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ABSTRACT
Objective 
To determine the incidence and type of unusual histopathology of the appendix.
Method
A retrospective review of histopathology reports of appendix specimens obtained during appendectomies done between January 2012 and December 2014 in the three academic hospitals of Johannesburg (CHBAH, CMJAH, and HJH). All specimens were examined by the National Health Laboratory Services (NHLS).
Results
A total of 2408 histopathology results were obtained from the national health laboratory system. 164 specimens were excluded because they were part of colonic resection for conditions unrelated to the appendicitis. From the 2244 specimens analyzed, 8.1%, 52.7% and 30.1% were due to normal appendix, acute appendicitis and complicated appendicitis respectively, and the incidence of unusual histopathology findings was 5.3% (119/2244). Of the 2244 specimens analysed the mean age was 25, 6 years (2-88yrs) and the gender distribution was 61.9 % males and 38.1% females. The most common unusual causes were parasites (37%) led by schistosomiasis (24.3%), followed by neoplasm (20%) and fibrous obliteration (14.2%).
Conclusion 
Although uncommon (5.3%), the unusual causes of appendicitis may result in an adverse patient outcome and/or require specific treatment that may be overlooked if histopathology reports are not checked routinely. 


INTRODUCTION	
Acute appendicitis is a common surgical emergency in the world and appendectomy is a routine procedure in general surgery1, 2. Acute appendicitis occurs frequently in the second and third decades of life with the highest incidence in the 10-19 years old age group: males have a lifetime probability of 8.6% compared with 6.7% in females 3. The occlusion of the appendix lumen by a faecolith or lymphoid hyperplasia is the most common pathogenesis. However the surgical literature reports that rare causes have been diagnosed on histopathology. These include viral infections (cytomegalovirus), parasites (schistosomiasis, enterobiasis, and ascariasis), and mycobacterium species (tuberculosis). Endometriosis, inflammatory bowel disease (Crohn's) and neoplasms (carcinoid tumors, adenocarcinoma, and mucinous cystic neoplasms) may also lead to appendicitis2, 4.
The literature on unusual histopathology of the appendix is scanty. Sami Akbulut reviewed 128 articles published between January 2000 and November 20102. Unusual histopathology was found in 1.7% (1366) of the 80698 cases analyzed. The most common of these were Enterobius vermicularis (28.4%) followed by carcinoid (21.9%) and schistosomiasis (12.7%) 2. In the same article a subset of 5262 cases from Turkey found a 1% incidence of unusual histopathology with Enterobius vermicularis being the most frequent (68.5%) followed by carcinoid (7.4%) 2. In South Africa, I Chamisa analyzed 324 histopathology reports and the incidence of unusual finding was 8.6%1. The most frequent finding was schistosomiasis (42.8 %) (12/28) without evidence of any malignancy1. 
Studies have also shown that clinical and macroscopic assessment of the appendix during surgery is unreliable and therefore routine histopathology confirmation is advised5. Even those appendices which appear to be normal at operation, may be the site of an underlying pathology, which can be self- limiting such as mesenteric lymphadenitis. In addition the appendix can be involved by inflammation originating from adjacent structures for example pelvic inflammatory disease and tuberculous peritonitis. In these cases the histopathology report is likely to be that of serositis without trans-mural inflammation. The primary pathological process can be overlooked during appendectomy especially when the operative exploration is limited. 
In women where the appendix lies adjacent to and involved by pelvic inflammatory conditions, the diagnosis of the primary pathology can be difficult. Laparoscopic examination of the pelvic contents offers a diagnostic advantage over the limited exploration possible through a McBurney6 or Lanz1 incision. The early diagnosis facilitated by laparoscopy will help to reduce the incidence of unnecessary appendectomies and complications associated with delay with appropriate treatment of the underlying condition.
In most cases in our setting patients who are admitted with appendicitis recover within a few days after surgery6 and are discharged before histopathology examination of paraffin sections is completed by the NHLS. This suggests that patients with neoplastic or chronic infection leave hospital and can be lost to follow up before further management is instituted. 
This study was undertaken to determine the incidence of unsuspected appendix pathology in patients undergoing appendectomy at three tertiary hospitals associated with Witwatersrand University in the three years up to December 2014.
Particular attention has been paid to those conditions involving the appendix which require additional investigation and management.
	
