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Preface

Appendicitis, an age-old affliction, continues to be a formidable presence in surgical
practice worldwide. Despite our medical advancements, its prevalence underscores the
enduring importance of understanding and effectively managing this common pathology.
However, the landscape of appendicitis care has undergone a remarkable transformation
in recent years.

We have witnessed the dawn of minimally invasive surgical techniques, revolutionizing
the patient experience by enabling same-day operations and significantly reducing
recovery times. While disruptive, the global pandemic, COVID-19, inadvertently acceler-
ated research into non-surgical treatment options, offering a potential paradigm shift in
our approach to appendicitis. Furthermore, the burgeoning field of artificial intelligence
has begun to permeate the diagnostic and therapeutic realms, promising to refine and
optimize our strategies for managing this condition.

Yet, amidst these advancements, a stark reality persists. Access to quality healthcare remains
a privilege, not a universal right. For those residing in rural areas of developing countries,
the journey to essential medical care can be arduous and often involves hours of travel. This
disparity in access creates a world of differences in patient outcomes. Within these pages,
you will encounter a testimonial that offers a poignant glimpse into this reality. This per-
spective will undoubtedly challenge and broaden the understanding of Western readers.

This book aims to provide a comprehensive and up-to-date picture of appendicitis,
encompassing its diagnosis and treatment across both pediatric and adult populations. We
attempted to synthesize the latest research, clinical insights, and technological advance-
ments while acknowledging the diverse realities of healthcare access worldwide. We hope
this work will serve as a valuable resource for clinicians, researchers, and anyone seeking a
deeper understanding of this ubiquitous surgical challenge.

Of note, the views expressed in this book are those of the authors and do not necessarily
reflect the position or policy of the Department of Veterans Affairs or the United States
government.

Vanita Ahuja MD, MPH, MBA, FACS
Associate Professor of Surgery,

Yale School of Medicine,

New Haven, Connecticut, USA

Ayaka Tsutsumi

Research Fellow,

SSM Health Cardinal Glennon Children’s Hospital,
St. Louis, Missouri, USA
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Chapter1

The Effect of COVID-19 Lockdown
on Appendicitis Severity and
Management

Aaron Rodwell, Dylan Gracias, Ishith Seth and Lyndel Hewitt

Abstract

The COVID-19 pandemic placed substantial strains on healthcare systems glob-
ally causing downstream sequalae on emergency surgical conditions including acute
appendicitis. The primary aims of this study were to examine rates of complicated
appendicitis, conservatively managed uncomplicated appendicitis and outcomes
of acute appendicitis management before, during and after the New South Wales’
COVID-19 lockdown in Australia. Retrospective analysis of patients with acute
appendicitis in a NSW local health district between 4th December 2019 and 13th
October 2020 was undertaken. Patients were grouped temporally into Pre-lockdown,
Lockdown or Post-lockdown groups. No significant change in the rates of complicated
appendicitis during the lockdown compared to periods immediately before and after
the lockdown were found. Patients with complicated appendicitis tended to be older
and have longer hospital stays. Conservatively treated uncomplicated appendicitis
rates did not increase during the lockdown period. The findings indicate potential for
lower threshold for investigation and management of suspected acute appendicitis in
older people and criteria for conservative management of uncomplicated appendicitis
may require revision. Analysis of pandemic surgical rates could enhance bed manage-
ment planning for future disasters, ensuring optimal patient safety. Further research
is required to delineate the effect of lockdowns on acute appendicitis and may inform
changes to practice.

Keywords: lockdown, complicated appendicitis (CA), COVID-19 pandemic,
appendicitis, conservative treatment

1. Introduction
1.1 Level of evidence: III

Acute appendicitis refers to acute inflammation of the appendix, proposed to
be most typically secondary to appendicular lumen outflow obstruction [1]. Itisa
common intra-abdominal surgical emergency with an individual lifetime incidence
of 7-8% [2, 3]. Acute appendicitis presentations are typically classified into uncom-
plicated appendicitis and complicated appendicitis [3]. Uncomplicated appendicitis
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(UA) is defined as a simple phlegmonous inflamed appendix, whilst complicated
appendicitis (CA) includes appendicitis complicated by rupture, peritonitis, gangrene
or abscess [4]. The diagnostic distinction between CA and UA is usually made by
radiological imaging or diagnostic laparoscopy [5].

The differentiation between complicated and uncomplicated appendicitis is vital
to determine specific management principles of each appendicitis case. In particular,
it guides the need and urgency of surgery, can inform the intraoperative process
as well as the postoperative management [4]. Uncomplicated appendicitis (UA) is
primarily managed surgically by appendectomy or, for select patients, via conserva-
tive antibiotic therapy which carries an inherent 25-41% 90-day failure rate depend-
ing on presence of appendicolith [6, 7]. CA on the other hand is managed by surgical
means in appropriate candidates with the operative technique varying depending on
the subtype of CA and patient factors [8]. The class of appendicitis also has a direct
impact on postoperative outcomes, with CA correlating with increased mortality rates
and length of hospital stay [3]. Furthermore, CA confers a greater healthcare burden
and cost associated with the increased length of stays and the defining complications
needing further management [9].

One of the major contributors to acute appendicitis progression to CA is time
until intervention [10]. Many factors can impact how rapidly health care services
are accessed by patients suffering from acute appendicitis. These include but are
not limited to, geographic, environmental, sociocultural and socioeconomic factors
[11, 12]. During the recent Coronavirus Disease (COVID-19) pandemic, the strain
on healthcare systems globally may have influenced CA rates because of patient’s
reluctance to present to hospitals, healthcare staffing issues, hospital policies
and protocols, resources and the delivery of medical care [13-15]. These factors
could potentially delay time to treatment thereby impacting CA rates during the
pandemic.

A 2021 systematic review and meta-analysis conducted by Kéhler et al., which
included 21 international studies, reported an overall reduction in the incidence of
acute appendicitis, an overall increase in CA rates (26.6% compared to 22.2%, OR
2.00, p < 0.0001, I? = 72%) during the pandemic as well as increased rates of con-
servative antibiotic only treatment as the management of choice for acute UA [16].
These findings are in contrast to studies conducted in Denmark, Switzerland, Iran,
Taiwan and Italy which found no statistically significant difference in CA rates during
the COVID-19 pandemic [12, 17-20]. In fact, Jantzen et al. found a non-significant
reduction in CA incidence during the Denmark nationwide lockdowns for which
they postulated a reduction in infectious disease transmission as an explanation
[12]. Despite this, the majority of recent studies conducted in Israel, Argentina,
Switzerland, Lithuania, Turkey, Italy, the Republic of Korea, Taiwan, USA, and the
Netherlands, found statistically significant rises in rates of CA during the COVID-19
pandemic [9, 21-29]. These increases varied from 1.22 fold to 4.245 fold [23, 28].
These variations could be due to differences in healthcare systems, as well as politi-
cal and public factors. In Australia, few studies have been conducted analysing the
impact of the pandemic on acute appendicitis, with conflicting results [30-32].
There is currently insufficient evidence demonstrating a conclusive or consistent link
between the pandemic and its effect on acute appendicitis.

Whilst much of the current literature found an increase in the rates of CA during
the COVID-19 pandemic it is important to note that there was heterogeneity in terms
of study design, sample size, follow-up periods, degrees of COVID restrictions, and
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healthcare systems. The lack of consistent findings highlights the need for further
studies to investigate the effects of the COVID-19 pandemic on the rates of CA.
Furthermore, there is limited literature describing the rates of CA, conservative man-
agement of UA and resultant outcomes during the times before and after lockdown
periods.

2. Methods

This study aimed to analyse acute appendicitis presentations in a NSW-based local
health district during the COVID-19 lockdown period. This period was defined by
the NSW State Government’s stay-at-home orders in the Greater Sydney region, and
presentations during this time were compared to equal periods immediately before
(pre-lockdown), and after (post-lockdown). Three patient groups were made based
on these time periods. Specifically, we aimed:

1.To determine the impact of the COVID-19 lockdown in NSW/Greater Sydney on
the rates of acute appendicitis presentations among adult patients in Illawarra
Shoalhaven Local Health District (ISLHD) hospitals.

2.To examine the clinical characteristics and outcomes of patients with acute ap-
pendicitis, including the rates of complicated appendicitis, in-hospital mortal-
ity, length of hospital stay, and all-cause 28-day readmission across the different
periods.

3.To analyse the relationship between age and gender concerning acute appendici-
tis presentations, including potential age-related trends in complicated appendi-
citis and gender-related differences within study groups.

4.To investigate the rates of conservative treatment for uncomplicated appendicitis
and assess the readmission rates for patients managed conservatively, including
any differences between the study groups.

A retrospective cohort study was conducted using routinely collected de-identi-
fied data from a New South Wales based local health district. This study was approved
by the local Ethics Committee, UOW & ISLHD Health and Medical Human Research
Ethics Committee Project ID: 2022/ETH01792.

The routinely collected de-identified data was made available from the Illawarra
Shoalhaven Local Health District. These data are a sub study of a larger project
being led by Dr. Chantal Campbell titled ‘Antibiotic vs. Surgical Management of
Uncomplicated Acute Appendicitis in the Illawarra Shoalhaven Health District: a
20-year retrospective analysis comparing proportions and trends in management,
28-day readmissions, and length of stay (ISLHD/LNR/2021-147).

The retrospective analysis included data from all patients, aged 18 and over, who
presented to an emergency department within the local health district, and were
diagnosed with acute appendicitis during the defined pandemic periods. Participants
were allocated to one of three groups: the lockdown group — defined as the 105-day
NSW/Greater Sydney lockdown period from 18th of March 2020 to 30th of June
2020; the pre-lockdown group from 4th December 2019 to 17th March 2020; and the
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post-lockdown group from 1st July 2020 to 13th October 2020. The three resultant
groups each had a 105-day period.

Data for patients were included in the different groups based on time of hospital
presentation for acute appendicitis. The NSW/Greater Sydney lockdown period
used in this study was defined based on NSW State Government’s order of allowing
no more than 100-person indoor gatherings. Other restrictions were variable but
included restrictions on leaving place of residence without reasonable excuse, social
distancing measures of 1.5 metres, limitations on indoor and outdoor public gather-
ings (limited to two people at its most strict), non-essential travel bans and aged care
visitation restrictions. It should be noted that during the lockdown period restrictions
on indoor gatherings were at times more restricting than only allowing 100-person
indoor gatherings. Patients that presented within one group but were readmitted
outside of the dates forming that group were included in their original group only.

The severity of appendicitis was classified according to ICD-10-AM (The
International Statistical Classification of Diseases and Related Health Problems,
Tenth Revision, Australian Modification) codes used for hospital admissions and
SNOMED-CT® AU (Systemized Nomenclature of Medicine — Clinical Terms
Australian Extension) used in Emergency Department presentations:

* Codes used for uncomplicated appendicitis:

o ICD 10 AM - K35, K35.8, K36, K37, K38.9 [33]

o SNOMED-CT® AU -72,048,003, 235,769,005, 196,785,005 [34]
* Codes used for Complicated appendicitis:

o ICD 10 AM - K35.1, K35.2, K38.1 [33]

o SNOMED-CT® AU -62,224,002, 266,439,004, 28,845,006, 51,036,000,
196,781,001, 64,252,005, 4,998,000, 286,967,008, 47,693,006, 95,547,004 [34]

Non-acute appendicitis codes were excluded, and some of the codes above were
included but deemed to be contentious; K38.9, K36, K38.1, 196,785,005 [33, 34]. These
were contentious as some of the included patients may not have had acute appendi-
citis. Data was collected based on the diagnosis of acute appendicitis without consid-
eration of patient comorbidities or concurrent pathologies, and hence patients with
concurrent colorectal cancer or inflammatory bowel disease for example, including
their management were not specified. Similarly, pregnant females while included in
this study, were not specified.

Surgical treatment was defined as patients who had either an open or laparoscopic
appendicectomy and patients not having these surgeries were deemed to have had
conservative treatment mainly consisting of antibiotics, analgesia with clinical and
biochemical monitoring. Of note, robotic appendicectomy was not available at any of
the hospitals studied. Access to emergency operating theatres was still readily avail-
able during lockdown as was anaesthesia availability, however this was not statisti-
cally examined.

Statistical analysis was performed using jamovi Version 2.3 [35] Continuous
variables were described using means and standard deviations or medians and
ranges if data were asymmetrical; categorical variables were described using counts
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and percentages. Categorical variables between three groups were compared using
the Pearson’s chi-square test. Independent ¢-tests were used to compare continuous
variables between two groups, and one-way analysis of variance (ANOVA) was used
to compare continuous variables across three groups. A p value of <0.05 was deemed
statistically significant.

3. Results

A total of 452 adult patients presented to the hospitals with acute appendicitis
during the three study periods. This included 131 patients in the lockdown group,

163 patients in the pre-lockdown group and 158 patients in the post-lockdown group
(Figure 1). This depicts a decrease in acute appendicitis presentations in the lock-
down group.

There was no statistically significant difference in age or sex distribution between
the three groups (Table 1). Rates of complicated appendicitis among the three groups
showed no statistically significant difference (Table 1). However, as depicted in
Figure 2, the proportion of complicated appendicitis was higher in the post-lockdown

Figure 1.
Study Population included in the pre-lockdown period, lockdown period and post-lockdown period.
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Total Pre-lockdown Lockdown Post-lockdown p-value
n =452 n =163 n=131 n =158
Age, mean (SD) 3748 (17.25) 40.79 (18.21) 38.82 (16.33) p=0.285
Sex p=0.630
Male, n (%) 224 (49.56) 76 (46.63) 68 (51.91) 80 (50.63)
Female, n (%) 228 (50.44) 87 (53.37) 63 (48.09) 78 (49.37)
Classification p=0.345
Complicated, n (%) 116 (25.66) 38 (23.31) 31 (23.66) 47 (29.75)
Uncomplicated, n (%) 336 (74.34) 125 (76.69) 100 (76.34) 111 (70.25)
Treatment modality p=0.102
Surgical, n 427 149 126 152
Conservative, n (%) 25 (5.53) 14 (8.59) 5(3.82) 6
Hospital Stay
Length of Stay, mean 2.99 (242) 3.19 (2.05) 3.69 (7.38) p=0455
(SD)
28-day readmission, n 8 (1.77) 5(3.07) 3229 0 p=0.099
(%)
Mortality 0 0 0 0

'SD - standard deviation.

" Appendicitis Classification, Sex, Treatment modality and 28-day readmission were analysed by Chi-square testing.
*Age, and LOS (length of stay) differences weve analysed using one-way ANOVA.
SStatistically significant findings (p < 0.05) are shown in bold.

Table 1.

Patient demographics, length of stay, treatment modality and mortality of acute appendicitis patients during the

COVID-19 pandemic.

100%
%

BN
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§ 8588
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Figure 2.
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group (29.7%) compared to the pre-lockdown (23.3%) and the lockdown (23.7%)
groups (Table1). As shown in Table 1, there was no recorded mortality among the
patients who presented with appendicitis during the three study periods reviewed. A
comparison of the three groups indicated that the length of stay was not statistically
significantly different between them (Table 1). There was no statistically significant
difference in the rates of all-cause 28-day readmission between the three groups
(Table1).

Complicated appendicitis patients were statistically significantly older in age
than patients who had uncomplicated appendicitis during the examined period
overall (p < 0.001) (Table 2), however this was not true for the pre-lockdown period
group in isolation (Table 2). Although not explored further in this study, there was a
statistically significant higher rate of CA in males compared to females in the post-
lockdown period group (p = 0.012). There was a statistically significant longer LOS
in complicated versus uncomplicated appendicitis patients overall and within each of
the three groups (p < 0.001) (Table 2). There was no statistically significant differ-
ence in 28-day readmission between complicated and uncomplicated groups however,
all eight 28-day readmissions were uncomplicated appendicitis patients (Table 2).

There were no statistically significant differences in rates of conservative treat-
ment in uncomplicated appendicitis across the three groups (Table 3). Of the compli-
cated appendicitis patients, there were three patients in the pre-lockdown group and
two in the post-lockdown group that were managed conservatively. All 8 readmissions
(5 in the pre-lockdown group, 3 in the lockdown group, 0 in the post-lockdown
group) were from the 20 conservatively managed uncomplicated appendicitis patients
which was of statistical significance (p < 0.001) (Table 4). As depicted in Table 4,
readmission rates of uncomplicated appendicitis patients managed conservatively
across the three groups were not statistically significant. LOS among UA patients did
not differ significantly between the three groups.

Pre- Lockdown Post- Total X2(df) p-value
lockdown n=100 lockdown n=336
n=125 n=111
Treatment type
Conservative, n 11 5 4 20 3.07(2) p=0.216
observed % 8.8 5 36 5.95
within group
Hospital stay
LOS, mean (SD) 2.50(1.01) 2.63(1.40) 2.45(1.01) 252 p=0.569
(1.14)

28-day 5 3 0 8 4.28(2) p=0.118
readmission, n
observed % 4 3 0 2.38

within group

*SD-standard deviation.

"Treatment type was binomial, with surgical as control. LOS (length of stay) was analysed using ANOVA. 28-day
readmission and treatment type were compared using chi-square tests.

*Statistically significant findings (p < 0.05) are shown in bold.

Table 3.
Analysis of conservative treatment and readmission rate in patients with Uncomplicated appendicitis only.
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Conservative Surgical X2(df) p-value
n=20 n=316
28-day readmission, n 8 0 129(1) p<0.001
observed % within group 40 0

‘28—day readmission among treatment modalities was analysed using chi-squared test.
1 Treatment modality was binomial, with surgical as control.
FStatistically significant findings (p < 0.05) are shown in bold.

Table 4.
Analysis of velationship between treatment modality and 28-day readmission in uncomplicated appendicitis
patients only.

Pre-lockdown Lockdown Post- Overall p-value
n=38 n=31 Lockdown n=116
n=47
Age, mean (SD) 41.18(18.27) 51(18.89) 47.04(18.70) 46.18(18.85) p=0.093
LOS, mean (SD) 461(4.32) 5.00(2.72) 6.62(13.07) 5.53(8.78) p = 0.607

'SD - standard deviation.
+LOS (length of hospital stay) and age were compared using one-way ANOVA tests.
iSmtistically significant findings (p < 0.05) are shown in bold.

Tables.
Length of stay comparison in patients with complicated appendicitis.

There was no statistically significant difference in age or sex (data not shown)
of complicated appendicitis patients across the three groups (Table 5). Table 5
illustrates difference in LOS of complicated appendicitis patients was not statistically
significant among the three groups.

4. Discussion

The study findings indicate that the COVID-19 lockdown in the Illawarra
Shoalhaven Local Health District did not result in an increase in the rates of compli-
cated appendicitis. These results align with prior research, including two small-scale
Australian studies, which similarly found no statistically significant changes in CA
rates during the pandemic compared to previous years [17-20, 31, 32]. However, this
contrasts with a recent NSW-based study reporting higher CA rates in one local health
district during the pandemic [30]. Several potential explanations for this discrepancy
exist, including local health system’s ability to maintain a low time to intervention
during the lockdown, reduced transmission of infectious diseases during the lock-
down that may precipitate acute appendicitis, and decreased emergency department
presentations due to COVID-19 patient concerns. It is essential to acknowledge that
limited research has explored the lockdown’s effects, and our study did not compare
CA rates to equivalent periods in previous years, potentially confounding results due
to seasonal fluctuations [36].

In this study, all CA rates (23.3% pre-lockdown, 23.7% during lockdown, 29.7%
post-lockdown) were either comparable to or lower than those reported in other
pandemic-related literature [9, 16]. These lower rates are in contrast to those of an
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American study which found that there were significant increases in CA (17.7% vs.
35.1%) during the pandemic, potentially due to patients not seeking appropriate,
timely medical care [37]. However, it should be noted that this study was undertaken
in USA which experienced a different COVID-19 climate and healthcare system to
that of Australia.

This study observed that complicated appendicitis patients were more likely to be
older than uncomplicated appendicitis patients, consistent with existing literature
[38]. While the pre-lockdown CA patients were not significantly older than their
uncomplicated appendicitis (UA) counterparts, this age difference emerged during
the lockdown and post-lockdown periods. Possible factors contributing to these age-
related trends may include reduced social contact, increased mask usage, enhanced
hygiene practices, and lower viral transmission rates among younger individuals dur-
ing lockdowns. This age-related trend persisted post-lockdown, indicating that the
lockdowns’ effects on appendicitis presentations might persist beyond the lockdown
period as infection prevention strategies remain pertinent to individuals. However,
the study did not specifically investigate the underlying reasons for these age-related
differences, such as delayed presentation or reduced healthcare-seeking behaviour
among older individuals, which would require further research [39, 40].

Unlike some prior literature, this study did not observe an increase in the rate of
conservative treatment as the intervention of choice during the lockdown period
[16]. Looking at international trends, conservative management was adopted more
frequently in an attempt to reduce peri-operative mortality, infection spread, and
hospital admissions at the time of healthcare system strain during the pandemic
[16, 41-43]. This study’s unique approach compared conservative management rates
at different times around the pandemic, shedding light on the lockdown’s specific
impact on acute appendicitis management and outcomes. However, comparisons
with previous years are necessary to provide a comprehensive understanding of the
pandemic’ effect on conservative management. Throughout the study period, the
28-day readmission, in-hospital mortality, conservative management, and CA rates
did not significantly differ between the three groups. However, the study’s limited
sample sizes for conservatively managed disease and 28-day readmission rate should
be noted before generalising these findings. The study’s findings align with UK and
US research supporting the safety and effectiveness of non-operative management
of acute appendicitis in the short term [7, 44]. Nevertheless, a more comprehensive
analysis comparing outcomes during a period in which change in management
occurred is needed to determine if improvements are warranted.

Several limitations must be acknowledged, including the inclusion of conten-
tious appendicitis codes, which may require case-by-case analysis in future studies.
Additionally, the study did not examine confounding variables such as time to
presentation, time to surgery, patient comorbidities, functional status and COVID-19
status, which may have widespread ramifications such as affecting CA rates, length
of hospital stay, and having implications on the intervention chosen by healthcare
practitioners. The study’s narrow focus on one Local Health District and limited
access to patient notes hindered comprehensive analysis, and future research should
consider state-wide datasets and case-by-case analysis. The absence of comparisons
with previous years limits our understanding of COVID-19’s impact on appendicitis.
Lastly, the small sample sizes for conservative management and readmission data
reduce generalisability.

Future research should explore factors such as time from symptom onset to
presentation, conservative management protocols, and COVID-19 effects on CA
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rates in more detail. This study’s strength lies in its examination of acute appendicitis
throughout pre-lockdown, lockdown and post-lockdown periods, of which post-
lockdown analysis was not undertaken by prior studies [9, 12, 45, 46].

While the study did not identify a significant change in CA rates during the
lockdown, it is crucial to consider that our analysis was limited to one Local Health
District and lacked comparisons with previous years. Therefore, further research is
needed to determine if specific planning is required for future pandemics. Additional
details regarding the numbers and demographics of individuals in need of surgical
interventions could enhance bed management planning, particularly in anticipation
of future disasters, to ensure an ongoing high standard of care throughout adverse
situations. Additionally, the higher mean age of complicated appendicitis patients in
this study suggests that planning for older surgical patients during future pandem-
ics may be necessary. Given the higher healthcare system burden associated with
CA patients, a lower threshold for investigations and interventions in older patients
with suspected acute appendicitis should be considered. Further research, including
age-specific analyses, could inform these measures. The absence of a statistically
significant difference in length of stay between surgically and conservatively man-
aged patients raises questions about the effectiveness of conservative management
protocols, especially considering the much larger 28-day readmission rate observed.
Hospitals may need to review their criteria for conservative management of acute
appendicitis if the goal is to reduce the healthcare system burden while still maintain-
ing an adequate level of patient care.

5. Conclusion

In conclusion, this study did not find an increase in the rates of complicated
appendicitis during the NSW lockdown period. Higher mean age of complicated
appendicitis patients compared to uncomplicated appendicitis patients was noted
during and after the lockdown, warranting further investigation. Rates of conserva-
tive management of uncomplicated appendicitis did not increase during the lockdown
period and length of hospital stay did not appear to differ between surgical and non-
surgical management of uncomplicated acute appendicitis. Furthermore, all 28-day
readmissions during the study were conservatively managed uncomplicated appendi-
citis patients. Future research should aim to provide a comprehensive understanding
of these effects in order to guide clinical pathways in the event of future pandemics
and by extension, future events that pressure our healthcare system.
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Diagnosis and Management of
Acute Appendicitis
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Abstract

Acute appendicitis remains the most common indication for urgent abdominal
surgery, with significant variations in presentation across different patient populations.
This chapter provides a comprehensive overview of acute appendicitis’s epidemiology,
anatomy, pathogenesis, and clinical features, emphasising its diagnostic challenges,
particularly in paediatric, elderly, and pregnant patients. Imaging modalities—includ-
ing ultrasound, computed tomography (CT), and magnetic resonance imaging
(MRI)—are explored in guiding diagnosis and management. Treatment approaches
are reviewed, highlighting both operative (laparoscopic and open appendectomy)
and non-operative management strategies, along with criteria for patient selection.
The discussion extends to special considerations such as gangrenous appendicitis,
appendiceal mass, and the role of interval appendectomy. Additionally, screening for
malignancy in older patients is addressed, reinforcing the importance of individualised
management. Advances in diagnostic tools and treatment protocols continue to refine
clinical decision-making, reducing morbidity and improving patient outcomes.

Keywords: nonoperative management (NOM), operative management, antibiotics,
appendectomy, laparoscopic surgery, open appendectomy, imaging modalities,
ultrasound (US), computed tomography (CT), magnetic resonance imaging (MRI),
complicated appendicitis, uncomplicated appendicitis, recurrence rate, timing of
surgery, special populations (children, pregnant women, elderly)

1. Introduction

Acute appendicitis is an indication for urgent abdominal surgery, and it occurs
atarate of 5.7 to 50 cases per 100,000 individuals annually. The condition is more
prevalent in the second and third decades of life. Males are slightly more likely to be
affected, with a 1.5:1 male-to-female ratio [1].

