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ABSTRACT

Title: INTUSSUSCEPTION OF THE APPENDIX: NEW TRENDS AND
COMPREHENSIVE ANALYSIS OF 140 PUBLISHED CASE REPORTS. Barbara
A. Wexelman, Cassius Ochoa Chaar, and Walter Longo. Section of Colorectal
Surgery, Department of Surgery, Yale University, School of Medicine, New Haven,
CT.

Statement of Purpose: This paper uses 139 published case reports to understand the
demographic, diagnostic, and treatment trends of intussusception of the appendix.

Methods: Using the PubMed literature search engine to find all English references of
“intussusception” and “appendix”, and reviewing those that contained actual case
reports of intussusception of the appendix, we analyzed the demographics,
presentation, diagnostic methods, surgical treatment, and histology from 140 articles
representing data from 181 patients.

Results: There were 41 (22.5%) pediatric cases and 141 (77.5%) adult cases. The
average age was 37.3 years. There were more males in the pediatric set (23 males to
18 females) while there were more females in the adult set (38 males to 101 females).
The most prevalent symptoms in children were abdominal pain (87.8%), vomiting
(53.7%), and nausea (26.8%). The adults presented with abdominal pain (75.4%),
bloody stools (26.1%), and vomiting (18.1%). Most of the patients reported chronic
symptoms (62.6% chronic, 30.8% acute). Barium enema was the most prevalent
method for both pediatrics (43.9%) and adults (49.3%). The most common surgical
procedure for both the children and the adults was appendectomy (43.9%), followed
by right hemicolectomy (20.6%). Prior to 1990 the majority of 1A cases were
diagnosed intra-operatively (64.8%), but since 2000 over half of the patients (56.8%)
were given the correct diagnosis pre-operatively, and less than one third (29.6%) of
patients were diagnosed intra-operatively. Endometriosis was the most common
histopathology in adult women (37.6%).

Conclusions: Adults, especially middle-aged women, make up the majority of
patients with intussusception of the appendix. 1A should be considered in the workup
of chronic abdominal pain in women, and may likely be linked with gastrointestinal
endometriosis. Increasingly 1A is a pre-operative diagnosis, aided by colonoscopy
and CT imaging.



Barbara Wexelman

ACKNOWLEDGEMENTS

This project would not have been possible without the scientific, emotional,
and financial support from Cassius Chaar M.D., Walter Longo M.D., John Geibel
M.D., the Yale Office of Student Research, Dean Nancy Angoff, David Spar M.D.,
and the librarians and staff of the Cushing/ Whitney Medical Library at the Yale
School of Medicine.

I would also like to thank the following surgical mentors that encouraged and
nurtured my interest which brought me to this point today: Richard Gusberg, Walter
Longo, Michael O’Brien, Charlotte Ariyan, Philip Wai, Paul Barcewicz, Kurt
Roberts, Nina Horowitz, Hulda Einarsdottir, Vik Reddy, Charles Cha, and Ronald
Salem.

This research was partially funded by a short-term research grant from the
Office of Student Research, Yale School of Medicine.



Barbara Wexelman

TABLE OF CONTENTS
Introduction

Statement of Purpose
Methods

Results

Discussion

References

Appendix 1: Articles
included in Meta-Analysis

20

22

25

27

36

38



Barbara Wexelman 4

INTRODUCTION

Intussusception of the appendix (1A) is a rare clinical event. Historically,
intussusception of the appendix was found intra-operatively in patients with acute
right lower quadrant pain and presumed appendicitis. There is an increasing number
of case reports of intussusception of the appendix found in patients with chronic
abdominal pain, many thought to have neoplasm of their gastrointestinal tract. In
these cases, many of these patients undergo large oncologic resections which carry
high morbidity, only to find out there is no cancer, but rather intussusception of the
appendix. As endoscopic and radiologic technology advances and becomes more
prevalent in the workup of abdominal pain, it is possible that intussusception can be
diagnosed pre-operatively, and patients treated with a simple appendectomy. This
paper looks at the large body of published case reports and seeks to understand trends

in the demographics, diagnosis, and treatment of intussusception of the appendix.

Abdominal Pain

Abdominal pain is the most common symptom requiring a general surgery
consultation in the world. Appendicitis is the most common surgical disease
manifesting with abdominal pain and requiring emergent intervention by a surgeon.
With 250,000 appendectomies performed every year, Addiss et al. estimated
the lifetime risk of appendectomy to be 8.6% for males and 6.7% for females
[1]. In California alone, appendicitis accounts for over 31,000 admissions per year to
hospitals [2]. Of these admissions, over 9,100 result in appendectomies; the other 2/3
of patients seemingly had other sources of their abdominal pain. In this study of

California hospitals, the average appendicitis admission lasts four days, with a cost of
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over $12,000. Older patients, covered by the Medicare system had a longer length
of stay, 8 days, with a higher cost of over $25,000 [2]. This is just one example. The
burden to society of chronic and acute abdominal pain is enormous. Therefore, it is
understandable that emergency medicine clinicians, gastroenterologists, radiologists,
surgeons, and hospital administrators and payors all have a stake in the correct and

timely diagnosis and treatment of abdominal maladies.