OBJECTIVE
The objective of this study is to determine the incidence and type of unusual histopathology of the appendix in the academic hospitals of Johannesburg, South Africa.

METHOD
A retrospective review of histopathology reports of appendix specimens obtained during appendectomies done between January 2012 and December 2014 in the three academic hospitals of Johannesburg (Chris Hani Baragwanath, Charlotte Maxeke Johannesburg Academic, and Helen Joseph). All specimens were examined by the National Health Laboratory Services (NHLS). Parameters analyzed were the demographics (age, gender) and the histopathology report. Appendix specimens that were part of colonic resection for pathologies unrelated to the appendicitis were excluded. The data was captured using Microsoft Excel and the data was analyzed using Stata 13.

RESULTS
A total of 2408 histopathology results were obtained from the NHLS, 164 unrelated specimens were excluded. Gynaecological pathologies accounted for 0.66% of the 2408 results. From the 2244 histopathologies reviewed, 8.1%, 52.7% and 30.1% were due to normal appendix, acute appendicitis and complicated appendicitis respectively.  Perforated, gangrenous or suppurative were reported as complicated appendicitis. Three per cent (3%) of patients had peritonitis unrelated to the appendix. The median age of the 2244 patients reviewed was 25.6yrs (0-88yrs), and the gender distribution was 61.9 % male and 38.1% female. Altogether unusual histopathologies represented 5.3% (119 cases).The most common causes were parasites (37%) led by schistosomiasis (24.3%), followed by neoplasm (20%) and fibrous obliteration (14.2%). The mean age of the patients with schistosomiasis was 27 years, and 72.4% were male and 27.6% were female. The most common neoplasm was carcinoid (0.3%), and median age of the patients with neoplasms was 48 years. 
The mean age of the patients with confirmed appendicitis was 25yrs and the male:female ratio was 1.7:1 (64% vs 36%).  Of the patients with complicated appendicitis 61.9% were male and 38.1% were female. The mean age of the patients with normal appendix was 25 yrs, and the gender distribution was 54.35% male and 45.5% female.

























Table 1. Etiology of the unusual histopathology of the appendix. 
	Etiology 	
	

	% of the 119 unusual findings
	% of the total number (2244)

	Parasites: 
Schistosomiasis
Enterobius vermicularis
Amoebiasis
Ascaris lumbricoides
	45
29
10
4
2
	37
24.30
8.40
3.36
1.68
	2.00
0.89
0.44
0.18
0.09

	Neoplasms
	24
	20
	1.06

	Fibrous Obliteration/ Neuroma
	17
	14.20
	0.75

	Mycobacterium Tuberculosis
	9
	7.50
	0.40

	Granulomatous Inflammation
	12
	10
	0.53

	Typhoid 
	4
	3.36
	0.18

	Spirochaetosis
	3
	2.50
	0.13

	Neurogenous Hyperplasia
	2
	1.68
	0.09

	Cryptococcus
	1
	0.80
	0.04

	Actinomycosis
	1
	0.80
	0.04

	Melanosis Coli
	1
	0.80
	0.04




Table 2. Subtype of the appendix neoplasm	
	Subtypes 
	Number 
	% of the total number (2244)

	Benign Neoplasms:

	Mucocele (Mucinous cystadenoma)
	3
	0.13

	Atypical Leiomyoma
	3
	0.13

	Malignant Neoplasms:

	Adenocarcinoma 
	5
	[bookmark: _GoBack]0.20

	Mucinous adenocarcinoma
	3
	0.13

	Malignancy type unspecified
	1
	0.04

	Unspecified Neoplasms:

	Lymphoma
	2
	0.09

	Carcinoid (neuroendocrine tumours)
	7
	0.30




Figure 1. Histogram of 2244 histopathology results reviewed
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Figure 2.  Histogram of age distribution of patients with appendix neoplasm