Diagnosing acute appendicitis is most challenging at the extremes of age—dif-
ficult in young children due to the lack of a clear history and in the elderly because of
a broad range of possible diagnoses and subtle or absent physical signs.

The mortality risk for acute non-gangrenous appendicitis is below 0.1%, but this
risk increases to 0.6% in cases of gangrenous appendicitis. In contrast, perforated
appendicitis has a significantly higher mortality rate of approximately 5% [2].
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2. Anatomy

The appendix is situated at the base of the cecum, near the ileocecal valve, where
the taenia coli converge.

The blood supply of the appendix is from the appendiceal artery, which isa
terminal branch of the ileocolic artery.

The location of the appendix can vary with positions including retrocecal, subce-
cal, retroileal, pre-ileal and pelvic.

These variations in location can influence the presentation of the condition
because the site of pain and clinical exam findings are often indicative of the appen-
dix’s anatomical location.

3. Pathogenesis

Acute appendicitis usually begins with appendiceal lumen obstruction with
inflammation of the appendiceal wall and then progresses to congestion. This rise in
pressure results in thrombosis and occlusion of the small vessels within the appendi-
ceal wall and localised ischemia, perforation, and may ultimately lead to the forma-
tion of a contained abscess or generalised peritonitis.

As the appendix becomes engorged, visceral afferent nerve fibres are stimulated,
causing poorly localised central or periumbilical abdominal pain. Later in the dis-
ease course, as the inflammation spreads to the adjacent parietal peritoneum, pain
becomes more well-localised.

In cases of gangrenous or perforated appendicitis, the most involved organisms
include Escherichia coli, Bacteroides fragilis, and Pseudomonas species [3].

4. Causes

Luminal obstruction is commonly caused by fecaliths (hard faecal matter and
inorganic salts), found in approximately 1/3 of acute appendicitis cases. Other causes
of luminal obstruction include benign or malignant tumours of the appendix and
cecum and lymphoid hyperplasia within the appendiceal wall.

Infectious causes include bacterial infections such as Campylobacter, Brucella,
and Salmonella; parasitic infestations, including Entamoeba histolytica, Schistosoma
mansoni, and Entevobius vermicularis.

4.1 Clinical features

Abdominal pain is the most common symptom of acute appendicitis, reported in
nearly all confirmed cases. The typical presentation of acute appendicitis includes
a combination of the following classic symptoms of right iliac fossa pain. Initially,
periumbilical pain migrates to the RIF in 4-24 hours as the inflammation progresses.
Although migratory pain is considered a hallmark symptom, it occurs in only 50-60%
of patients with acute appendicitis with associate anorexia, nausea, vomiting and
low-grade fever.

The symptoms can vary depending on the anatomical location of the appendix.
For instance, an inflamed anterior appendix causes localised pain in RIF, while a
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retrocecal appendix may result in a more diffuse, dull abdominal pain [4]. When the
tip of the appendix is in the pelvis, the pain can be atypical, with tenderness below
McBurney’s point. In these cases, patients may also experience urinary frequency,
dysuria, or rectal symptoms such as tenesmus and diarrhoea.

In female patients, a detailed gynaecological history is essential, including infor-
mation about menstrual cycles, vaginal discharge, or any history of conditions such as
endometriosis.

The early physical signs of appendicitis can be mild in the initial stages, with
minimal clinical findings. Signs include tachycardia, low-grade fever, and localised
tenderness at the right iliac fossa (McBurney’s point tenderness). Sensitivity ranges
from 50% to 94% and specificity from 75% to 86% [5]: as the inflammation pro-
gresses, the parietal peritoneum becomes involved.

Other physical signs commonly associated with appendicitis (although their
diagnostic value should be interpreted with caution, as these findings predate the use
of imaging and vary widely in sensitivity and specificity): Psoas sign: Pain in the right
lower quadrant with passive right hip extension, typically associated with a retrocecal
appendix. Sensitivity is 13-42%, and specificity is 79-97% [5]. Obturator sign: Pain in
the right lower quadrant when the right hip is flexed and internally rotated, indicating
a pelvic appendix. Sensitivity is 8%, but specificity is 94% [5]. A rectal examination
does not add diagnostic value in appendicitis.

Pelvic examination in women may reveal tenderness in the right adnexal region,
making it difficult to distinguish between gynaecological and appendiceal causes
of pain.

The Jerusalem guidelines, established by the World Society of Emergency
Surgery (WSES), recommend utilising scoring systems such as the Alvarado
score, the Adult Appendicitis Score (AAS), and the Appendicitis Inflammatory
Response (AIR) to aid in the clinical diagnosis of acute appendicitis (AA) [6].
These scoring systems provide and guide an approach to diagnosing appendicitis,
reducing admissions, optimising the utility of diagnostic imaging, and prevent-
ing negative surgical explorations, but none of these scoring systems are widely
accepted for use [7, 8].

4.2 Differential diagnosis

Differentials to consider includes lymphadenitis, urinary tract infection/right-
sided ureteric stones, distal ileum inflammatory bowel disease, terminal ileitis, right-
sided colitis, diverticulitis [9] and gynaecological diseases (mainly ectopic pregnancy,
ovarian cyst/torsion or haemorrhage, acute salpingitis, Mittelschmerz (mid-cycle)
pain and pelvic inflammatory disease).

One of the most difficult differential diagnoses of acute appendicitis is acute
Crohn’s disease. A history of Crohn’s disease may prevent unnecessary surgical pro-
cedures in the setting of acute abdominal pain as Crohn’s disease can initially present
like acute appendicitis. During the operation, inflammation of ileal loops could point
towards Crohn’s disease [10].

A good history and examination are necessary to manage the differential diagnosis
such as recent viral infection causing mesenteric adenitis. Acute bacterial ileitis may
be due to infections with Yersinia or Campylobacter. Also, severe cervical motion
tenderness during the bimanual pelvic examination may indicate pelvic inflammatory
disease [10].
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5. Investigations
5.1 Lab investigations

Normal white cell count (WCC) cannot exclude AA, especially in the early stage,
as WCC increases as AA progresses. A mild elevation in white cell count (WCC)
above 10,000 cells/pL is common, with leucocytosis and neutrophilia. The sensitiv-
ity and specificity of elevated WBC levels for diagnosing appendicitis are 80% and
55%, respectively. Urinalysis is essential, particularly in women. Although pus cells
and microscopic haematuria can occur in appendicitis, their absence may be useful
in excluding significant urinary tract disease. Urinary or serum B-HCG test should be
performed to exclude.

5.2 Imaging of appendicitis

Acute appendicitis is one of the most prevalent causes of acute abdominal pain,
necessitating rapid surgical operation. If ignored and left untreated, appendicitis
can cause serious complications such as appendix perforation, abscess formation,
and peritonitis, all of which dramatically increase patient morbidity and mortality.
As aresult, a timely and precise diagnosis is critical to avoiding these severe results.
Imaging is critical in detecting appendicitis, especially in cases where symptoms are
atypical or unclear. This is especially critical in special populations, including chil-
dren, the elderly, and pregnant women, who may exhibit atypical symptoms or face
increased risks from delayed diagnosis.

When diagnosing appendicitis, the following primary imaging modalities are typi-
cally used: Ultrasound (US), computed tomography (CT), magnetic resonance imaging
(MRI) and other imaging techniques (i.e. plain radiography and nuclear medicine).

5.3 Ultrasound

Graded compression ultrasound uses gentle pressure to move gas-filled
intestinal loops, improving the appendix’s visibility. An inflamed appendix is a
non-compressible tubular construction with a blind end located in the lower right
quadrant > 6 mm in outer diameter. In cross-section, the target sign and the wall
thicken (>2 mm). Enhanced vascularity was observed using colour Doppler imaging
[11]. Appendicolith (fecalith) may be present. Inflammation may also be indicated
by peri-appendiceal fluid collection in the form of unified echo texture in echogenic
areas on ultrasonography [12], or echogenic mesenteric fat. The advantages include
No ionising radiation exposure, which makes it safe for use in pregnant women
and children. Dynamic assessment that can link areas of maximal tenderness with
imaging findings in real time [13, 14]. However, the limitations are that the device’s
sensitivity and specificity vary depending on the operator; individuals with high
body mass index or significant intestinal gas may have limited visibility. Studies have
shown that ultrasound can diagnose appendicitis in both adults and children, with
sensitivities ranging from 71% to 94% and specificities from 81% to 98% [15, 16].

5.4 Computed tomography (CT)

Intravenous contrast-enhanced CT enhances the visual quality of the surrounding
structures and the appendix. Also, low-dose CT preserves diagnostic accuracy while
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exposing patients to less radiation. On the other hand, oral and rectal contrast is less fre-
quently utilised because it takes longer to prepare and causes discomfort to the patient.

The diagnostic criteria include appendix diameter (>6 mm), thickening of the
appendix wall, and fat stranding around the appendix, which suggests inflammation
and appendicolith presence [17]. Computed tomography also detects complications
such as phlegmon/abscess.

Enhancing walls and fluid accumulation, or perforation (free gas). The advantages
include >95% sensitivity and specificity, thorough examination of the pelvis and
abdomen that permits the discovery of alternate diagnoses, and quick acquisition
speed. However, the limitations are exposure to ionising radiation, possible contrast
reactions, and, because of radiation risks, use is restricted in children and pregnant
women. CT imaging has been shown to reduce negative appendectomy rates and
improve diagnostic accuracy in adults with suspected appendicitis [18, 19].

5.5 Magnetic resonance imaging

MRI sequences—T2-weighted imaging demonstrates structures that are filled with
fluid without the use of contrast chemicals. Enhance identification of inflammation
in fat planes with fat-suppressed sequences. In addition, diffusion-weighted imaging
(DWI) locates regions of limited diffusion linked to inflammation.

Wall thickening, peri-appendiceal inflammation, and an enlarged appendix are
like CT findings, but superior soft-tissue contrast enables in-depth visualisation.
Also, it is non-radioactive; hence, it is safe to use during pregnancy, especially in
the second and third trimesters. MRI is expensive and has restricted availability,
extended periods for examinations, and sensitivity to movements from the patient,
which may cause an image’s quality degradation or movement artefacts.

MRI has been shown to have a high sensitivity and specificity for the diagnosis
of appendicitis; it is particularly helpful in situations where ultrasound results are
unclear and radiation exposure is a concern [20, 21].

5.6 Other imaging methods
5.6.1 Plain radiography

It has a limited role in diagnosing appendicitis and may exhibit indirect signs such
as fecaliths, localised ileus, or elevated air-fluid levels. Low diagnostic yield implies
that it is not usually suggested [22].
5.6.2 Nuclear medicine

Radionuclide imaging employs leukocytes that have been radiolabelled to identify
inflammation. It is rarely utilised because of time constraints and the availability of
imaging technologies that are more effective [23].
5.7 Special populations
5.7.1 Children

Ultrasound is the primary imaging modality for detecting appendicitis. It is non-
invasive, free of radiation, and produces real-time findings, which is very useful in
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paediatric treatment. It enables viewing of the appendix and associated tissues, which
aids in the rapid confirmation or exclusion of appendicitis; however, in many cases,
the appendix is not readily visible, especially in younger children or those with a
higher body mass index (BMI). In addition, Ultrasound sensitivity can be diminished
in children who have trouble participating throughout the process since movement
can distort pictures and impair diagnostic accuracy. Furthermore, if there is a lot of
intestinal gas or an unusual appendix position, ultrasonography may not produce
accurate data. Ultrasound is a highly successful diagnostic technique for paediatric
appendicitis, with 88% sensitivity and 94% specificity. This implies that it correctly
detects a lot of cases of appendicitis and reliably rules it out in healthy children [15].

CT is used cautiously, especially in older children or when other diagnostic meth-
ods are inconclusive. While it provides a more definitive diagnosis, its use is limited
due to radiation exposure; therefore, it is used with caution.

MRI is a highly accurate and radiation-free option that can be applied when ultra-
sound and CT are ambiguous or when avoiding radiation is crucial, such as in young
children or individuals with recurrent appendicitis.

5.7.2 Pregnant women

Ultrasound is the first line of imaging; second-line imaging is MRI without gado-
linium contrast agents. CT is only used in pregnant women when an MRI is unavail-
able or unclear because it poses a foetal radiation exposure risk. It is a last choice
after careful discussion with the patient, obstetrician and radiologist, intended for
situations in which a correct diagnosis is critical to avoiding significant complications.
If ultrasonography is nondiagnostic, MRI is safe to use during pregnancy and offers a
precise diagnosis [20, 21].

5.7.3 Elderly

CT is recommended for elderly patients due to a higher risk of atypical presenta-
tions and other differentials such as diverticulitis and colonic cancer. It helps to
confirm the diagnosis and rule out other possible sources of symptoms. When treat-
ing elderly individuals who may have appendicitis, CT imaging enhances diagnostic
precision and management by providing a clear view of the appendix and surround-
ing structures; this enhanced accuracy allows for better decision-making regarding
treatment [12].

5.8 Role of imaging in management

Diagnosis confirmation: Imaging plays an important role in management by
accurately diagnosing appendicitis and minimising unnecessary surgeries such as
negative appendectomies. It distinguishes appendicitis from other illnesses with
similar symptoms.

Treatment planning: Imaging aids in planning treatment by detecting problems
such as abscesses or perforations and exposing anatomical differences. This ensures
that surgical and non-surgical procedures are adjusted for better results.

Nonoperative management: Antibiotics may be taken into consideration in certain
cases of uncomplicated appendicitis; hence, imaging verifies that there is no abscess,
perforation, or fecalith.
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Follow up imaging facilitates evaluation of the response of patients receiving
conservative treatment, such as antibiotic medication, and determining the need for
surgical intervention. Specifically, imaging determines whether problems such as
abscess formation, perforation, or increasing inflammation have developed, indi-
cating that nonoperative treatment is no longer recommended. Imaging allows for
quick and informed judgements, balancing the risks and advantages of nonoperative
therapy versus surgical intervention.

Imaging-guided management techniques have decreased healthcare expenses and
improved patient outcomes [24, 25].

5.9 Conclusion

To summarise, imaging modalities such as ultrasound, CT, MRI, and others are
critical in the diagnosis and treatment of appendicitis. They help medical profession-
als make accurate diagnoses, plan appropriate treatment, and track progress, result-
ing in better patient outcomes and fewer wasteful operations.

6. Management of acute appendicitis

Management involves a combination of clinical evaluation, imaging, and
tailored treatment approaches, depending on the severity and individual patient
factors. The two primary strategies are nonoperative management (NOM) with
antibiotics for selected uncomplicated cases and surgical intervention through
appendectomy.

6.1 Nonoperative management
6.1.1 In adults

Adults who present with acute appendicitis can be managed non-operatively
with antibiotics; careful selection criteria and discussion with the patient
are needed prior to starting this treatment strategy. Selection criteria are
CRP < 60 g/L, WBC < 12 x 109/L, and age < 60 years [26], duration of symptoms
<24 hours, Alvarado score < 4. On the other hand, gangrenous appendix, large
abscess, peritonitis, and pregnancy are contraindications according to the 2020
update of the WSES Jerusalem guidelines [27], together with the presence of a
fecolith [28].

NOM carries a 1-year recurrence rate of 27.3%, of which the complicated acute
appendicitis rate is 10% [29].

The duration of antibiotic therapy is 3-7 days; local hospital antimicrobial guid-
ance will be a good reference for antibiotic choice and route.

Benefits and risks [30] of NOM include a return to work: 1.78 days shorter, and the
need for a new course of antibiotics: 9 fewer per 1000, but there are risks of read-
mission: 201 more per 1000, post-treatment abscess: 9 more per 1000, need for IR
drainage: 14 more per 1000 and conversion to operative management or reoperation:
91 more per 1000.

Overall, careful discussion with patients/guardians is crucial in the decision-
making process of NOM of acute appendicitis.
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6.1.2 In paediatrics

Paediatric acute appendicitis can also be treated as NOM with careful selection as
well.

Selection criteria are uncomplicated AA without an appendicolith [31].
Appendectomy avoidance rate is 62-81% after 1-year follow-up [32]. Antibiotic
therapy duration is 3-7 days; local hospital antimicrobial policy will be a good refer-
ence for antibiotics route and choice.

Benefits and risks [30] of NOM in paediatrics include the return to school: 2 days
shorter, ICU admission: 39 fewer per 1000. Post-treatment abscess: 18 fewer per 1000
and need for IR drainage: 8 fewer per 1000. However, the length of stay is 1.4 days
longer, and the readmission rate is 220 more per 1000.

Overall, careful discussion with patients/guardians is crucial in the decision-
making process of NOM of acute appendicitis.

6.2 Operative treatment of acute appendicitis
6.2.1 Timing of surgery

Data from the American College of Surgeons NSQIP demonstrated no increase in
complications if appendectomy for AA was performed on hospital day 1 or 2; how-
ever, appendectomies performed on hospital day 3 had worse outcomes, increased
30-day mortality (0.6%), and all major postoperative complications (8%) in com-
parison with operations taking place on hospital day 1 (0.1%; 3.4%) or 2 (0.1%; 3.6%).
Risk is higher in patients with increased ASA.

The American Paediatric Surgical Association Outcomes recommendations:
Appendectomy performed within the first 24 hours from presentation is not associ-
ated with an increased risk of perforation or adverse outcomes.

6.2.2 Laparoscopic versus open appendectomy

Laparoscopic appendectomy offers significant advantages over open appendectomy
in terms of less pain, lower incidence of surgical site infection, decreased length of
hospital stay, earlier return to work, overall costs, and better quality of life scores [27].

6.2.3 Laparoscopic appendicectomy

Preoperative adequate resuscitation, IV antibiotics, analgesia, VTE prophylaxis,
consent, and anaesthetic review (WHO checklist).

Incision can be either standard, supra/infraumbilical open Hasson Technique to
insert a camera port and x2 additional ports—two 5 mm or 10 and 5 mm according to
operator preference, generally positioned in the left iliac fossa and suprapubic area;
position may vary according to operator preference. Single-incision laparoscopic
appendectomy (SILA); is another effective way to perform appendectomy; however,
it has a higher incidence of SSI compared with three-port LA and requires a longer
operative time [33].

Laparoscopy: Conduct quick diagnostic laparoscopy; a gentle head-down and right-
side-up position will help in displaying the pelvis and easy identification of the appendix.

Intraoperative appendicitis grading: Commonly used systems are WSES grading:
grade 0 (normal), grade 1 (inflamed), grade 2 (necrosis), grade 3 (inflammatory
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tumour), and grade 4 (peritonitis), and AAST grading: ranging from grade 1 (mild)
to grade V (severe).

Intraoperatively normal appendix: The European Association of Endoscopic
Surgery (EAES) 2016 guidelines recommended performing an appendectomy in the
case of a normal-appearing appendix during surgery for suspected AA in the absence
of other pathology. Lavage and suction or suction alone (no difference) [30].

Control of mesoappendix: Thin mesoappendix can be controlled using endoclip,
endoloop, and electrocoagulation. However, thick/gangrenous mesoappendix:
Harmonic Scalpel, or LigaSure (higher cost).

Stump Closure: The infectious complication rate is not influenced by the type of
appendicular stump closure [34]; techniques used in uncomplicated appendicitis are
endoloop, ligation, and clips, including polymeric clips. In complicated appendicitis,
an endostapler can be used.

Drains associated with increased hospital stay and did not reduce postoperative
intraabdominal abscess [35].

6.2.4 Open appendectomy

Incision: A right lower quadrant transverse incision (McBurney’s) is preferred
for its direct access and cosmetic considerations. Alternatively, a right lower quad-
rant Lanz incision or midline incision may be used in certain cases. Dissection and
Exposure, Layer-by-Layer Dissection; Skin and Subcutaneous Tissue: Incise the skin
and subcutaneous tissues, separate the external oblique, internal oblique, and trans-
versus abdominis muscles along their natural lines (blunt dissection), then incise the
fascia and peritoneum to enter the abdominal cavity.

Handling adhesions: If the appendix is adherent to surrounding structures (com-
mon in complicated appendicitis), carefully dissect adhesions using sharp and blunt
dissection techniques to avoid injury to adjacent organs. Locate the appendix; identify
the cecum, typically found in the right lower quadrant. The appendix appears asa
narrow, finger-like projection from the cecum at the end of the taenia coli. Gently
mobilise the cecum if necessary to expose the base of the appendix and carefully
isolate the appendix from the cecum.

Place ligatures (e.g. absorbable sutures) around the base of the appendix and
mesoappendix to control blood supply and prevent leakage. Divide the mesoappendix
(the connective tissue attaching the appendix to the ileum and containing blood
vessels) using electrocautery or scissors. Inspect the abdominal cavity for any signs of
perforation, abscess, or contamination. Irrigate the area with saline if necessary and
ensure all bleeding sources are controlled.

Layered closure: Close the peritoneal layer if disrupted and approximate and
suture the fascia with non-absorbable or slowly absorbable sutures. Close the sub-
cutaneous layer using absorbable sutures or staples then close the skin with sutures,
staples, or adhesive strips, depending on surgeon preference and patient factors.

6.2.5 Postoperative antibiotics

In complicated appendicitis, a course of 3-5 days according to STOP IT RCT [36].
However, in uncomplicated appendicitis it is not recommended and only a single dose
from 0 to 60 minutes prior to skin incision (WSES guidelines).

In adults, there is emerging evidence that oral antibiotics may be as effective as IV
antibiotics [37]; however, the current evidence supports IV antibiotics for 48 hours,
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then an oral switch when clinically justifiable [38]. In children, an early oral switch is
as soon as the patient is ready for discharge [39].

6.3 Gangrenous appendicitis

It occurs in 17% of cases of acute appendicitis and is associated with increased
rates of complications such as intraabdominal abscesses and appendiceal perforation
if surgical management is delayed. Intraluminal air, along with other radiological and
clinical features, serves as an indicator of gangrenous appendicitis [40]. Preoperative
high Total Bilirubin >1 mg/dL could be useful to diagnose gangrenous appendicitis
[41]. In line with WSES guidelines 2020 patients with suspected gangrenous appendi-
citis should be treated with appendicectomy.

6.4 Appendix mass/abscess

An appendiceal mass usually comprises the inflamed appendix, surrounding
omentum, and sometimes adjacent structures forming a localised inflammatory
process.

An appendiceal abscess typically forms when an inflamed appendix perforates,
leading to localised collection of pus surrounded by inflamed tissues.

Nonoperative treatment with antibiotics is recommended as first-line treatment,
succeeding in over 90% of patients with an overall risk of recurrence of 7.4% and
only 19.7% of cases of abscess requiring percutaneous drainage [42], also associ-
ated with less wound infection, abdominal/pelvic abscess, ileus, and reoperation
rate [43]. Another piece of evidence suggests that recurrence after non-surgical
treatment is as high as 12% [44]. IR drainage is recommended if the abscess is large
(typically >3-4 cm) or if there is no significant clinical improvement with antibiotic
therapy alone.

Surgical treatment (laparoscopic or open) is indicated in the presence of gener-
alised peritonitis, hemodynamic instability or if the patient does not respond to initial
antibiotic therapy and is not IR-drainable.

In the presence of advanced lap expertise, this may be considered as a first-line
surgical strategy [45].

6.5 Interval appendectomy

The surgical morbidity rate of appendectomy is 12.4% [42]. Therefore, interval
appendectomy is considered in specific clinical scenarios where immediate surgery
may carry higher risks or when nonoperative management has been initially success-
ful, typically performed after 6-8 weeks.

According to WSES Jerusalem guidelines, 2020 indicated only patients with recur-
rent symptoms.

7. Screening for cancer

The risk of malignancy is about 3% in patients above the age of 40 [46].

Colonic screening with colonoscopy and interval full-dose contrast-enhanced
CT scan for patients with appendicitis treated non-operatively if >40 years old is
recommended by WSES Jerusalem guidelines 2020.
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8. Conclusion

Nonoperative management (NOM) provides an alternative for selected uncom-
plicated cases, offering reduced recovery times but with higher recurrence risks.
Operative management through laparoscopic or open appendectomy remains the gold
standard, particularly for complicated cases or those with recurrent symptoms.

Tailoring treatment to specific populations, such as children, pregnant women,
and the elderly, ensures optimal outcomes by balancing diagnostic accuracy with
patient safety. Early diagnosis, guided by clinical assessment and imaging combined
with timely intervention, is pivotal in minimising complications and improving
overall patient outcomes.
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Abstract

Treatment of appendicitis is continuously evolving. Appendectomy remains the
standard for acute cases, whereas antibiotics are increasingly explored for uncom-
plicated appendicitis, showing comparable short-term outcomes. Around 25%
eventually requires surgery within a year. Conservative antibiotic therapy, targeting
aerobic and anaerobic bacteria, is viable for selected cases, particularly those without
complicating factors. Complicated appendicitis warrants emergency appendectomy,
laparoscopic or open. Appendicular lumps are often treated conservatively initially
in both complicated and uncomplicated appendicitis, followed by interval appendec-
tomy if risk factors persist. Debates persist over missed malignancies and long-term
efficacy with conservative management, despite benefits like reduced pain and
quicker recovery compared to surgery. Introduction of routine CT scans can increase
success rate of conservative management by identifying underlying pathologies and
risk factors for recurrences. Surgical removal remains dominant due to historically
higher success rates and concerns over missing neoplasms. Nonetheless, antibiotics
present a safe alternative for carefully selected patients.

