of Simple Appendicitis
Best Literature

JAMA 2020;324:581-593.
Ann Surg 2020;271:1030-1035

Ann Surg 2015;261:67-71



Non-Operative Treatment of Simple Appendicitis
Outcomes

• Failure Rate:

– 1 Year: 33%

– 5 Years: 46%

• Disability Days:

– Operative: 10.9 days

– Non-Operative: 6.6 days



Operative Treatment of Simple Appendicitis

Hospital Stay: 1.39 + 0.89 days
Readmissions: < 1%

Last 5 Years:
Same Day Discharge
No narcotic analgesia

Am Surg 2006;72:885-889



So…….?

• Non-operative treatment of Simple 
appendicitis is within the standard of care.

• Our group does not recommend it.

• Shared-decision making.



Non-Operative Treatment of Perforated Appendicitis

Selective Approach

• > 3 days of symptoms

• Phlegmon/Abscess

• No generalized peritonitis.

• No bowel obstruction. Am Surg 2007;73:917-922



A Common Medical Dilemma

• You cannot improve what you cannot 
measure.

• You cannot measure what you cannot define.



Risk Stratification

• What?

– Assigning patient populations to risk groups 
based on underlying conditions, co-
morbidities, or disease presentation. 

• Why?

– Because it is the only way to evaluate 
outcomes. 



Appendicitis: A Disease Continuum

Simple Gangreno
us

Perforate
d

Definition  ?
Treatment ?
Outcomes ?

Simple Gangrenous Perforated



Gangrenous Appendicitis



Practice Change

• Gangrenous appendicitis is not clinically 
relevant. 

• Post operative antibiotics are not needed.

• Treat as simple appendicitis. 

• Cost savings



Our Current Challenge
Perforated Appendicitis 

• Perforated appendicitis occurs in ~ 30% of 
children presenting with acute appendicitis.

• Perforation  significantly worsens appendicitis 
outcomes.

• The development of a postoperative abscess 
significantly worsens the outcomes of 
perforated appendicitis.



Perforated Appendicitis
Postoperative Abscess

• Postoperative abscess occurs in 3% – 30% of 
patients with perforated appendicitis.

• Postoperative abscess doubles the hospital 
duration and cost

• Significant variability in care.



Knowledge Gap

• Appendicitis is typically considered a binary 
disease in studies and databases reporting 
outcomes & complications.

• The disease has a clinical spectrum. 

• No validated risk stratification systems for 
pediatric perforated appendicitis. 



Study Objective

Prospective application of a risk-stratification 
system for perforated appendicitis that can 
predict outcomes and resource utilization. 

Prospective evaluation of outcomes of further 
care standardization



Risk Stratification

• Prospective assessment 
of all children operated 
for perforated 
appendicitis  
– May 2015 – December 

2016.
• Clinical pathway 

covering all points of 
care instituted

• Intra-operative risk-
stratification system 
instituted

Grade of 
Perforation

Intra-operative Findings

I
Early or contained 

perforation

II
Contained abscess with no 

generalized peritonitis

III
Generalized peritonitis with 

no dominant abscess

IV
Generalized peritonitis with 

> 1 dominant abscesses



Care Standardization
Operation

• Retrieve fecalith identified on pre-op imaging (may be within appendix)

• Remove any free fecalith intact

• Inspect omentum to confirm no contained fecalith or appendiceal portion

• Inspect all 4 quadrants and suction/irrigate purulence where needed

• Inspect subdiaphragmatic/perihepatic space and suction/irrigate purulence 

• Retract rectosigmoid out of the pelvis and suction/irrigate cul de sac

• Run bowel and evacuate any interloop abscesses.

• Confirm removal of entire appendix.



Care Standardization
Post Operative Care

• Antibiotics

• TPN Indications

• PICC Indications

• Criteria for lab checks

• Criteria for imaging

• Criteria for abscess drainage

• Criteria for discharge

• Follow up protocol



Results
Primary Outcome

P<0.001

Post-Operative Abscess 12 (9.8%)

Grade I 0/25 (0%)

Grade II 1/46 (2%)

Grade III 0/13 (0%)

Grade IV 11/38 (29%)
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Results
Resource Utilization

Gr I 
N=25

Gr II
N=46

Gr III
N=13

Gr IV
N=38

P-Value

Median Post-Operative Antibiotics; (days) 3 4 5 6 < 0.001
Parenteral Nutrition; n (%) 2 (8) 7 (15) 6 (46) 18 (47) < 0.001

PICC; n (%) 2 (8) 7 (15) 6 (46) 17 (45) 0.001
Median Narcotic Analgesia; (days) 3 3 4 4 0.050

Post-Operative Imaging; n (%) 5 (20) 4 (8.7) 3 (23) 17 (45) 0.001
Post-Operative Invasive procedures; n (%) 0 (0) 2 (4) 1 (8) 6 (16) 0.088



Conclusions
• Risk stratification scheme is a valid predictor of outcomes and 

resource utilization in children with perforated appendicitis.

– without reliance on any clinical, physiological, or imaging factors. 

• Potential applications:

– Benchmarking.

– Outcome comparison between protocols and surgical centers. 

– Accurate reflection of resource burden for care compensation.



Risk Stratification & Care 
Standardization



Pediatric Appendicitis
The PAGE Study



Pediatric Appendicitis Grade Evaluation

The PAGE Study



Pediatric Appendicitis Grade Evaluation
The PAGE Study

OBJECTIVES

• To establish the reliability and reproducibility 
of the Pediatric Appendicitis Grade. 

• To validate the Pediatric Appendicitis Grade 
as a predictor of clinical, patient-reported, 
and healthcare resource utilization outcomes. 



The PAGE Study

• CAD$ 1,615,000 
budget

• Firsts

– PAG

– Risk Stratification

– PROPS Evaluation

• International Study

• 17 centers

– Canada 12

– USA 2

– UK 1

– Netherlands 1

– Brazil 1



The Future
It’s About The Patient!!



The Future
Impact Of Education On The Family

https://muhcpatienteducation.ca/DATA/GUIDE/Appendicitis_Montreal-
Children_English.pdf

https://educationdespatientscusm.ca/DATA/GUIDE/Appendicitis_Montr
eal-Childrens_French.pdf

https://muhcpatienteducation.ca/DATA/GUIDE/Appendicitis_Montreal-Children_English.pdf
https://educationdespatientscusm.ca/DATA/GUIDE/Appendicitis_Montreal-Childrens_French.pdf


Thank You!
Merci!