DISCUSION
In this study, the incidence of unusual histopathology in the appendix was 5.3%, which is higher than the incidence of 1.7% recorded in the retrospective analysis of 80698 cases reported by Sami Akbulut et al 2. Of the 5.3% the most common findings were parasitic infections (37%) topped by schistosomiasis (24.3%), followed by neoplasms (20%), fibrous obliteration (14.2%), granulomatous inflammation (10%) and Mycobacterium tuberculosis (7.5%). This finding may be a reflection of increased burden of these diseases in Africa. These diseases include the human immunodeficiency virus (HIV) which has infected 7.06 million people in South Africa 20 and is associated with a high incidence of tuberculosis 20 as well as many opportunistic infections.
Parasitic infections are endemic in many informal settlements in Africa and in South Africa specifically where 55.5% of inhabitants live below the poverty line22 and where lack of clean running water and adequate sanitation promote transmission of infections.

Schistosomiasis
These parasites were found in 29 (0.89%) appendix specimens, accounting for 24.3% of unexpected histopathology in the appendix.
Schistosomiasis is the third most devastating tropical disease worldwide after malaria and intestinal helminthiasis, and is a major source of morbidity and mortality7. Schistosomiasis infects more than 200 million individuals in the world (90% in Africa) and causes up to 200 thousand deaths every year8, 9. In South Africa schistosomiasis infects an estimated 4 million people9. The endemic areas are Mpumalanga, KwaZulu-Natal, Limpopo and Eastern Cape9. Schistosomiasis is not endemic in the Gauteng province. The exodus of rural population to major metropolitan areas like Johannesburg may account for the higher incidence of schistosomiasis in our study.
The transmission is either directly through the skin when humans bath in fresh water infected with the schistosoma larva released by snail (the intermediate host) or by drinking fresh water contaminated with urine or faeces containing schistosoma eggs8.
Schistosomiasis is important to recognize; it affects the urogenital system, the GIT and can have disastrous complications such as portal hypertension and GIT bleeding, nephropathy and renal failure, and neuroschistosomiasis7. Prompt treatment with praziquantel7 can avert the late disastrous complications.
The higher prevalence of schistosomiasis raises the issue of public health that requires special consideration.
Enterobius vermicularis  
Enterobius vermicularis is an obligate parasite that infects approximately 1000 million people worldwide 10. It is prevalent in the temperate zones 10, and commonly found in pre-school and school children, and in crowded conditions 11. The pinworm is a common parasite of the human GIT and usually infects the caecum, appendix and ascending colon 12. Transmission is commonly through direct contact with contaminated objects in the household 11. The infection is usually asymptomatic, but the commonest symptom is perianal pruritus 11. Enterobius vermicularis may be complicated by colorectal and gynaecological conditions such as colitis, peri- anal abscess or granulomas, appendicitis, ectopic infections, chronic pelvic pain and pelvic inflammatory disease 10 .Treatment is with mebendazole, albendazole and pyrantel pamoate 12. The cure rate is very high (90-95%) but re-infection is frequent, therefore it is important to adequately treat all the family members and classmates of the affected individual at the same time 12.
It is debatable whether the presence of Enterobius vermicularis in the appendix specimen actually causes appendicitis or is a mere coincidence 13.

Fibrous Obliteration
Fibrous obliteration is a disease process characterized by spindle cells in a fibromyxoid background with chronic inflammatory cells (commonly eosinophils), neuronal proliferation and hypertrophy, neuroendocrine cells, fat and collagen 14. There is loss of normal appendiceal mucosa and submucosa that is replaced by fibrous tissue resulting in luminal obstruction15, 16. The pathophysiological process of fibrous obliteration is thought to be a reactive process as a result of the normal ageing process or as a response to previous acute appendicitis attack/s 17 .Although fibrous obliteration is considered benign, it is found to be a precursor of carcinoid tumour in a few cases15, 16. 