Keywords: appendicitis, appendectomy, antibiotics therapy,
conservative management, nonoperative management

1. Introduction

The management of appendicitis has undergone significant evolution over the
years. Historically, acute appendicitis has been treated by an appendectomy, a surgi-
cal removal of the appendix. The first documented successful appendectomy was
performed in 1735 by Claudius Amyand. Later, in 1880, Robert Lawson Tait was the
first to make the diagnosis of appendicitis and performed the surgical removal of
the appendix. In 1886, Reginald Heber Fitz contributed to the field by publishing a
seminal study on appendicitis and coined the term “appendectomy” to describe the
surgical procedure [1].

Appendectomy remains the standard for managing acute cases even today,
particularly in cases with severe or complicated presentations. Nevertheless, con-
temporary understanding has differentiated appendicitis into two main categories:
uncomplicated and complicated. Each category has distinct clinical trajectories,
prognostic implications, and management strategies [2].
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Recent research has increasingly explored the role of antibiotic therapy as a viable
treatment modality for uncomplicated appendicitis. Advances in both diagnostic
techniques and treatment options have expanded the range of management strategies,
including the use of antibiotics alone in select cases. Studies conducted over the past
two decades suggest that conservative management with antibiotics can yield com-
parable short-term outcomes to surgical intervention in select cases. This approach
has gained traction, as many patients with uncomplicated appendicitis can achieve
resolution of their symptoms without the need for an operative procedure. In such
cases, appendectomy may be deemed unnecessary and potentially counterproductive.

Ultrasonography (USG) abdomen, being a non-invasive and radiation-free
modality, offers a valuable modality in the diagnosis of acute appendicitis. However,
its effectiveness is operator-dependent and may be limited in obese patients or those
with retrocecal appendices. Nevertheless, USG remains the first investigation in
any patient presenting with right lower abdominal pain. The integration of routine
abdominal computed tomography (CT) scans has further refined the management
approach by enhancing the identification of underlying pathologies and assessing risk
factors for recurrence [1]. This diagnostic tool improves the accuracy of conservative
treatment plans and helps tailor patient management strategies.

The choice between surgical intervention and conservative management is influ-
enced by various factors, including the patient’s overall health, the severity of symp-
toms, and the presence of complications such as abscess formation or perforation.
Understanding the complexities of acute appendicitis and its management is crucial
for optimizing patient outcomes and reducing the risk of complications. It includes
recognizing the clinical presentation, utilizing appropriate diagnostic tools, and
selecting the most effective treatment approach based on individual patient circum-
stances. The management strategies for the different presentations of appendicitis are
discussed in detail within this section.

2. Uncomplicated appendicitis

Traditionally, appendectomy has been the standard of care even for uncompli-
cated appendicitis. However, in recent years, the management of acute appendicitis
nonoperatively with antibiotics alone has emerged as a viable treatment option,
particularly for uncomplicated cases. Conservative or nonoperative management
primarily involves the use of antibiotics as an alternative to surgical intervention. This
approach aims to resolve inflammation and infection without the need for surgical
intervention, thus reducing the immediate risks and recovery time associated with
surgery. Even though appendectomy is well-tolerated major surgical intervention but
can lead to postoperative morbidity.

Antibiotic therapy can be effective and safe. Empiric antibiotic regimens are
designed to target the polymicrobial flora commonly found in the appendiceal lumen.
Current protocols usually involve a combination of broad-spectrum antibiotics.
Despite the effectiveness and safety of this approach, a notable concern is the risk of
recurrence. The APPAC RCT, for instance, reported a 39.1% recurrence rate within
5 years. Given that only about 20% of all participants present with complicated
appendicitis, this shift in the treatment strategy for most patients with uncomplicated
appendicitis can have wide reaching consequences [3].

The growing number of available broad-spectrum antibiotics has made antibiotic
therapy increasingly attractive. Katie et al. conducted a meta-analysis and found that
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antibiotics are safe and effective as primary treatment. This analysis found a 52%
reduction in risk of requiring an appendectomy, with one-year follow-up showing
treatment efficacy in the antibiotic group and in the appendectomy group of 62.6 and
88.1%, respectively [4]. However, concerns persist regarding the incidence of recur-
rent appendicitis. The APPAC I trial found that 73% of patients with uncomplicated
acute appendicitis treated with antibiotics did not require subsequent appendectomy
even up to 1 year follow-up. Furthermore, complications were minimal among those
who eventually needed surgery, suggesting that antibiotics can be considered a safer
first-line treatment for CT-proven uncomplicated appendicitis over emergency
surgery. Majority of the patients receiving intravenous antibiotics did not require
subsequent appendectomy for recurrent appendicitis during one-year follow-up.
However, the result of this trial could not demonstrate the noninferiority of antibiotic
therapy as compared to appendectomy [3].

The “Comparison of Outcomes of Antibiotic Drugs and Appendectomy (CODA)
trial” done in adults with appendicitis compared antibiotic therapy with appendec-
tomy. It concluded that the antibiotic therapy is noninferior to appendectomy, with
29% of antibiotic group undergoing appendectomy at 90 days, of which 41% had an
appendicolith and 25% did not. Another perspective is that over 70% participants
on antibiotics avoided surgery. Compared to those who underwent appendicectomy,
majority were treated as outpatients, and both caregiver and patient returned to their
work earlier [5].

Although evidences show that primary antibiotic therapy for uncomplicated
appendicitis is safe and efficient, this approach has not been widely accepted.
Challenges include the impracticality of routine CT scans for all patients with right
lower abdomen pain and the concerns that complications might arise from antibiotic
therapy alone. Many centers have started considering antibiotics for 24-48 hours
following admission, continuing them if clinical status improves, or performing an
appendectomy if the patient worsens. Nonoperative approach may offer benefits like
earlier recovery and reduced days away from work. Appendectomy is reserved for
cases that do not respond to antibiotics or have recurrences. Conservative treatment
is not without its challenges, requiring careful patient selection and follow-up to
monitor for recurrence, and further management if needed. These patients must be
thoroughly informed about potential disease progression, the possibility of recur-
rences, and the risk of undiagnosed neoplasms.

2.1 Acute catarrhal appendicitis

Acute appendicitis is commonly associated with polymicrobial infection. The
most common organism isolated is Escherichia coli, followed by Klebsiella pneumoniae,
Streptococci, Enterococci and Pseudomonas aeruginosa [6]. Given the safety and cost-
effectiveness of nonoperative treatment for uncomplicated appendicitis, it is crucial
to optimize the antibiotic therapy focusing on both antibiotic spectrum and the
duration. The antibiotic regimen should adequately cover gram-negative and gram-
positive bacteria, as well as anaerobes.

Currently, there is no standardized antibiotic protocol for the management of
acute appendicitis. The guideline for the management of intra-abdominal infection
was revised by the Surgical Infection Society (SIS) in 2017. According to these guide-
lines, source control is recommended if there is any intraperitoneal collection, which
does not apply to uncomplicated appendicitis. For uncomplicated cases, antibiotic
regimen which is effective against the typical gram-negative bacilli, gram-positive

37



Appendicitis — Curvent Insights

cocci, and obligate anaerobes is suggested. Recommended treatment for lower-risk
patients includes cefepime or ceftriaxone, amoxicillin-clavulanate, and fluoroquino-
lones in combination with metronidazole. Single agent therapies such as ertapenem or
moxifloxacin are also considered effective. For higher risk patients, piperacillin-tazo-
bactam or meropenem is advised as a single agent, or cefepime with metronidazole, or
aztreonam with vancomycin [7].

The APPAC II trial compared the efficacy, post-intervention complications,
length of hospital stay, and treatment costs between two groups (oral antibiotic
monotherapy versus a combination of intravenous and oral antibiotics). Moxifloxacin
400 mg daily was given for 7 days as an oral regimen. The intravenous plus oral regi-
men included 2 days of intravenous ertapenem sodium 1 g daily, followed by 5 days
of oral levofloxacin 500 mg daily and metronidazole 500 mg three times daily. The
trial concluded that moxifloxacin is a practical choice for oral monotherapy due to its
inclusion in “current practice guidelines for community-acquired intra-abdominal
infections” [8] and has broad spectrum coverage with proven efficacy against fac-
ultative gram-negative aerobes and anaerobes [9, 10]. Additionally, the once-daily
administration of moxifloxacin was considered an advantage [11].

Majority of trials follow antibiotic guidelines for community-acquired intra-
abdominal infections provided by Infectious Diseases Society of America (IDSA)
and Surgical Infection Society (SIS) [8]. They recommend combination therapy
of a second- or third-generation cephalosporin (such as cefmetazole, ceftriaxone,
or cefotaxime), with metronidazole or tinidazole as initial parenteral antibiotic
regimens. Monotherapy included Beta-lactams (such as amoxicillin-clavulanate and
piperacillin-tazobactam) or carbapenem (such as ertapenem or meropenem). On
discharge, fluoroquinolone or higher-generation cephalosporin with metronidazole,
or amoxicillin-clavulanate are preferred oral (or parenteral) regimens. Most trials
reported high antibiotic response rates, ranging from 88 to 100%. The duration of
treatment for both intravenous and oral antibiotics was 7-10 days [12, 13].

There is no single approach to antibiotic therapy for uncomplicated acute appendi-
citis, and ongoing research and clinical trials continue to refine and validate effective
regimens. Balancing the antibiotic spectrum, minimizing hospital stays, and tailoring
treatment to individual patient needs remain key objectives in optimizing care for this
condition.

2.2 Acute distended appendicitis (Mucocele of appendix)

Radiological imaging in patients with uncomplicated acute appendicitis may
reveal a grossly distended appendix, filled with fluid, often due to obstruction or
inflammation. The gross distention can be due to intraluminal accumulation of
mucus. The management strategy involves a combination of antibiotic therapy and
surgical intervention. Surgery is often necessary due to the high risk of progression to
more severe complications such as perforation or abscess formation.

The gross distention in appendix can also arise from various other conditions,
including retention cyst, mucosal hyperplasia, cystadenoma, and cystadenocarci-
noma. Histopathological examination of the appendix, after surgical removal, may
sometimes reveal low-grade mucinous neoplasm. Hence, one must be very cautious
with these findings. The threshold for appendectomy should be very low to ensure
that potential malignancies are not missed [14, 15].

The approach to surgery for appendiceal mucocele is guided by several key
principles, which include resecting the appendix, performing a wide resection of the
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mesoappendix, and removing all associated lymph nodes to ensure complete clear-
ance. The collected mucus should be analyzed cytologically to assess for malignant
cells or other abnormalities. The base of the appendix should be carefully inspected
to ensure no residual disease is left behind. More extensive surgical procedure such
as right hemicolectomy or ileocecectomy is warranted to achieve complete tumor
removal and prevent recurrence in positive margin at the base or positive peri appen-
diceal lymph nodes [16].

Complications like pseudomyxoma peritonei (PMP) can arise from the intraperi-
toneal rupture of an appendiceal mucinous neoplasm. To mitigate the risk of PMP, the
surgery should be performed very cautiously to avoid perforation and spillage during
removal [17].

In cases where the diagnosis is uncertain, maintaining a low threshold for surgical
intervention is advisable.

2.3 Appendicolith

Approximately 25% of patients with appendicitis present with an appendicolith,

a calcified deposit within the appendix (Figures 1 and 2). The presence of an appen-
dicolith significantly influences the clinical course and management of appendicitis.
Patients with imaging findings of appendicolith are at increased risk of complica-
tions, such as perforation and abscess formation. Additionally, patients with appendi-
colith experience higher failure rates with conservative treatment and have a greater
likelihood of recurrence compared to those without appendicolith.

The CODA trial, which included patients with appendicoliths, provided insights
into the clinical outcomes of appendicitis with appendicolith. In this study, 29% of
patients in the antibiotics group required an appendectomy within 90 days, of which
41% had an appendicolith. The trial also highlighted that complications were predom-
inantly associated with patients who had appendicoliths. These patients exhibited a
higher risk of serious adverse events compared to those without appendicoliths [5].

In contrast, the APPAC trial, which excluded appendicoliths, reported less than
2% appendicular perforation among those who underwent appendectomy. On the
other hand, the CODA trial, which included appendicoliths, found a significantly
higher rate of appendiceal perforations at 16%, among which, 13% among those

Figure 1.
CECT abdomen showing inflamed appendix with wall edema (arrow).
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Figure 2.
Axial (a) and coronal (b) section CECT abdomen showing appendicolith (arrow) at base of perforated
appendix with peri-appendiceal collection with air foci.

without an appendicolith. These findings underscore the impact of appendicoliths on
appendiceal complications and management outcomes [3, 5].

Further investigation by Justin et al. investigated the feasibility of nonoperative
management in children with acute appendicitis with an appendicolith identified on
preoperative imaging. The failure rate of nonoperative management was 60% among
the 14 children that were recruited, leading to the cessation of the study due to safety
concerns [18].

Libin Huang et al. conducted a meta-analysis in children with uncomplicated
appendicitis and compared antibiotic therapy with appendectomy. The analysis
revealed a significantly increased risk for initial treatment failure and recurrent
appendicitis in patients with appendicoliths, with a risk ratio of 10.43. In contrast,
patients without appendicoliths had a lower risk of complications, with a risk ratio of
7.87 in the subgroup analysis [19].

The presence of appendicolith presents a major challenge in the management of acute
appendicitis. An unacceptable high failure rate is seen among acute appendicitis patients
with an appendicolith on nonoperative management, making early appendectomy the
preferred approach to minimize complications and improve patient outcomes.

2.4 Recurrent appendicitis

Patients who initially receive nonoperative treatment for appendicitis may later
present with recurrent episodes. It is essential to conduct a thorough evaluation of any
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Uncomplicated appendicitis

Types Preferred approach Alternative option
Acute catarrhal Antibiotic therapy Operative intervention if conservative
appendicitis treatment fails
Acute distended Low threshold for surgery in view Initial antibiotics followed by interval
appendicitis of risk of malignancy appendectomy
Appendicolith Appendectomy, to prevent Initial conservative management followed by
recurrence and other interval appendectomy
complications
Recurrent Operative treatment Initial conservative if less severe or subacute
appendicitis infection, followed by interval appendectomy
Table1.

Summary of treatment approach for uncomplicated appendicitis.

patient experiencing recurrent appendicitis to identify possible underlying issues, like
missed appendicoliths or malignancy. Detailed assessment is crucial to uncover any
predisposing factors or underlying conditions that could contribute to recurrence.

The debate between continuing nonoperative management and opting for appen-
dectomy in cases of recurrent but uncomplicated appendicitis remains significant.
According to the NOTA trial, among 159 patients who were managed nonoperatively
with antibiotics, 11.9% were operated within 7 days, and the recurrence rates were
noted to be 12.6% at 1 year and 13.8% at 2 years [20]. Similarly, the CODA trial
revealed that among patients treated with antibiotics, 11% underwent appendectomy
within 48 hours, 20% by 30 days, and 29% by 90 days [5]. The APPAC trial demon-
strated that the incidence of appendectomy in the antibiotics group was 27% at 1 year,
and 39% at 5 years [3]. These findings highlight the significant risk of recurrence
following nonoperative management, particularly in patients with risk factors for
appendicitis relapse. Therefore, patients with recurrent appendicitis, particularly
those with underlying risk factors, should be considered for appendectomy to prevent
further episodes and potential complications.

In some cases, patients with recurrent appendicitis may initially be managed with
antibiotic therapy, particularly if the presentation is less severe and no evidence of
complicated appendicitis is present. However, given the substantial risk of recurrence
and the potential for increased complications, appendectomy remains a recom-
mended option to ensure long-term resolution of appendicitis [21]. Treatment of
various types of uncomplicated appendicitis is summarized in Table 1.

3. Complicated appendicitis

Complicated appendicitis includes a range of severe appendiceal conditions,
including gangrene, perforation, peri appendiceal abscess and phlegmon forma-
tion. These complications require a meticulous treatment approach that integrates
prompt diagnosis, effective antibiotic therapy, and often, surgical intervention. These
patients are acutely ill, and initial resuscitation and antibiotics play a critical role in
treatment.

The definite management strategy for complicated appendicitis depends on
the hemodynamic stability of patient and the nature of perforation, whether it is
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contained or free. The presence of an abscess or phlegmon, as indicated by imaging
studies, also plays a significant role in guiding treatment decisions.

In general, if the patient is hemodynamically unstable, immediate surgical inter-
vention is indicated. In such cases, urgent appendectomy is necessary to address the
source of infection and prevent further deterioration. If patients are stable, initial
management can begin with conservative measures. This includes the administration
of intravenous antibiotics, fluid resuscitation, and bowel rest. Close monitoring is
essential during the initial phase of treatment. The stabilization of patient and control
of infection are the primary goals of this nonoperative management. If the patient’s
condition does not worsen, an interval appendectomy may be planned at a later stage
[22, 23]. This approach allows time for inflammation to subside and the patient to
recover from the acute phase. Improvement in symptoms, such as a reduction in fever,
tenderness, and leukocytosis, generally allows for a gradual advancement of diet,
typically within 3-5 days. Once stabilized and clinical parameters normalize, patients
are discharged. Follow-up visits are scheduled for 6-8 weeks post-discharge to moni-
tor recovery and plan for interval appendectomy. If a patient shows signs of treatment
failure, such as bowel obstruction, sepsis or pain, fever, or leukocytosis, prompt
surgical intervention is warranted. Delayed surgical intervention can be beneficial, as
it is associated with a reduced need for extensive appendectomy resections, reduced
operative duration, and a tendency toward reduced mortality rates.

The choice of antibiotics for complicated appendicitis is continuously evolving
and varies according to hemodynamic condition and severity of infection. Empiric
antibiotic therapy should address a wide range of pathogens, including gram-negative
rods and anaerobic bacteria. Recent guidelines recommend broad-spectrum regi-
mens, such as piperacillin-tazobactam or carbapenems, to effectively target the
diverse bacterial flora associated with complicated appendicitis [24].

3.1 Perforated or gangrenous appendicitis

In unstable patients with free perforation or gangrenous appendicitis, generalized
peritonitis is usually present. Immediate surgical intervention is crucial in such cases.
The initial step involves resuscitation with intravenous fluids to address dehydration and
stabilize hemodynamically, along with prompt administration of broad-spectrum antibi-
otics. An immediate appendectomy is required, along with thorough drainage and irriga-
tion of peritoneal cavity to manage the infection and prevent further complications.

The choice between open or laparoscopic approach depends on surgeon’s exper-
tize, the patient’s condition, and available resources. If open approach is chosen, the
procedure may be done through local site incisions (as explained later) or a midline
laparotomy, depending upon the degree of peritoneal contamination and patient’s
systemic status. This should be followed by an antibiotic course of 5-7 days based on
culture reports and the patient’s response [25].

Current guidelines suggest that surgery for perforated appendicitis should be
performed as early as possible, preferentially within 8 hours of diagnosis, to mitigate
the risk of severe complications and improve patient outcomes. However, recent stud-
ies suggest that in clinically stable patients with symptoms localized to the right iliac
fossa, initial nonoperative management with close monitoring can be a safe option.
These patients may undergo interval appendectomy 4-6 weeks later, once the local
inflammatory process has resolved. The timing of surgery in such cases is ultimately
at the discretion of the treating surgeon, as no study with strong recommendations
are available to provide specific guidelines [26].
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Postoperatively, intravenous antibiotic therapy is continued. Patient should
be monitored for signs of wound infection or intra-abdominal abscess formation.
Ensuring adequate pain control, early mobilization, and nutritional support are also
crucial aspects of postoperative care.

3.2 Appendicular abscess

The management of appendiceal abscess can be approached either operatively
or conservatively. Immediate appendectomy may be technically demanding due
to extensive inflammation, potentially leading to extensive resections. Therefore,
conservative management initially followed by interval appendectomy is often
considered the gold standard.

The initial assessment of the abscess should determine whether it is amenable
to percutaneous drainage. Treatment strategy for abscesses more than 3 cm should
involve a combination of systemic antibiotic therapy and image-guided percutaneous
drainage initially. The procedure can be performed under ultrasound or CT guid-
ance or therapeutic aspiration may suffice. An appropriate course of intravenous
antibiotics is administered. If percutaneous drainage is not feasible and conservative
treatment fails, the patient will need to undergo an appendectomy during the same
hospital admission [27].

Evidence indicates that managing appendicular abscesses through percutaneous
drainage generally yields more favorable outcomes and has a shorter hospital stay and
reduced complication rates. This approach allows inflammation to diminish prior to
appendectomy, potentially reducing the need for more extensive bowel resections such
as ileocecectomy. A meta-analysis by Similis et al., which included 17 randomized and
non-randomized studies, demonstrated that immediate appendectomy is associated with
significantly higher rates of complications including intestinal obstruction, deep abdom-
inal or pelvic abscesses, and wound infections [28]. These results were corroborated by
the meta-analysis by Vaos et al. and by other studies [29-31]. However, there are few
studies showing contradictory results. In a retrospective study conducted by Young et al.,
early appendectomy proved to be more effective than initial nonoperative management
for appendicular abscesses. Out of 95 patients, 60 had an early appendectomy, while
35 initially received nonoperative management. Among those who failed nonoperative
management, 25.7% required open surgery, with most needing bowel resection. The
study concluded that early appendectomy was associated with a significantly lower rate
of extensive bowel resection (3.3% compared to 171%, P = 0.048) compared to patients
who were managed conservatively initially [32].

Sadozai L et al. analyzed several factors predicting the response to conservative
management like the trend of CRP and the white blood cells, presence of multiple
abscesses or stercolith. The study concluded that patients with multiple abscesses
should not be treated with antibiotics alone [33].

The necessity for appendectomy following successful initial conservative manage-
ment remains a topic of debate. Given the potential for underlying conditions such
as cancer or recurrent disease, the decision to proceed with appendectomy should
be carefully considered. For patients who are not scheduled for an appendectomy,
it is crucial to conduct thorough screening to rule out other serious conditions. This
involves a colonoscopy or CT scan of the abdomen to detect any possible underly-
ing pathology such as malignancy or other gastrointestinal disorders. Additionally,
patients should be under careful surveillance to monitor for any signs of disease
recurrence or progression [12].
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3.3 Phlegmon

The ideal treatment protocol for complicated appendicitis with phlegmon is a
subject of ongoing discussion. Traditionally, immediate appendectomy in phlegmon
is often associated with higher morbidity and complications and may not be feasible
due to extensive inflammation. If the patient responds well to initial antibiotic
therapy and is hemodynamically stable, conservative management with oral or
intravenous antibiotics for 7-10 days is recommended, followed by a planned inter-
val appendectomy later. This approach allows local inflammation to decrease and
performing appendectomy at a lower risk. According to a 2010 meta-analysis of 17
non-randomized trials, initial nonoperative management results in fewer complica-
tions, comparable period of hospitalization, and duration of antibiotics in perforated
appendix with abscess or phlegmon [28].

For patients presenting with hemodynamic instability or those who do not
improve with antibiotics, surgery is necessary. Due to dense adhesions, appendec-
tomy can be challenging, often requiring ileocecal resection and leading to higher
morbidity. Under these circumstances, extensive dissection may cause injury of
adjacent structures, resulting in complications like postoperative abscess or entero-
cutaneous fistulas, which might require further surgery such as ileocolectomy or
cecectomy [34].

Laparoscopic surgery, in experienced hands, is safe and feasible and has shown to
be associated with fewer hospital admissions and additional intervention than conser-
vative management. If laparoscopic expertize is available, it can also be considered a
first-line management for both phlegmon and appendicular abscesses. Nonoperative
management remains a rational initial line treatment approach for appendicitis
presenting with phlegmon.

Recurrence rates after non-surgical management for appendiceal abscesses range
from 12 to 24%. Routine interval appendectomy after nonoperative management
is not recommended for young adults and children due to its cost-effectiveness and
limited benefit. It should be reserved for those with recurring symptoms [35]. For
patients over 40, who have a higher risk of appendiceal neoplasms, both colonoscopy
and contrast-enhanced CT scans are advised for thorough evaluation [36]. The treat-
ment approaches for complicated appendicitis are summarized in Table 2.

Complicated appendicitis

Types Preferred approach Alternative option

Perforated/ Early operative intervention. In stable patients, trial of initial conservative

gangrenous management followed by interval

appendicitis appendectomy.

Appendicular Image guided percutaneous Surgical drainage with appendectomy (if

abscess drainage of abscess + interval abscess not drainable or failed conservative
appendectomy. therapy).

Phlegmon Initial antibiotic therapy, followed Operative intervention if hemodynamically
by planned interval appendectomy unstable, or failed initial conservative
later. approach.

Table 2.

Treatment approach for complicated appendicitis.
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4. Appendicitis in special population
4.1Pregnancy

Acute appendicitis is the most common non-obstetric, surgical emergency dur-
ing pregnancy, and can occur in any trimester. Early diagnosis and intervention are
essential to avoid potential life-threatening complications for both mother and fetus.
Non-surgical management with antibiotics alone is associated with poorer outcomes
during pregnancy, making appendectomy the preferred treatment option [37].

Appendectomy can be done by laparoscopic or open approach. According to the
Society of American Gastrointestinal and Endoscopic Surgeons (SAGES), laparo-
scopic appendectomy is considered safe throughout all trimesters and is standard
of care [38]. The choice between laparoscopic and open surgery depends on factors
such as the patient’s clinical status, gestational age, and size of gravid uterus. The
laparoscopic approach is generally preferred as it facilitates the identification of
variable localization of the appendix and allows to evaluate the whole abdomen for
other ongoing pathological process. However, some studies suggest that laparoscopic
surgery may have a higher risk of fetal loss. Modifications for laparoscopic appen-
dectomy during pregnancy include positioning the patient slightly left-lateral after
20 weeks of gestation to reduce venacaval compression, using an open-access tech-
nique for first trocar, limiting intraabdominal pressure to 12 mm Hg, and adjusting
port sites according to the size of the uterus [39, 40].

