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Abstract: Appendicitis remains an intriguing disease entity, and there are severe unresolved postulations in the
mind of clinicians worldwide. The primary concern is the likelihood of progression to perforation and the potential
implications in contemporary African settings. A systematic review study has not been carried out for appendicitis
research in Africa.

Aim: To examine the literature critically and to present an update on current controversies on acute appendicitis
with some particular emphasis on contemporary African settings.

Method: A review of publications obtained from Medline search, medical libraries, and Google.

Results: Twenty-four audits were included in the quantitative analysis. Some were excluded from the subgroup
analyses. Negative appendicectomies occurred at a rate of 18 % (488/3 862). Women were more likely to have a
negative appendicectomy than men (32% versus 12%, p < 0.02). The perforation rate for appendicectomy patients
was 28% (880/3 480), and the mortality rate was 3% (522/3 454). The current global research efforts are focused
on the role of "antibiotics' in the treatment and genetics of acute appendicitis

Conclusion: Appendicitis remains a significant health challenge in Africa due to the attendant high incidence of
perforations and complications. The current trend suggests that a nonsurgical, antibiotic approach in the
treatment of uncomplicated appendicitis may be beneficial but remains "controversial’ with very low acceptance in
Africa. This article reviews the current 'state of the art' in the evaluation and management of appendicitis that is
leading to stratified care for patients, mainly in contemporary African settings.
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1. INTRODUCTION

Acute appendicitis (AA) refers to severe inflammation of the vermiform appendix, most likely due to obstruction of the
lumen of the appendix from various causes [1]. Appendicitis remains an intriguing disease entity. Despite years of
extensive research, there are severe unresolved postulations in the mind of clinicians worldwide, addressed in this meta-
analysis. From Cape Town in southern Africa to Cairo city in northern Africa, the disease attracts attention to date.
Robert B. Sanda remains resolute on why there are several unresolved postulations on appendicitis, despite years of
extensive research?" [1].

Saidi HS et al. submitted that “although, AA is one of the commonest surgical emergencies, but appears to have a
relatively lower incidence in Africa” [2]. The major concern in patients with the ongoing -disease course in our
contemporary African setting is that the inflamed appendix often eventually progresses to wall rupture because it is left
untreated [3]. Other authors submitted that “given the likelihood of progression to perforation and potential health gains
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with early treatment, rates of rupture have been advocated as a public health measure of access to medical care” [4, 5]. In
such African settings, therefore, “audits of appendicitis have consistently demonstrated higher perforation and
complication rates compared to those in developed countries [4-8]. These higher incidences of perforated appendicitis
have been attributed to longer delays of presentation to hospitals [9], socioeconomic disadvantage [10], and health system
constraints [4] common to Africa and developing regions” [4-10].

Furthermore, Yang et al. reported that “the generally accepted and definitive cure for the disease is surgical removal of
the appendix via appendicectomy” [11]. However, antibiotics are now being advocated as first-line therapy, mainly in
western countries, to an extent [12]. This use of antibiotics remains to date highly controversial and generally
unacceptable in contemporary African settings [12]. “The overall situation in most African countries is completely
different, including political, social, economic and health indices which are unique from these other western settings;
therefore, the generalizability of these studies may be somewhat limited”’[12, 13]. Accordingly, “appendectomy is one of
the most commonly performed surgical procedures and represents a heavy burden on modern health systems [12, 13].
Notwithstanding the extensive concerted effort on appendicitis studies even in Africa, limited understanding of the
etiology and absence of reliable discriminators for disease severity still exist. Consequently, limited clinical research has
produced uncertainty about best practice, with prevailing international variation in delivery and, as a result, variation in
the outcome™ [12, 13].

2. OBJECTIVE

We aim to provide an up-to-date critical review of the literature into the current controversies in the etiopathogenesis,
diagnosis, and clinical management of acute appendicitis with some particular emphasis on the contemporary African
settings.

3. MATERIALS AND METHODS

All peer-reviewed, published, original research studies in which appendicitis was addressed in Africa were eligible for
inclusion in this review. We identified relevant articles to date using a manual library search, journal publications on the
subject; our searches also include Medline, Embase, and Cochrane Library as well as ClinicalTrials.gov (01/01/2000-
01/06/2019) for current trials in acute appendicitis. Research themes of relevant references were collected and analyzed.
Consequently, information relating to the epidemiology, etiopathogenesis, clinical presentation, investigations,
management, and complications was extracted from the materials.

4. RESULTS
4.1 HISTORICAL BACKGROUND

In his drawings in 1492, Leonardo Da Vinci demonstrated the vermiform appendix. Later on, “the first descriptions of the
appendix in the 16th century were made by Vesalius and DaCarpi” [14, 15]. “Further progress on this work by Lorenz
Heister was registered at the beginning of the 18th century, who then speculated that the appendix might be the reason for
inflammation in the right lower region of the abdomen. Consequently, the first known appendectomy (AE) was done by
Claudius Amyand, who operated on an 11-year old boy with a right scrotal hernia and perforated appendix in the hernia
sac” [15]. In 1891, McBurney, in his paper, also emphasized the importance of early emergency appendicectomy and
“first described the muscle-splitting incision that bears his name and which is commonly used today” [16]. Since the end
of the 19th century, AE has become one of the frequent operations in clinical practice. An enormous number of books and
articles about the management of AA have been published since that period [15]. Kurt Semm did the first laparoscopic
AE in 1983 [17]. He concluded that a laparoscopic technique provides faster recovery, a lower infection complication
rate, and a better cosmetic result after the operation [17]. Moreover, spontaneous resolution and conservative treatment of
AA has been a subject of debate [18]. In 1956, Coldrey et al. reported on antibiotic treatment of AA [19]. Recently,
several studies have been published about non- operative treatment of AA (20, 21). Erasmus published the first audit for
appendicitis in Africa- South Africa in 1939, in his study “to assess the nature of the disease and its impact on different
racial groups” [11, 22]. “Erasmus formed two major conclusions when contrasting the disease between ethnic groups,
namely: i) There were a significantly higher incidence rates of appendicitis in white patients than that in black patients, ii)
but, with significantly less morbidity and mortality. Consequentially, these two observations formed the groundwork and
direction for the further study of appendicitis in Africa over the next 70 years in general” [22].
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4.2 EPIDEMIOLOGY
4.2.1 Incidence

Several works of literature submitted that “the true incidence of AA in most developing African countries like Cameroon,
Ghana, Nigeria, etc., is largely unknown due to poor medical record-keeping and unreliable population census” [23-25].
Similarly, “estimates of population incidence of AA in countries like Ghana [26], Madagascar [27], Central African
Republic [28] and Ethiopia [29] have relied on small population counts. AA shows a stark difference in incidence rate
between developed and developing countries that is more than ten folds in some instances, such as between Finland and
Thailand and between Spain and Ghana” [30-32]. The available reports from Nigeria, Cameroon, Ghana, and South
Africa showed “the incidence rate of 2.1-10.8 per 100,000 per annum, and these figures are remarkable for being the
lowest incidence rate we can find in world literature” [26, 33, 34]. “What can account for the huge difference in the
annual incidence rates of appendicitis between European and African countries as represented by Ireland (174/100,000)
and Ghana (18/100,000)?” [26, 33, 34].

Walker et al. in 1989 queried that, “why is the incidence rate higher for white South African children (215-395 per
100,000) in comparison to black children (5-19 per 100,000) in the same country? [35]. Why does appendicitis run in
families? [36,37]. Why is the rate lower in girls compared to age-matched boys?”” [38].

In a related development, several other reports have noted the significant seasonal variation in the incidence of AA [39-
41]. “Even in the same countries, appendicitis tends to show longer-term temporal difference in incidence that has been
thought to be related to changes in social indices like quality of housing and sanitation as exemplified by a standardized
incidence rates of 570 per 100,000 in 1955 and 370 per 100,000 in 1987 occurring in Italy and also a standardized
incidence rate of 652 per 100,000 in 1970 and 164 per 100,000 in 1999 in Greece” [42, 43].