Acute Abdominal Pain

Acute abdominal pain of surgical significance is often diagnosed based on
location. Upper abdominal pain may represent cholecystitis, ulcers, or pancreatitis.
Lower abdominal pain may be a symptom of appendicitis, inflammatory bowel
disease, gastroenteritis, diverticulitis, or multiple gynecologic etiologies such as
pelvic inflammatory disease, ectopic pregnancy, or endometriosis. Patient’s history
and physical exam are the cornerstones of diagnosis with acute abdominal pain.
Intussusception is thought to be a primarily acute condition, with similar presenting

symptoms as appendicitis.

Chronic Abdominal Pain

Chronic gastrointestinal and liver disorders exact heavy social and economic
costs in the United States. The total direct and indirect costs of the 17 most common
digestive diseases were estimated to be $38.8 Billion in the United States in 2002 [3].
Disorders associated with chronic abdominal pain account for a large portion of this
figure. Chronic (non-malignant) GI disorders such as diverticular disease, irritable

bowel syndrome, Crohns Disease, and Ulcerative Colitis account for $4.8 Billion per
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year. Gastrointestinal cancers add another $7.3 Billion per year [3]. The most
prevalent chronic gastrointestinal syndromes are GERD (19 million people/year) and
irritable bowel syndrome (15 million people/ year) [3]. Thus, the understanding of
the prevalence and costs of these diseases is important to reduce the burden of chronic
abdominal pain and associated illnesses on society.

Chronic abdominal pain may be more difficult to diagnose, and often the
correct diagnosis and treatment relies on patient’s history and subsequent imaging

techniques.

Intussusception

Intussusception is defined as the invagination of a bowel loop with its
mesenteric fold (intussusceptum) into the lumen of a contiguous portion of bowel
(intussuscipiens) due to peristalsis. Lesions within the lumen of a portion of bowel
have a higher likelihood to cause invagination as peristalsis drags the lesion forward
[4]. Intussusception within the gastrointestinal tract is primarily a pediatric disorder.
Only a small percentage, some estimate 5% [4] occur in adults. Some authors believe
because intussusception in adults is so rare, it is caused by a serious underlying
disorder [4].

Patients with intussusception may or may not be symptomatic, and symptoms
can be acute, intermittent, or chronic [4]. Complaints depend on the location of the
intussusception but there may be a history of episodic cramping abdominal pain,
nausea, and vomiting suggesting intestinal obstruction. If a neoplastic process is the
lead point of the intussusception, patients may present with symptoms of the

neoplasm rather than the intussusception, such as constipation, melena, weight loss, or
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a palpable mass. Other causes of lead points include lipomas, Meckel diverticulum,
adhesions, and adenomatous polyps [4].

In many cases, intussusception is distinguished from other abdominal
pathologies by radiological evidence of bowel-within-bowel. Depending on the
location, intussusception typically appears as a target like or sausage-shaped mass.

On computerized tomography it is possible to also visualize distinct anatomical
features such as the entering wall, mesenteric fat and vessels, the returning wall, and
intraluminal space. The presence of a lead point, the configuration of the lead mass,
degree of bowel edema, and amount of invaginated mesenteric fat all contribute to the
appearance of the intussusception. If bowel wall edema is present due to impaired
circulation of the mesenteric vessels, thickened bowel loops make it difficult to
differentiate a lead mass from inflammation [4]. The growing reliance on radiological
technology in the workup of abdominal pain has led to an increase in the detection of

transient asymptomatic intussusceptions without serious pathology [4].

Type of Intussusception

Intussusception is classified by location and can be enteroenteric, ileocolic,
ileocecal, or colocolic. They are also classified by etiology, such as benign,
malignant, or idiopathic, and whether there is a lead point present. Intussusception
without a lead point is more likely transient and does not usually cause proximal
bowel obstruction [4].

Small bowel intussusception is more common without a lead point than with a
lead point. If intussusception occurs in the small bowel with a lead point, it is likely

due to a benign condition rather than malignancy. The most common cancer causing
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small bowel intussusception would be a metastasis from another site. In the large
bowel, more than half of intussusception results from primary or secondary
malignancy, most commonly colon adenocarcinoma requiring surgical treatment and
oncologic resection. Benign lesions causing intussusception of the large bowel are
entities such as lipoma and adenomatous polyp. Patients with intussusception often

present with abdominal pain and vomiting from bowel obstruction [4].

Appendiceal Intussusception

Intussusception of the appendix is a rare disorder with much surgical curiosity.
There are over 200 published case reports of IA since 1858, though no recent,
comprehensive reviews of these reports exist. The frequently referenced paper by
Collins reported a 0.01% incidence of IA from the 70,000 appendix samples he
reviewed [5]. Despite the small number of case reports in the literature, it seems
likely that a general surgeon will encounter IA in his career. As such Fink reported in
his paper published in 1964, that most senior surgeons remembered few cases of 1A
they operated on in the past. Fink, Santos, and Goldberg reviewed 118 cases and
found that the age of occurrence ranged from 10 months to 75 years with average of
16 years, however most cases occurred in the first decade of life. This finding has led
to the common belief that 1A as a pediatric condition. They found IA occurred most
commonly in males with a male: female ration of 5:1 [6]. Later, Jevon et al reviewed
cases from 1984- 1992 and found equal gender frequency [7]. Unfortunately, the
reviews available in the literature are not comprehensive. There is no clear analysis of
age and gender and no appropriate referencing of cases reviewed. Also, Jevon et al.

drove their conclusion about equal gender frequency of IA from the data of 12 case
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reports from 1984 — 1992. Our comprehensive review of PubMed shows at least 19

cases during the same time frame.