For open appendectomy, a transverse incision is made at the point of maximum
tenderness, not necessarily at McBurney’s point. If the diagnosis is uncertain, a
lower midline incision can be used to expose the abdomen and access other surgical
conditions that may mimic appendicitis. In cases of appendiceal perforation, if it is
not contained, an urgent laparotomy for appendectomy with irrigation and drainage
of the peritoneal cavity is necessary [41]. For contained perforation presenting late,
conservative management with antibiotics, intravenous fluids, and bowel rest may be
appropriate. Immediate surgery in these patients is associated with increased morbid-
ity due to adhesions and inflammation and unavoidable injury to adjacent structures
[37]. Careful monitoring in the hospital is essential to prevent complications such as
sepsis, preterm labor, or fetal loss.

There is limited evidence on the interventional drainage of appendiceal abscesses
in pregnant patients. A study by Matthew et al., which analyzed 8087 pregnant
women with complicated appendicitis, found that only 11% could be successfully
managed conservatively. The study also indicated that immediate appendectomy was
linked to fewer maternal infectious complications and no increased risk of preterm
delivery, preterm labor, abortion, or antepartum hemorrhage [42].

4.2 Older patients

Due to diminished inflammatory response in older adults, these patients pres-
ent with less pronounced symptoms and findings on history and examination.
Consequently, these patients are more likely to present late with complicated appen-
dicitis. Additionally, the presence of multiple comorbid conditions in this age group
can increase both perioperative morbidity and mortality [43, 44].

Older adults are also at a higher risk of having occult appendiceal malignancies.
According to the “Surveillance, Epidemiology, and End Results (SEER)” review database
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from 2000 to 2014, 28.6% of appendiceal cancers in individuals over 65 years were
initially misdiagnosed as acute appendicitis [45]. To enhance diagnostic accuracy in this
population, CT scans are useful. Additionally, patients aged more than 40 years who
receive conservative treatment should undergo a colonoscopy and should be evaluated
for an interval appendectomy [36]. If these patients are planned for conservative man-
agement, it should be approached with caution, incorporating radiological imaging in
follow-up and interval appendectomy as a part of the treatment strategy.

4.3 Immunocompromised

Due to the blunted immune response, these patients are at higher risk of infection
including opportunistic or viral infection and fungal infections and may not present
with the typical signs and symptoms. The diagnosis becomes difficult as they might
not show the expected level of inflammatory changes in laboratory and radiological
tests. The differential diagnosis can include a range of conditions such as oppor-
tunistic infections (e.g., mycobacterial), viral (e.g., cytomegalovirus), and fungal
infections or secondary malignancies (e.g., lymphoma, Kaposi’s sarcoma). This wide
array of possible diseases delays accurate diagnosis and therefore delaying surgical
evaluation, which raises the risk of perforation [46]. If there is a strong suspicion of
appendicitis, the threshold for surgical intervention should be less, as there are no
specific contraindications to surgery for immunocompromised patients and nonop-
erative management has not been well researched in this group.

5. Surgical aspects

Appendectomy remains one of the most commonly performed surgeries around the
world. It is a relatively safe procedure, with overall mortality of 0.09-0.24% [47]. Open
and laparoscopic are the two most commonly used approaches to perform appendectomy;,
with other few novel minimally invasive approaches. In recent years, laparoscopic surgery
has surpassed the frequency of open appendectomy in both complicated and uncompli-
cated appendicitis. Laparoscopic surgery is associated with decreased wound infection
rates, shorter hospital stay, lesser postoperative pain, decreased postoperative wound
infections, and earlier postoperative recovery. Patients with diffuse peritonitis may
require a lower midline laparotomy incision to allow thorough peritoneal irrigation. In this
section, various surgical aspects of these different approaches will be discussed.

5.1 Preoperative preparations

The patient should be adequately hydrated and resuscitated before taking up for
surgery. Like any other abdominal surgery, antibiotic prophylaxis should be given
prior to surgery, preferably within 30-60 minutes of incision. Generally, antibiotics
with broad coverage are indicated to reduce the chances of intra-abdominal abscesses
or SSI in the postoperative period. A nasogastric tube and Foley catheterization may
be required in cases with generalized peritonitis and unstable clinical conditions.

5.2 Open appendectomy

Open appendectomy is generally performed via the local site incisions. Access
to the appendix can be achieved via the oblique incision (McBurney’s incision) at
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McBurney’s point or transverse incision (Rockey-Davis incision). The McBurney’s
incision is made perpendicular to the spino-umbilical line at 1/3rd distance from the
right anterior superior iliac spine. Lanz incision is a modification of McBurney’s inci-
sion and is more cosmetic and made along the Langer’s line. Rockey-Davis incision is a
horizontal incision and can be extended medially (Fowler Weir extension) or laterally
(Rutherford Morrison extension) for better exposure (Figure 3).

The abdominal wall muscles (external oblique, internal oblique, and transversus
abdominis) are separated along its fibers using blunt dissection to reach the perito-
neum. The peritoneum is lifted between two artery forceps and sharply cut to enter
the abdomen. The first step is to locate the appendix. We attempt to visualize the
cecum first and follow the taenia till the confluence to reach the appendiceal base.
Appendix is freed from surrounding adhesions by blunt dissection and is delivered
outside through the incision grasping with Babcock forceps. Window is created
between the mesoappendix and the base of the appendix using a right-angle forceps.
The base is then crushed using medium artery forceps and ligated distally with
an absorbable suture (Figure 4). Appendix is then divided proximal to the artery
forceps, and the stump mucosa is burnt using electrocautery. The mesoappendix is
dissected, and the appendicular artery is clamped between two hemostats, divided,
and suture ligated (Figure 5). Peritoneum and fascial layers are closed. Skin is
approximated using sutures or staplers [48].

Leaving the skin open in heavily contaminated cases like perforated or gangrenous
appendicitis has been practiced at some centers. However, recent studies recommend
primary wound closure with antibiotic coverage even in class III or IV surgery [49].
The open approach of appendectomy is preferred in the absence of well-trained
assistants or unavailability of the laparoscopic facility. The laparoscopic approach
has surpassed the open approach in all aspects and has added benefits over the open
technique as discussed in the next section.

5.3 Laparoscopic appendectomy

Laparoscopic approach is both safe and effective for uncomplicated appendicitis,
even in complicated appendicitis based on the surgeon’s experience. Another advan-
tage of laparoscopic surgery is its ability to correctly confirm other diagnoses which
may mimic appendicitis and proceed with laparoscopic management for the same.

‘ f
McBurney
Lanz or )
Modified Fowler- Neir
McBurney 4 Ty
Rutherford
Marrison Lower midli
Rockey-Davis

Figure 3.
Various incisions used for open appendectomy.
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Figure 4.
Base of the appendix was crushed using a hemostat forceps.

Figure 5.
Appendicular artery looped around a silk thread through a window in the mesoappendix.

Previous open abdominal surgery is not an absolute contraindication for laparoscopic
appendectomy.

For the laparoscopic approach, the patient is positioned supine with arms tucked
in. The monitor is positioned on the right of the patient, and the surgeon stands on
the left. Initially, pneumoperitoneum is created using open Hassen’s technique or
Veress needle peri-umbilically. Under direct visualization using a laparoscope (5 or
10 mm), two other 5 mm working ports are placed in the midline in suprapubic posi-
tion and left lower quadrant (Figure 6). The first port is used to grasp and manipulate
the appendix, while the second is used for the operating instruments. A third trocar
may be required based on intraoperative findings, like in cases of densely adherent
appendix or a long subhepatic appendix. After ports are placed, Trendelenburg posi-
tion with right side tilted up provides better visibility of appendix [50, 51].
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Figure 6.

Operating room setup for laparoscopic appendectomy with the surgeon standing on the left of the patient and
monitor on the right. Traditional three-port sites for laparoscopic appendectomy are also shown.

@ >

After positioning and diagnostic laparoscopy, the overlying omentum and small
bowel are swiped away cranially. The terminal ileum and ileocecal junction are
identified, and cecum is traced. In normal anatomy, the appendicular base is visual-
ized at the confluence of three taenia. Rarely, mobilization of caecum and ascending
colon may be required for visualization of the appendicular base. Once visualized, the
appendix is grasped from its tip or body and held taut to visualize the mesoappendix.
The mesoappendix is divided using bipolar cautery till its base and artery is ligated
using a vascular stapler or clip. It is advised to avoid monopolar cautery due to the
chances of injury to bowel or adjacent structures. In cases of perforated appendicitis,
extra caution is exercised when handling tissues. Any adhesions due to inflammation
can be separated by blunt and sharp dissection, if necessary, and the use of mono-
polar cautery is discouraged [51]. A window is created between the mesoappendix
and the base of appendix using Maryland dissector. Linear stapling devices or suture
snares are used to divide the appendix at its base. If the base is inflamed or perfo-
rated, a cuff of cecum may have to be removed by placing the stapler slightly higher.
Resected appendix is retrieved in endoscopic bag through the 10 mm umbilical port.
Fascial closure is done for 10 mm port to prevent the port site hernia [48].

If dense adhesions or technical difficulties prevent safe removal of the appendix
through a laparoscopic approach, a decision to switch to open should be made. The
conversion rate varies widely, from 0 to 27%, largely depending on the surgeon’s
exposure to the procedure [52].

5.4 Robotic appendectomy

Robotic appendectomy, despite being a safe and having equal efficacy comparable
to the laparoscopic approach, has not yet achieved widespread adoption in clinical
practice. The robotic approach improves the precision of surgery, visualization, and
dexterity and reduces tremors. It also makes remote surgery possible. These benefits
have led to the adoption of robotic systems in complex abdominal procedures [53].

For appendectomy, studies comparing laparoscopic and robotic approach have
indicated that the operative time, length of hospital stay, and complication rates
are comparable and fall within acceptable clinical parameters [53, 54]. The surgical
principles and operative steps remain the same with conventional approaches, after
initial docking of the robotic system.
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Despite the advantages, several factors like increased cost, limited ability, and
lack of clear superiority in postoperative pain or recovery duration have limited the
widespread adoption of robotic appendectomy [55]. Laparoscopic appendectomy
remains the gold standard modality for this procedure due to the absence of definitive
advantages. As refinements occur in robotic systems to address current limitations,
and more data becomes available, the role of robotic in appendectomy may evolve.

5.5 Other novel techniques

Advanced techniques in appendectomy include single port laparoscopic appendec-
tomy, natural orifice transluminal endoscopic surgery (NOTES)-appendectomy with
its different variations.

Single-port laparoscopic appendectomy has emerged as a viable approach and has
nearly comparable patient satisfaction and safety as compared to conventional three-
port laparoscopic surgery. This technique has not gained widespread, most likely due to
the requirement for specialized training and equipment. Studies have failed to establish
the superiority of single-port approach over the laparoscopic approach [56, 57].

NOTES-appendectomy represents the cutting edge of minimally invasive surgical
techniques for appendectomy. Transgastric and transvaginal approaches for intra-
peritoneal access have been explored for appendectomy so far. The approach is still
experimental, and more prospective randomized trials are required to standardize
this technique. NOTES aims to further reduce surgical trauma and improve cosmetic
outcomes compared to traditional laparoscopic approaches [56].

5.6 Postoperative complications

Over the past decades, surgical techniques have evolved from open appendectomy
to laparoscopic appendectomy and more recently to robotic-assisted appendectomy.
Multiple studies and meta-analyses have consistently shown lower overall complica-
tion rates for laparoscopic appendectomy compared to open approach, particularly
for wound infections. Robotic appendectomy appears to have comparable or slightly
lower complication rates than laparoscopic appendectomy [58, 59].

5.6.1 Wound infection

Superficial or deep SSI may occur within 30 days of appendectomy and present
with incisional pain, wound discharge or fever. There may be associated wound
dehiscence or positive wound culture [60]. Compared to laparoscopic appendectomy,
open appendectomy is prone to higher risk of incision site infection, (4.6 vs. 11% per
100 appendectomies) [61].

The SSI rates can be reduced by meticulous skin preparation before surgery, antibi-
otic prophylaxis within 60 minutes of incision, sterile technique, and appropriate antibi-
otic coverage postoperatively. Early recognition of signs and symptoms can prevent the
spread to deeper tissue and reduce wound morbidity. Treatment involves wound care,
antimicrobial therapy based on culture results and debridement as and when required.

5.6.2 Intra-abdominal abscess

Pelvic abscess may develop in up to 9.4% of post-appendectomy patients [62]. This
complication can be prevented by thorough peritoneal irrigation adequate drainage
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and culture-guided antibiotic therapy postoperatively. Laparoscopic appendectomy
showed a higher frequency of this complication (6.4%) compared to open approach
(3%) [63]. However, recent studies suggest that the technique of appendectomy does
not affect the incidence of postoperative intra-abdominal abscess [64].

Intra-abdominal abscess is initially managed with image-guided drainage or aspi-
ration along with broad-spectrum antibiotics. However, surgical intervention may be
necessary for patients having persistent fever and pain unresponsive to conservative
treatment, or those with multiple abscess pockets.

5.6.3 Stump appendicitis

Stump appendicitis is a rare form of recurrent appendicitis in the long remnant
stump and can happen after open or laparoscopic appendectomy, with incidence of 1
in 50,000 cases [65]. This occurs most commonly in cases of perforated appendicitis
[66]. It may present with classical symptoms of acute appendicitis or with non-
specific chronic abdominal pain. Diagnosis can be confirmed by USG or CT scan
showing tubular remnant arising from the base of cecum with inflammatory changes
and surrounding collection.

Surgical removal of remnant stump remains the standard treatment for stump
appendicitis, either via open or laparoscopic approach. A perforated appendiceal
stump or involvement of cecum, or suspicion of malignancy, may require a more
extensive bowel resection. To reduce this risk, resection of sufficient appendiceal
tissue with less than 5 mm of stump preservation is advised [67].

5.6.4 Fecal fistula

Fecal fistula is a rare occurrence and presents with distressing symptoms. It
typically originates from appendiceal stump. This may occur in cases with severe
peri-appendiceal inflammation, technical errors like injury to cecum during
appendectomy or in patients with underlying malignancy, tuberculosis or Crohn’s
disease.

Treatment may be conservative or surgical. Most of these fecal fistulae respond
well to conservative treatment including drainage of any collection and antibiotic
therapy, in the absence of underlying disease. If conservative treatment fails or suspi-
cion of underlying condition is there, fistula excision with segmental bowel resection
is recommended [68].

5.6.5 Ventral hernia

Incisional hernia, though infrequent (0.4-0.9%), is a potential complication fol-
lowing open appendectomy. It typically develops at the site of the McBurney incision,
due to weakening of the abdominal wall attributed to ilio-inguinal or ilio-hypogastric
nerves injury during the surgery. Other risk factors include obesity, wound infection,
and poor wound healing [69].

Management options range from watchful waiting for asymptomatic cases to
surgical repair, with techniques including primary closure, mesh reinforcement, or
laparoscopic approaches [70]. The choice of intervention depends on hernia size,
patient factors, and surgeon expertize. Preventive strategies include meticulous
closure techniques, infection control, and optimizing patient-related risk factors
preoperatively.
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6. Conclusion

The management of appendicitis has evolved significantly, with treatment strate-
gies now tailored to the specific presentation—uncomplicated or complicated. For
uncomplicated cases, antibiotic therapy has emerged as a viable alternative to surgery
in selected patients, though the risk of recurrence remains a concern. Complicated
appendicitis, including perforated, gangrenous, or abscess-forming cases, often
requires a combination of antibiotics and surgical intervention. The approach may be
immediate surgery or initial conservative management followed by interval appen-
dectomy, depending on the patient’s condition and local expertize. Ongoing research
continues to refine treatment protocols, aiming to optimize outcomes while minimiz-
ing unnecessary interventions.
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Abstract

Acute appendicitis, complicated by free or blocked perforation with phlegmon
and appendiceal abscess, is associated with increased morbidity and mortality,
which is less than 0.1% in the non-gangrenous form and reaches approximately 5%
in the perforated form. Initial treatment of appendiceal mass with abscess can be
performed with antibiotic therapy and a minimally invasive approach. Age, sex, and
findings from the history, physical examination, and imaging evaluation support
decision-making and guide the use of the most frequently used access routes: percu-
taneous, transrectal, and transvaginal. Information on technical advances and results,
emphasizing resolution time and the need for reapproach, should be further studied
to define the level of evidence for the minimally invasive approach in appendiceal
abscess.

Keywords: appendicitis, appendiceal abscess, non-operative management,
percutaneous drainage, ultrasound-guided drainage, transvaginal drainage,
transrectal drainage

1. Introduction

The diagnosis and treatment of acute appendicitis are still challenging, despite its
high prevalence. Classification between uncomplicated and complicated appendicitis
is essential for selecting treatment.

In uncomplicated appendicitis, the organ is inflamed without signs of gan-
grene, perforation, intraperitoneal purulent fluid, contained phlegmon, or
intra-abdominal abscess [1]. The non-complicated forms are usually treated by
appendicectomy (Figure1).

Complicated appendicitis is characterized by gangrene of the inflamed organ
with or without perforation, intra-abdominal abscess, contained peri-appendiceal
phlegmon, or purulent free fluid [1]. It affects 17-32% of patients [2] and may lead to
peritonitis, bowel obstruction, and sepsis.
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Figure 1.

Ce%al appendix without complications with the presence of the appendicolith inside and the obstruction effects
(appendix content stasis plus the mucus that continues to be produced, which causes mucosal ischemia and
necrosis). The appendicectomy realized at the appropriate timing prevents necrosis in all the layers and the free or
blocked perforation of the organ.

Delayed diagnosis or intervention are independent risk factors for perforation [2, 3].
However, it is still debated whether prolonged delay in pre-admission of patients is asso-
ciated with an increased rate of perforation because there are epidemiological, immu-
nological, and pathological data supporting that acute appendicitis is not a progressive
disease, but there are two types of appendicitis: uncomplicated and complicated [4, 5].

On the other hand, the difficulties of primary care teams in making the etiological
diagnosis plus the prescription of symptomatic medications and antibiotics, as well as
the limit of timely access to hospital reference services in health systems with access
ordered by medical regulation [6], are present in the condition illustrated in Figure 2.

The imaging findings (Figure 2) and adverse events of extensive surgical inter-
vention in appendiceal phlegmon are the outcomes represented in the case of a
70-year-old patient admitted with abdominal pain and diarrhea for 15 days, initially
treated for urinary infection in a primary and medium-complexity service.

After a discreet recovery, she was referred to a tertiary hospital, conscious,
oriented, and dehydrated, with a heart rate of 96 beats per minute and a respiratory
rate of 36 incursions per minute, an arterial blood pressure of 176/97 mmHg, and an
oxygen saturation of 91%. There was a palpable and painful mass in the right hemia-
bdomen, with a defensive reaction in the site. Complementary exams: Hemoglobin
10.7 (reference value of 15.0 + 2.0 g/dL); white blood cell: 15.300 (reference value
of 4.000-10.000/mm?); rod cells: 17 (reference value of 4-5%); platelet: 765 (refer-
ence value of 150-400 x 109/L); creatinine: 0.89 (reference value of 0.50-1.20 mg/
dL); glycemia: 123 (reference value of 70-99 mg/dL); C-reactive protein: 1.93
(reference value lower than 0.3 mg/dL); and lactate of 1.7 (reference value of
0.63-2.44 mmol/L). In addition to the systemic alterations correction measures, plus
antibiotic therapy, there was an improvement in the heart rate to 78 beats per minute
and respiratory rate to 18 incursions per minute with an oxygen saturation of 95%.
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Figure 2.
Computed tomography scan showing a localized abscess (yellow arrow) with an associated appendicolith (ved
arrow) and the bladder highlighted in green.

The percutaneous drainage proceeded, showing an exit of fecaloid secretion,
and an exploratory laparotomy was indicated. A right colectomy was performed
with side-to-side anastomosis between the ileum and transverse colon, and the
abdomen was left in peritoneostomy. During the postoperative period, the patient
required invasive respiratory support, low dosages of vasoactive drugs, evolving
with kidney failure, requiring hemodialysis, embolism of low charge, worsening of
hemodynamic instability, and exit of enteric secretion through the draining tube.
The patient was reoperated with identification of dehiscence of the transversal
ilium anastomosis and evolved with sepsis, multiple organ insufficiency, and death,
38 days after admission.

In the circumstances described, the blocked form was present at the time of diag-
nosis with appendiceal abscess, and the surgical approach is associated with extensive
resections (ileotyphlectomy or right colectomy). The rate of ileocecal resection in
emergency appendectomy is very high (50%) when compared to interval appen-
dectomy, performed between 8 and 12 weeks (3%), as are the rates of postoperative
complications, respectively, 75% and 9% [7].

The lesson learned is that antibiotic therapy and a minimally invasive approach
may be used to treat the initial appendiceal mass with abscess or delimited phleg-
mon. Age, gender, history findings, physical exams, and image evaluation guide
decision-making and the use of different access routes: percutaneous, transrectal,
and transvaginal. Information about technological advances and results for a
minimally invasive approach in appendiceal abscess, focusing on timing resolu-
tion and re-approaching requirements, must be further studied to better define
evidence.

Elderly patients are more likely than other age groups to have appendicitis compli-
cated by perforation or abscess. The rate of complicated appendicitis ranges from
18% to 70% (compared with a rate ranging from 3% to 29% among patients younger
than 65 years of age) [8, 9]. The mortality is significantly higher in elderly patients
with perforated appendicitis compared to elderly patients with non-perforated ones
(15% vs. 3%) [10, 11].
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2. Clinical presentation and complicated appendicitis diagnosis

Patients admitted with blocked forms of acute appendicitis show an atypical
evolution with an extended history and may represent an additional challenge for
diagnosis. Despite the disease’s clinical predictors, the presence of a palpable mass in
the right iliac fossa or unspecific painful conditions are indications of a complemen-
tary exam requirement, above all ultrasound and tomography.

The symptoms duration, the clinical impact, the systemic involvement, the labora-
tory exam disorders, and the image findings frequently identified in complicated
appendicitis cases are relevant to the decision-making.

Among the forms of complicated acute appendicitis presentation, the character-
ization of the clinical and image presentation is essential [12]:

* Phlegmon: inflammatory mass of softened tissue around the appendix.

* Periappendicular abscess: collection with peripherical wall increased on comput-
erized tomography, with intravenous contrast or peripheral hyperemic ring with
color Doppler on ultrasonography.

* Highlighted defects on the appendiceal wall.
* Extraluminal air.

* Extraluminal appendicoliths.

3. Drainage routes of periappendicular abscess

The non-surgical approach for appendicitis described in 1901 [13] is the best
therapeutic alternative for the blocked forms of complicated acute appendicitis,
exactly because it reduces complications associated with extended resections, surgi-
cal manipulation with loss of anatomical references, and increases morbidity and
lethality [13].

Antibiotic treatment must be immediately instituted, and the choice must contem-
plate covers for anaerobic and gram-negative germs. There are pieces of evidence for
the use of penicillins associated with beta-lactamase inhibitors (clavulin), in addition
to cephalosporins and quinolones associated with metronidazole [14].

The abscess drainage guided by image is indicated also at an early stage, guided by
ultrasonography (US) or computerized tomography (CT) to treat the local inflam-
mation. The procedure is realized under local anesthesia and shows a low rate of
complications [15].

Patients with good clinical progress may be submitted to surgical treatment after
6-12 weeks from drainage (interval appendectomy), due to the recurrence risk of
the disease. However, this interval for surgery needs robust evidence and is indicated
only with histopathological aspects of inflammation [7, 16]. A new image exam must
document the abscess resolution before removing the drain tube and dismissing the
patient from the hospital.

The risk of recurrence of appendicitis with abscess after conservative treatment
ranges from 7% to 24% [17, 18]. The interval appendectomy after drainage of appen-
diceal abscesses should not be performed routinely. At the same time, patients with
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risk factors may require additional investigation to exclude secondary diagnoses of
appendiceal abscesses, such as neoplasms and Crohn’s disease, requiring additional
investigation with performing a colonoscopy.

The preoperative colonoscopy execution to study appendicitis etiology is indicated
for adult patients due to the possibility of neoplasias in the population aged 40 years
or older who are at higher risk of exhibiting malignant, and eventually, Crohn’s
disease (Figure 3) [7, 19].

Interval appendicectomy—two arms elective surgery and follow-up observation only.

On the other hand, there is a randomized clinical trial demonstrating that
emergency laparoscopic appendectomy is a viable and safe first-line treatment
option for appendicitis with abscess when performed by experienced surgeons. In
this study, emergency laparoscopic treatment had a lower readmission rate (3% vs.
27%) and a lower rate of additional intervention (7% vs. 30%) compared to con-
servative treatment. Conversion to laparotomy was necessary in 10% of patients
who underwent laparoscopic treatment and in 13% of patients who received
conservative treatment [20].

Patients with intra-abdominal collection associated with generalized peritonitis,
hemodynamic instability, and clinical signs of sepsis must be submitted to laparotomy
or laparoscopy right after the initial stabilization. Multiple abscesses, not communi-
cating, with associated fistulas must also be treated with surgical drainage. The single
collection, or in a lower number, communicating, are eligible for minimally invasive
drainage [16].

Age, gender, and physical constitution, in addition to the collection location, must
be factors considered for decision-making regarding the best access route for draining
the abscess.

3.1 Percutaneous drainage

Pelvic abscess placed above the line formed by the femoral heads, in addition to
the ones in the abdominal topography, allows percutaneous drainage guided by US
[20-24]. Collections placed inside the abdominal wall, Retzius space (pre-vesicular),
superior, anterior, or anterolateral to the bladder are also benefited from the percuta-
neous drainage [16].

{eierdid resecton rEk)

Figure 3.
Suggested algorithm for management of periappendiceal phlegmon/abscess and interval appendectomy.
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3.2 Transrectal drainage

Transrectal drainage of pelvic abscesses is well established in children and courses
with high rates of resolution after the procedure [25].

More recently, the transrectal approach is also used for the treatment of deep
pelvic abscesses in adult patients, especially in male patients.