4.2.1.1 Trends in Incidence

Some authors suggested that “there have been reports of increasing incidence of AA in African countries by in the last
few decades; surprisingly, this contrasts with the common findings of reducing incidence in a larger part of the developed
world” [44-46]. “Several reasons could be adduced to this, ranging from the very youthful African population and
changing to the Western lifestyle [45, 46]. The increasing number of 'fast food' restaurants where mainly high-
carbohydrate, low-fiber diets, confectionaries, and sweets are served could have contributed to the increase in the
incidence [47-49]. Large consumption of sweets and sugary foods has been implicated by some authors” [47- 49].

Despite these “significant changes in the overall incidence rate of AA, the rate of perforated appendicitis has shown
different tendencies. Only minor changes or a reverse trend have

been seen in incidences of perforated appendicitis compared to non-perforated AA

[50-52]. As a result of the preceding, the incidence of AA in some countries has been decreasing, and in some other
countries increasing, the reasons for these changing trends remain a subject of vivid debate” [50-52].

4.2.2 Age differences

Al-Omran et al. in their study suggested that “one of the most striking epidemiologic features of AA is the age-specific
incidence with associated marked variations; interestingly, the peak incidence for AA usually occurs in the 2nd or 3rd
decade of life, and the disease declined with age increment and was lowest in young children and older adults” [40].
Moreover, the age distribution in several African countries follows the same trend compared to that in developed
countries [53-55]. The rate for perforated appendicitis and complications after the surgery for AA is found to be higher at
both ends of the age groups [55-58]. Interestingly, Andersson et al. found that variation in the incidence between the age
groups was seen mainly among non-perforated appendicitis, while for a perforated disease, it was almost stable at all ages
[59].

4.2.3 Gender differences

The rates for AA are higher for men than for women, based on reports from most studies and “the male/female ratio
varies from 1.1 to 3.2; and this observation is consistent with the findings of other African studies” [59-62]. The main
difference has been noticed in age groups under 30 years old [59-62]. “The lifetime risk of undergoing an AE is 12% for
men and 23% for women [58]. The probability of negative appendicitis is over two times higher for women than that for
men[60]; moreover, the possibility for perforated appendicitis has been reported to be 0.82 times lower in women than in
men” [59].
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4.2.4 Geographic variation

Economic and public health factors may likely explain the different incidences of AA found across various geographic
regions, rather than by environmental factors [61-63]. “Geographical differences are reported, with lifetime risks for AA
of 16% in South Korea [55], 9.0% in the USA [56], and 1.8% in Africa [26]. A declining incidence has been reported over
the last decade; on the other hand, geographical differences show a higher incidence in Asia than in the U.S. and the
lowest incidence in Africa” [30, 50, 53, 55, & 64]. “Ours is an environment where public health indices like sanitation,
sewage disposal, quality of water supply are such that water-borne gastrointestinal diseases like poliomyelitis, hepatitis
viruses, shigellosis, cholera, typhoid enteritis, giardiasis, and amoebiasis are prevalent [65, 66]. Endemic poverty and a
lack of strict compliance with sanitary standards enforceable by public health authorities play contributory roles” [65, 66].
It has been suggested that “the endemicity of these water-borne gastrointestinal pathogens listed above in the water supply
of children living in developing countries makes the frontline immune systems in the gastrointestinal systems tolerant of
many less potent pathogens. This hypothesis may explain why in both Nigeria and Ghana, for example, typhoid
perforation of the ileum vies with appendicitis for supremacy in incidence” [65, 66].

4.2.5 Seasonal variation

“The peak incidence of AA occurring during the summer months has also been noted [30, 50, 53, 55, 64, & 67]. Seasonal
variations in AA are reported in several studies across many regions. Most studies report a summer peak with a winter
nadir; USA [39], Canada [40], Italy [41], Israel [68], and Russia [69]. One study in northern Saudi Arabia showed a
winter low but a spring peak which coincides with the sandstorm season characterized by the rise in infections and
allergic conditions of the upper respiratory tract which concur with earlier studies on the spread of allergens during this
season in Saudi Arabia” [23, 70-73]. According to Ashley et al., “a similar seasonal variation to ours was reported four
decades earlier in Britain [24]. Our observation of an association between AA and air pollution was corroborated by
Kaplan et al. in their 2009 study from Western Canada [74]. The significance of these observations is underscored by
pathological studies linking AA to eosinophilic degranulation” [75, 76]. “Seasonal variation of AA with its peak
associated with a season characterized by high ambient pollen and other phyto-allergens or sandstorm is an observation
that can neither be explained by diet nor fecaliths but may have a bearing on immune modulation playing a role” [75, 76].

4.2.6 Environmental and genetic factors

As reported by Sadr Azodi et al. in 2009, they strongly support the view that the causative factors relating to AA are
wholly environmental, and most of these environmental and genetic factors are probably still under investigation [77].
The above findings were also corroborated by Ergul in 2007 [78]; “who identified a three-fold risk of AA had been shown
in patients with a family history of AA, which also suggests the presence of genetic factors.

Although AA has been identified since ancient history, its true purpose is yet to be discovered. Moreover, AE is
associated with a reduced risk of ulcerative colitis and an increased risk of Clostridium difficile colitis, and hence its role
has been suggested to be related to the immune balance of the bowel” [11, 79]. “The probable function of the vermiform
appendix in this ‘controversial' immune role is to act as a container for healthy bacteria of the bowel or indeed as a
lymphoid organ” [80].

43 ETIOLOGY AND PATHOPHYSIOLOGY

The etiology of AA is surprisingly not fully understood. According to Adehossi et al., the commonly suggested etiology
for AA is the theory of luminal obstruction. Although, many different reasons can contribute to the development of the
disease; but, “obstruction can be caused by an appendicolith (a fecalith, stoned feces in the lumen of the appendix), and
others may include intra-intestinal material, a tumor or parasites” [81, 82]. Swischuk et al. in 2015 confirmed that

“lymphoid hyperplasia has been suggested to be the underlying cause of purulent appendicitis if a fecalith (or other
obstructing processes) is not present, and the cause of the hyperplasia being unknown” [83].

4.3.1 Mechanical obstruction

Obstruction of the appendix lumen may result from a variety of causes, including fecolith, lymphoid hyperplasia, primary
and metastatic tumors, parasites and foreign bodies, etc.

4.3.1.1 Fecolith
Fecolith, as one of the most usual causative agents in mechanical obstruction, was “first hypothesized by Rendle Short in

1920, which was spurred by the observation of an upsurge of appendicitis in Britain at the beginning of the twentieth
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century” [84]. He observed “a causal relationship of AA with a low cellulose content of imported food. Subsequently,
another British surgeon working in East and Southern Africa in the early 1970s, Denis Burkitt, built on this hypothesis.
He submitted that the high fiber content of the diet of Africans allows for the low transit time of gastrointestinal contents
and softer consistency of stool, which assuaged the need for straining at defecation” [85-87].

“The mechanical hypothesis implicates two factors in the etiology of AA, which consists essentially of fecaliths and high
intra-colonic pressure. In the first instance, Burkitt and his team demonstrated a significant difference in the incidence of
fecaliths in appendicitis and non-pathological specimens of the vermiform appendix in a comparative study of patients in
Toronto and Johannesburg™ [88]. Several other authors worldwide have corroborated these findings. The incidence of
fecolith is 11-52% in patients operated on for AA [89-92].

Nevertheless, fecoliths are also present in a non-inflamed appendix in 32% of cases of white people and 4% in African
people. In the same study, the incidence of fecolith in an AA case was 52% and 23% in white and African blacks,
respectively [88]. Interestingly, Ramdass et al. showed that the incidence of fecolith is almost the same in an inflamed as
well as in a non- inflamed appendix [93]. In a study from China, the incidence of the fecolith was 9.6% in normal
appendices [94]. After the occlusion occurs, appendiceal intraluminal high pressure might turn to obstruct material back
into the caecum, and evidence for a proper cause of AA is missing [15]. Consequently, it is possible, therefore, that the
real incidence of fecoliths in cases of AA is much higher.

4.3.1.2 Lymphoid hyperplasia

Lymphoid hyperplasia can develop due to an immune reaction to immunological challenges (also called
lymphadenitis), mostly viruses, and can occur anywhere in the bowel, but it is often seen in the terminal ileum and
appendix [95]. This can cause AA, obstruction, or be the reason for chronic right lower quadrant pain (RLQP) [96, 97].
“The significant increase in lymphoid follicles in young adults and their gradual disappearance with age suggests a
pathogenic role for lymphoid tissue in the development of AA” [15, 98]. However, lymphoid hyperplasia without any
infection can be found from a histo-pathologically normal appendix as well [94, 97].