Physiology

There are two general categories of pathophysiologic causes of 1A, anatomic
and pathologic [8]. Anatomic causes of intussusception of the appendix include:

-fetal type cecum with appendix originating from its tip

-appendix with a wide lumen and the proximal lumen wider than the

distal lumen

-thin mesoappendix with a narrow base and minimal fat

-mobile appendicular wall with active peristalsis

-free appendix, unfixed by peritoneal folds or adhesions

Pathologic causes of intussusception often result from active peristalsis due to
fecaliths, foreign bodies, parasites, appendiceal neoplasms, lymphoid follicles, and
endometrial implants [8].

Other parts of the bowel may also have a role. Intestinal peristalsis may milk
the appendix into cecum. The anatomy of the cecum may also promote
intussusception if there is failure of the third stage of rotation of the bowel during
development. A fixed cecum is unlikely to intussuscept [6].

Lastly, as Komine notes, IA can occur without any pathologic lesions. There
may be metabolic and hemodynamic causes of intussusception. In patients without
identifiable lead point, intussusception may be related to submucosal bowel edema,

fibrous adhesions, or dysrhythmic contractions [9].
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There are different types of intussusception of the appendix (Fig 1). This
classification of anatomical types of 1A was originally described by Mashowitz

(1910), and later modified by McSwain (1941).

Figure 1: Types of Intussusception of the Appendix [6]
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1. The tip of the appendix forms the intussusception and is invaginated into
the proximal appendix, which forms the intussuscipiens.

2. The invagination starts at some point along the length of the appendix in
the same way as an intussusception starts in the ileum.

3. The invagination starts at the junction of the appendix and cecum. The
appendix forms the intussusception and the cecum is the intussuscipiens. This is the
most common type.

4. This is retrograde intussusception, where the proximal appendix is
invaginated into the distal appendix.

5. Complete invagination of the appendix into the cecum from progression of

types 1, 2, or 3. [6]
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In addition compound intussusceptions can occur with all types of
intussusception under type 1, where the initial intussusception can initiate a
compound or secondary intussusception of the cecocolic type when the invaginated
appendix forms the apex. Lastly, all types of appendicular intussusception may be

complicated by ileocolic intussusception [6].

Malignant Lesions of the Appendix

As with other intussusceptions, the presence of a mass in the appendix that can
act as a lead point will increase the risk of intussusception. In adults, this lead point is
generally considered a malignancy until proven otherwise. This paper will look at the

question of what pathology serves as the lead point.

Types, Prevalence, and Treatment

Malignancy of the appendix is rare. They make up only 0.5% of all
gastrointestinal tumors and are rarely diagnosed pre-operatively [10]. Most
commonly, malignancy is discovered on histopathologic section of an appendix
removed for another cause, less than half of the tumors are diagnosed intra-
operatively [11]. The four main types of appendiceal neoplasms are carcinoid tumors,
mucinous cyst-adenocarcinomas, colonic adenocarcinomas, and adenocarcinoid
tumors. Notably, even with therapy all types of malignancy of the appendix have a
15% to 20% chance of having a second malignancy, usually in the abdomen, either at
the time of the primary cancer or after therapy [12].

Carcinoid is the most common malignant tumor of the appendix,

compromising anywhere from 50% to 85% of specimens [12] though there is some
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evidence that the prevalence of carcinoid is decreasing over time [11]. While many
believe carcinoid tumors are not aggressive lesions, they are considered malignant
because they have the potential for invasion, metastasis, and production of
physiologically active molecules [12]. Carcinoid is most common in younger women
though this may be an artifact due to appendectomies at time of laparotomy for
gynecological cases 80% of appendiceal carcinoids are incidental findings in surgery
for other indications [12]. The most important factor in considering the malignant
potential of carcinoids is the size of the lesion- distant metastases and death occur at
more significant rates in patients with tumors larger than 2.0 cm in diameter. In these
patients, right hemicolectomy is the standard treatment [12].

The second most common malignancy of the appendix is mucinous
cystadenocarcinoma, with prevalence ranging from 25% to 40% depending on the
series studied [11]. These lesions may be diagnosed pre-operatively more frequently
than carcinoid. Most patients are symptomatic, and some have a palpable mass in the
right lower quadrant. Approximately 50% of patients have intra-abdominal
metastases or pseudomyxoma peritonei. Mucinous cystadenocarcinomas are
differentiated from benign mucinous cystadenomas by histologic features: invasion of
the appendiceal wall by atypical glands, and the identification of epithelial cells in any
intraperitoneal mucinous collection. Cystadenomas are cured by appendectomy,
while malignant cystadenocarcinomas require a right hemicolectomy [12].

Colonic adenocarcinoma of the appendix behaves like other adenocarcinoma,
and are microscopically identical [12]. Most tumors arise from the base of the
appendix, or even the post-appendectomy stump. Because the appendiceal walls are

deficient in muscle, if the malignancy involves the submucosa it is essentially staged
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subserosal. Therefore, these cancers can present at late stages, requiring a right
hemicolectomy for complete removal of the tumor, if possible [12]. If regional or
distant lymph nodes are positive, the patients should be treated like similarly staged
colon cancer with chemotherapy.