Collection on the rectovesical spaces, presacral, between the sacral and the rec-
tum, and perirectal show a high rate of resolution after transrectal drainage guided by
US [16]. The sequence of images in Figure 4 shows the evolution of a patient submit-
ted to abscess draining guided by the transrectal US, with collection reduction on the
control tomography 6 days past the draining.

The male patient was 26 years old and had abdominal pain in the hypogastric
region for 7 days, associated with nausea and vomiting, hyporexia, and progressed to
aqueous diarrhea and fever. Physical finding: feverish, defense and pain to superficial
and deep palpation, and abrupt decompression on the right iliac fossa and suprapubic
region. Complementary exam findings: increase of the C-reactive protein: 12.99
(reference value lower than 0.3 mg/dL) and of the lactate of 2.6 (reference value of
0.63-2.44 mmol/L). The patient was treated with amoxicillin and clavulanic acid for
10 days and submitted to a transrectal echoendoscopy, puncture, and emptying of
three stores. He’s been asymptomatic for 8 years.

3.3 Transvaginal drainage

The transvaginal approach has been gaining space with the improvement of
image exam techniques for the treatment of collection in female patients. The
collections located adjacent to the deep uterine, vesicouterine spaces, and recto-
uterine spaces (Pouch of Douglas) are favorable for transvaginal drainage guided
by the US [16].

Figure 4.

Computed tomography scan showing appendicitis with an appendicolith (white arrow), abscess, and
inflammatory mass in the right iliac fossa (orange circle). Additional anatomical veferences include the bladder
(green circle) and rectum (blue circle).
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4., Final considerations

* The clinical presentations dragged or with a mass on the right iliac fossa indicate
the necessity of complementary diagnoses with images.

* Patients with clinical signs of peritonitis, hemodynamic instability, or sepsis are
not eligible for minimally invasive approaches and must be submitted to lapa-
rotomy or laparoscopy.

* Blocked complicated acute appendicitis (for phlegmon or abscess) must be
treated, preferably through a minimally invasive route and antibiotic therapy.

* Clinical and imaging characteristics of the collections must be considered for a
minimally invasive approach.

* The choice of the access route (percutaneous, transrectal, or transvaginal)
depends on the location as determined by images of the pelvic/abdominal collec-
tion (Figure 5).

Multiple Absoess

Singlw abacsss or in
Iewid aindige g
commur-Lating
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Figure 5.
Suggest algorithm for approaching the periappendiceal abscess on complicated acute appendicitis.
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Chapter 5

Diagnosing Acute Appendicitis in
Children: The Role of Diagnostic
Scores

Adelais K. Tzortzopoulou

Abstract

Appendicitis is one of the most common emergency conditions in children.
Through inflammation, necrosis, and perforation of the appendix layers, it causes
often peritonitis. Recent epidemiological and clinical data support the theory of two
distinct pathological entities of appendicitis: simple non-perforated and complicated
appendicitis. Simple non-perforated appendicitis in children can be treated success-
fully with antibiotics in 92% of cases; thus, complicated appendicitis proceeds rapidly
to perforation and should be managed with emergency surgery. To approach acute
appendicitis, a lot of clinical scoring systems have been created, which are easily
applicable to pediatric patients and their parents due to their simple variables consist-
ing of clinical symptoms, physical examination findings, and laboratory data. Clinical
score systems (as PAS and Alvarado Score) currently in practice cannot predict which
children with appendicitis should proceed directly to surgery. As a result, preop-
erative ultrasound (US) and/or low-dose CT scan imaging is recommended in all
intermediate or high-risk patients in order to diagnose them properly. CoApPS score
is a recently presented score that could guide doctors, both experienced and inexpe-
rienced ones in emergency management of children with complicated appendicitis
reducing hospitalizations and urgent surgeries. A combination of positive jumping-
up test, vomiting, White Blood Cell count >13.5 x 10~%/ml, lymphocytes <18% and
C-reactive protein >50 mg/dl are the score’s predictors. In this chapter, we will discuss
the scores that are nowadays used to diagnose appendicitis in children, focusing on
the advantages and disadvantages of each scoring system, and comparing them with
each other.

Keywords: appendicitis, children, diagnostic scores, PAS, Alvarado score, CoApP score

1. Introduction

Acute appendicitis is one of the most common emergency conditions in chil-
dren. Annually, more than 250,000 new cases are reported worldwide. It still
remains a diagnostic dilemma for clinicians because the symptoms and signs are
not specific, mimicking a pleiad of pathology, such as gastroenteritis, mesenteric
lymphadenitis, Meckel’s diverticulitis, torsion of intraabdominal organs, etc. The
diagnosis commonly demands surgical consultation, a hospital stay, and sometimes
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advanced CT imaging studies when the clinical examination and the ultrasound are
not pathognomonic for the disease. Misdiagnosis can lead to an increased rate of
complications and critical conditions, such as perforation and peritonitis, intraab-
dominal abscess, and sepsis [1].

To approach acute appendicitis, a lot of clinical score systems have been cre-
ated, which are easily applicable to pediatric patients and their parents, due to their
simple variables consisting of clinical symptoms, physical examination findings, and
laboratory data. Alvarado in 1986 with a focus on identifying patients with abdomi-
nal pain requiring surgery presented the first acute appendicitis score in adults with
a sensitivity of 81% and a specificity of 74%. In 2002 Samuel introduced the first
appendicitis scoring system specifically for children, the Pediatric Appendicitis
Score (PAS). This score consists of six clinical and two laboratory parameters.

8 years later in 2010, the RIPASA score was introduced to diagnose acute appen-
dicitis in Asian patients. Later, other scoring systems were proposed, such as the
Appendicitis Inflammatory Score (AIR), the Adult Appendicitis Score (AAS), and
the Sonographic Score, an ultrasound scale for evaluating the inflamed appendix. In
addition, the Heidelberg Acute Appendicitis (HAS) score for children was proposed
in 2017, which is also based on a combination of clinical symptoms, laboratory and
ultrasound findings. In the last 20 years, numerous studies have been carried out

in children, studying these scores, their reliability in diagnosing the disease, but
also their ability to minimize the frequency of negative appendectomies and false-
negative cases with failure to diagnose the disease (missed cases), increasing compli-
cations [2-5].

It is also very important to mention that for centuries it was thought that appen-
dicitis was a progressive disease-causing peritonitis through inflammation, necrosis,
and perforation of appendix layers. Recent epidemiological and clinical data strongly
support the concept of two different types of appendicitis with different cause
and prognosis: simple non-perforated appendicitis and complicated appendicitis.
Complicated appendicitis proceeds rapidly to perforation and should be managed
with emergency surgery in children. On the other hand, simple appendicitis can be
treated successfully with antibiotics in 92% of cases. Clinical score systems currently
in practice have the potential to correctly stratify these children who could be consid-
ered for early discharge as low-risk patients. Unfortunately, they cannot predict which
children with appendicitis should proceed directly to surgery. That was the reason
that the last 5 years the whole pediatric community is searching for new scores to
distinguish one entity from the other in simple ways, in order to minimize the compli-
cations and to choose the most suitable therapy for each patient [6].

In the next pages we will first discuss about all the scores are nowadays used to
diagnose appendicitis in children, focusing on the advantages and disadvantages of
each scoring system, comparing them with each other. We will also discuss about the
newest scores which are specifically used for diagnosing complicated appendicitis
and the usefulness of the previous ones in distinguishing simple appendicitis from
complicated.

2. Alvarado score

The Alvarado scoring system includes clinical symptoms and signs as well as
simple laboratory blood tests, which form the code MANTRELS. This score consists
of eight prognostic factors, each of which is scored with 1 or 2 points (Table 1).
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Alvarado scoring system PAS

Symptoms

Migration of pain 1 1
Anorexia 1 1
Nausea and/or Vomiting 1 1
Signs Right lower quadrant tenderness

Rebound pain 1 2
Temperature > 37.3°C 1 -
Temperature > 38°C - 1
Laboratory

Leukocytosis > 10 x 10° 2 1
Polymorphonuclear neutrophilia (NE) >75% 1 1
Total 10 10

Source: Refs. [2, 5].

Table1.
Alvarado scoring system and pediatric appendicitis score (PAS).

An Alvarado score of less than 5 is considered to rule out the disease with suffi-
cient sensitivity (greater than 95%), but cannot rule in the diagnosis of acute appen-
dicitis in children because it has less specificity of the required (usually greater than
85%). A total score of 5 or 6 suggests appendicitis, but careful patient monitoring,
clinical reassessment, and ultrasonography are required. A score of 7 or 8 strengthens
the diagnosis of appendicitis, while with a score of 9 or 10, it is almost certain that the
patient has acute appendicitis, and surgery is recommended [2, 7].

A meta-analysis of the Alvarado score by Ohle in 2011 in 1635 pediatric patients
showed a sensitivity of 99% and a specificity of 57% with a required cut-off score
of 5 for admission to a pediatric surgery clinic. These results are equal to those in
adult patients, where the score has a sensitivity of 87% and a specificity of 76%
with a cut-off of seven. It should be mentioned, that in this meta-analysis the
pediatric patient population was heterogeneous regarding age and there is nothing
mentioned about the sensitivity and specificity of the score in age subgroups. In
2017 Peyvasteh et al. published results of the Alvarado scale in 400 children under
12 years old with suspected appendicitis. Patients were evaluated with a modified
Alvarado scale, which included one more parameter, white shift to left. Sensitivity
was 91.3%, specificity 38.4%, positive predictive value 87.7%, and negative
predictive value 51.2% [8-10].

Goncalves et al. in a study including 192 children (aged 4-17 years) observed
that as the cut-off of the Alvarado scale score decreases, the sensitivity and speci-
ficity increase while the positive predictive value and negative predictive value
decrease. Equivalent results were reported in a systematic review by Heineman,
who concluded that more research is needed so that the Alvarado scale could be
used safely without imaging studies in order to diagnose acute appendicitis in
children [11, 12].

Table 2 indicatively the diagnostic characteristics of various studies on the
Alvarado scale in acute appendicitis in children.
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Score Sensitivity (%) Specificity (%) LR +ve LR-ve Literature

=4 98.5 269 1.34 0.05 Schneider et al. [13]

>=5 99 0.57 230 0.01 Ohle et al. [8]

>=7 87 76 378 0.17 Ohleet al. [8]

>=7 89 59 217 0.18 Pogorelic et al. [14]

>=7 91.3 38 148 0.23 Peyvatech et al. [9]
Table 2.

Diagnostic characteristics in Alvarado score for diagnosing acute appendicitis in children.

3. Pediatric appendicitis score (PAS)

The PAS’ scale is the first acute abdominal pain scoring system designed specifi-
cally for children with acute abdominal pain suspecting appendicitis. In 2002, Samuel
proposed the Pediatric Appendicitis Score, which includes eight parameters, six
clinical, and two laboratories with each of them receiving a value of 1 or 2 points,
depending on its diagnostic strength (Table 3). The cut-off score of 5 showed that
only a small percentage of appendicitis cases crossed the scale. However, a sufficient
percentage of negative appendectomies was also observed. A score greater than 6 was
compatible with an increased likelihood of appendicitis, and scores of 7-10 indicated
a very high likelihood of appendicitis. Samuel suggested the PAS scale as a useful
diagnostic tool for acute appendicitis in pediatric populations, with a sensitivity of
100%, specificity of 92%, positive predictive value of 96%, and negative predictive
value of 99% [5, 15].

The results of the study on the PAS scale were so encouraging that in the last
10 years, many clinical studies have been done using the PAS in pediatric popula-
tions. Thus, Bhatt in 2009 presented a study in 246 children aged 4-18 years with his
main observation, that using a score of 5 as a cut-off for appendectomy, the number
of false positive diagnoses reached 37.6% (negative appendectomies). However,
when children with a PAS score of less than 4 remained for follow-up at home, the
sensitivity was 97.6% and the negative predictive value was 97.7%. The conclusion
of the study was that in patients with a PAS score greater than 8, surgeons could

Variable Value
Symptoms Migration of pain 1
Anorexia 1
Nausea/vomiting 1
Signs Right lower quadrant tenderness 2
Rebound pain 2
Elevation of temperature > 38°C 1
Laboratory Leukocytosis>10 x 10°/ 1
Polymorphonuclear neutrophilia>75% 1
Table 3.

Pediatric appendicitis score (PAS).
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proceed with appendectomy because the specificity was 95.1% and the positive
predictive value was 85.2%. However, Bhatt’s results indirectly suggest that patients
with a PAS score between 5 and 7 will additionally need imaging studies for a more
accurate diagnosis [16-18].

Another study by Prada in 275 children under 15 years showed that PAS is useful
in the differential diagnosis of appendicitis from cases of nonspecific abdominal
pain in children, but suggested the use of CRP as an additional parameter to refine
the scale [19].

A review by Dingemann that included eight studies from 2009 to 2012 comparing
Alvarado score and PAS came to the conclusion that these two diagnostic scales are
not yet the “gold standard” for diagnosing appendicitis in children, although both
achieve high specificities (72-98.2%) and sensitivities (76-100%) [16].

Ebel et al. [20] compared the cut-offs of the diagnostic features of the Alvarado
and PAS scales and concluded that the Alvarado scale is superior to the PAS scale in
diagnosing low-risk patients for appendicitis. The researchers suggested that patients
with an Alvarado score less than 4 should not be screened further because they have
only a 3% chance of disease when the relative incidence of acute appendicitis takes
any value below 60%. On the other hand, the probability of disease increases up to
86% when the Alvarado score is greater than or equal to 7, in which case surgical treat-
ment is recommended [20].

Pogorelic et al. [14] in the study of 311 children with suspected appendicitis
showed that both scales could help in the diagnosis of acute appendicitis in children
because no significant difference in sensitivity and specificity was found between
these scores when the cut-off for appendectomy was at a score of 7. The authors
claimed that PAS has 86% sensitivity, 50% specificity, and 90.1% positive predictive
value, while Alvarado has 89% sensitivity, 59% specificity, and 93.1% positive predic-
tive value [14].

In 2018, Song et al. compared the modified Alvarado score with the PAS in 142 chil-
dren under 10 years old. The children were divided into two groups according to their
age: group 1 with preschool children (under 5 years old) and group 2 with children
between 5 and 10 years old. This study showed that both scales have low diagnostic
accuracy in group 1. In this age group, abscesses and perforations of the appendix were
more frequent, a finding that strongly suggests that in these very young patients, both
scales are not ideal for the diagnosis of appendicitis, mainly due to the atypical clinical
symptoms and difficult communication with the child in this age [21].

Table 4 lists the diagnostic characteristics of various studies on the PAS score in
children with acute appendicitis.

Score Sensitivity (%) Specificity (%) LR +ve LR-ve References

4 95.9 74.2 371 0.05 Schneider et al. [13]

5 924 57 215 0.13 Schneider et al. [13]

>=6 90.3 47 1.70 0.20 El-Shamy et al. [22]

>=7 86 50 1.72 0.28 Pogorelic et al.[14]

>=7 735 85.3 5 0.27 Bhatt et al. [23]
Table 4.

Diagnostic features of the PAS scale in children with acute appendicitis.
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4. Appendicitis inflammation response (AIR) score

The AIR score is an acute appendicitis risk scoring system and is the first in
the literature to include C-reactive protein (CRP) in its clinical and laboratory
parameters (Table 5) [24, 25].

In the literature, there are several studies in children with suspected appendicitis
that compare the AIR scale with other scoring systems. Macco et al. in a retrospective
study including 747 children showed that AIR is a better scoring system than Alvarado
or PAS for the diagnosis of acute appendicitis even in children under 6 years of age. In
high-risk patients, the AIR score had better specificity, positive predictive value, and
negative predictive value. Furthermore, in children evaluated with the AIR scale, the
rate of negative appendectomies was only 6%, compared to 24% in the Alvarado score
and 36% in the PAS score [22].

Another study by El-Shamy involving 278 children under the age of 18 had the
same results as the aforementioned study. The sensitivity, specificity, and positive
predictive value of the AIR scale were higher than those of Alvarado or PAS. In
low-risk patients with the AIR scale, false-negative rates of acute appendicitis of 2.2%
were observed, whereas for Alvarado 4% and for PAS 9.7%. The author claimed that
the AIR scoring system is the most accurate system for diagnosing acute appendicitis
in children [26].

In a recent retrospective study during the years 2009-2012 in patients with suspected
appendicitis from 25 hospitals in Sweden, Andersson et al. [24] reported that the AIR
score in children aged less than 15 years, with a score of less than 4 achieves a very high
sensitivity (99%), while a score greater than 8 has a very high specificity (98%) [24].

Score
Vomiting 1
RLQ tenderness 1
Rebound tenderness or muscle rigidity
Light 1
Medium 2
Strong 3
Body temperature >38.5°C 1
Leukocytosis
10-14.9x 10°/L 1
>15x 10°/L 2
Polymorphonuclear leukocytes shift
70-84% 1
>85% 2
CRP concentration
10-49 mg/dl 1
>50 mg/dl 2
Total score 12

Table 5.
Appendicitis inflammation response (AIR) score.
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Score Sensitivity (%) Specificity (%) LR +ve LR-ve References

<=4 95 74 3.67 0.07 Vasiri et al. [27]

<=4 99 26 1.33 0.03 Andersson et al. [24]

>=9 19.7 98 9.85 0.82 Andersson et al. [24]

>=9 97.8 84.3 6.23 0.02 El-Shamy et al. [22]
Table 6.

Diagnostic features of the AIR scale in children with acute appendicitis.

Table 6 lists indicatively the diagnostic characteristics of various studies on the
AIR scale in children with suspected appendicitis.

5. Critical consideration of the Alvarado, PAS, and AIR scores with Bayes
theory

The Alvarado Score, PAS, and AIR score for children are primarily intended to
classify patients into three risk categories: (1) high-risk appendicitis patients, (2) low-
risk patients, and (3) intermediate-risk patients. With this classification, it is intended
that high-risk patients are admitted to a pediatric surgery clinic for evaluation by
specialists and possible surgical treatment, while low-risk patients are monitored for
24 hours, preferably at home. Intermediate-risk patients usually undergo diagnostic
imaging to confirm the diagnosis.

From the review of the literature, we found that most authors in their studies on
children with the Alvarado, PAS, and AIR scales classify patients into risk groups,
having as classification criteria mainly sensitivity, specificity, positive predictive
value, and negative predictive value of scales. It should be emphasized, however,
that both the positive and negative prognostic value of a risk scale, but also of any
diagnostic test, depends on the relative frequency (abusedly understood as “preva-
lence”) of the disease in the sample of the respective population that is being inves-
tigated. Therefore, it is considered necessary to use as indicators those diagnostic
characteristics, which are completely independent of the relative frequency of the
disease in the studied sample of the population. The positive and negative likeli-
hood ratios of the disease (positive Likelihood Ratio, negative Likelihood Ratio)
are considered ideal diagnostic characteristics. These characteristics of a scale are
the most suitable indicators, on the one hand, for the classification of patients into
risk categories and, on the other hand, for the comparative evaluation of the various
scales that are applied to children’s populations with a different relative frequency of
acute appendicitis each time [28-31].

With the probability quotients achieved by each scale and with the relative
frequency of the disease in each population, we can calculate the % post-test prob-
ability of disease of the patients, so that they can be classified based on the post-test
probability - probabilities for each risk group (Bayes theory). In this way, as high risk
for appendicitis, we can conventionally consider patients with a post-test probability
greater than 85%, low-risk patients with a post-test probability of less than 1%, and
intermediate-risk all the rest.

Table 7 compares the meta-probabilities of acute appendicitis in Alvarado, PAS,
and AIR scores, as we calculated them based on odds ratios in pediatric populations
with different frequencies of the disease.
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SCORE Meta-probabilities of acute appedicitis LR References
Alvarado<5 291 1.99 1.31 0.85 0.50 0.22 0.02 Schneider et al.
[13]
Alvarado> =7 7917 79.16 71.69 61.96 48.71 29.69 3.8 Ohle et al. [8]
PAS <5 6.98 4.76 3.22 2.09 1.23 0.55 0.05 Schneider et al.
[13]
PAS > =7 83.33 83.33 76.92 51.72 55.55 3571 5 Bhatt et al. [23]
AIR<5 4.3 291 1.96 126 0.74 0.33 0.03 Andersson et al.
[24]
AIR>=9 93.66 90.77 86.78 80.87 7111 52.25 9.85 Andersson et al.
[24]
AIR>=9 96.05 94.18 91.54 87.44 80.24 64.36 16.25 Andersson et al.
(complicated [24]
appendicitis)
Frequency (%) of 60 50 40 30 20 10

acute appendicitis

Table7.
Meta-probabilities of acute appendicitis in Alvarado, PAS and AIR scoves in pediatric populations with different
frequency of the disease.

From the information listed in Table 7, it follows that the Alvarado scale with a
score below 5 presents the smallest negative probability quotient (LR-ve = 0.02) of the
other two scales, but cannot rule out the disease with a post probability of appendicitis
below 1%, except in populations with a relative incidence of disease below 40%. It is
also clear that the Alvarado scale with LR + ve 3.8 fails to diagnose acute appendicitis
in patients with a scale score greater than or equal to 7 in any of the populations with
arelative incidence of disease equal to or less than 60%, because the odds of disease
with this scale they remain smaller than the required limit of 85% [8, 16].

On the PAS scale patients with a score below 5 have a probability of acute appen-
dicitis below 1%, but only if they belong to populations with a relative incidence of
disease below 20%, in which case these patients will be able to remain for follow-up at
home. Patients with a PAS score equal to or greater than 7 do not approach the thresh-
old for disease diagnosis (probability greater than 85%), except in populations with
arelative incidence of disease greater than 50%. Therefore, the PAS scale can exclude
the diagnosis only in populations with a low relative frequency of appendicitis, while
it approaches the critical limit of diagnosis exclusively in populations with a very high
relative frequency of the disease [13, 32].

An AIR score of less than 5 cannot rule out acute appendicitis in children except
in populations with a relative disease incidence of less than 30%. At the same time, it
presents the possibility of diagnosing the disease in general with a score greater than or
equal to 9, but only in populations with a relative frequency of appendicitis greater than
30%. The ability to diagnose complicated appendicitis with the AIR scale also concerns
mainly populations with a relative incidence of disease equal to or greater than 30% [13].

6. Scoring systems including imaging techniques

Many pediatric hospitals in order to improve the diagnosis of appendicitis are
using imaging protocols together with imaging scoring systems. In the US scan
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1 Completely visualized normal-appearing appendix with no ancillary findings to suggest appendicitis
2 Partially visualized normal-appearing appendix with no ancillary findings to suggest appendicitis

3 Non-visualized appendix with no ancillary findings to suggest appendicitis

4 Equivocal

5a Non-perforated acute appendicitis

5b Perforated appendicitis

Source: Ref. [4].

Table 8.
Apply score.

examination, a normal appendix appears as a compressible and blind-ended tubular
structure with a diameter smaller than 6 mm extending from the caecum. A lumen
diameter greater than 6 mm with hyperechogenicity of the appendix mesentery fat
and an appendiceal hyperemia in color Doppler or free fluid in the abdomen are all
reliable sonographic signs of acute appendicitis. In CT scans these findings are similar
but with a greater accuracy in the case of perforation where an abscess or a phlegmon
are more clearly depicted [4, 33, 34].

Fallon and her colleagues developed the so-called Apply-score which is an
ultrasound scoring system (Table 8) in children with suspected appendicitis. They
studied and compared the results of the ultrasound findings in a pre- and post-
implementation period of Apply-score. The results have shown a high sensitivity
of 93%, a specificity of 92, 6% a positive predictive value of 85.1%, and a negative
predictive value of 96.7%. These results are comparable to those in the pre-imple-
mentation period. Negative appendectomies rate did not change either. The most
interesting observation of this study was that the rate of CT scan use decreased by
31%. The study concludes that the Apply-score is a reliable scoring system that can
be used by all radiologists with very good results in diagnosing acute appendicitis
in children [4].

7. Heidelberg score

A combination of clinical parameters and ultrasonography can lead to a more
advanced scoring system that could diagnose simple and advanced appendicitis
or even perforated appendicitis. Such an example is the Heidelberg Appendicitis
Score (HAS) presented in 2017 and consists of four factors (continuous pain,
tenderness in the right lower abdomen, rebound tenderness, ultrasound findings
positive for appendicitis). This study included 157 children younger than 16 years
old who presented with right lower quadrant pain. Its sensitivity in identifying
appendicitis was 91% and its specificity was 93.8%. The most interesting finding
was that this scoring system had a 100% negative predictive value which means
that a negative HAScore excludes perforation and it is possible to identify perfora-
tion within children with appendicitis with a sensitivity of 77% and 100% speci-
ficity. The results of this study were better than other studies in children which
used only ultrasound scans or the sum of clinical and laboratory parameters such
as abdominal pain duration and CRP in order to distinguish simple from perfo-
rated appendicitis [35].
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8. Complicated appendicitis in children

As it is mentioned above, for centuries it was thought that appendicitis was a
progressive disease-causing peritonitis or intraabdominal abscess through a process
of inflammation, necrosis, and perforation of appendix layers. Recently studies have
confirmed the concept of two distinct pathological entities of appendicitis with
different causes and prognosis: simple non-perforated appendicitis and complicated
appendicitis.

In complicated appendicitis (pathologically defined as necrotic or gangrenous
appendicitis with or without wall rupture), the appendix macroscopically is highly
hyperemic, friable, with a wall in shades of violet, green, or even black. In some
cases, there is a macroscopic rupture of the wall with intraluminal pus. Complicated
appendicitis is always found with inflammation and necrosis of its layers, abscess for-
mation, and thrombosis. The main characteristic finding is the necrosis of all layers
of the wall. On the other hand, in simple inflammatory appendicitis, macroscopically,
the appendix is congested, with an increased edematous diameter, while hyperemic
obliteration of the vessels is observed, as well as pus or fibrinous exudates in its wall.
Microscopic findings consist of polymorphonuclear infiltration of the layers, the
presence of mucosal ulcers or thrombi, and the presence or absence of purulent or
fibrinous exudate. If a foreign body is present in the lumen of the appendix, intense
stimulation of giant cells and hyperproduction of mucus is observed [36, 37].