4.3.1.3 Tumors

Primary tumors of the appendix are a relatively rare cause of AA. An incidence of appendiceal tumors varies between the
0.4-1.7percent for all appendectomies [99-101]. A minority of appendiceal tumors has been diagnosed preoperatively, and
in most cases, diagnosis has been done intra-operatively or by a pathologist [99, 102].

Carcinoid tumor is the most common primary appendiceal neoplasm. The overall incidence of appendiceal carcinoid
tumors varies from 0.4% to 1%. Within the gastrointestinal tract, the occurrence of carcinoid tumors of the appendix is
1.7% [103], and it accounts for up to two-thirds of all appendiceal tumors [104, 105]. “Primary adenocarcinoma of the
appendix is rare with an incidence of 0.08-0.2% of all appendectomies and accounts for 4-6% of primary malignant
appendiceal neoplasms” [99]. Nonetheless, the malignancy risk for patients undergoing interval appendectomy (l1A) after
conservative treatment of complicated appendicitis is 28-29% [106].

Mucocele of the appendix is characterized by dilatation of the obstructed appendicular lumen by mucinous secretions. It is
encountered in 0.1-0.4% of all appendectomies with a female predominance [107, 108]. “The etiology can be either
benign (simple mucocele or retention cyst, mucosal hyperplasia, mucinous cystadenoma), or malignant (mucinous

cystadenocarcinoma)” [109]. Of all mucoceles, 23-50% are incidental findings at surgery and should be carefully
removed to prevent perforation, peritoneal contamination, and the development of pseudomyxoma peritonei [107]. The
extent of resection depends on the histology of the mucocele [108].

4.3.2 Infection
Several specific infections with viruses, bacteria, and parasites have been linked to AA.

4.3.2.1 Viral infection: Studies are evaluating the role of viral etiology of appendicitis [110]. Moreover, seasonal
outbreaks of lymphotropic enteric viral or microbial infections might be the reason for a seasonal variation in AA.
Although some evidence has been found [111], the level of proof is weak, and further studies are needed to confirm the
connection.

4.3.2.2 Bacterial infection: Several researchers have made giant strides at elucidating the microbiome in AA,; this is so
because few authors opined that “the appendix may serve as a microbial reservoir for repopulating the gastrointestinal
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tract in times of necessity, but available data on this fact is limited. The bacterial growth in removed inflamed appendices
consists of a mix of aerobic and anaerobic bacteria, most frequently dominated by Escherichia coli and Bacteroides
fragilis. A small yet novel study using next-generation sequencing found a larger number and greater variation of (up to
15) bacterial phylae than expected in patients with AA [112]. Notably, the presence of Fusobacterium appeared to
correspond to disease severity (including the risk of perforation), corroborating findings from archival material in two
other studies” [113, 114].

Other authors suggested that “the evidence of a role in immune balance comes from epidemiological studies
demonstrating a reduced risk of developing ulcerative colitis after AE, with a slightly increased risk of Crohn's disease
[115]. Further, AE has been associated with increased risk of future severe Clostridium difficile colitis requiring
colectomy [116]; Whether these findings point to alterations of the human gut microbiome or to the removal of a
lymphoid organ with a role in human immune function is currently unknown” [117]. Tubercular appendicitis is quite a
rare entity and found mostly in developing countries, and in most cases, the appendix is involved by local extension of
ileocaecal or genital tuberculosis [118]. Overall, “one can conclude that bacteria from the appendix may be important
pathogens in AA and its complications, but their initial role in the etiology of AA remains uncertain” [118].

4.3.2.3 Parasitic infection: Parasitic infestation of the appendix is quite rare in most other world regions'. However, in the
developing world, AA has also been closely related to the high frequency of occurrence of intestinal parasites. “The
commonly associated parasites are Schistosoma mansoni, Schistosoma haematobium, Enterobius vermicularis, Ascaris
lumbricoides, Entamoeba histolytica, and pin-worm, among others. Badmus et al. [119], and Adebamowo et al. [120]
have reported some cases of schistosomal appendicitis from southwestern Nigeria.” Similar findings have been reported
mostly in Southern Europe studies, which revealed the most common helminth as Enterobius vermicularis or pinworms,
and can be found in 4-28% of children worldwide, followed by amoebae, Ascaris, trichuriasis, and taeniae [121]. In a
study from South Africa, the parasitic infection was found in 8.6% of cases with AA [122]. “A majority of studies report a
lower incidence of inflammatory changes or chronic infection of the appendix, in patients with appendiceal pinworms”
[121, 123]. Currently, the actual role of parasites as a cause of AA has been controversial. They are found in uninflamed
and histologically normal appendices, and their role in the pathogenesis of AA is unclear [121, 123].

4.3.3 Hygiene habits

Barker and his team suggested that “the observed increase in the incidence of AA at the end of the 19th century was a
consequence of the adoption of a housing policy in Britain and Ireland which enforced the provision of safe drinking
water and sanitary measures like sewage and waste disposal” [61, 62]. In comparison, in recent years with urbanization
and increasing prosperity, the energy intake of Africans has risen, and fat intake has increased considerably. At the same
time, their fiber intake has fallen to a level that is the same or even lower than that in many western populations, but the
incidence rates of AA have remained unchanged [124, 125]. In addition, “Lee et al. in 2010 reported that the incidence of
the AA was as high as 227/100'000 inhabitants during the study time of 2005-2007 years in Korea, where food has high
fiber content” [55]. Clearly, in such a context, the level of fiber intake no longer correlates with the very low occurrence
of the disease: since with similar low fiber intake, the disease remains very infrequent in urban Africans but is common
and variable in white populations in developed countries [55, 126].

“In the 1980s, Barker et al., advanced a hygiene hypothesis, attributing the rise in appendicitis to improvements in water
supplies and sewage disposal in Britain” [61, 62]. They hypothesized that “these improvements greatly reduced the
exposure of infants to enteric organisms, which in turn altered children's response to later virus infections, such that they
now triggered AA. The virus did this by causing appendiceal lymphoid hyperplasia, which occluded the appendix leading
to microbial infection” [61, 62]. In summary, there iS no current consensus about the strong evidence between hygiene
and the incidence of AA [61, 62].

4.4 CLASSIFICATIONS OF APPENDICITIS

In a typical clinical scenario, established evidence showed that “appendicitis does not, in most cases, lead to necrosis and
perforation. On the contrary, there is evidence of spontaneous recovery from AA. These facts support the theory of at
least two courses of the inflammatory process — A) Self-limiting mild inflammation with spontaneous recovery or
response to antibiotic treatment alone and B) The acute perforating severe pathway” [51, 58, 59, 127].

Based on the above theory, AA is commonly classified as a) uncomplicated acute appendicitis or b) complicated acute
appendicitis.
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4.4.1 Uncomplicated acute appendicitis: “This involves none of the previous and represents the early phase of the
disease or the milder inflammation type. Some studies categorize the mere existence of an appendicolith as a sign of
complicated appendicitis, but in this review, the involvement of an appendicolith is not categorized as complicated
appendicitis unless otherwise stated” [51, 58, 59, 127].

4.4.2 Complicated acute appendicitis: In most studies, “this type is considered to include appendicitis with perforation,
necrosis of the appendicular wall, appendicular abscess, and appendicitis with an appendicolith, which is further
subdivided into two (2) categories including: (i) Appendix abscess, where there was on admission a localized abscess in
the right iliac fossa. (ii)Generalized peritonitis, where the patient had generalized peritonitis but secondary to acute
appendicitis, Classification into perforated appendicitis, and non-perforated appendicitis is used in several studies, but, for
clinical use, this division may be too concise” [58, 127, 128].

“Classification, according to the severity of inflammation, has also been presented.

The disease severity score for appendicitis is a five-step grading; 1=inflamed, 2=gangrenous, 3=perforated with free fluid,
4=perforated with an abscess, and 5=perforated with generalized peritonitis” [58, 129].

This classification, based on the severity of inflammation, is of great importance in the treatment of appendicitis, as
shown in Table 1.