Adenocarcinoid is the rarest type of appendiceal malignancy. These masses
exhibit both adenocarcinoma and carcinoids features, and are also called goblet cell
carcinoid, mucinous carcinoid, or crypt cell carcinoma in the literature [12]. They are
more aggressive than carcinoid, but less aggressive than adenocarcinoma. They are
usually smaller than 2.0 cm in diameter, involve all parts of the appendix equally, and
are infiltrative. Here, size is not a reliable predictor of malignant potential. Patients
usually have symptoms, and present with an acute appendicitis picture, as such the
correct diagnosis is most often made post-operatively on histopathologic inspection.

Right hemicolectomy is the best treatment for patients with localized disease [12].

Non-Malignant Lesions of the Appendix

While the lead point is usually feared to be cancer, there have been many
reported cases of non-malignant lesions of the appendix with intussusception. The
most common lesions are endometriosis and mucoceles. One aspect of this paper will
consider what the common appendiceal histopathologies are associated with the

reports of intussusception of the appendix.

Endometriosis
Endometriosis is the presence of endometrial tissue outside the uterine

endometrium and myometrium. The disorder affects between 8- 15% of menstruating
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women [13]. The most common sites for endometriosis in the Gl tract are the recto
and sigmoid colon [13]. The first published case of endometriosis of the appendix
was by Sampson in 1921. At that time the frequency of endometriosis involving the
appendix were estimated between 1% and 5.3% of the female population and the
frequency of endometriosis in appendectomy specimens ranging from 0.05% to 0.8%
[13]. The first reported case of endometriosis as a cause of intussusception of the
appendix was by Deacon in 1949. Interestingly, some cases of appendiceal
intussusception had isolated endometriosis of the appendix without evidence of pelvic
or visceral involvement. The causal mechanism is thought to be that the endometrial
implants, tumors, swelling or post-inflammatory scar nodules may cause irritation
leading to increased or irregular peristalsis which is one of the significant factors in

producing appendiceal intussusception [6].

Mucoceles

Mucoceles are the accumulation of mucin in the lumen of the appendix due to
proximal obstruction of the lumen. The obstruction of the lumen may be “normal”
involution changes in the appendix which increases with advancing age, or due to
post-inflammatory scaring. If the involution occurs near the base while the tip still
secretes mucus, a mucocele may result. Mucoceles may occur in response to, or as
the impetus for intussusception of the appendix [6]. An appendix with a mucocele is
characterized by marked muscular hypertrophy, injected dilated vessels, and filled
with gelatinous mucin. A normal appendix may produce one to two milliliters of

secretions per day [6].



Barbara Wexelman 15

Presentation of Intussusception of the Appendix

Presentations of intussusception of the appendix range from asymptomatic
patients and incidental findings on laparotomy or autopsy, to an acute appendicitis-
type picture. Patients may also complain of chronic abdominal pain, palpable
abdominal mass, rectal bleeding, and constipation. Often laboratory data cannot
distinguish 1A from other causes of abdominal pain [8].

In the acute picture, the symptomatology may mimic appendicitis, with
colicky lower right quadrant abdominal pain of several hours duration, nausea, and
vomiting. There may be no changes in bowel habits or associated constipation. The
patient is usually afebrile, and without leukocytosis. However, in the presence of
fever or an elevated white blood count the physician should be alarmed for possible
bowel ischemia associated with the intussusception. Occasionally a small mass may
be palpated in the right iliac fossa.

Several aspects of the clinical presentation in the acute setting may help
differentiate 1A from acute appendicitis include [6]

1. History of multiple attacks

2. History of a small, palpable mass

3. Absence of fever

4. Absence of tachycardia

5. Normal white cell count

6. Less severe muscle spasm and tenderness in the right lower quadrant.

Other patients present with a more chronic abdominal pain picture, some with

symptoms for years. These patients complain of intermittent, sudden episodes of



Barbara Wexelman 16

severe abdominal pain over the right lower quadrant, with or without vomiting, and
possible mucus or blood in their bowel movements. The episode can last for several
hours to a day, and then the patient returns to their normal state of health. Physical
exam between the episodes is unremarkable, if there is blood in the stool there is a
higher likelihood of repeated intussusception [6]. Especially if the patient also
complains of nausea and weight loss, many of these patients will undergo diagnostic
workup looking for malignant neoplasm. Recent advances in radiology and
colonoscopy have made this diagnosis easier. The connection between
intussusception and malignancy serves as the logical reasoning why many believe
most cases of 1A in adults is tumor related [8]. If the workup is negative, patients
may be labeled with “waste-basket” type diagnoses, such as Irritable Bowel
Syndrome, or referred to psychiatry.

Lastly, appendiceal intussusception may be totally asymptomatic, and be
found on laparotomy for other causes [14], commonly gynecologic pathology [15], or

on routine colonoscopy screening [5].