These pathological features can explain the different responses of some children
with appendicitis in the studies where the conservative treatment (only antibiotics)
is chosen. Simple appendicitis can be treated successfully with antibiotics in 92% of
cases, thus complicated appendicitis proceeds rapidly to perforation in children in
spite of conservative treatment. If from the very beginning the patients with com-
plicated not perforated appendicitis are misdiagnosed as acute appendicitis patients
and are chosen for antibiotic therapy they can have complications as the conservative
therapy with antibiotics has failed.

That is why distinguishing the two entities of appendicitis is very important
from the very beginning. Today in twenty-first century both for the doctor and the
patient the best treatment must be chosen regarding not only the disease but also the
patient. The surgeon should choose the best management with fewer complications
for each patient. For the last 5 years the whole pediatric community has been search-
ing for new scores or using the old ones to distinguish one entity of appendicitis from
the other in simple cost-effective ways.

In 2020 Feng et al. presented a clinical prediction model for complicated appendi-
citis in children younger than 5 years of age. In a retrospective study of 382 children,
Feng developed a prediction model that included age, white blood cell count, and
duration of symptoms. In the validation sample, this model exhibited a high degree
of discrimination (area under the curve [AUC]: 0.830, 95% confidence interval [CI]:
0.762-0.885). It was also compared with PAS and Alvarado scores and it was found
that it could identify children at high risk for complicated appendicitis better than the
above two scores. The study concluded that this model might be used to aid the differ-
entiation of acute and complicated appendicitis for optimal treatment strategy [38].

In 2021 Pogorelic et al. evaluated the validity of appendicitis inflammatory
response (AIR) score in differentiating complicated from simple (non-perforated)
appendicitis in children. In a prospective observational study of 184 pediatric patients
is concluded that the AIR score can differentiate perforated from non-perforated
appendicitis in children with a high level of accuracy. In the AIR score, a cut-off value
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of 9 was demonstrated to serve as a reliable indicator of perforated appendicitis with
a sensitivity and a specificity of 89.5 and 71.9%, respectively (AUC = 0.80; 95% CI:
0.719-0.871; p < 0.001) [39].

In 2022 Fujii and his team used the PAS score in a retrospective study including 161
patients aged <16 years to investigate its efficacy in predicting complicated appen-
dicitis. This study showed that alone PAS is not a good predictor for complicated
appendicitis. Thus, a PAS score >8 combined with the duration of symptoms >1 day
and C-reactive protein level >4 mg/dl had a high specificity of 99%, a positive predic-
tive value of 98%, and in the ROC curve an area under the curve of 0.91. The authors
concluded that the combination of these three parameters is predictor of complicated
appendicitis in children [40].

Another retrospective study published in 2023 by Byun and his team established a
new algorithm for predicting complicated appendicitis in children based on CT scans
and clinical features. This study included 315 children <18 years with acute appen-
dicitis. The algorithm included CT findings such as transverse appendix diameter of
>91.25 mm, intraluminal appendiceal air, intraluminal appendicolith, suspicious wall
defect, ascites, periappendiceal infiltration, abscess or inflammatory mass, free air in
the abdomen, WBC count, neutrophil count, CRP level and erythrocyte sedimenta-
tion rate (ESR). The AUC, sensitivity, and specificity of the diagnostic algorithm
comprising features were 0.91 (95% CI, 0.86-0.95), 91.8% (84.5-96.4), and 90.0%
(82.4-95.1) in the development cohort, and 0.7 (0.63-0.84), 85.9% (75.0-93.4), and
58.5% (44.1-71.9) in test cohort, respectively [41].

9. Complicated apendicitis pediatric score (CoApP)

As it has been clear clinical score systems such as PAS and Alvarado Score have the
potential to correctly stratify children at low risk of acute appendicitis but they can-
not predict which children should proceed directly to surgery. For this reason, in all
intermediate or high-risk patients preoperative ultrasound and/or low-dose CT scan
imaging is used. Ultrasound scan imaging demonstrates a high specificity but lower
sensitivity for complicated appendicitis. In the literature, it has been reported that 56%
of perforated appendicitis did not exhibit the typical imaging findings and these cases
are misdiagnosed. In addition, conventional simulated CT scan imaging fails to detect
79.5% of gangrenous non-perforated appendicitis because these cases are misdiagnosed
as uncomplicated appendicitis. Therefore, if conservative treatment is chosen for these
complicated cases it will be a higher rate of treatment failure and severe complications.

In 2022 Tzortzopoulou et al. present a new score for complicated appendicitis
(CoApP Score) in children. Our prospective observational study enrolled two cohorts
of patients 5-15 years old. 407 consecutive patients were enrolled in the derivation
cohort. The jumping-up test, preoperative laboratory, imaging, and histopathology
data were collected. The score was validated in a separate cohort of 312 consecutive
patients who were classified according to their risk of complicated appendicitis. A
positive jumping-up test, vomiting, White Blood Cell count >13.5 x 10~*/ml, lympho-
cytes <18% and C- reactive protein >50 mg/dl were the predictors for complicated
appendicitis. The final prediction model (CoApPScore) exhibited an area under the
curve (AUC) of 0.890 (95% CI: 0.859-0.922) [42, 43], (Tables 9 and 10).

With the CoApP Score patients with suspected acute appendicitis can be classified
into three groups: high-risk group patients (score 6-7) who have 86.15% probability
of complicated appendicitis and should be managed immediately. Intermediate group
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Optimal Sensitivity Specificity PPV NPV +LR -LR
cut-off point (%) (%) (%) (%)
Prediction 0.62 76.8 89.2 88.7 776 711 0.26
model
ALVARADO 7 57.3 797 64.3 672 2.83 0.54
score
PAS 7 64.6 703 70.7 64.2 3.52 0.61
Tableg.

Prediction model, ALVARADO scove, and PAS performance at optimal cut-off point values (validation sample:
n = 156).

Predictors Score
Jumping-up test +ve 3
Vomitus 1
WBC count greater than 13.50 (x 1073 uL) 1
LY (%) lower than 18 1
CRP greater than 50 mg/dL 1
Maximum score 7

WBC: White Blood Cells.
LY: Lymphocytes.
CRP: C-Reactive Protein.

Table 10.
The CoApPS score.

patients (score 4-5) have a 45% probability of complicated appendicitis and a 33%
probability of simple appendicitis. For the best management of these patients, we
suggest an abdominal ultrasound to differentiate complicated from simple appendi-
citis for the best management of the patients. The last group is low-risk group (score
0-3). Patients in this group have an 11.1% probability of complicated appendicitis
and a20.2% probability of simple appendicitis which could be managed conserva-
tively with antibiotics and 24-48 hours of observation in the hospital or at home.
Describing the potential utility of the CoApP Score, emergency ultrasound imaging
would have been postponed in 14.5% of patients (p = 0.0016) and emergency nega-
tive explorations would have been cut by 87% [42].

In conclusion, stratifying RLQ pain patients with CoApP scores at the emergency
department can guide even the most inexperienced doctors in making the right choice
for emergency surgery or antibiotics-first management. CoApPS could be proved
advantageous since it favors a timely intervention with potentially lower complica-
tions, length of stay, cost, and lost days from school. Prompt and correct diagnosis
of complicated appendicitis will allow us to make the best decisions regarding safer
patient care, balanced with fair management of hospital imaging resources [42].

10. Conclusion

In children, the appendix is not a nonfunctional organ left in the body. The
appendix is not only a “storage pool” for the gut microbiota to balance the steady state
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of anti-inflammatory activities of the intestine but also its high content of lymphoid
tissue (lymphocyte CD8+ T cells) plays an important role in the immune function of
the body. That is the reason why nowadays conservative therapy for acute appendicitis
must also be an option in the management of the disease.

As it is mentioned above acute appendicitis has two distinct pathological entities
with different causes and prognosis: simple non-perforated appendicitis and compli-
cated appendicitis. Only for simple appendicitis conservative management is ideal,
thus complicated appendicitis could cause life-threatening conditions for children if
we do not remove the appendix.

Distinguishing these two entities should be pediatric surgeon’s priority nowadays.
Diagnostic scores could help us first incorrect diagnosis of appendicitis and then
distinguish between simple and complicated appendicitis in order to choose the right
therapy for each patient. Furthermore, we could minimize complications and have a
better and cost-effective nouveau in our patient’s health management.
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Chapter 6

Trends in Acute Appendicitis in
Children

Lokadolalu K.R. Shanbhogue and Hesham Sayed Ahmad

Abstract

Acute appendicitis is a common surgical emergency in children, diagnosis can
be challenging, especially in younger children. Physical examination, laboratory
tests, and imaging are used to confirm the condition. Treatment usually involves an
appendectomy, but delayed diagnosis can lead to complications such as perforation or
abscess formation. Nonoperative management has increased in recent years, it is safe,
but appropriate selection of patients is important. Most cases of appendectomy are
now performed laparoscopically. In delayed cases, complications can be high.

Keywords: acute appendicitis, scoring system, perforated appendicitis, nonoperative
management, laparoscopic appendectomy, intra-abdominal collection, chronic
appendicitis

1. Introduction

Earlier in history, appendicitis was referred to as perityphlitis. In 1886, patholo-
gist Reginald Fits described perityphlitis as due to inflammation of the appendix
and introduced the term “appendicitis.” He also predicted that the treatment for this
condition would be surgical.

Abdominal pain in children is the most common reason for emergency department
visits, with acute appendicitis accounting for about 30-40% of childhood admissions
for abdominal pain. Appendicitis remains the most common acute surgical condition
in this population [1].

2. Anatomy

The base of the appendix arises at the confluence of the three taeniae coli, which
serve as useful landmarks for locating the appendix. Its width is typically normal
up to 6 mm. In 95% of cases, the appendix is located in an intraperitoneal position,
with 30% found in the pelvis and 65% in the retrocecal position; in 5% of cases, it is
retroperitoneal. The blood supply to the appendix comes from the appendiceal branch
of the ileocolic artery.
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3. Etiology

Appendicitis results from obstruction of the lumen, with potential causes includ-
ing lymphoid hyperplasia, fecaliths, parasites, foreign bodies, and, occasionally, a
carcinoid tumor. There is a relationship between the incidence of appendicitis and the
development of submucosal lymphoid follicles, which increase with age, peaking in
adolescence. The incidence of fecaliths in pathologic specimens is as follows: 1.2% in
negative appendicitis, 7% in acute appendicitis, and 12% in perforated appendicitis [2].

4. Clinical presentation

The classic presentation of appendicitis, which is not very common, is periumbili-
cal pain that mitigates to the right iliac fossa over 12 hours, accompanied by anorexia,
nausea, low-grade fever, and leukocytosis. Periumbilical pain originates viscerally
due to distention of the appendix, which activates T-10 visceral nerve fibers. As
inflammation becomes localized, somatic pain fibers in the parietal peritoneum are
activated, causing pain in the right iliac fossa.

Anorexia is the second most common symptom, present in 90% of patients.
Nausea and vomiting follow the onset of pain in around 60% of cases, though these
are not reliable findings. Most children with appendicitis have a low-grade fever;
however, a temperature above 39°C, is rare unless there is appendiceal rupture with
peritoneal contamination. A high fever without peritoneal signs may suggest viral
gastroenteritis or a urinary tract infection (UTI).

The anatomical variability of the appendix can significantly influence symptom
presentation. For example, retrocecal appendicitis can cause inflammation of the
ureter resulting in renal colic-type symptoms. Pelvic appendicitis may cause urinary
frequency, diarrhea, and even referred testicular pain. Diarrhea is more commonly
associated with perforated appendicitis, where small, frequent stools may occur. In
contrast, large, foul-smelling stools are typical of gastroenteritis. Differentiating
between the two is often based on pain localization; abdominal pain in gastroenteritis
is diffuse and typically accompanied by repeated episodes of vomiting and diarrhea
that start simultaneously or precede the onset of pain.

4.1 Diagnosis

A careful history, thorough physical examination, analysis of selected laboratory
studies, and, in some cases, ultrasonography (US) or computed tomography (CT)
scanning are essential for accurate diagnosis.

4.2 Physical examination

Serial examinations by the same examiner are important, as they allow for better
assessment of changes over time. Patients often lie quietly with minimal movement;
older patients may limp or flex their trunk to alleviate discomfort. Examining small
children requires patience and experience, and can be challenging.

During examination, the patient’s knees should be flexed to relax the abdominal
muscles, making the abdomen softer and easier to palpate. The patient should be
asked to point with one finger to the area of greatest tenderness, and the right lower
quadrant (RLQ) should be examined last.
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The examiner should begin with percussion, followed by shallow and gentle palpa-
tion to identify signs of peritoneal irritation. Rebound tenderness, assessed by pressing
deeply in the RLQ and then rapidly releasing, is associated with an increased likelihood
of appendicitis, though other peritoneal signs in children are often nonspecific.

Peritoneal signs include:

* Rovsing sign; Palpation of the lower left quadrant (LLQ ) produces pain the RLQ

* Psoas sign: Pain elicited by right hip extension or by raising the straight leg
against resistance

* Obturator sign: Pain with passive internal rotation of the right thigh

Rectal examination may reveal a palpable, tender mass; however, it is not routinely
performed because it may not be acceptable to young patients and is nonspecific.
Even in cases of suspected pelvic abscess or ovarian pathology, imaging is necessary
for confirmation.

Bowel sounds are nonspecific and may vary depending on the condition. They
are often absent in cases of perforation but hyperactive in gastroenteritis. In young
children, a stethoscope can serve as a tool to gently palpate the abdomen to identify
areas of tenderness.

5. Laboratory tests

In general, laboratory tests are neither highly sensitive nor specific for diagnosing
appendicitis. Leukocyte counts are often mildly elevated (10,000-15,000/mm3),
and the presence of a left shift can improve sensitivity. However, a normal leukocyte
count does not exclude appendicitis. In children younger than 4 years, leukocytosis is
more common and tends to decrease with age [3].

C-reactive protein (CRP) is used as a diagnostic aid, with sensitivity and specific-
ity similar to those of leukocyte counts. When both WBC and CRP levels are normal,
the likelihood of appendicitis is very low [2].

Electrolytes are not routinely measured, but preoperative hyponatremia is a useful
tool for predicting the severity of appendicitis. Studies have shown that serum sodium
levels are significantly lower in complicated appendicitis compared to uncomplicated
cases. Preoperative serum sodium levels less than 135 mmol/L are associated with a
high likelihood of gangrenous or perforated appendicitis, with good sensitivity and
specificity [4, 5].

A urine dipstick test is quick way to evaluate urine; appendicitis near the ureter
may cause mild hematuria and/or pyuria. In patients with periumbilical abdominal
pain and repeated vomiting, serum amylase levels should be measured to exclude pan-
creatitis. Misdiagnosis and unnecessary surgical intervention can occur with quick
examinations and rushed decisions.

5.1 Scoring system in acute appendicitis

Several scoring systems have been developed to aid in diagnosing appendicitis
and reducing negative appendectomy rates. These include the Lintula scoring system,
Alvarado score, Pediatric Appendicitis Score, modified Pediatric Appendicitis Score,
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and Tzanakis scoring system. These tools rely on a combination of symptoms, physi-
cal examination findings, and laboratory test results to stratify patients into low-,
medium-, and high-risk categories to guide clinical management.

In a study comparing these scoring systems, it was found that the Lintula scoring
system had the lowest rate of negative appendectomies, while the Tzanakis scoring
system demonstrated the highest accuracy in diagnosing appendicitis [4, 6].

5.2 Differential diagnosis

The differential diagnosis of appendicitis includes a wide range of conditions
such as constipation, gastroenteritis, mesenteric lymphadenitis, pancreatitis, Crohn’s
disease, Meckel’s diverticulitis, ovarian torsion or cyst, intussusception, pyelonephri-
tis, and renal stones.

It is important to note that certain systemic conditions, such as diabetic ketoacido-
sis and sickle cell anemia, can also present with acute abdominal pain and should be
considered in the diagnostic process.

6.IMAGING in acute appendicitis

Ultrasound and CT scan are the main imaging modalities used for diagnosing
acute appendicitis.

6.1 Ultrasonography

Ultrasound is a noninvasive imaging modality, but its accuracy depends heavily on
the operator’s expertise. Common ultrasonographic findings in appendicitis include a
non-compressible, blind-ending tubular structure that is fluid-filled, with a diameter
greater than 6 mm. Additional findings may include fecaliths, periappendiceal free
fluid, and signs of inflammation such as increased echogenicity and fat stranding.
Ultrasound has a sensitivity of approximately 85% and a specificity ranging from
89-98% [2, 7].

False negatives can occur, particularly in cases involving a retrocecal appendix or
inflammation confined to the tip of the appendix. Ultrasound is particularly helpful
in female patients to rule out gynecologic conditions like ovarian torsion and is also
useful in diagnosing mesenteric lymphadenitis, which is common in children.

6.2 CT imaging

CT scanning is the diagnostic test of choice when the diagnosis is unclear, espe-
cially in obese patients, as it is more accurate than ultrasonography. Sensitivity and
specificity are around 96 and 98%, respectively, [1, 8]. In general, CT is performed
with IV contrast, but adding oral or rectal contrast can enhance sensitivity.

Key diagnostic criteria on CT include an appendix diameter greater than 6 mm, a
non-opacified appendicular lumen, and marked wall enhancement. Minor findings
include fat stranding, bowel wall thickening, and the presence of pus or fecaliths [9].

While CT is highly accurate, its use has not consistently reduced negative appen-
dectomy rates. Concerns about radiation exposure, particularly in younger patients,
and the associated risk of radiation-induced malignancy (estimated at 0.18% lifetime
risk) suggest that routine CT use should be reevaluated [10]. Younger children have a
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higher risk of radiation from CT, but this risk decreases with age. The lifetime risk of
fatal radiation-induced malignancy is 0.18% [2].

To minimize radiation exposure in children, it is recommended to use pediatric
appendicitis score models and rely on ultrasound as the primary imaging modality.
CT should be reserved for cases with inconclusive clinical, laboratory, and ultrasound
findings [11, 12].

In our experience, we prioritize ultrasonography due to concerns about harm-
ful radiation exposure and the need for conscious sedation or general anesthesia in
younger children. CT scans are employed only when there is strong clinical suspicion
of appendicitis but normal ultrasonographic findings.

6.3 Management

Appendicitis management can be categorized into nonoperative and operative
approaches.

6.3.1 Nonoperative management of acute appendicitis

Although appendectomy is the treatment of choice for appendicitis, studies have
shown that nonoperative management is safe and efficacious and does not increase
the risk of complications. However, appropriate patient selection is critical and
should include patients with a short duration of symptoms, radiologic confirmation
of noncomplicated appendicitis, and no evidence of fecaliths [13]. Family should be
included in the treatment decision.

A retrospective study reported an 85.6% success rate at 2 years for nonoperative
management using antibiotics. The antibiotics used incluced IV Augmentin (amoxi-
cillin-clavulanic acid, 80 mg/kg/day of amoxicillin) for the first 48 hours, followed by
oral antibiotics for 5 days [14]. According to one study conducted during the COVID-
19 pandemic, the risk of recurrence of appendicitis after nonoperative management
was 24.3% over an average follow up period of 16.2 + 4.7 months [15]. Another study
in adults revealed recurrence rates of 27.3% at 1 year and 37.1% at 5 years in 257
patients treated with antibiotics for uncomplicated appendicitis [16].

In children, recurrence after nonoperative management is associated with a higher
incidence of complicated appendicitis and increased postoperative complications
[17]. The exact reasons for this remain unclear. In our experience, patients selected
for nonoperative management based on their history, clinical examination, and
ultrasound findings receive intravenous antibiotics for 48 hours. If their condition
improves, they are discharged on oral antibiotics; otherwise, laparoscopic appendec-
tomy is performed.

6.3.2 Operative management of acute appendicitis

Once the diagnosis of appendicitis is made, treatment begins with intravenous
fluids and antibiotics. For nocomplicated appendicitis, a single preoperative dose
of a broad-spectrum antibiotics (e.g., third-generation cephalosporin) is adequate.
Postoperative antibiotics may be administered but are not routinely necessary. Triple
antibiotics (ampicillin, gentamicin, and metronidazole or clindamycin) are still used
in many centers [2]. A retrospective study found that a single dose of ceftriaxone
(50 mg/kg/day) and metronidazole (30 mg/kg/day) is as effective as triple antibiot-
ics, while being simpler and less expensive [2].
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In complicated appendicitis, the length of time required for antibiotic treatment
is still controversial. In our experience over the last 20 years, patients will continue
IV antibiotics until leukocyte count normalizes and the patient is clinically well and
afebrile. If the patient’s condition improves clinically but the leukocyte count remains
elevated, discharge with oral antibiotics is considered. Studies indicate that for
children with perforated appendicitis, postdischarge antibiotics do not reduce surgi-
cal site infections or intra-abdominal abscess rates, suggesting it is safe to discharge
patients once clinical criteria are met [18, 19].

Monotherapy with piperacillin/tazobactam has become the treatment of choice
for intra-abdominal infections [2]. However, due to its high cost and frequent dosing
requirements (3—4 doses per day), we reserve this option for patients unresponsive to
ceftriaxone and metronidazole within 24-48 hours.

In the absence of generalized peritonitis, appendectomy is not an emergency once
intravenous antibiotics are initiated. Most cases can safely be delayed until daylight
hours [7].

6.4 Open vs. laparoscopic appendectomy

In the open approach, the abdomen is explored via transverse right lower quadrant
incision (Rockey-Davis). The external fascia is opened, muscles are split, and the
peritoneum is accessed. The appendix is delivered into the wound, the mesoappendix
is tied and cut, and the appendiceal base is ligated and removed, with or without
stump inversion (the outcomes are similar).

In the laparoscopic approach, three ports are used: a 10-12-mm port in the umbili-
cal area (umbilical, supra or infra-umbilical incision), and two 5-mm ports in left
mid-abdomen and suprapubic area. Diagnostic laparoscopy is performed initially to
identify the appendix. The mesoappendix is ligated with a stapler or hook diathermy,
and the appendiceal base is secured with an Endo loop. The appendix is removed,
often in an endoscopic bag if it is too large. To minimize trocar site infections, the
inflamed appendix should not contact the port sites.

In open or laparoscopic appendectomy, the use of drains is not useful except in
cases with well-localized abscesses.

Several studies comparing laparoscopic and open appendectomy have been
conducted.

Laparoscopic appendectomy offers several advantages, including better visualiza-
tion of the abdominal cavity, lower rates of wound infection and adhesive bowel
obstruction, reduced gastrointestinal complications, improved cosmetic outcomes,
and greater comfort for obese patients [1-3, 7, 20]. In our practice, over 90% of
appendectomies are performed laparoscopically, with a conversion rate of 2-3%.

We find the laparoscopic approach feasible for all types of appendicitis, including
perforated cases, with lower wound infection rates, reduced postoperative analgesia
requirements, earlier resumption of feeds, and shorter hospital stays.

6.5 Perforated appendicitis

The risk of perforation increases in younger children, ranging from 15-20% in
children aged 10-15 years to around 80% in children younger than 3 years [7, 21].

Patients with perforated appendicitis often present with prolonged symptoms,
fever, elevated white blood cell counts, and diffuse abdominal tenderness. However,
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none of these factors, nor even CT scanning (unless a clear abscess is present), can
accurately distinguish between perforated and nonperforated appendicitis. As a
result, most perforated appendices are discovered during surgery.

If a well-defined abscess is diagnosed preoperatively through imaging, CT-guided
drainage, intravenous antibiotics, and interval appendectomy are good options,
offering a safer and less morbid approach. Regardless of whether the drainage is done
percutaneously or during an open or laparoscopic procedure, culturing the fluid
has not been shown to be helpful [2]. Interval appendectomy is typically performed
6-8 weeks later, with intravenous antibiotics continued until the patient becomes
afebrile for 48 hours, tolerates oral feeding, and shows a normal white blood cell
count. The patient can then be discharged on oral antibiotics for 1-2 weeks. However,
both our own practice and recent studies suggest that early appendectomy, even in the
presence of a localized abscess, may be a better option [2, 7].

6.5.1 Post-appendectomy complications

In general, uncomplicated appendicitis has low morbidity, while complicated
appendicitis carries a significantly higher risk of postoperative complication.
Patients with late presentation after 36-48 hours have a greater than 60% chance
of complicated appendicitis, which increases over time [1]. The most common
complications are surgical site infections, intra-abdominal collection, and adhesive
intestinal obstruction. Less common complications include stump leakage and
enterocutaneous fistula.

7. Intra-abdominal collection

The treatment approach is guided by location and size of abscess, availability of
an interventional radiologist, and the patient’s clinical condition. After diagnosing an
intra-abdominal abscess, the patient should first be assessed for any signs of sepsis
or even septic shock. In such cases, prompt evacuation (percutaneous or surgical) is
needed. If the patient is stable, treatment depends on abscess size.

In general, all patients with abscess smaller than 3 cm are treated with noninvasive
strategy. For a patient with a moderate size abscess (>6 cm), treatment starts with IV
antibiotics for 48 hours. If symptoms improve and the patient remains stable, antibi-
otics can be continued. If there is no improvement, surgical or percutaneous drainage
is required. For large abscesses (> 6 cm) or multiple abscesses, invasive treatment is
preferred [22]. Studies have shown that antibiotic therapy alone can be an effective
and safe firstline treatment, even in some cases of large abscesses [23].

In our experience, we administer IV antibiotics (piperacillin/tazobactam) to all
patients with intra-abdominal abscesses, regardless of size, for 48 hours. if there is no
response, the next step is percutaneous or surgical drainage.