In addition to the above, “early diagnosis of complicated appendicitis is one of the major challenges in the decision of
treatment. The problem with all classifications is the differences in the interpretation of clinical, histopathological, and
radiological findings between specialists” [58, 130].

TABLE 1: CLASSIFICATION ACCORDING TO THE SEVERITY OF INFLAMMATION

GRADING/SCORE SEVERITY OF DISEASE

Inflamed Appendix

Gangrenous

Perforated with free fluid

Perforated with an abscess

Perforated with generalized peritonitis

The disease severity score and the attendant limitations References [58, 129, 130]

O B|WIN|F

4.5 DIAGNOSTICS OF ACUTE APPENDICITIS

“AA is the most common diagnosis of acute abdomen leading to surgery in emergency units, and yet the diagnostics are
not easy [53, 131, 132]. The negative AE rate is 19%—30% of all appendectomies if the decision to operate is based on a
clinical examination alone [133, 134]. The diagnostic accuracy has increased over the last decades due to the widespread
use of CT in the diagnostics of acute abdomen patients” [135].

“The number of misdiagnoses is significantly higher in women of fertile age due to the difficulty of differentiating lower
abdominal pain related to gynecological problems from acute appendicitis” [133, 134, 136]. In children, “the diagnostics
can be challenging. The younger the patient, the more difficult the diagnostics are. Young patients' history is received
from accompanying adults and is often observational; small children do not have the ability to describe their symptoms
comprehensively. Another challenging group of patients is pregnant women. Changing physiology and anatomy alter
clinical findings. The incidence of abdominal emergencies is one out of 500—700 pregnancies and surgery is needed in
0.2%-2% of the cases. AA is the most common cause of surgery” [137].

In the elderly, “the differential diagnostics become more of a challenge. The elderly have comorbidities, malignancies,
and other underlying causes expressing as the symptoms of an acute abdomen. At the same time, AA becomes more
infrequent. Consequently, the outcome of AE in the elderly is significantly worse than in younger patients, with a higher
incidence of complicated appendicitis and postoperative morbidity” [138]. “Regardless of the wide use of diagnostic
imaging and convincing results in individual studies on the sensitivity and specificity of diagnostic scores combined with
imaging, the population-based reviews show no decrease in the rate of negative appendectomies, and the question of how
to differentiate complicated appendicitis from uncomplicated appendicitis persists” [139, 140]. “The negative
appendectomy and perforated appendicitis rates are both important quality measures of the treatment of acute
appendicitis. There is an inverse relationship between these two measures [141]. The negative appendectomy and
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perforated appendicitis rates are both important quality measures of the treatment of acute appendicitis. There is an
inverse relationship between these two measures” [141].

4.5.1 Clinical Presentation, Diagnosis and Laboratory Work up

“Physical examination and medical history remain the cornerstones of good clinical practice in patients presenting with
acute abdominal pain localized in the right lower abdominal quadrant. White blood cell (WBC) count, erythrocyte
sedimentation rate, and sometimes serum C-reactive protein (CRP) may be helpful” [53, 142-145]. “Urinary sediment
examination and a pregnancy test should be undertaken to exclude urinary tract infection, urolithiasis, and pregnancy
when applicable. However, a recent report on the diagnostic value of medical history, clinical presentation, and indices
of inflammation, including CRP in a group of 496 patients with suspected AA showed that none of the individual
variables had sufficiently high discriminating power to be used as a diagnostic test” [146]. “The presence of anorexia,
nausea, and right-sided rectal tenderness had no diagnostic value. In one study, leukocyte and WBC counts, CRP,
rebound tenderness, guarding, and gender were independent predictors of AA; the combined area under the receiver
operating characteristic (ROC) curve was 0.93 for AA, showing the value of combining several parameters. A normal
serum CRP level was recently shown to correlate strongly with a normal appendix in patients with suspected
appendicitis” [147]. “A meta-analysis of studies addressing these issues has shown an increased likelihood of AA
when a positive psoas sign, fever, or pain migrating to the right lower abdominal quadrant was present; vomiting
before the onset of pain made appendicitis less likely [148]. A study by Bohner showed a maximum positive predictive
value of 85 percent when a combination of three out of five clinical parameters were present [149]. Rectal examination
was not shown to contribute to a definite diagnosis of AA” [150].

4.5.1.1 Biomarkers

“Biomarkers are used to supplement history and clinical exam, especially in children, women of fertile age, and the
elderly where the diagnosis is difficult. No inflammatory marker alone, including white blood cell (WBC) count, c-
reactive protein (CRP) or other novel tests including pro-calcitonin, can identify appendicitis with high specificity and
sensitivity” [151, 152]. However, “WBC count is obtained in virtually all patients being assessed for appendicitis, where
available. A range of novel biomarkers has been suggested over the last decade, including bilirubin [153], but these lack
external validity and repeatedly suffer from low sensitivity, meaning they are unlikely to come into clinical practice”
[153].

4.5.2 Computer Aided Decision Making and Scoring Systems

“Combining clinical history, physical examination, and laboratory studies have led to the development of scoring systems
and computer-aided algorithms to help clinicians in the decision making in appendicitis. In clinical studies, several of these
computer-aided algorithms can reduce the number of unnecessary appendectomies [154]. These modalities were shown to
be cost-beneficial, but they require the introduction of new and costly equipment and expertise” [155, 156].

“In contrast to this computer-aided decision making, scoring systems can be applied without special equipment and do not
require new skills [157]. However, despite the reported excellent results, these systems are not routinely used [158, 159].
Of the many standardized scoring systems for the diagnosis of AA, the Alvarado criteria [160], which generate the
MANTRELS score (Table 2), appear to be the most effective [161]. A score of more than seven points has a relatively high
sensitivity (88% to 90%), but the specificity is generally no better than 80% and is especially low in women” [162, 163].
“Modifications have included removing the leukocyte count criteria or reducing the threshold to five points, but these
modifications further impair the specificity of the system, particularly in pediatric patients [164, 165]. While these and
other criteria may assist junior staff and nonsurgical personnel in identifying patients with AA, they are not likely to be
helpful for experienced surgeons who possess astute clinical judgment. The normal-appearing appendix can be left in situ,
thus reducing the rate of negative AE [166-168]. AE can be carried out safely and quickly with this technique” [169,170].
Some authorities recommend that “the appendix be removed in all cases, however, because a normal macroscopic
appearance does not exclude the presence of histological appendicitis with certainty [171,172]. Moreover, it has been
suggested that recurrent pain can arise from appendices that have neurochemical or immunological abnormalities even in
the absence of overt inflammation” [173, 174]. “A substantial proportion of patients report a history of recurrent episodes
of pain before AE (recurrent appendicitis) or of prolonged pain, which may or may not is accompanied by histological
evidence of fibrosis or chronic inflammation (chronic appendicitis)” [175, 176].
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TABLE 2: ALVARADO SCORING SYSTEM

Clinical or laboratory feature Points
Migration of pain from the mid-abdomen to right lower quadrant
Anorexia or acetonuria (a surrogate marker of food avoidance)
Nausea and vomiting

Tenderness in the right lower quadrant

Rebound tenderness

Elevated temperature (>38°C)

Leukocytosis (>10,400 cells/mm3)

Shifted white blood cell count (>75% neutrophils)

Total possible points 10

Data from reference [160]

NI NI R
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o

4.5.3 Imaging Techniques

Several literature reports suggested that “the diagnosis of AA is often challenging and of utmost importance to the
surgeons providing care, hence preoperative imaging is now widely accepted by most surgeons and emergency
medicine physicians in the workup of AA [177-179]. Several imaging studies, like Ultrasound Scan (USS) or
Computerized Tomographic Scan (CT), are used in conjunction with clinical examination, the primary method for
diagnosis” [177-179]. In patients with AA, early diagnosis and prompt intervention are imperative, especially because
of some possible array of life-threatening complications [177, 180]. While, in some instances, a clinical diagnosis can
be made correctly, it is not infrequent to require other supportive investigations to make a correct diagnosis. This
supportive investigation helps to reduce the rate of negative AE, which has been reported to be as high as 15-30%
[177, 181]. It also helps to avoid subjecting patients to unwarranted surgery with the attendant risks [181, 182].