Diagnostic Imaging of Intussusception of the Appendix

Through advancements in radiological and endoscopic imaging, it is now
possible to diagnose 1A pre-operatively. . In fact, the majority of cases reported after
the year 2000 were diagnosed with 1A before surgery There are several case reports in
the recent literature highlighting this finding. Reported radiologic signs of
intussusception include:

1. Ultrasound- multiple concentric ring sign / target like appearance
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2. Barium Enema- coiled-spring sign and cecal filling defect with non-
filling of the appendix

3. Computed Tomography- well-demarcated cylindrical mass of soft tissue

4. Colonoscopy- mushroom like polypoid tumor with dimple on top

The diagnosis of 1A has important implications on the management of patients
in the acute as well as the chronic setting. Acutely, the diagnosis of intussusception
can guide the surgeon to attempt reduction and subsequent appendectomy. A surgeon
unfamiliar with this condition may misdiagnose a mass in the cecum and proceed with
an unnecessary oncologic hemicolectomy. On the other hand, patients who undergo
an elective work up for intermittent abdominal pain by a gastroenterologist may get a
colonoscopy. An intussuscepted appendix may be mistaken for a polyp, undergo
biopsy, and potential cause cecal perforation and peritonitis. Also, in the hands of an
experienced gastroenterologist, an 1A can be diagnosed and treated with colonoscopy

[16].

Treatment of Appendiceal Intussusception
As this paper will show, there have been many surgical treatments for
intussusception of the appendix. The anatomy and surgical approaches will be

reviewed now.

Review of Pertinent Anatomy
The appendix is an outpouching of the cecum, initially projecting from the
apex of the cecum but the base gradually rotates during development towards the

ileocecal valve. A branch of the ileocolic artery, the appendiceal artery, supplies the
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appendix. The length of the appendix can vary from 2 to 22 centimeters, but the
average is about 9 cm in length. The tip of the appendix can be found retrocecal
(65%), in the pelvis (30%) and retroperitoneal (2%). Rarely, the tip is found in pre-

ileal or post-ileal locations, complicating the diagnosis of appendiceal disease [10].

Appendectomy

The preferred treatment of intussusception of the appendix, if diagnosed prior
to resection, is the standard appendectomy. The intussusception can be reduced at the
beginning of the case and the surgeon proceeds with a standard appendectomy.
Appendectomy can be performed through an open incision in the right lower quadrant
or laparoscopically. The open technique is most commonly done through a transverse
incision over McBurney’s point (Rocky-Davis incision). After splitting the muscles of
the abdominal wall, the peritoneal cavity is penetrated. The cecum and the appendix
are delivered through the incision. The mesoappendix is divided between clamps and
tied off. The appendix is divided at the base. The appendiceal stump is frequently
inverted using a Z stitch, a purse string stitch or a combination of both. The
peritoneum and the fascial layer are then closed. If the appendectomy is done through
an open incision, it is usually made as a transverse right lower quadrant incision. The
appendix is delivered through the incision, and the appendiceal artery within the
mesoappendix is tied off or clipped and ligated. Some surgeons then place a
pursestring or Z-stitch in the cecum, excise the appendix, and then invert the stump in
the cecum. Then the peritoneum is closed. If the appendix has not perforated, the

risk of infection is less than 5% [10].
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The first case of laparoscopic appendectomy for IA was reported in 1999 by
Galatioto. The ability to proceed laparoscopically depends mostly on the possibility to
reduce the intussusception laparoscopically. Once this is performed, laparoscopic
resection proceeds in a standard fashion with 3 ports: one in the periumbilical
location, one the suprapubic location and the last one either in the Left lower quadrant
or even the right lower quadrant depending on the surgeon’s preference. If the
appendectomy is done laparoscopically, generally three ports are placed, one at the
umbilicus, and two others in the abdomen. The appendix can be removed using

endoloops or an endoscopic stapling device [10].

Hemicolectomy

If the intussusception of the appendix is precipitated by malignancy, an
oncologic resection may be indicated. In several of the case reports malignancy was
suspected and a right hemicolectomy was performed, histology would show that no
cancer was present and intussusception of the appendix is due to benign pathology.
In these cases, correct pre-operative diagnosis would prevent these patients from
undergoing unnecessary resection with higher morbidity.

The goal of surgical resection of colon (or appendiceal) cancer is the removal
of the cancer with adequate margins, regional lymphadenectomy, and restoration of a
continuous gastrointestinal tract. The extent that must be sacrificed is determined by
the location of the cancer, the blood supply and lymphatic drainage, and the
possibility of the malignancy involving adjacent organs. For lesions involving the
cecum, appendix, ascending colon, and hepatic flexure, a right hemicolectomy is the

procedure of choice. The right hemicolectomy involves resection of 4- 6 centimeters
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of the terminal ileum and colon up to the division of the middle colic vessels into
the right and left. Anastomosis is created between the terminal ileum and the
transverse colon [10]. The blood supply to the right colon is divided close to the
origin of the right colic artery and the corresponding draining lymph nodes are

removed as well.

STATEMENT OF PURPOSE

To date, there is no comprehensive review of the published case reports of
intussusception of the appendix. In our review of the literature, we could not find a
comprehensive review looking at all the case reports in the literature. The reported
figures on demographics, sex predilection, pathology of 1A were based on limited
searches of the literature. Thus, this paper includes a complete review of the English
literature in Pubmed. This paper uses 139 published case reports to understand the
trends in demographic, diagnostics, and treatment of intussusception of the appendix.
The figures lack statistical power because they are based on case reports since 1A is
such a rare event. The goal is to provide the medical community with the best
available data and trends in IA based on a comprehensive review of the literature.
While | cannot prove causality, or even universalize my results because the data is
only based on published case reports, | hope to provide compelling evidence that
recent trends in the demographics, presentation, and treatment of intussusception of
the appendix may be different than what is commonly considered. The following

hypotheses will be tested within these case reports:
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1. Opposite from the classic beliefs about IA, chronic abdominal symptoms
are more common than acute symptoms. Middle-aged women are more likely
afflicted with the chronic syndrome then children or men.