In the absence of a reliable interventional radiologist, we have found that lapa-
roscopic drainage of post-appendectomy abscesses offers better visualization, helps
with irrigation and suctioning, and results in fewer operative complications.

7.1 Chronic appendicitis

Chronic appendicitis is chronic inflammation or fibrosis of the appendix. Itis a
rare condition, initially reported by Crymble and Forsythe in 1949 [24]. About 1.5%
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of patients presenting with symptoms like acute appendicitis may have chronic
appendicitis [25].

Clinically, chronic appendicitis presents as intermittent abdominal pain, typically
mild to moderate, and often localized to the right iliac fossa. The pain can persist for
months or even years. Systemic symptoms are usually absent, and laboratory tests
often reveal a normal white blood cell count. Ultrasound may help identify other
potential causes of abdominal pain.

Computed tomographic findings suggestive of chronic appendicitis include
pericecal stranding, dilated appendix, apical thickening, and either a non-filling or
partially filling appendix. Additionally, failure of contrast to drain from the appendix
is another indicator of chronic appendicitis [1].

The management of chronic appendicitis involves laparoscopic exploration and
appendicectomy if no other pathology is identified. A study reported that 70% of
children with chronic abdominal pain experienced symptom relief following appen-
dectomy [26].

In the differential diagnosis of a child with chronic abdominal pain, particularly in
the RLQ, chronic appendicitis should be considered.
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Chapter7

Decoding Pediatric Appendicitis:
Unraveling Complexity with
Artificial Intelligence and Evolving
Management Insights

Anas Shikha and Asem Kasem

Abstract

Pediatric appendicitis poses unique diagnostic and management challenges, neces-
sitating a precise approach that considers the complexities of developing anatomy and
subtle clinical presentations. This chapter addresses these challenges by integrating
clinical expertise with advanced technology, showcasing the potential of artificial
intelligence models such as the artificial intelligence pediatric appendicitis decision-
tree (AiPAD) to streamline diagnostic accuracy. In addition to improving decision-
making, this chapter provides a comprehensive overview of the latest management
strategies, offering valuable insights into optimizing outcomes and reducing compli-
cations. By bridging innovative Al techniques with evolving management principles,
this chapter serves as a crucial resource for clinicians aiming to enhance their under-
standing and approach to pediatric appendicitis.

Keywords: pediatric appendicitis, decision tree (DT), Al-augmented clinical decision,
artificial intelligence pediatric appendicitis decision-tree (AiPAD), nonoperative vs.
operative management of appendicitis in children, enhanced recovery after surgery
(ERAS), rationalizing the role of imaging studies

1. Introduction

Appendicitis is a common yet challenging inflammatory condition, particu-
larly within the pediatric population. Given the rapid progression of the disease
in children, timely diagnosis is critical to prevent serious complications. While
advancements in imaging technology have improved diagnostic capabilities, clinical
examination remains the cornerstone in identifying appendicitis in children, where
the presentation differs markedly from adults, making traditional scoring systems
often inadequate.

This chapter delves into the unique complexities of pediatric appendicitis, empha-
sizing the need for diagnostic approaches tailored specifically to younger patients.
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It also explores the transformative role of artificial intelligence (AI) in enhancing
diagnostic accuracy, preserving essential clinical skills, and revolutionizing the
training of future healthcare professionals. The ongoing debate between conserva-
tive management with antibiotics versus surgical intervention is also addressed,
underscoring the need for a clear and validated framework to guide clinical decisions.
By navigating these critical aspects, this chapter aims to equip healthcare profession-
als with the knowledge and tools to provide timely and effective care for pediatric
appendicitis.

2. Unraveling the unique complexities of appendicitis in the pediatric
patient

Appendicitis in children (under 12 years) exhibits distinct characteristics due to
their developing anatomy, psychology, and immune system. These differences affect
the disease’s evolution, progression, and clinical presentation.

In contrast to the adult population, where fecal impaction is a common underlying
cause of obstruction of the appendicular lumen, mucosal inflammation of the appen-
dix is a more frequent etiology in children. This difference is related to the unique
immunological activity in the pediatric population, where viral or bacterial infections
can trigger intraluminal inflammation and infection [1, 2].

Anatomically, while the pediatric abdomen is smaller and less spacious, the
position of the appendix in children can vary more widely than in adults, contrib-
uting to a less predictable clinical presentation [3]. The classic symptoms of right
iliac fossa pain and migration of pain are less reliable in children, who often pres-
ent with atypical symptoms such as vague or diffuse abdominal pain, dysuria, or
diarrhea. These symptoms arise because the pelvis is shallower and the appendix
in children may be located closer to the lower midline, neighboring the bladder
or rectum, causing irritation of these adjacent organs. Furthermore, in younger
children, the pain is often poorly localized, making the diagnosis of appendicitis
more challenging.

The immune response in children is more complex and unpredictable due to the
immaturity of their developing defense mechanisms. Generally, the immune system’s
response in children is more aggressive, leading to a rapid progression of appendicitis.
However, children’s ability to heal and recover is typically faster and more effective
than adults [4]. For example, intra-abdominal defense mechanisms in children are
weaker, the omentum is less developed, and the appendiceal wall is thinner, which
increases the risk of perforation and rapid disease spread.

Children often struggle to perceive and communicate their pain, making it dif-
ficult to interpret symptoms directly from them. Instead, diagnosis relies heavily on
observation by caregivers. This, combined with the unique features mentioned above,
makes appendicitis in children a distinct entity from the adult form of the disease.
However, as children approach adolescence, they are more likely to exhibit adult-like
manifestations of appendicitis [5].

Adding to the complexities of diagnosing appendicitis in children is the presence
of strong mimickers, such as mesenteric adenitis. Mesenteric adenitis, an inflamma-
tion of the mesenteric lymph nodes near the appendix, is common in children and
often mimics the symptoms of appendicitis. The abdominal pain, nausea, and fever
associated with mesenteric adenitis closely resemble the classic signs of appendicitis,
making it challenging for clinicians to differentiate between the two.
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Given the challenges of diagnosing appendicitis in children, the next sections
will explore the clinical nuances of diagnosis, considering the unique aspects of
abdominal pain in children. The authors will introduce a novel approach that com-
bines clinical expertise with Al, allowing the insights of seasoned practitioners to be
transferred to less experienced clinicians. This innovative method aims to enhance
clinical decision-making, offering practitioners a precise, simplified, and experience-
driven tool.

3. Mastering the diagnosis of pediatric appendicitis: A reorganized and
focused approach

Early diagnosis of appendicitis in children is crucial for initiating timely treat-
ment and preventing complications. Pediatric appendicitis can progress rapidly, and
the diagnostic process is often complicated by the presence of alternative diagnoses.
This section presents the author’s philosophy and distilled experience, offering a
structured and focused approach to diagnosing appendicitis in children. Emphasis is
placed on real clinical scenarios where practitioners must not only identify appendici-
tis but also carefully consider and rule out other potential diagnoses.

3.1 Age-related diagnosis: Navigating the spectrum of causes

When evaluating a child with abdominal pain, structuring the differential
diagnosis according to the child’s age is the first critical step. This approach allows
clinicians to prioritize the most likely causes and narrow down the possibilities
efficiently. For example, in children under three years, intussusception is a more
probable cause of abdominal pain than appendicitis. Between ages three and six,
while appendicitis becomes more common, mesenteric adenitis remains a more
frequent diagnosis. From ages seven to twelve, appendicitis becomes increasingly
likely, especially when supported by other clinical findings. Recognizing this
age-related spectrum is crucial for guiding the clinical assessment and improving
diagnostic accuracy. Table 1 summarizes the probable causes of abdominal pain in
children based on their age.

Age group 1to3 years 4to6 years 7t012 years

The most common cause Intussusception Mesenteric adenitis Appendicitis

Less frequent cause Mesenteric Appendicitis Mesenteric

adenitis adenitis

Rarer causes Appendicitis Intussusception Urinary stones
Urinary stones Ovarian torsion
Nephrotic Testicular torsion
syndrome

Other common, but easier-to-rule-out Acute gastroenteritis

causes Constipation

Strangulated inguinal hernia
Urinary tract infection

Table 1.
Age-specific causes of abdominal pain in children.
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3.2 The art of history-taking: Unlocking key diagnostic clues

History-taking is the cornerstone of diagnosis, offering invaluable clues while
also establishing trust with both the child and their parents. It is crucial to dedicate
sufficient time and attention to the parents, not only to gather information but also to
ease their anxiety. The examiner should engage with the child by making eye contact,
engaging in conversation (if verbal), smiling, and being cheerful before starting
the physical examination, which helps to reduce anxiety for both the child and their
parents.

3.2.1 The natuve and duration of pain

Understanding the nature of the pain (colicky or constant) is essential in diag-
nosing the underlying condition. Colicky pain is characterized by intermittent and
fluctuating intensity, often suggesting conditions where there is an obstruction or
spasm, such as in intussusception, renal stones, or biliary colic. In contrast, constant
pain is continuous and persistent, without significant fluctuations, often indicating
inflammation or infection, as seen in appendicitis.

A child who prefers to stay still, avoiding movement, is likely experiencing perito-
nitis, where any movement exacerbates the pain. This is often caused by appendicitis,
where the inflammation spreads to the peritoneum, causing severe, steady pain.

The duration of pain offers critical diagnostic insights. Appendicitis typically
evolves over 12-24 hours, with the pain gradually worsening as the condition pro-
gresses. However, if the pain is sudden, severe, and appears earlier, it may indicate
other conditions such as ovarian torsion, urinary stones, or intussusception. Pain
lasting more than a week or recurring over several months is unlikely to be related to
appendicitis, and functional pain should be considered in the differential diagnosis.

3.2.2 Vomiting, anovexia, and fever

The sequence of symptoms provides crucial diagnostic clues. In appendicitis, vomiting
usually follows the onset of pain by several hours, which is a key indicator of the condi-
tion. In contrast, if vomiting precedes the pain, this pattern is more suggestive of acute
gastroenteritis (AGE), particularly when accompanied by the onset of diarrhea.

The abrupt onset of vomiting coupled with severe colicky pain might indicate
other conditions such as renal stones and ovarian torsion, where the pain is often
intense and intermittent.

It is important to note that in young children with intussusception, vomiting may
be less prominent or even absent. Therefore, the absence of vomiting should not
exclude intussusception from the differential diagnosis, especially if other clinical
findings point towards it.

Fever and anorexia in children with appendicitis are less consistent and reliable
than in adults. Typically, fever may present as low-grade (<38.5°C) during the early
stages. However, as the condition progresses or if perforation occurs, the fever may
rise to a high-grade level, and anorexia may become more pronounced.

3.2.3 Bowel opening

Bowel habits offer significant diagnostic insights. For instance, a child with a
prolonged history of constipation might be experiencing stool impaction causing
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abdominal pain. In contrast, a child with normal bowel habits who develops obstruc-
tion following the onset of abdominal pain may be facing an obstruction, possibly due
to an inflamed appendix.

‘Diarrhea) while often misleading, requires careful interpretation. Large, frequent
stools typically indicate acute gastroenteritis (AGE), whereas small, frequent stools,
with or without mucus, may suggest rectal irritation from an inflamed appendix
located in the pelvis or even direct influence of appendicitis on the adjacent bowel.

3.3 Minimally disruptive examination: Precision with care

When examining a child’s abdomen, it is important to recognize that typical signs
used in adult patients, such as Rovsings sign or rebound tenderness, are often less
useful and can be distressing for children. These signs, intended to identify peritonitis
or guarding, may not be necessary in pediatric patients because these findings can
often be detected more easily due to the thinner abdominal wall in children.

The examination process essentially begins during history-taking through careful
observation of the child’s behavior. For example, a child who walks stooped holding
his/her abdomen is likely exhibiting guarding, a sign of peritonitis. An irritable young
child who refuses to be touched may be scared of being touched to avoid triggering
the pain.

The child is positioned in a straight supine position and asked to point to the area
of max tenderness (if verbal). It is crucial at this stage to observe whether the abdo-
men is ‘breathing’ or stiffened with only breathing chest as this is a sign of guarding
where the abdominal muscles are stiffened to avoid eliciting the pain.

For the physical examination, a simple, swift, and minimally disruptive approach
is recommended. After establishing trust during history-taking and informing the
child and parents about the upcoming steps, gently palpate the abdomen starting
away from the area of maximum tenderness. Use distraction techniques to help the
child remain calm and to accurately identify guarding, which is the stiffening of the
abdominal muscles. For uncooperative younger children, examining them while they
are held by a caregiver may be appropriate. Guarding is best assessed over the lateral
abdominal muscles, as the rectus muscles are naturally stiffer in children.

In cases where the appendix is deep in the pelvis, clinical signs may be subtle
(vague lower abdominal pain) and may not become apparent until the disease has
advanced. Thus, vigilance in history-taking is crucial. A rectal examination is gener-
ally unnecessary and can be extremely painful, especially in cases of deep pelvic
appendicitis. Instead, a thorough history combined with a focused abdominal exami-
nation and suggestive laboratory findings should be sufficient to make an accurate
diagnosis.

It is equally important to examine the pelvis thoroughly to identify any abnormali-
ties that could suggest an alternative diagnosis. For instance, the pelvic inspection
might reveal a strangulated inguinal hernia, epididymo-orchitis, torsion testis or
posthitis, each of which can cause referred pain to the abdomen.

3.4 Laboratory insights: Supporting the clinical picture

Laboratory tests can complement the clinical findings. An elevated white blood
cell (WBC) count with neutrophilia is the most reliable marker for appendicitis.
C-reactive protein levels, while helpful, are less specific. Urinalysis is necessary when
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urinary symptoms are present; findings such as some WBCs and red blood cells
(RBCs) in the absence of significant bacteriuria or nitrites can support a diagnosis of
appendicitis.

3.5 Mimickers of appendicitis: Considering alternative diagnoses

When evaluating a child for appendicitis, it is essential to consider alternative
diagnoses that may mimic its symptoms. For instance, a history of a recent upper
respiratory tract infection or AGE could suggest mesenteric adenitis or, in rare
cases, referred pain from lower lobe pneumonia. In children younger than 3 years,
it is particularly important to rule out intussusception, as such infections can cause
inflammation of Peyer’s patches, which is a common precursor to this condition.

Urinary tract infections (UTIs) may also present with abdominal pain, but this is
usually preceded by dysuria. In contrast, appendicitis might occasionally lead to dys-
uria, but this typically occurs a day or more after the onset of abdominal pain, which
is more widespread across the lower abdomen. A urine analysis can offer additional
clues to differentiate between these conditions.

Furthermore, underlying conditions such as IgA vasculitis (Henoch-Schénlein
Purpura, or HSP) and nephrotic syndrome can present with abdominal pain that may
be confused with appendicitis, particularly at their initial presentation. HSP is often
associated with colicky abdominal pain, palpable purpura (commonly on the buttocks
and legs), and may also be associated with intussusception. In contrast, nephrotic
syndrome typically presents with diffuse abdominal pain, periorbital oedema, and
significant proteinuria on urine analysis. Both HSP and nephrotic syndrome usually
show no neutrophilia and likely have normal white blood cell counts.

3.6 Streamlining diagnosis: Fostering clinical judgment in the modern era

The refined and practical approach described above, which focuses on the most
critical clinical findings, helps avoid the confusion that can arise from an exhaustive
list of conflicting signs (Table 2). This approach is particularly beneficial for less
experienced practitioners who may be overwhelmed by the pressures of managing
a suffering child and anxious parents, compounded by the challenges of applying
adult-based knowledge that is less relevant in pediatric cases. By concentrating on the
essence of the diagnosis and avoiding the pitfalls of fitting numerous signs into an
appendicitis scoring system, practitioners can build a solid foundation for recogniz-
ing positive and negative patterns that lead to sound clinical judgment. A well-trained
clinician with a developed ‘clinical sense’ can often reach an accurate diagnosis swiftly
without the need for imaging studies or extensive workup.

However, the current medical practice increasingly relies on scoring systems and
imaging studies, such as ultrasonography (USG) and computed tomography (CT),
often making these modalities nearly indispensable. This growing dependence on
imaging has, in turn, led to a reduction in emphasis on clinical findings and may
impede the development of essential clinical skills. This shift is partially attributable
to a lack of experience and confidence in clinical diagnostic capabilities.

The forthcoming section will delve into how AI, particularly prediction models
built using machine learning methods, could transform this landscape [6]. To ensure
both practical utility and professional accountability, we emphasize the use of trans-
parent models that offer explainable predictions, focusing specifically on machine
learning decision tree (MLDT) models [7]. Imagine a tool that merges traditional
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Parameter Suggestive finding Unlikely finding
Age > 7 years < 3 years
Nature of pain Constant with slower Sharp pain with sudden onset.
progression
Duration of pain at 12 to 24 hours Less than 12 hours or more than 4 days
presentation
Vomiting Starts a few hours after Starts acutely before or concomitant with abdominal
the pain pain
Bowel opening Normal or obstipation ‘Large’ diarrhea or constipation
Associated illnesses Nil URTI, AGE, UTI, HSP, NPS
Location of max Localized at the lower Multiple locations including the upper and lower
tenderness abdomen abdomen
Presence of guarding Strong indicator if Absent
present
WBC Elevated Normal
Neutrophilia Dominant Normal or lymphocytosis
Urine analysis Few WBC and RBC Packed with WBC, bacteria, and positive nitrite. The

presence of heavy proteinuria.

URTI: Upper Respivatory Tract Infection, AGE: Acute Gastroenteritis, UTI: Urinary Tract Infection, HSP: Henoch-
Schénlein Purpura, NPS: Nephrotic Syndrome.

Table 2.
Indicators of appendicitis in children.

clinical expertise with advanced technology, turning novice practitioners into adept
diagnosticians with remarkable speed. By providing a robust diagnostic pattern to
identify or rule out appendicitis with minimal findings, MLDT promises to sharpen
the diagnostic skills of junior doctors and reduce their reliance on imaging.

4, Al-enhanced clinical decision

4.1 From clinical intuition to data-driven precision: Harnessing neuronal
plasticity and MLDTs in pediatric appendicitis diagnosis

The ability of a doctor to diagnose conditions with instinctual accuracy often
stems from neuronal plasticity (NP), a process that enables the brain to adapt and
reorganize itself through repeated exposure to specific tasks. This neural adaptation
underpins the development of clinical expertise [8]. For example, when a trainee
learns to diagnose abdominal pain in children, their brain is repeatedly stimulated
by the variety of cases they encounter. This stimulation strengthens and reorganizes
neural connections, enabling the trainee to differentiate between conditions such as
appendicitis and non-appendicitis. Over time, these reinforced pathways consolidate
into stable memories, forming the foundation of a ‘clinical sense} an almost intuitive
ability to make accurate diagnoses based on experience [9].

While this clinical ‘sense’ is powerful, it operates subconsciously and is difficult to
articulate or standardize. Human intuition, though invaluable, remains subjective and
challenging to teach. Here, MLDTs present a transformative opportunity, replicating
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and even enhancing this clinical intuition through data-driven and explainable
decision-making models.

MLDTs mimic the learning process by analyzing vast datasets and identifying
critical patterns essential for accurate diagnoses. Unlike the often inexplicable ‘clinical
sense’ of human experts, MLDTs provide a transparent and explainable approach
to decision-making. A prime example of this is the artificial intelligence pediatric
appendicitis decision-tree (AiPAD) [7], which exemplifies the capabilities of MLDTs
in diagnosing appendicitis in children, having been trained on meticulously curated
datasets from an expert clinician.

AiPAD replicates the decision-making process for diagnosing appendicitis in
children by analyzing expert-refined datasets from numerous cases. It identifies the
most relevant clinical parameters (Table 3) and their diagnostic patterns, present-
ing them in a clear, rational decision tree (Figure 1). AiPAD not only achieves high
accuracy (sensitivity of 96.7% and specificity of 97.4%) but also offers transparent
explanations for each step in the diagnostic process, addressing the limitations of
human intuition by providing a more standardized and reliable method of decision-
making [7].

The integration of MLDTs like AiPAD into clinical practice represents a signifi-
cant advancement. By combining the strengths of human expertise, the precision
of machine learning algorithms, and the transparency of decision trees, MLDTs can
deliver more accurate, unbiased, and explainable diagnostic decisions, ultimately
leading to better patient care.

4.2 The difference between traditional scoring systems and machine learning
decision trees in diagnosing appendicitis

Traditional scoring systems like Alvarado, RIPASA, PAS, and other modified
versions have long been used to aid in diagnosing appendicitis. These systems rely on

AiPAD parameters

1. Guarding:

Defined as the stiffening of the abdominal muscles, best assessed over the lateral abdominal wall (see Section
3.3). Proper distraction techniques should be employed during the examination. Guarding is considered positive
if present during palpation, regardless of whether it is voluntary or involuntary, localized or generalized, to
reduce subjectivity as much as possible.

2. The Nature of Pain:

The nature of pain should be assessed through a thorough discussion with the patient and/or their parents. It is
either colicky or constant.

Colicky: Pain that comes and goes or varies significantly in intensity. In non-verbal children, this may present as
the child appearing relatively well between episodes of crying or discomfort.

Constant: Pain that is present continuously with a consistent intensity. In non-verbal children, it manifests as
persistent discomfort affecting their usual activities, making the child appear consistently unwell.

3. Tenderness is considered localized to the lower abdomen (positive) if either the patient indicates the area
of maximum tenderness or the examiner identifies it during palpation. If tenderness is present at multiple sites,
including both the upper and lower abdomen, it is not considered localized to the lower abdomen (negative).

4. The Percentage of Neutrophils (%)

5. White Blood Cell Count (WBC 10° u/L)

Table 3.
Definition of critical parameters of AiPAD.
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Figure 1.

Artificial intelligence pediatric appendicitis decision-tree (AiPAD). AA: acute appendicitis, NA: non-
appendicitis, WBC: white blood cell count (10’ u/L).

a set of predefined criteria, assigning scores to various clinical parameters to sup-
port or refute the diagnosis. However, they often incorporate irrelevant parameters,
introducing ‘noise’ that can obscure decision-making and lead to inconsistencies.
These systems are primarily effective in filtering extreme scores, while cases with
intermediate scores typically require imaging studies for confirmation [10, 11].

In contrast, MLDTs offer a more refined approach by focusing only on the most
critical parameters. For example, the AiPAD model, an MLDT specifically designed
for diagnosing appendicitis, identified just five essential clinical parameters out of
the fifteen available in the datasets. By concentrating on these five key factors, AiPAD
significantly improves diagnostic accuracy [7]. However, while the remaining param-
eters were identified as non-critical in diagnosing appendicitis, they may still offer
valuable clues for alternative diagnoses.

AiPAD and similar MLDTs address the variability in clinical practice by stan-
dardizing the diagnostic process. Different experts may prioritize different factors,
leading to variations in diagnosis. MLDTs analyze data from various practitioners,
identifying the most consistently important parameters to define a best-practice
approach that reflects collective experience. This enhances diagnostic accuracy and
promotes standardization across different clinical settings.

Traditional scoring systems often claim to provide highly accurate diagnoses, but
these results can be inconsistent when tested on future or new patient populations
[11, 12]. This inconsistency is often due to overfitting, where the system is too finely
tuned to the specific data it was developed on, making it less effective with other
datasets. The accuracy reported during development, known as ‘training accuracy’,
might give an overly optimistic picture that does not hold up when tested on a new
group of patients. AiPAD and other MLDTs tackle this issue using methods like cross-
validation (XV), which helps ensure the model’s predictions are consistent and reli-
able across unseen future datasets [13]. By rigorously developing and testing MLDT
models with XV, we can reduce overfitting and achieve more trustworthy accuracy
estimates, leading to dependable predictions for future patients. For example,
AiPAD’s XV estimated a negative predictive value (NPV) of 95.1 + 2.9%. Although the
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training accuracy showed an NPV of 100%, when AiPAD was prospectively validated,
the NPV was 97.4% matching the XV expectations [7]. Ultimately, accurately estimat-
ing the reliability of a model or scoring system is not just a technical detail, but it is
fundamental to its practical use, acceptance, and overall effectiveness, ensuring that
it can truly deliver dependable results in real-world scenarios.

4.3 Enhancing clinical decision-making in novice trainees with AiPAD

AiPAD exemplifies the potential of MLDTs in enhancing clinical decision-making,
particularly for novice trainees. AiPAD encapsulates expert clinical judgment into an
accessible and explainable model, significantly improving the diagnostic accuracy of
trainees.

In a study conducted between March 2019 and October 2022, eight junior train-
ees in General Surgery and Pediatrics were tasked with diagnosing appendicitis
in children using AiPAD. The results demonstrated a significant improvement in
diagnostic accuracy when AiPAD was integrated into their decision-making process.
On their own, trainees achieved an average accuracy rate of 70%, but with AiPAD,
their accuracy increased to 97% [9].

The significant improvement in diagnostic accuracy highlights AiPAD’s role in
transforming novice decision-making, effectively bridging the gap to expert-level
judgment. While traditional ‘clinical sense’ evolves over years of exposure, AiPAD
accelerates this process, enabling trainees to tap into the distilled expertise of sea-
soned practitioners, significantly shortening the learning curve. This ensures a more
reliable ‘clinical sense’, particularly in environments where trainees may not encounter
a diverse range of cases or receive prolonged training.

Furthermore, AiPAD addresses the challenges of a culture heavily reliant on imag-
ing studies, which can lead to reduced emphasis on clinical findings. By providing a
decision-making framework that mirrors the judgment of an experienced surgeon,
AiPAD supports trainees in making more accurate diagnoses, ultimately improving
patient outcomes.

4.4 Implementing AiPAD for optimal diagnosis of pediatric appendicitis

To effectively utilize AiPAD’s capabilities in children with suspected appendi-
citis, the author proposes that clinicians first apply the methodology for assessing
abdominal pain as detailed in Section 3. Once this systematic approach has been
followed, AiPAD (refer to Table 3 and Figure 1) can then be applied to guide the
next steps.