4.5.3.1 Plain Abdominal Radiography

Some authors submitted that “several imaging techniques have been advocated to improve diagnostic accuracy in
patients with suspected AA. In a study by Rao et al. [164], the diagnostic utility and hospital resource impact of plain
abdominal radiography in patients with suspected AA were evaluated. The authors reviewed medical records of 821
consecutive patients hospitalized for suspected AA. Seventy-eight per cent had plain abdominal radiography, 64 per
cent had appendicitis. Radiographic findings were noted in 51 per cent of patients with and 47 per cent of patients
without appendicitis” [164]. “No individual finding on the plain abdominal radiographs was sensitive or specific. The
authors found that plain abdominal radiographs in patients with suspected appendicitis are frequently misleading.
They also found that the radiographs are costly in relation to making a specific and correct diagnosis. They concluded
that abdominal radiographs should not be routinely obtained in such patients” [164].

4.5.3.2 Trans-abdominal Ultrasonography

There have been concerns about the use of Ultrasound Scan (USS) because of operator dependency outcome [177-179].
Results from Alegbeleye study showed that “we may be underestimating the value and benefit of ultrasound in the
preoperative workup in AA especially in the developing countries” [177-179]. “Ultrasonography continues to play an
important role in the evaluation of patients with acute abdominal pain [177, 180]. Its peculiar advantages of ready
availability, low cost, and absence of ionizing radiation makes it an attractive initial imaging modality in such situations”
[177, 180]. The robust role of the USS is in reinforcement of the clinical diagnosis of AA [177, 180, 181]. There have
however been variations in the results obtained from various studies that have assessed its role in diagnosing AA. This is
not unconnected with the differences in the levels of experience and the technique used by the Sonologists [177, 180-
182].

Moreover, the Alegbeleye study [177] reported a retrospective cross-sectional study which was conducted in Shisong,
Cameroon “over two years from January 2015 to December 2016, which assessed the accuracy of preoperative ultrasound
scan in the evaluation of patients with suspected AA” [177, 180- 182]. In this series, of 103 patients whose ages ranged
from 15 to 65 years with a mean age of 30.6+18 years with a male to female ratio of 1.5:1, there were seventy-five
patients found to have ultrasound diagnosis of AA, 68 of which correlated with histopathology. There were 16 patients
with equivocal ultrasound findings, while ten patients had normal scans, and two patients had a misdiagnosis of ovarian
cyst. Of the ten, eight had histopathological features of AA. The sensitivity of ultrasound in this study was 90.2%, while
specificity was 85.6% [177, 180- 182]. It was concluded that Ultrasound scan in patients with suspected AA provides
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high sensitivity and specificity in the diagnosis and, therefore, a formidable tool for diagnosing AA in low resource center
[177]. The radiological criteria for AA, the accuracy of various imaging modalities, and the limitations of the available
research are described in this series [183]. Even in well establish centers worldwide, there are obviously differences in
interpretation of Ultrasonographic findings amongst radiologists or sonologists, also termed interobserver variability
[183]. However, this interobserver variability in the ultrasonography interpretation of appendicitis is of significant impact
in resource-limited surgical emergency settings like ours, which is a rural tropical population in the developing country
[183].

4.5.3.3 Computed Tomography (CT)

In a related development, there is also growing evidence that CT scanning is superior to ultrasonography in diagnosing
AA [184, 185-187]. “Although CT has the disadvantage of exposing the patient to radiation, its consistent sensitivity, and
specificity of over 90 percent in many studies, and the low inter and intra-observer variability, have made CT the optimal
non-invasive diagnostic procedure in a patient with suspected appendicitis” [184, 186-189]. A study by Rao et al. [168]
demonstrated that “routine appendiceal CT, undertaken in patients who present with suspected appendicitis, results in
improved patient care and reduced use of hospital resources. Focused, thin-section helical CT seems to be the optimal CT
technique [190]. Enhancement with intravenous contrast in combination with contrast administered both orally and
rectally is usually advocated, but Rao has shown that equal results can be achieved without oral contrast [168]. In recent
studies, unenhanced thin-section helical CT yielded results similar to those of enhanced CT, which questions the essence
of contrast enhancement” [185,191]. “Wise et al. [184] recommended a standard abdominopelvic CT scan as the initial
examination; the focused appendiceal CT using colonic contrast material can be kept in reserve for difficult cases.”

4.5.3.4 Magnetic resonance imaging (MRI)

“This tool is used incidentally in the work-up of patients with suspected AA. It has been shown that MRI can diagnose
and rule out AA with high degrees of accuracy, but its current levels of availability, its high costs, and certain patient
restrictions limit its widespread use” [169-171]. “MRI has not been shown to be superior to helical CT, but it has the
definite advantage of not involving radiation exposure, which is particularly important in pregnancy” [192].

4.5.4 Diagnostic Laparoscopy

Laparoscopic inspection of the abdominal cavity enables the surgeon to diagnose AA accurately [179]. According to
Ogbonna BC et al. [179], “early laparoscopy in patients with acute non-specific abdominal pain is associated with
higher diagnostic accuracy and better quality of life than occurs after close observation followed by surgical
intervention if signs of peritonism developed [193]. It has been shown that leaving an appendix that appears normal
during a laparoscopic inspection is safe” [179, 194-196]. Osime O et al. (2005) reported that “the criteria for the
diagnosis of AA during a laparoscopic inspection are the presence of unequivocal inflammatory changes, such as pus,
fibrin, or vascular injection of the serosa. Rigidity and lack of mobility at manipulation are more uncertain signs of
inflammation” [133].

“Removing a normal appendix is associated with a 6.7 percent to 13 percent risk of early complications and 4 percent
risk of late complications, such as incisional hernia and chronic pain in the first years after the operation [172,173]. If a
normal appendix is left in situ during diagnostic laparoscopy, the number of unnecessary appendectomies will
decrease, particularly in the group of fertile women (17 per cent-38 percent), but also in men (11 percent)” [179, 194-
197]. “The diagnostic yield of laparoscopy in patients suspected of AA is high, but laparoscopy may be too invasive to
justify its use only for diagnostic purposes; As a result, this reasoning seems particularly true in the era of helical CT”
[179, 194-197].

5. CONSERVATIVE TREATMENT OF APPENDICITIS
5.0.1 Non-operative treatment of acute appendicitis

Livingston et al. in 2007 propounded “the theory of two different pathways of appendicitis which equally have raised
discussion over the antibiotic treatment of AA. The 'non-operative' theory suggests that the inflammation does not
necessarily lead to necrosis and perforation. The course of the disease can be self-limiting and thus prone to resolve with
antibiotics or even without treatment” [51]. In a similar study by Livingston et al. in 2011 submitted that “the
investigators supporting antibiotic treatment refer to diverticulitis, which is treated by antibiotics and drainage if needed
unless generalized peritonitis is involved” [90]. The authors also reported that “the antibiotic treatment of AA is not a new
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idea. It has been suggested over the last decades but has not received full acceptance. The latest studies report promising
results.”

In a related development, Di Saverio et al. in 2014 reported that “the observational NOTA (Non-Operative Treatment for
acute Appendicitis) study used amoxicillin-clavulanate for non-specific lower right quadrant abdominal pain with a
failure rate of 14%. The diagnosis of appendicitis was made using the Alvarado and AIR (Appendicitis Inflammatory
Response) scores, thus including a reasonable amount of misdiagnoses” [198]. “The largest multicentre APPAC study
used ertapenem 1g/day for three days, followed by oral levofloxacin (500mg/d) combined with metronidazole (500mg x
3/day) for seven days. The patients with suspected appendicitis were randomized into open appendectomy or non-
operative treatment with antibiotics as described. Patients with complicated appendicitis observed in CT (perforation,
abscess, appendicolith) were excluded. The success rate of conservative treatment was 69% in the APPAC study
(Salminen et al. 2015)” [20]. “The result was comparable to other randomized studies on conservative treatment [199,
200]. The main problem with conservative treatment is the reliable recognition of patients with uncomplicated AA. The
APPAC study used low-dose CT to confirm the diagnoses. In earlier studies, the sensitivity of CT in recognizing
uncomplicated AA has been only 30%—60%" [201]. “One of the reasons for the failures of antibiotic treatment may have
been the difficulty of recognizing the right patients. Another problem with the conservative treatment is the significant
increase in the use of broad-spectrum antibiotics, with possible long-term effects considering the already growing
antibiotic resistance problem. Thirdly, the risk of leaving appendicle tumors behind in the adult population is
considerable. The incidence of tumors in removed appendices has been reported to be 1%, but the incidence is
considerably higher in the elderly” [202, 203]. “There is no guaranteed way to exclude the tumor possibility by imaging
or another non-operative means. Routine colonoscopy and/or imaging after conservative treatment of an appendicular
abscess are suggested for excluding tumors” [204]. “There are only two non-randomized studies in children regarding
conservative treatment for AA. The first of these was based on selecting patients with mild symptoms (Hartwich et al.
2015) [205] and the second on patient selection by the preference of the patients and parents (Steiner et al. 2015) [206] for
non-operative treatment. The success rate was 81% in the first and 71% in the latter study. In the absence of randomized
controlled trials, treatment with antibiotics is not yet accepted in the treatment of AA in children.”