2. Pre-operative diagnosis of 1A is increasing due to the ubiquitous use of
computerized tomography scanning. In addition, advances in endoscopic techniques
and the use of colonoscopy aide in the pre-operative diagnosis of intussusception as
well as its treatment.

3. With increasing pre-operative diagnosis of 1A, more patients are treated
with appendectomy, sparing patients’ right hemicolectomy when malignancy is not

present.
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METHODS

Using the PubMed literature search engine, 6665 articles are listed under
“Intussusception”. Combining search fields “Intussusception” and “appendix”, 309
articles are listed. Limiting the references to the English language only, between
1940- 2007, there are 221 references. Of these 221, upon review 67 were not actual
case descriptions of intussusception of the appendix, leaving 154 actual references for
our database. Of these 154 articles, Cassius Chaar M.D. and | secured copies of 139
(90.3%) of these articles from the Harvey Cushing/ John Hay Whitney Medical
Library of the Yale School of Medicine to be included in our database (see Table 1).
The 139 articles represent data from 181 patients. In addition, one case of
intussusception of the appendix was added from our home institution’s recent
experience, totaling 182 individual cases in our data set. | assisted Dr. Chaar in the
identification of appropriate and erroneous references using the PubMed search
engine through the Medical Library portal.

I reviewed all the accessible case reports in our data set, assigned each an
identification number and entered the following pertinent data into a Microsoft Excel
database:

- Year, Author, Number of Cases described.

- Gender and Age of the patients described.

- Pertinent presenting symptoms of each case.

- Whether the symptoms were acute or chronic. If the patient presented with
less than seven days of abdominal pain, the presentation was considered acute. If the
symptoms were intermittent and separated by more than seven days, it was classified

as a chronic case.
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Table 1: Published case reports used in analysis
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Author Date | n Author Date | n || Author Date |N
O'Beirn, S 1949 | 1 |Ho, L 1975 | 1 |Reddy, KM 1998 | 1
Ward, JN 1949 | 1 ||Pardoll, PM 1976 | 1 |[Yoshikawa, A 1998 | 1
Deacon, AL 1949 | 1 |Geerdsen, J 1976 | 2 ||Larsen, S 1999 | 3
Conway, ME 1949 | 1 |Genell, S 1976 | 1 [Nycum, L 1999 | 1
Zeifer, H 1951 | 1 |Skaane, P 1977 | 1 ||Galatioto C 1999 | 1
Allman, D 1952 | 1 |Rodriguez, M 1978 | 1 ||[Kimura, H 1999 | 1
Morton, P 1952 | 1 |Seaman, W 1978 | 1 ||Attard, T 2000 | 1
Dunavant, D 1952 | 1 |Velik, MM 1978 | 1 |Gupta, P 2000 | 1
Forshall, | 1953 | 7 ||Ekberg, O 1978 | 1 |Chen, YC 2000 | 1
Beard, D 1955 | 1 |[Holck, S 1979 | 1 |[Ohno, M 2000 | 1
Adelman, BP 1955 | 2 |[Kleinman, P 1980 | 1 |[Ozuner, G 2000 | 2
Sale, TA 1956 | 1 |[Martin, L 1980 | 1 |[Patton, K 2000 | 1
Bevan, G 1957 | 1 ||Ackerman, N 1981 | 1 |[Pumberger, W 2000 | 2
William, F 1957 | 1 ||Fazio, RA 1982 | 1 |[Scully, R 2000 | 1
\Weiner, J 1957 | 1 ||Yates, L 1983 | 4 ||Sriram, P 2000 | 1
Elson, M 1958 | 1 |Langsam, L 1984 | 2 ||Casey, R 2001 |1
Campbell, J 1959 | 1 |Mann, W 1984 | 2 |[Hoeksema, M 2001 |1
Juca, W 1960 | 1 |Dewan, PA 1985 | 1 |[Koumanidou, C 2001 | 4
Day, W 1962 | 1 |Fullerton, T 1985 | 1 |Rudek, B 2001 |1
Schneider, LA 1962 | 1 |Garden, OJ 1985 | 1 |Coulier, B 2001 |1
\Weiner, J 1962 | 1 |Levine, M 1985 | 2 |[Mazaki, T 2002 | 1
Welch, J 1962 | 1 ||Casteels, M 1986 | 1 |[Flint, R 2003 | 1
\Watkins, GL 1963 | 2 |Sonnino, R 1986 | 1 |[Takahashi, M 2003 | 1
Fink, VH 1964 | 2 |[Bailey, DJ 1987 | 1 |[Komine, N 2004 | 1
Jewett, T 1964 | 1 |ltoh, J 1987 | 1 |[Matthew, J 2004 | 1
Mann, L 1964 | 1 |Maglinte, DD 1987 | 1 |[Vogelaar, FJ 2004 | 1
Shahade, M 1965 | 1 |Chijiiwa, Y 1988 | 1 |Ram, A 2005 | 1
Paul, G 1967 | 3 |Hartman, E 1988 | 1 |Ryu, BY 2005 | 1
Bridger, GP 1968 | 1 |Gilpin, D 1989 | 1 |[Karabulut, R 2005 | 1
Gorske, K 1968 | 1 |Mclntosh, JC 1990 | 1 |[Duncan, J 2005 | 1
Krasna, | 1969 | 1 |Relan, M 1990 | 1 ||Akbayir, N 2006 | 1
Hill, B 1970 | 2 ||Ardie, PH 1990 | 2 ||Cois, A 2006 | 1
Howard, RJ 1970 | 2 ||Sadahiro, S 1991 | 1 |De Hoyos, A 2006 | 1
Meyers, M 1970 | 1 |[Chetty,R 1992 | 1 |[Luzier,J 2006 | 1
Bachman, A 1971 | 7 |Jevon, G 1992 | 4 |[Taban, S 2006 | 1
Banerjee, AK 1971 | 1 |[Tsunoda, T 1992 | 1 |Thomas, R 2006 |1
Pearlman, DM 1971 | 1 |Kantarovsky, A 1993 | 1 |[Tseng, P 2006 |1
Schmidt, F 1971 | 1 |Lauwers, G 1993 | 1 |[Kawamura, YJ 2007 | 1
Tao, H 1971 | 1 |Varty, K 1993 | 1 |[Moradi, P 2007 | 1
Kloppedal, E 1972 | 1 ||Schmidt, J 1994 | 1 ||Offodile, A 2007 | 1
Panganiban, W 1972 | 1 |Tonsekar, K 1994 | 1 |Blondiaux, E 2007 |1
DeGerome, J 1973 | 2 |Miyahara, M 1995 | 1 |Butte, IM 2007 | 1
Down, R 1973 | 2 |Panzer, S 1995 | 1 ||[Swanger, R 2007 |1
Brewer, R 1974 | 1 ||Sakaguchi, N 1995 | 3 |tavakkoli, H 2007 | 1
Darby, AJ 1974 | 1 |Kegelaers, B 1996 | 1 |Waseem, T 2007 |1
Wirtschaffer, SK 1976 | 1 |Darry Jones, C 1997 | 1 ||Ochoa Chaar, ClI 2007 | 1
Atkinson, G 1976 | 2 |Heithold, D 1997 | 1
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- Diagnostic methods used.