If AiPAD indicates a non-appendicitis diagnosis, the clinician should, by this
stage, have gathered sufficient clues (as per the guidelines in Section 3) to direct
further management and tailor investigations towards the most probable alterna-
tive diagnosis. Conversely, if AiPAD suggests appendicitis, management should be
initiated promptly without additional imaging studies to avoid delays and associated
complications.

Looking ahead, the authors envision that with more data and broader implementa-
tion of MLDT models, a comprehensive model could be developed that encapsulates
the major causes of abdominal pain in children, extending beyond appendicitis alone.
The upcoming section will further explore the author’s perspective on the role of
radiology in this context.
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5. Rationalizing the application of imaging studies in diagnosing
appendicitis

Over the past two decades, imaging studies, particularly USG and CT, have
become increasingly prevalent in diagnosing appendicitis, especially in advanced
pediatric centres. While USG is favored in pediatric settings due to its non-invasive
nature and absence of ionizing radiation, it demands a high level of operator exper-
tise to yield reliable results. In contrast, adult centres often rely on CT scans, which,
though highly sensitive, expose patients to significant levels of radiation. This reliance
on imaging raises concerns about potential overuse, given the associated risks, costs,
availability, treatment delays, and the variability in diagnostic accuracy reported even
with CT scans [14-19].

The accuracy of ultrasound (USG) in diagnosing appendicitis can vary signifi-
cantly depending on the operator’s experience, leading to potential false negatives or
inconclusive results that may delay diagnosis or necessitate additional CT scans [18,
19]. While CT scans generally offer higher sensitivity, they are not without limita-
tions, including the potential for misinterpretation [17] and the risks associated with
radiation exposure, particularly in children [20-22].

Studies have shown that the false positive rate (FPR) for CT scans in children
suspected of having appendicitis is about 12%, while the false negative rate (FNR)
is approximately 16%, both of which raise concerns about CT being considered the
‘gold standard’ [14, 15]. Moreover, research has indicated that CT scans have not
significantly reduced FPR or FNR in pediatric cases [14-16], and there are high rates
of equivocal CT results, often necessitating a second review by a pediatric radiologist
to improve accuracy [17]. The case for USG is even weaker, with higher FPR and FNR,
even in the hands of experts [18, 19]. In contrast, the AiPAD model, which is purely
based on clinical findings, has demonstrated an FPR of 2.6% and an FNR of 3.3%.
Even the higher error estimates from cross-validation (FPR 8.2% and FNR 5.2%)
remain superior to the reported rates for USG and CT [7]. Several other Al-based
models have also been introduced recently, showing superior accuracy compared to
USG and CT [6]. Based on this argument, the authors believe that achieving high
diagnostic accuracy in appendicitis often hinges on a thorough clinical assessment
supported by laboratory tests (Sections 3 and 4), rather than routine imaging. This
approach not only minimizes the inherent challenges and risks of imaging but also
cultivates essential clinical skills in trainees, an area increasingly neglected due to the
rising dependence on radiological studies.

In this context, the authors believe that imaging should be reserved for cases
where the clinical presentation is atypical or when alternative diagnoses need to be
considered based on the clinical presentation. For instance, in children under three
years old with colicky abdominal pain, an ultrasound is warranted to rule out intus-
susception, a leading cause of abdominal pain in this age group. In peri-pubertal girls
or those with sudden onset of lower abdominal pain, ultrasound is crucial to exclude
ovarian torsion, a surgical emergency often mistakenly attributed to appendicitis.
Additionally, imaging is necessary when the clinical scenario is suggestive of urinary
stones. Furthermore, in patients with septic shock, morbid obesity, neutropenia, or
those who were on antibiotics, where traditional clinical signs of appendicitis may be
unreliable, imaging becomes indispensable. These scenarios highlight the need fora
rational, judicious approach to imaging, using it not to confirm or deny appendicitis,
but mainly to consider or exclude other diagnoses.
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Ultimately, the judicious application of imaging studies in appendicitis not only
preserves the integrity of clinical training but also ensures that patients receive the
most appropriate and least invasive care. By prioritizing clinical judgment and using
radiology as a complementary tool rather than a primary diagnostic method, health-
care professionals can optimize patient outcomes while fostering essential clinical
skills in the next generation of surgeons. As MLDT models continue to evolve, they
hold the potential to assist in atypical scenarios, providing faster, clinically-based
diagnoses that could further reduce the need for imaging.

6. Current treatment modalities
6.1 Antibiotic-only treatment (conservative management)

The conservative management of appendicitis in children, using antibiotics as
an alternative to traditional surgery, has gained increasing attention in recent years.
While this approach offers the potential for a less invasive treatment option, it comes
with notable challenges, including variable success rates [23] and a considerable risk
of treatment failure [24]. These concerns are particularly significant given the anxiety
that parents experience when their child’s abdominal pain recurs, raising questions
about the long-term efficacy and safety of non-operative management [24].

The reported success rates range from 60 to 90% [23, 25]. However, this success is
based on imaging-based diagnosis rather than histopathology, raising concerns about
the validity of these figures, which are likely overestimated. Imaging alone may not
accurately distinguish true appendicitis from other conditions, leading to potential
false positives and ultimately creating a misleading sense of success.

A critical aspect of successful conservative management is the careful selection of
patients. Not all children with appendicitis are suitable candidates for antibiotic-only
treatment. It is essential to identify those who are most likely to respond favorably to
this approach, thereby minimizing the risk of failure. Key factors in patient selection
include the absence of complicating features such as a fecalith, appendiceal mass, or
abscess, along with a thorough evaluation of the overall clinical presentation [26].

Imaging studies are crucial in the selection process for treatment, but they come
with their own set of challenges. As previously discussed, reliance on imaging car-
ries inherent risks, particularly the potential for treatment delays in centres where
24-hour services or pediatric radiology expertise are not readily available. These
delays must be carefully weighed against the risks of postponing surgical interven-
tion, especially in young children who may deteriorate more rapidly. Such postpone-
ments can lead to therapy failure, prolonged hospital stays, increased complications,
and higher costs.

Despite these concerns, there is a growing belief that antibiotic treatment may be
a promising option for a specific subset of children with uncomplicated appendicitis.
However, the success of this approach hinges on the establishment of clear clinical
criteria that can reliably distinguish patients who are likely to benefit from antibiotics
alone. Until such criteria are well-defined and widely accepted, the author believes
that conservative management should be approached with caution. The laparoscopic
approach remains the gold standard, providing a definitive and well-established
treatment with a high success rate, and any alternative strategy must be rigorously
evaluated against this benchmark.
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Overall, while the conservative management of appendicitis with antibiotics offers
an intriguing alternative to surgery, its application should be reserved for carefully
selected patients under well-controlled conditions. Further research and clinical trials
are needed to refine patient selection criteria and to ensure that this approach can
achieve outcomes comparable to those of laparoscopic surgical treatment.

6.2 Laparoscopic appendectomy

Laparoscopic appendectomy remains the gold standard for treating appendicitis
in children, offering a well-established, highly effective surgical solution that consis-
tently outperforms conservative management approaches. This minimally invasive
technique not only boasts higher success rates but also ensures faster recovery times
and lower complication rates compared to antibiotic-only treatment. The widespread
availability of laparoscopic technology in modern healthcare settings further solidi-
fies the rationale for upfront surgical intervention, even in complex cases such as
those involving an appendicular mass.

One notable advancement in this field is the single-site laparoscopic-assisted
appendectomy [27], a technique where both the laparoscope and grasper are intro-
duced through the umbilicus to grasp and exteriorize the appendix, allowing for
extracorporeal removal. This approach has gained traction as a safe, efficient, and
cost-effective option for managing non-complicated appendicitis. Studies have
demonstrated that this method does not increase the risk of wound site infections or
other postoperative complications, providing a reassuring safety profile for pediatric
patients. By minimizing incisions and reducing operative time, this technique not
only enhances cosmetic outcomes but also diminishes postoperative pain and accel-
erates the return to normal activities, benefits that are particularly valuable in the
pediatric population.

The concept of interval appendectomy, commonly employed in adult patients
following the resolution of an appendicular abscess or mass, warrants reconsideration
in the pediatric context. Unlike adults, children tend to form softer adhesions, which
can be more easily managed during initial surgery. Moreover, immediate appen-
dectomy reduces hospital stay and overall complications [28, 29]. In contrast, the
interval appendectomy approach involves an initial course of antibiotics, followed by
a planned surgical removal of the appendix during a separate admission. This strategy
prolongs the overall treatment duration, leading to a longer cumulative hospital stay
and increased healthcare costs. Additionally, the need for an operation after failed
conservative management during the initial admission can further burden the patient
and family. Immediate appendectomy, therefore, not only spares the child from the
anxiety and risks associated with delayed surgery but also eliminates the need for
upfront drainage procedures under imaging guidance, which are sometimes required
when initial antibiotic therapy fails to improve the patient’s condition.

Furthermore, the routine use of drains, a practice often borrowed from adult
surgical protocols, may not be justified in pediatric patients. In children, the place-
ment of drains can introduce unnecessary discomfort, increase the risk of infection,
and prolong hospital stays without a clear benefit. Studies have shown that children
generally have a better postoperative course without the use of drains, and the
potential complications associated with drainage systems, such as pain, discomfort,
and delayed wound healing, outweigh the perceived advantages [30, 31]. It is crucial
to reemphasize that pediatric patients have unique anatomical and physiological
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characteristics, necessitating surgical practices that are specifically tailored to their
needs rather than simply adapted from adult care models.

6.3 Enhanced recovery protocols after appendectomy

Enhanced recovery after surgery (ERAS) protocols have increasingly been adopted
in pediatric surgery, including after appendectomy, with the goal of accelerating
recovery, reducing hospital stays, minimizing opioid use, and promoting an earlier
return to normal activities. These protocols are designed to optimize every stage of
the surgical experience, from preoperative preparation to postoperative care, and
have been shown to deliver significant benefits for children undergoing appendec-
tomy [32, 33].

One of the key components of ERAS protocols is the emphasis on minimizing opioid
use. Traditionally, opioid analgesics have been a mainstay of postoperative pain manage-
ment. However, the recognition of the risks associated with opioid use, including the
potential for dependence and adverse side effects such as nausea and constipation, has
led to a shift towards multimodal analgesia. This approach combines non-opioid medica-
tions, such as acetaminophen and nonsteroidal anti-inflammatory drugs, with regional
anesthesia techniques like transversus abdominis plane blocks. The result is effective pain
control with reduced or eliminated reliance on opioids, which in turn facilitates a faster
recovery and reduces the likelihood of opioid-related complications.

ERAS protocols also advocate for early mobilization and initiation of a regular
diet as soon as possible after surgery. This is supported by evidence suggesting that
early mobilization not only improves gastrointestinal function but also reduces the
risk of postoperative complications, such as deep vein thrombosis and pulmonary
issues. Encouraging children to get out of bed and start walking soon after surgery
can significantly shorten their hospital stay and promote a quicker return to normal
activities.

Recent literature supports the positive impact of ERAS protocols on recovery
times. Studies have shown that children who follow these protocols after appen-
dectomy experience shorter hospital stays, often by one to two days, compared to
those managed with traditional care approaches. Moreover, the concept of same-
day discharge [34], once considered ambitious, is gaining acceptance in cases of
uncomplicated appendicitis. Select children who meet specific criteria, such as stable
vital signs, adequate pain control with oral analgesics, and the ability to tolerate oral
intake, can safely be discharged on the same day of surgery. This practice not only
reduces healthcare costs but also allows children to recover in the comfort of their
own homes, which has been shown to improve overall patient satisfaction and reduce
the emotional stress associated with hospitalization.

The implementation of ERAS protocols is also associated with a reduction in
postoperative complications. By standardizing care and focusing on evidence-based
practices, ERAS minimizes variability in treatment, leading to more predictable and
favorable outcomes. For instance, the reduced need for opioids under these protocols
has been linked to a lower incidence of postoperative ileus, a condition that can
prolong hospital stays and delay recovery. Additionally, the encouragement of early
feeding and mobilization under ERAS protocols has been shown to enhance overall
recovery, as these measures are aligned with the body’s natural healing processes.

In conclusion, the adoption of enhanced recovery after surgery protocols in
the management of pediatric appendicitis represents a significant advancement in
surgical care. By focusing on multimodal pain management, early mobilization, and
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same-day discharge when appropriate, these protocols not only accelerate recovery
but also improve the overall quality of care. The benefits, such as shorter hospital
stays, reduced opioid use, fewer complications, and quicker return to normal activi-
ties, are well-supported by recent literature, making ERAS an invaluable approach in
modern pediatric surgical practice.

7. Outcomes and managing complications after laparoscopic
appendectomy in children

Laparoscopic appendectomy is widely recognized as the gold standard for treating
appendicitis in children. When compared to adults, children generally experience
fewer complications following this procedure, which can be attributed to their unique
physiological resilience and the rapidity of their healing processes. However, ensuring
optimal outcomes necessitates a well-defined diagnostic approach and the prompt
recognition of appendicitis, which is crucial for minimizing the risk of complications.

The importance of early diagnosis cannot be overstated. The sooner the diagnosis
is confirmed, the more likely it is that complications can be avoided. Literature sup-
ports the notion that the complication rate in children is significantly lower compared
to older populations when laparoscopic appendectomy is performed in a timely
manner. This emphasizes the need for a streamlined diagnostic process that quickly
identifies cases requiring surgical intervention, thereby improving outcomes and
reducing the likelihood of complications.

One of the relatively rare complications following laparoscopic appendectomy in
children is the formation of an intraabdominal abscess or fluid recollection. While
such complications can be concerning, the pediatric population tends to respond
exceptionally well to conservative management. Evidence suggests that in many
cases, antibiotics alone are sufficient to treat intraabdominal abscesses in children,
thereby avoiding the need for more invasive procedures like percutaneous drainage.
This contrasts with adult management strategies, where drainage is more commonly
employed. The ability of children to recover from such complications with less inva-
sive treatment highlights their uniqueness and remarkable capacity for healing.

When surgical intervention is required, the author advocates for laparoscopic
exploration and peritoneal lavage rather than the placement of drains. This approach
is associated with faster recovery times, reduced postoperative discomfort, and lower
pain levels compared to traditional drainage techniques. The benefits of avoiding
drain placement include minimizing the risk of secondary infections, reducing the
duration of hospital stays, and enhancing overall patient comfort.

Other potential complications following laparoscopic appendectomy in children
include wound infections, adhesions, and bowel obstruction. However, these compli-
cations are less frequent in children compared to adults, likely due to the less fibrotic
nature of their tissues and their enhanced healing capacity. When managing these
complications, a conservative approach is often favored, with surgical intervention
reserved for cases where non-operative management fails.

In conclusion, the outcomes following laparoscopic appendectomy in children
are generally excellent, with a lower incidence of complications compared to older
populations. The key to maintaining these positive outcomes lies in early diagnosis
and the application of pediatric-specific management strategies. When complications
do arise, a conservative approach can often effectively resolve the issue, allowing
children to recover rapidly and return to normal activities with minimal disruption.
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8. Conclusion

Pediatric appendicitis demands a nuanced approach that recognizes the distinct
needs of children while leveraging the strengths of modern technology. By integrat-
ing clinical judgment with Al-driven models like AiPAD, healthcare providers can
enhance diagnostic accuracy and treatment outcomes. This chapter has highlighted
the importance of maintaining a balance between relying on imaging studies and fos-
tering clinical skills, ultimately advocating for a holistic approach that combines the
best of both worlds. As we move forward, the continued refinement and application
of these tools will be essential in providing the highest standard of care for pediatric
patients.

Author details

Anas Shikha' and Asem Kasem®

1 Paediatric Surgery Unit, RIPAS Hospital, Bandar Seri Begawan, Brunei
2 Computer Information Systems, Higher Colleges of Technology, UAE
*Address all correspondence to: dr.a.n.shikha@gmail.com

IntechOpen

© 2024 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

114



Decoding Pediatric Appendicitis: Unraveling Complexity with Artificial Intelligence and Evolving...

DOI: http://dx.doi.org/10.5772/intechopen.1008318

References

[1] Richardsen I, Schéb D, Ulmer T,
Steinau G, Neumann U, Klink C,

et al. Etiology of appendicitis in
children: The role of bacterial

and viral pathogens. Journal of
Investigative Surgery. 2016;29:74-79.
DOI: 10.3109/08941939.2015.1065300

[2] Rautio M, Saxén H, Siitonen A,
Nikku R, Jousimies-Somer H.
Bacteriology of histopathologically
defined appendicitis in children.

The Pediatric Infectious Disease
Journal. 2000;19(11):1078-1083.
DOI: 10.1097/00006454-200011000-
00010

[3] Stringer M. Anatomy of the infant and
child. In: Pediatric Surgery. 2020:10-12.
DOI: 10.1007/978-3-642-38482-0_5-1

[4] Bansal S, Banever G, Karrer F,
Partrick D. Appendicitis in children
less than 5 years old: Influence of age on
presentation and outcome. American
Journal of Surgery. 2012;204(6):1031-
1035; discussion 1035. DOI: 10.1016/j.
amjsurg.2012.10.003

[5] Acheson J, Banerjee J. Management
of suspected appendicitis in children.
Archives of Disease in Childhood—
Education & Practice Edition.
2010;95(1):9-13. DOI: 10.1136/
adc.2009.168468

[6] Bianchi V, Giambusso M, De

Iacob A, Chiarello MM, Brisinda G.
Artificial intelligence in the diagnosis
and treatment of acute appendicitis: A
narrative review. Updates in Surgery.
2024;76(3):783-792. DOI: 10.1007/
s13304-024-01801-x

[7]1 Shikha A, Kasem A. The
development and validation of
artificial intelligence pediatric

115

appendicitis decision-tree for children
0 to 12 years old. European Journal of

Pediatric Surgery. 2023;33(5):395-402.
DOI: 10.1055/a-1946-0157

[8] Debarnot U, Sperduti M, Di Rienzo F,
Guillot A. Experts bodies, experts minds:
How physical and mental training

shape the brain. Frontiers in Human
Neuroscience. 2014;8:280. DOI: 10.3389/
fnhum.2014.00280. Erratum in: Frontiers
in Human Neuroscience. 2015;9:47.

DOI: 10.3389/fnhum.2015.00047

[9] Shikha A, Kasem A, Han WSP,

Wong JHL. Al-augmented clinical
decision in paediatric appendicitis: Can
an Al-generated model improve trainees'
diagnostic capability? European Journal
of Pediatrics. 2024;183(3):1361-1366.
DOI: 10.1007/s00431-023-05390-6

[10] Goldman RD, Carter S, Stephens D,
Antoon R, Mounstephen W, Langer JC.
Prospective validation of the pediatric
appendicitis score. Journal of Pediatrics.
2008;153(2):278-282. DOI: 10.1016/j.
jpeds.2008.01.033

[11] Pogoreli¢ Z, Rak S, Mrkli¢ I, Juri¢ I.
Prospective validation of Alvarado
score and pediatric appendicitis score
for the diagnosis of acute appendicitis
in children. Pediatric Emergency Care.
2015;31(3):164-168. DOI: 10.1097/
PEC.0000000000000375

[12] Kulik D, Uleryk E, Maguire J.

Does this child have appendicitis? A
systematic review of clinical prediction
rules for children with acute abdominal
pain. Journal of Clinical Epidemiology.
2013;66(1):95-104. DOI: 10.1016/j.
jclinepi.2012.09.004

[13] Stone M. Cross-validatory choice
and assessment of statistical predictions.



Appendicitis — Current Insights

Journal of the Royal Statistical

Society: Series B (Methodological).
1974;36(2):111-133. DOI: 10.1111/j.2517-
6161.1974.tb00994.x

[14] Martin A, Vollman D, Adler B,
Caniano D. CT scans may not reduce

the negative appendectomy rate in
children. Journal of Pediatric Surgery.
2004;39(6):886-890; discussion 886-890.
DOI: 10.1016/jjpedsurg.2004.02.034

[15] Miano DI, Silvis RM, Popp JM,
Culbertson MC, Campbell B, Smith SR.
Abdominal CT does not improve
outcome for children with suspected
acute appendicitis. The Western Journal
of Emergency Medicine. 2015;16(7):974-
982. DOI: 10.5811/westjem.2015.10.25576

[16] Baykara A. Acute appendicitis in
children: Evaluation of the diagnostic
efficacy of ultrasonography and
computed tomography. Cureus.
2023;15(8):e43860. DOI: 10.7759/
cureus.43860

[17] Keating E, Orth R, Bisset G,

Starke H, Cruz A. Utility of computed
tomography overreading and abdominal
ultrasound in children with suspected
appendicitis and nondiagnostic
computed tomography at community
hospitals. Pediatric Emergency Care.
2020;36(12):564-570. DOI: 10.1097/
PEC.0000000000002283

(18] Estey A, Poonai N, Lim R. Appendix
not seen: The predictive value of
secondary inflammatory sonographic
signs. Pediatric Emergency Care.
2013;29(4):435-439. DOI: 10.1097/
pec.0b013e318289e8d5

[19] Schuh S, Man C, Cheng A, etal.
Predictors of non-diagnostic ultrasound
scanning in children with suspected
appendicitis. Journal of Pediatrics.
2011;158(1):112-118. DOI: 10.1016/j.
jpeds.2010.07.035

116

[20] Brenner DJ, Hall E]J. Computed
tomography—An increasing source of
radiation exposure. New England Journal
of Medicine. 2007;357(22):2277-2284.
DOI: 10.1056/nejmra072149

[21] Brody AS, Frush DP, Huda W,
et al. Radiation risk to children from
computed tomography. Pediatrics.
2007;120(3):677-682. DOI: 10.1542/
peds.2007-1910

[22] Pearce MS, Salotti JA, Little MP,
etal. Radiation exposure from CT
scans in childhood and subsequent risk
of leukaemia and brain tumours: A
retrospective cohort study. The Lancet.
2012;380(9840):499-505. DOI: 10.1016/
s0140-6736(12)60815-0

[23] Xu J, Adams S, Liu Y,
Karpelowsky J. Nonoperative
management in children with early
acute appendicitis: A systematic
review. Journal of Pediatric Surgery.
2017;52(9):1409-1415. DOI: 10.1016/j.
jpedsurg.2017.05.003

[24] Lipsett SC, Monuteaux MC,
Shanahan KH, Bachur RG. Nonoperative
management of uncomplicated
appendicitis. Pediatrics. 2022;149(5):
€2021054693. DOI: 10.1542/
peds.2021-054693

[25] Bethell GS, Rees CM, Sutcliffe J,

Hall NJ. Outcomes one year after non-
operative management of uncomplicated
appendicitis in children: Children with
appendicitis during the coronavirus
pandemic (CASCADE) study. B]S Open.
2023;7:zrad055. DOI: 10.1093/bjsopen/
zrad055

[26] Huang L, Yin Y, Yang L, Wang C,
LiY, Zhou Z. Comparison of antibiotic
therapy and appendectomy for acute
uncomplicated appendicitis in children:
A meta-analysis. JAMA Pediatrics.
2017;171(5):426-434. DOI: 10.1001/
jamapediatrics.2017.0057



Decoding Pediatric Appendicitis: Unraveling Complexity with Artificial Intelligence and Evolving...

DOI: http://dx.doi.org/10.5772/intechopen.1008318

[27] Perea L, Peranteau WH, Laje P.
Transumbilical extracorporeal
laparoscopic-assisted appendectomy.
Journal of Pediatric Surgery.
2018;53(2):256-259. DOI: 10.1016/j.
jpedsurg.2017.11.012

[28] Das BB, Nayak KN, Mohanty SK,
Sahoo AK. A retrospective analysis of
conservative management versus early
surgical intervention in appendicular
lump. Cureus. 2022;14(1):e21784. DOL:
10.7759/cureus.21784

[29] Samuel M, Hosie G, Holmes K.
Prospective evaluation of nonsurgical
versus surgical management of
appendiceal mass. Journal of Pediatric
Surgery. 2002;37(6):882-886.

DOI: 10.1053/jpsu.200

[30] Neville JJ, Aldeiri B. Drain placement
in paediatric complicated appendicitis:

A systematic review and meta-analysis.
Pediatric Surgery International.
2023;39(1):171. DOI: 10.1007/
s00383-023-05457-3

[31] Tran HV, Quang HV, Long DT,

The HC, Dang CP, Chen MK, et al.
Laparoscopic treatment of appendiceal
peritonitis without drainage in
children—A prospective randomized
clinical trial. Journal of Pediatric Surgery
Open. 2023;15:100046. DOI: 10.1016/j.
yjps0.2023.100046

[32] Zhang JG, Li HW, Wu XM, Yu HB,
Liu YH, Qi L, et al. The impact of
enhanced recovery after surgery on
inflammatory indicators and prognosis
related to complex appendicitis in
children. Frontiers in Pediatrics.
2023;11:1261191. DOI: 10.3389/
fped.2023.1261191

[33] Al-Taher R, Alshahwan H,
Abdelhadi S, Abeeleh FA, Rashdan M,
Amarin M, et al. Enhanced recovery
concepts in paediatric patients

117

who underwent appendectomy: A
retrospective cohort study at a tertiary
university hospital. The Journal of
International Medical Research.
2023;51(2):3000605231158524.

DOI: 10.1177/03000605231158524

[34] Lo HYA, Yang C, Rettig RL,

Chung J, Shaul D, Sydorak R. Same day
discharge after pediatric laparoscopic
appendectomy in community
hospitals. Journal of Pediatric Surgery.
2022;57(7):1242-1248. DOI: 10.1016/j.
jpedsurg.2022.02.038



Edited by Vanita Ahuja and Ayaka Tsutsumi

This book provides a comprehensive and up-to-date examination of appendicitis, a
condition that continues to present challenges to medical professionals worldwide.
It explores the latest developments in minimally invasive surgical techniques, non-
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