In a related development, “most Clinicians in the contemporary African population are reluctant to consider non-operative
treatment for AA for similar reasons as above” [207, 208]. “In the majority of the patients studied that demonstrate the
consistent delayed presentation in the developing world mainly because greater than 80% of the patients come for
treatment after 24 hours of the onset of symptoms” [33, 45, 53, 58, 114, 122, 126, 143]. Besides, “many of these patients
had experienced recurrent episodes of right lower quadrant pain with the administration of several different brands of oral
and parenteral medications. Studies have demonstrated that the average risk of perforation after 36 hours of the onset of
symptoms is between 16% and 36%” [33, 45, 53, 58, 114, 122, 126, 143].

“Most patients had appendicectomy within 24 hours of presentation to the hospital. Additional delays witnessed were
often due to the need for ancillary investigations, the need to re-evaluate the patient for an appropriate diagnosis or funds
for surgical intervention in patients without health insurance policies” [33, 45, 53, 58, 114, 122, 126, 143]. With these
concerns still unresolved, “a recent review on the treatment of appendicitis suggests that non-operative treatment should
be performed in adult patients included in randomized controlled trials only, or the patients should at least be informed of
the 25%-— 30% failure rate during the first year as well as of the disadvantages and the benefits of both operative and non-
operative treatment” [33, 45, 53, 58, 114, 122, 126, 143]. Moreover, “Bhangu et al. in 2015 reported that the present
understanding is that antibiotic treatment can be used on a subgroup of patients with accurate diagnoses (including CT
imaging) and mild symptoms that are otherwise suitable for conservative treatment. The appropriate criteria are yet to be
identified in future trials” [209].

5.0.2 Treatment of an appendicular abscess

“Prolonged or atypical symptoms such as high fever, abdominal tenderness over three days, diarrhea, and a palpable low
right quadrant mass refer to an intra-abdominal abscess. The diagnosis is, in most cases, retrieved by CT or, in children,
with the US, both indicating a collection of fluid with a capsule in the lower right quadrant of the abdomen and an
inflammatory process around the area. Immediate surgery of an appendicular abscess has been considered demanding,
often leading to bowel resections and an increased complication rate” [210]. According to a recent trial, “laparoscopic AE
is safe and feasible even in the abscess stage when performed by experienced surgeons. The length of hospital stay has
been found equal in the laparoscopic and conservative treatment groups, but there were fewer additional interventions in
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the operatively treated patients” [210, 211]. “The common clinical practice for an appendicular abscess is conservative
treatment, with or without interval AE, i.e., removing the appendix after a period of time when the acute infection has
been successfully treated. Conservative treatment includes the application of a drain, typically by a radiologist, the
extraction of a bacterial sample to identify the infectious agents, and the administration of intravenous antibiotics. An area
of considerable debate is the necessity of interval AE. Similar risks of recurrent appendicitis and of missed pathological
findings apply to the conservative treatment of abscess as acute appendicitis; If an appendicolith is involved, the risk of
residual appendicitis is considerably high — a retrospective cohort study reported a 2.8 relative risk” (Tannoury et al.
2013; Ein et al. 2005) [212, 213]. “In specimens of an interval AE after an appendicular abscess, the number of
unexpected findings has been as high as 12%-28%, and 16% in the elderly” (Carpenter et al. 2012; Wright et al. 2015)
[215, 216]. “The evidence supporting interval AE is controversial. Some studies recommend performing interval AE in all
patients [212, 216], whereas others suggest abandoning interval AE and recommend close follow-up, colonoscopy, and
imaging to rule out underlying tumors” [217].

5.1 OPERATIVE TREATMENT OF APPENDICITIS

The timing of surgery has been a controversial issue in the operative treatment of AA. Livingston et al. in 2007[51]
reported that “delaying the operation has been thought to yield the risk of perforation, thus leading to complications. This
assumption is based on the theory that inflammation of the appendix inevitably results in necrosis and perforation [51]. In
many cases, however, AA resolves without an operation, and the necrotic disease may represent a different pathway of
AA rather than the end result of inflammation” [51]. Current literature on this issue is controversial.

According to Chen CC et al., “some studies show no difference in surgical site infection or complication rates if surgery
is delayed 12—-24 h after admission to the emergency department, nor do they report there a difference in the perforation
rate [218]. Delaying surgery by more than 48 hours has been shown to increase the complication rate (Fair et al. 2015)”
[219]. Saar et al. in 2016 embarked on a “prospective study of 266 patients that showed increased morbidity if
appendectomy was delayed more than 12 hours after the onset of abdominal pain” [220]. However, “the earlier studies
measured the time from admission to surgery. The patients' pre-hospital delay is unpredictable, and a probable conclusion
is, therefore, that an in-hospital delay of up to 12-24 hours is acceptable when the diagnosis is unclear” [220].

5.1.1 Open appendectomy
5.1.1.1 Technique

The operative treatment of AA was first performed over a hundred years ago (McBurney 1894). “The general technique
of open AE has changed only in minor details over the years. The incision is usually made in the lower right quadrant
(LRQ) of the abdomen, overlying McBurney's point, two-thirds of the distance from the umbilicus towards the anterior
iliac spine. Some surgeons prefer to mark the point of maximum pain to optimize the placement of the incision relative to
appendix origin” [221]. “Para-umbilical and lower midline incisions have been used, especially if the diagnosis has been
uncertain. The appendix is mobilized and lifted out of the wound. Sometimes the mobilization of the caecum is needed.
The mesentery of the appendix with the appendicular artery, rising from the ileocaecal artery, is ligated. The appendix is
then ligated and excised close to its origin in the caecum. The traditional surgical technique includes the crushing of the
appendicular lumen to avoid any intra-luminal material in between the ligation of the appendix” [221]. “After excision,
the stump is either buried with a purse-string suture into the bottom of the caecum or left unburied. Sometimes additional
sutures are used to complete the burying in the case of inflamed tissue in the stump. The routine burying of the
appendicular stump decreased with the introduction of the laparoscopic technique and has been found to be unnecessary”
[221].

5.1.1.2 Wound closure

The AE wound closure technique has followed the general trends in abdominal surgery. “Earlier, the peritoneum was
closed but is presently left unclosed. The muscle layer is closed by a few interrupted sutures, and the fascia is sutured with
continuous, slowly absorbing suturing material. Delayed closure of the skin was favored in the early years. Later, together
with the use of prophylactic antibiotics, closure with a few interrupted non-absorbable sutures became routine.
Absorbable sutures are presently favored, especially in pediatric surgery, as the discomfort of suture removal is a
considerable burden on children. Skin closure with absorbable sutures has been shown to be as safe as other skin closure
methods in regard to wound complications. In pediatric patients, the safety of intradermal suturing after AE has been
demonstrated even in complicated appendicitis cases” [222, 223]. “Currently, open appendectomy wounds in children are
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routinely closed with intradermal absorbable suturing. Furthermore, studies support better cosmetic result after
intradermal absorbable suturing” (Xu et al. 2015), [224].