- Type of surgical therapy performed.

- Histopathology of the specimen, if known.

- The timeline of when the intussusception of the appendix was identified (pre-
operatively, intra-operatively, post-operatively).

I performed several analyses using the database. | separated the analysis
between pediatric cases and adults, and then found the proportion of males and
females, and the average age of the patients in each group. 1 also looked at these
factors for the entire patient set. Then I determined the prevalence of each symptom,
histology, and surgical treatment. | calculated when the correct diagnosis of
intussusception of the appendix was made: pre-operatively, intra-operatively, or post-
operatively, and how the timing of the diagnosis changed over time. The numbers
derived from our database show the trends in demographic, diagnosis and treatment of
intussusception of the appendix based on the best available information in the English
literature. Because the condition is rare, the data is limited to case reports and does
not have the power to support statistical analysis.

Refworks Web Based Bibliographic Management Software was used to

manage the references.
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The demographics of the patient data set are described in Table 2. Pediatric

cases were defined as patients under the age of 18. There were 41 (22.5%) pediatric

cases and 141 (77.5%) adult cases. The range of ages was 5 months to 85 years. The

average age of the pediatric patient in our series was 6.9 years, and 46.4 years for the

adults. The average age for the entire group was 37.3 years. There were more males

in the pediatric set (23 males to 18 females) while there were more females in the

adult set (38 males to 101 females). As there are three times the numbers of adults

compared to children in the data set, the overall gender balance was skewed towards

females (66.1%).
Table 2: Demographics of Patient Population
Pediatrics Adult Total

Number of 41 (22.5%) 141 (77.5%) 182
Cases
Average Age 6.94 yrs 46.36 yrs 37.3yrs
Gender:

Male 23 (56.1%) 38 (27.3%) 61 (33.9%)

Female 18 (43.9%) 101 (72.7%) 119 (66.1%)

Most of the patients had one or more presenting symptoms (Table 3).

Abdominal pain was the most common symptom (78.2%), followed by vomiting

(26.3%) and blood in their stools or blood on rectal exam (23.5%). Only three of the

182 patients did not report presenting symptoms (1.7%). If we look at the children

only, the most prevalent symptoms were abdominal pain (87.8%), vomiting (53.7%),

and nausea (26.8%). The adults presented with abdominal pain (75.4%), bloody

stools (26.1%), and vomiting (18.1%).

Overall, most of the patients reported chronic symptoms (62.6% chronic,

30.8% acute). Twelve patients (6.6%) did not report the timeframe of their
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symptoms. Of the pediatric patients, 16 (39.0%) had an acute presentation of their
symptoms and 25 (61.0%) reported chronic symptoms. The adults had slightly more

chronic symptoms (63.1%) than acute (28.4%).