Mycobacterium Tuberculosis
The gastrointestinal tract is the 6th most common site for extra- intestinal tuberculosis 2. The commonest site of gastrointestinal tuberculosis is the terminal ileum and ileocaecal region, followed by colon and appendix 2. Tuberculosis may occur primarily in the appendix or secondary from Ileocaecal region 2. Tuberculosis is histologically characterized by the presence of caseating granulomas and Langerhans giant cells 2. The presence of caseating granulomas distinguishes tuberculosis from granulomatous inflammation which is a form of inflammation arising as a result of infective and non- infective chronic inflammatory conditions such Crohn’s, Sarcoidosis, Yersinia, and others 2. South Africa is one of the countries with the highest burden of tuberculosis worldwide, with an incidence of 0.8% 21. It is estimated that about 60% of people with tuberculosis in South Africa are infected with the human immunodeficiency virus 20. The incidence of tuberculosis of the appendix in this study was 0.8%, which is comparable to the incidence of 0.1% to 3.0% reported in our literature review 2.

Neoplasms of the Appendix
Neoplasms were found in 24 patients, 1% of the total number of histopathology results reviewed. These included 6 benign, 7 carcinoids and 11 malignancies. 
For most malignant tumours of the appendix an appendectomy alone is not adequate. Further work-up is required to determine the extent of local invasion and presence of regional or distant metastasis.

Benign Neoplasms:
Mucinous Tumours
Mucocele of the appendix refers to the accumulation of mucin within the lumen due to obstruction. It can range from retention cyst to mucinous tumours. Categorization of mucinous tumour as benign or malignant is a subject of debate, nevertheless when it is confined to the appendix lumen, it is labeled benign mucinous cystadenoma; invasion of the muscularis mucosa is a sign of malignant transformation18,19. The incidence of mucinous tumours of the appendix is 0.2% - 0.3% 2. Mucinous cystadenocarcinoma is associated with a high risk of pseudomyxoma peritonii should they rupture 6. A rupture results in wide spread peritoneal disease requiring an extensive cytoreductive (debulking) procedure and heated intraperitoneal chemotherapy, and is associated with a poor prognosis 6. 
The incidence of mucocele/ mucinous cystic neoplasms in this study is 0.13%. However no further differentiation was made during data capturing.

Carcinoid (neuroendocrine tumour)
Carcinoid tumours account for approximately 60% of appendix neoplasms 2, with an incidence of approximately 0.3% - 0.9% 6. The majority of carcinoid tumours of the appendix (75%) are < 1 cm in size and located at the tip of the appendix 19. High-risk features suggestive of malignancy are size > 2 cm, involvement of the base or extension to the mesoappendix 6. These high-risk features are associated with a metastatic risk of more than 85% 2. Tumours less than one centimetre with no high-risk features can be managed with an appendectomy alone 6. High-risk tumours require a right hemicolectomy and regional lymphadenectomy 6. 
In this study the incidence of carcinoid is 0.3%. Further review of histopathology results is required to determine the incidence of high risk carcinoid tumours.

Malignant Neoplasms:
Adenocarcinoma
Adenocarcinoma of the appendix is an aggressive rare tumour 2, with an incidence of 0.08% - 0.1% 6. The three subtypes of adenocarcinoma are mucinous, colonic type and adenocarcinoid 18. The diagnosis of appendix adenocarcinoma is very important and an appendectomy alone is inadequate. The patient requires further staging work-up, a right hemicolectomy with lymphadenectomy, and adjuvant chemotherapy to reduce the risk of metastases or recurrence in future 6. 
The incidence of adenocarcinoma in this study is 0.2%. A follow up of histopathology results is required to determine if these patients had a follow-up right hemicolectomy.

Lymphoma
The gastrointestinal tract is the most common site for extra-nodal lymphoma, with the stomach being the commonest site18. The incidence of appendix lymphoma is 0,015% 18 .The most common lymphoma of the appendix is non-Hodgkin’s B- cell lymphoma18. 
Although very low, as demonstrated in our results, it is important to identify its presence on histology as the patient will require chemotherapy in addition to the appendectomy.