5.1.2 Laparoscopic appendectomy

“The first laparoscopic AE was performed by a gynecologist in the 1980s (Semm 1983). Technological development and
the wide-spread adoption of laparoscopic technology were fast during the 1990s. Laparoscopic AE was primarily
recommended for female patients as the technique allows the diagnosis of gynecological conditions often mimicking AE”
[225, 226]. “The benefit was next noted in the context of obese patients for whom an open operation is often challenging
and demands extended incisions. Obese patients are also at risk for wound complications (wound rupture, infection, and
incisional hernia) [226-228]. Laparoscopy offers the option of leaving a normal appendix in place; the macroscopic
appearance is not, however, necessarily reliable” [226, 229]. “A study demonstrated that the surgeon's ability to identify
inflammation without perforation and neoplasms is poor. Some 33% of the inflamed appendixes were deemed normal,
and only 3 out of 16 neoplasms were macroscopically noted. They concluded that all appendices should be removed in the
case of explorative laparoscopy for suspected AA [229]. It took two decades for laparoscopic AE to convince the
surgeons. As the laparoscopic technique has increased its popularity in surgery in general, and the instruments and
technique have developed, many prefer laparoscopic AE to the open technique today” [229]. According to Hansen et al.,
in 1996, “there has been some concern about a possible increase in intra-abdominal abscess development after
laparoscopic operation for perforated appendicitis, but the results are controversial. Some studies suggest that the
laparoscopic approach offers better possibilities for the lavation of the abdominal cavity of pus than open AE [230, 231].
Laparoscopic AE has also been considered expensive and time-consuming compared to the open technique. The benefits
of laparoscopy are smaller wounds, shorter hospital stay, and shorter sick leaves” [232]. “The overall expenses with the
fewer hospital days and shorter leave from work equalize the difference in immediate expenses. However, laparoscopic
appendectomy requires a learning curve, whereas the open technique is straightforward and easily adapted. The current
trend based on a meta-analysis of randomized trials is favoring laparoscopic appendectomy as the first-line operative
treatment for appendicitis” [227].

"Laparoscopic appendectomy is favored for pediatric patients in the treatment of appendicitis even if the outcome in
children is found to be the same with both open and laparoscopic appendectomy [233, 234]. A population-based study
recommends open surgery for young children less than six years of age and in complicated appendicitis cases. The
recommendation is based on the higher rates of intra-abdominal abscesses after laparoscopy in complex AA and a high
number of such cases in the young age group™ [233, 234]. "In most studies, a laparoscopic procedure is reported to be safe
during pregnancy [235, 236]. Most studies support laparoscopic appendectomy at least during the first and second
trimester of pregnancy and open AE in the third trimester" [235, 236]

5.1.2.1 Technique

Sahm M et al. from their study submitted that “for appendectomy, the laparoscopy ports are placed for a convenient
approach towards the caecum, the operator positioned on the left side of the patient [237]. The camera port is placed in the
umbilical region or on the left upper quadrant of the abdominal wall. Two additional ports are commonly used.
Coagulating instruments or clips are used to ligate the vessels of the appendix. For the ligation of appendix clips, ligation
loop strings or a stapler are used. A large retrospective study supports the routine use of endo-loops and selective use of a
stapler, which is a more expensive device but feasible in complicated circumstances” [237]. Other authors contributed that
“clips, metal or polymeric material, have also been found safe, feasible and economical if the width is sufficient for the
ligation of the appendix [238, 239]; the stump is not buried. The appendix is extracted from the abdomen through a port
wound in a retrieval bag or inside a port to avoid introducing bacteria to the wound. Variations in the surgical technique
depend on the surgeon's laparoscopy skills and the circumstances of the operation” [238, 239].

5.1.2.2 Novel Techniques

“A single-port laparoscopic technique has been introduced in most laparoscopic operations to reduce the number of ports
needed, targeting surgery without scars and decreasing the risk of wound complications [240]. The technique is based on
a gel port, which is commonly placed through the umbilicus. Multiple instruments can be placed through the gel port and
used in the same way as is done in conventional laparoscopy [240]. The curved arms allow working through a single
port. Variations of the single port technique have been developed especially for appendectomy, such as using laparoscopy
only to visualize and capture the appendix and then pulling the appendix trough the same incision to make the actual
excision” [240]. “The single-port technique also seems to be a feasible option for children [241]. However, the technique
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has little advantage over conventional laparoscopy and is hence likely to be practiced only in units specialized in this kind
of surgery [242]. Natural orifice trans-luminal endoscopic surgery (NOTES) takes advantage of the natural luminal organs
to approach the target of surgery. A flexible endoscope is used to operate either through the alimentary tract or vagina. A
hybrid technique has been introduced with a single laparoscopy port assisting the flexible endoscope” [243]. “The
advantage of this technique is completely scarless surgery. On the other hand, it requires penetration through an organ,
which is a considerable risk, with completely new complications [244]. Due to the complexity of this surgery, it is
unlikely that the technique will be widely adopted in the treatment of AA” [245].

6. COMPLICATIONS OF APPENDECTOMY

There are only a few population-based studies on the complications of AE. According to Brugger et al., in 2011, “open
and laparoscopic appendectomies have equal complication rates, varying from 8% to 31%, but the types of complications
vary according to the technique used [246]. The classification of complications is heterogeneous through the studies,
making it difficult to compare the outcomes” [246].

6.1 Wound infection

“Surgical site infection (SSI) is the most common complication after open AE. The commonly used classification for SSI
is superficial/incisional and deep/organ/space infection according to the layer of the abdomen that is affected. Sadr Azodi
et al. in 2008, they submitted that the major risk factor for post-appendectomy surgical site infection is complicated AA”
[77]. “The overall wound infection rate after AE is approximate 3%-5% compared to the 10% after complicated disease.
Other risk factors for infection are obesity, co-morbidity such as diabetes, pre-operative SIRS (severe inflammatory
respiration syndrome), and smoking [77]. Besides, open AE seems to be an independent risk factor for incisional SSI
compared to laparoscopy. However, the finding may be influenced by selection bias because many surgeons still prefer
open AE in perforated appendicitis” [247, 248]. Grosfeld et al. 1968 reported that “delayed wound closure was the
method of choice in contaminated wounds until the 1970s [249]. As the delayed closure leads to morbidity, discomfort,
and prolonged hospital stay, it has later been abandoned by most surgeons” [250]. According to Siribumrungwong et al.
(2014) believes that “the routine use of prophylactic antibiotics has decreased the SSI rate, and the primary closure has
proved to be safe [251]. The most common method currently is to perform primary closure with prophylactic intravenous
antibiotics administered in the induction of anesthesia in open AE. The antibiotics are continued after the operation in the
case of perforated appendicitis [252]. The commonly administered antibiotics are intravenous cefalosporins,
ciprofloxacin, or gentamycin combined with metronidazole or broad-spectrum antibiotics such as ertapenem or
piperacillin, which have shown equal effectiveness in both complicated and uncomplicated appendicitis (Daskalakis et al.
2014)” [252]. “The duration of antibiotic treatment is not well defined. According to the study by van Rossem et al.
(2015), examining perforated AA cases, the treatment is clearly indicated, whereas, in other kinds of complicated cases
(necrosis, appendicolith), there has been no difference in SSI whether the treatment course lasts three days or longer
[253]. Drainage is used in selected patients, usually with an abscess or a considerable amount of pus at the time of the
operation. By this widely adopted pathway of care, the overall wound infection rate has dropped from 20% to 5% [253].

6.2 Intra-abdominal abscess

In the early years of laparoscopic appendectomies, open AE was considered better in perforated cases to avoid intra-
abdominal abscess formation. Many studies have found significantly higher rates of abscesses after laparoscopic
appendectomies” [247, 248]. “The results are controversial, however. A Swedish study with a population of 160,000
patients found a 0.3% abscess rate after open and 0.5% after laparoscopic AE; the difference was statistically significant
but has questionable clinical significance. Other studies have shown that the intra-abdominal abscess rate may not be
especially related to laparoscopic appendectomy. Perforation of the appendix has been proven to be a significant factor in
abscess formation, but the role of laparoscopy is controversial, as many studies show no difference in abscess formation
between laparoscopic and open appendectomy” [254, 255]. These results support the trend of performing laparoscopy in
perforated appendicitis.

6.3 Other complications after appendectomy

“Two major studies on the short- and long-term outcome of AE are presented in Bowel obstruction, bowel lesion or
perforation, and wound ruptures are the next common complications reported after AE. In a population-based Swedish
study on post-AE morbidity, wound rupture and postoperative bowel obstruction were related to open AE more frequently
than to laparoscopic appendectomy (LA). A bowel lesion was reported to be more common after LA. Overall surgical
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complications were more frequent after open AE” [247]. “Due to a large study population, statistical significance was
shown, but the clinical significance can be questioned for these results. Another comprehensive single-institute study
found a significant difference in the rate of readmissions in favor of open appendectomy. The long-term results were
equal for both surgical techniques” [256]. “A rare entity of AE complication is stump appendicitis, which refers to the
infection of the residual of a previously removed appendix. It can occur days or even decades after the primary operation.
The diagnosis is challenging and requires adequate imaging. The treatment of choice is the resection of the remnant
appendix” [257].

6.4 Mortality after appendectomy

Mortality related to AE is not well investigated. “Few studies report mortality rates on a population basis, the results
varying from 0.09% to 0.24% in developed countries, and from 1% to 4% in low-income countries” [26, 258-260]. “A
Scandinavian population-based study showed increased mortality related to negative AE [261, 262]. Furthermore, a study
by Faiz et al. (2008) from England found a relation of increased mortality to the male sex, age, co-morbidity, and open
surgery” [260]. “Another earlier study by Margenthaler et al. in 2003 reported 1.8% mortality among veteran patients
[263]. The authors found mortality to be related to complications, current pneumonia, completely dependent functional
status, bleeding disorder, and steroid use [263]. An increased number of deaths among these patients were probably
related to the high mean age of the patients (50 years)” [263].

7. NEW TRENDS IN APPENDICITIS
7.1 GENETICS OF APPENDICITIS

Genetics refers to gene expression, and concerning this clinical review, the genetics of appendicitis, according to Orlova E
et al., 2019, cannot be over-emphasized [264, 265]. Globally, “there is no consensus among clinicians on the underlying
pathophysiology AA, which appears to represent a unique disease process distinct from inflammatory disorders elsewhere
in the gastrointestinal tract (Murphy et al., 2008)” [264, 265]. “The role of host genetics in the predisposition towards
developing AA is poorly understood, but the available volume of evidence suggests that genetic factors presumably may
contribute to the susceptibility. For example, heritability estimates of appendicitis derived from linkage genes, complex
segregation, and twin studies range between 27% and 56%” [36, 264, 266, 267].

Furthermore, “genes were also prioritized based on greatest evidence of regulation by expression quantitative trait loci
(eQTLs) near the GWAS signals, which was defined as a RegulomeDB score of 1, “likely to affect binding and linked to
the expression of a gene target." Genes targeted by eQTLs across multiple associated loci were prioritized. eQTL
locations and target genes were obtained from RegulomeDB (version 1.1, publicly available at regulome.stanford.edu)”
[264, 268]. “In one current study, the authors - Kristjansson et al., 2017 found that an association was observed for a
locus on 425 near PITX2 with AA in Northern European adults [264, 269]. Eight other loci were equally identified,
which elaborated symbolic significance in the discovery of a genome-wide association study (GWAS). Associations were
subsequently followed up by measuring gene expression across resected appendices with varying levels of inflammation
(N = 75)” [264, 269]. However, “this association was not found in children, which invariably suggest that potentially
different genetic mechanisms or effect sizes of genetic risk factors for appendicitis between children and adults. Other
potential genetic variants that probably could account for the heritability of appendicitis have yet to be discovered” [264,
269].

In a related development, Orlova E et al., (2019) [264], “submission from a genome-wide association study of self-
reported appendectomy performed with 18,773 affected adults and 114,907 unaffected adults of European American
ancestry; revealed that there was a significant association with AE observed at 4925 near the gene PITX2 (rs2129979, p-
value = 8.82 x 10—14) and was replicated in an independent sample of Caucasians (59 affected, 607 unaffected; p-value =
0.005) [264, 270]. Consequently, a meta-analysis of the associated variant across our two cohorts and cohorts from
Iceland and the Netherlands (in which this association had previously been reported) showed strong cumulative evidence
of association (OR = 1.12; 95% CI 1.09-1.14; p-value = 1.81 x 10-23) and some evidence for effect heterogeneity (p-
value = 0.03) [264, 271-273]. Eight other loci were equally identified, which elaborated symbolic significance in the
discovery GWAS. Associations were subsequently followed up by measuring gene expression across resected appendices
with varying levels of inflammation (N = 75). During the study, the researchers measured the expression of 27 genes
based on physical proximity to the GWAS signals, evidence of being targeted by eQTLs near the signals according to
Regulome DB (score = 1), or both” [Boyle et al. 2012][264, 268]. “Four of the 27 genes (including PITX2) showed
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significant evidence (p values < 0.0033) of differential expression across categories of appendix inflammation [264,269].
An additional ten genes showed nominal evidence (p-value < 0.05) of differential expression, which, together with the
significant genes, is more than expected by chance (p-value = 6.6 x 10—12). The implications of the findings suggest that
PITX2 impacts morphological development of intestinal tissue, promotes an anti-oxidant response, and its expression
correlates with levels of intestinal bacteria and colonic inflammation. These newer reports are milestone development in
our understanding of the role of familial genes and heredity in AA” [264, 274, 275].

Further studies to elucidate the distinctive role of PITX2 in AA are now being warranted and highly recommended by
clinicians in general.

8. PANEL: KEY MESSAGES
1. AAremains a significant health challenge in Africa due to attendant high morbidities and mortalities.

2. The incidence of perforated AA remains significantly high in Africa at large, attributable to delayed presentation to
hospitals, socioeconomic disadvantage, and health system constraints typical to Africa and developing regions.

3. The etiopathophysiology of AA remains poorly understood, and many patients stay with an equivocal diagnosis,
which continues to be one of the most challenging dilemmas.

4. Diagnostic biomarkers, clinical scoring systems, and high-resolution imaging facilities may be valuable adjuncts to
clinical evaluation globally but are often not available to the African clinicians due to high overhead cost or limited skills
of such health-workers, particularly in the contemporary African settings

5. The open AA technique continues to be popular in African settings; even though laparoscopic AE has increased in
popularity globally but laparoscopy requires a higher level of skill as well as complex instrumentation and more
resources; with the current significant level of resource-constraints therefore, laparoscopic appendicectomy appears for
now like a "mirage" that is unattainable, obviously in most health facilities across sub-Saharan Africa.

The latest research focus is the elaboration of specific gene-expression in appendicitis from the results of a genome-wide
association study (GWAS) of AE worldwide, but Africa is yet to catch-up with this moving train in that field of research
in general.

9. FUTURE TRENDS IN APPENDICITIS

1. A strong call for gradual adoption of scoring systems, endoscopic tools, laparoscopy to improving diagnostic
techniques in AA.

2. There is an urgent public health concerted effort aimed at improving the health care seeking habit of the population in
most African communities.

3. There is a need for improving healthcare infrastructures in most of our local or district hospitals in favor of emergency
surgeries in general.

4. There are a progressive trend and campaign for the adoption of laparoscopic AE, especially in most rural settings of
Africa and the world at large, to maximize the gains by all and sundry.

5. Future research studies and funding on the distinctive role of genetics in AA is highly recommended by clinicians
worldwide.

6. Future study proposal also to entail a large, multicenter randomized trial, with clear inclusion criteria, and outcome
reporting of an intention-to-treat basis will help validate the body of present data and may invariably be an alternative to
current practice.

10. CONCLUSIONS

AA remains a significant health challenge in Africa due to the attendant high incidence of perforations and complications.
Primary care providers should be well versed in identifying the symptoms and signs of AA. There must be early and
prompt diagnosis, adequate resuscitation as well as early surgery in patients with AA to keep the morbidity and mortality
low. In patients with equivocal findings, imaging studies and laboratory tests should be ordered to help confirm the
diagnosis. The standard of care is AE; therefore, a surgical consult is needed. Recent evidence suggests that a nonsurgical,
antibiotic approach in the treatment of uncomplicated AA may be beneficial but remains controversial. However, large,
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multicenter randomized trials, clear inclusion criteria, and outcome reporting with an intention-to-treat basis will help
validate this approach as an alternative to current practice.

Interestingly, the latest focus is the elaboration of specific gene-expression in AA from the results of a genome-wide
association study (GWAS) of AE with the largest number of cases to date with independent replication. Other genetic
variants that account for the heritability of AA have yet to be discovered. This article, therefore, reviews the current 'state
of the art' in the evaluation and management of AA that is leading to stratified care for patients mainly in contemporary
African settings.
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