Amoebiasis
Amoebiasis is caused by the protozoon Entamoeba histolytica. Approximately 50 million people per year become infected with invasive E. histolytica24. The prevalence of amoebiasis is highest in developing countries and is as high as 50% in endemic areas such as Central and South America, African and Asia24.
E. histolytica is transmitted through the ingestion of the invasive cystic form of the protozoon, which can be found in faecal contaminated soil, fertilizer, water and hands of food handlers24. The risk factors for E. histolytica are poor hygienic practices, lack of clean water supply, anal sexual practices, and the use of colonic irrigation devices24.
E. histolytica invades the terminal ileum and colon, and can result in acute proctocolitis with dysentery or be asymptomatic24. Serious complications are fulminant colitis or toxic megacolon with perforation, liver abscesses, peritonitis, pericarditis, brain abscess and other disease24. 
Treatment of non-complicated amoebiasis is with metronidazole or other nitroimidazoles24. Complicated amoebiasis will require patient admission for intravenous fluid resuscitation, medical treatment and possibly surgery. E. histolytica is commonly found in the appendix without inflammation, however occasionally it can cause acute appendicitis2.

Actinomycosis
Actinomycosis is a subacute to chronic bacterial infection. The causative agent is a filamentous, gram- positive, non-acid fast, anaerobic organism25. These organisms are not virulent and are commonly found in normal flora of the oral cavity. They cause infection when there is a break in mucosa and in the presence of devitalized tissue25. Most common sites of actinomycosis infection are cervicofacial, thoracic, abdominal and pelvic25. Abdominal- pelvic actinomycosis accounts for 10-20% of cases25. Treatment with Penicillin G is the mainstay of therapy, however in some cases the patient may require surgical therapy25. 

Cryptococcus
Cryptococcus is a yeast that commonly infects immunocompromised patients, and it is the most common cause of fungal sepsis related mortality in patients infected with the human immune- deficiency virus (HIV) 26. The incidence of invasive fungal infections has increased significantly over the past years due to an increase in the incidence of immunocompromised patients26. Common causes of a compromised immune system are HIV AIDS infection, chemotherapy, and solid organ and bone marrow transplantation26. The presence of Cryptococcus gastrointestinal disease is rare and it most commonly indicates disseminated disease with involvement of the lungs and meninges26. The presentation of gastrointestinal Cryptococcus invasion is atypical and includes diarrhoea, vomiting, gastrointestinal bleeding, abdominal pain and fever26. Cryptococcus infection requires treatment with anti-fungal therapy such fluconazole and/or amphotericin B27.



Spirochaetosis
Intestinal spirochaetosis is a condition caused by invasion of colorectal epithelium by the bacterial organism spirochaete28. The two spirochaetal species encountered in humans are Brachyspira aalborgi and Brachyspira pilosicoli28. The incidence of spirochaetosis is highest in poorly developed countries, homosexuals and in HIV infected persons28. In the appendix spirochaetes may result in acute appendicitis or pseudo-appendicitis. The incidence of spirochaetes in pseudo-appendicitis is 12.3%29. The recommended treatment for spirochaetosis is metronidazole28.

Melanosis Coli
Melanosis coli refers to a brown or black pigmentation of the colon which is most commonly associated with long-term use of anthraquinone based laxatives30. Previous theories suggested that melanosis coli is associated with an increased incidence of colorectal cancer, however this has not been proven to be true30. Melanosis coli makes adenomatous polyps easily detectable on endoscopy as they do not take up pigment and remain pale30.

Appendicitis is mostly an acute event and the development of a complication is related to time from onset. Surgeons should maintain a low threshold for surgery to minimize the complication rate. Our higher incidence (30.1 %) of advanced appendicitis on histopathology is likely caused by a delayed presentation and/or delayed surgery. The appendix specimen is crucial to ascertain the diagnosis of appendicitis and to suggest other inflammatory conditions that can mimic appendicitis. In female, the pelvic inflammatory disease (PID) is an important differential diagnosis. 
	
Conclusion 
The unusual histopathologies represented 5.3% of the appendix specimen submitted for histopathology evaluation. Parasites (schistosomiasis) and neoplasms were the leading aetiologies. These unusual findings require specific treatment that can be ignored if the histopathology reports are not routinely checked post operatively. Therefore it is important to send all our appendix specimens for histopathology assessment and to follow up on the results thereafter.
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