Table 3: Symptoms & Diagnostic Methods in Intussusception of the Appendix

Pediatric Adult Total

Presenting
Symptoms
Abdominal 36 (87.8%) 104 (75.4%) 140 (78.2%)
Pain
Vomiting 22 (53.7%) 25 (18.1%) 47 (26.3%)
Nausea 11 (26.8%) 23 (16.7%) 34 (19.0%)
Constipation 6 (14.6%) 12 (8.7%) 18 (10.0%)
Blood per 6 (14.6%) 36 (26.1%) 42 (23.5%)
Rectum
Diarrhea 6 (14.6%) 18 (13.0%) 24 (13.4%)
Weight Loss 1 (2.4%) 10 (7.3%) 11 (6.2%)
Anorexia 2 (4.8%) 4 (2.9%) 6 (3.4%)
Anemia 0 (0%) 5 (3.6%) 5 (2.8%)
Unknown 0 (0%) 3 (2.1%) 3 (1.7%)
Chronicity:

Acute 16 (39.0%) 40 (28.4%) 56 (30.8%)

Chronic 25 (61.0%) 89 (62.1%) 114 (62.6%)

Unknown 0 (0%) 12 (8.5%) 12 (6.6%)
Diagnostic
Methods:
Mass on Exam 15 (36.6%) 18 (12.9%) 33 (18.2%)
Colonoscopy 5 (12.2%) 39 (27.9%) 44 (24.3%)
CT Scan 2 (4.9%) 21 (15.0%) 23 (12.7%)
Ultrasound 12 (29.3%) 11 (7.9%) 23 (12.7%)
Barium Enema 18 (43.9%) 69 (49.3%) 87 (48.1%)
Abd X-Ray 4 (9.8%) 7 (5.0%) 11 (6.1%)
Incidental/ No 4 (9.8%) 25 (17.9%) 29 (16.0%)
Imaging
Other 2 (4.9%) 3 (2.1%) 5 (2.8%)

The diagnostic methods employed in the pre-operative workup of these
patients are varied. As we included published reports from 1940 to 2007, several of
these modalities (ie. Colonoscopy, CT Scan) were not invented until late into our
reference period. Overall, barium enema was the most prevalent method for both

pediatrics (43.9%) and adults (49.3%). For children, the next most common
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diagnostic method was mass felt on physical exam (36.6%) followed by ultrasound
(29.3%). In adults the most common modality after barium enema was colonoscopy
(27.9%) followed by incidental finding or no imaging (17.9%).

For the majority of patients treatment was surgical (see Table 4), and none of
the cases reported continuation of symptoms after therapy. The most common
surgical procedure for both the children and the adults was appendectomy (overall
43.9%), followed by right hemicolectomy (overall 20.6%). Several articles reported
alleviation of symptoms with air or barium contrast enema, however the symptoms
returned in most cases, requiring surgery. Other surgical procedures included ileo-
cecal resection (13.9%), cecectomy (6.7%) and colonoscopic appendectomy (2.8%).

One patient in the series underwent a subtotal colectomy.

Table 4: Surgical Treatment and Timeline of Diagnosis

Pediatric Adults Total

Surgical

Treatment:
Appendectomy 33 (80.5%) 46 (33.1%) 79 (43.9%)
Right Hemicolectomy 2 (4.9%) 35 (25.2%) 37 (20.6%)
Ileo-cecal resection 4 (9.8%) 21 (15.1%) 25 (13.9%)
Cecectomy 0 (0%) 12 (8.6%) 12 (6.7%)
Colonoscopic 0 (0%) 5 (3.6%) 5 (2.8%)
Appendectomy
Other 2 (4.9%) 9 (6.5%) 11 (6.1%)
Unknown 0 (0%) 10 (7.2%) 10 (5.6%)

Timeline of

Diagnosis
Pre-operative 19 (46.3%) 40 (29.0%) 59 (33.0%)
Intra-operative 22 (53.7%) 79 (57.3%) 101 (56.4%)
Post-operative 0 (0%) 19 (13.7%) 19 (10.6%)

When we reviewed the timeline of the diagnosis of intussusception of the
appendix we found most patients were brought to the operating room with a working

diagnosis of something other than intussusception of the appendix. Only 59 cases (19
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children, 40 adult) representing 33.0% of all patients had a pre-operative diagnosis
of intussusception of the appendix. More than half of the children and adults (overall
56.4%) found the intussusception of the appendix intra-operatively. Nineteen adults
(13.77% of adults) and no children were found to have intussusception of the
appendix post-operatively on histopathologic examination.

We wanted to understand if pre-operative diagnosis of 1A was increasing in
prevalence over time (see Table 5). Prior to 1990, the majority of A cases were
diagnosed intra-operatively (64.8%), the patients were taken to the operating room
with a diagnosis other than intussusception of the appendix. Only 25.7% of patients
were diagnosed pre-operatively. Since 2000 however this trend has changed. Over
half of the patients (56.8%) were given the correct diagnosis pre-operatively, and less
than one third (29.6%) of patients were diagnosed intra-operatively. Similar numbers

of cases were diagnosed post-operatively on histo-pathology before and after 2000.

Table 5: Changes in Timeline of Correct Diagnosis across Time
Prior to 1990 After 1990 After 2000
Timeline of
Diagnosis
Pre-operative 27 25.7% 32 43.8% 25 56.8%
Intra-operative 68 64.8% 31 42.5% 13 29.6%
Post-operative 10 9.5% 10 13.7% 6 13.6%

Histopathology differed between the children and the adults (see Table 6). In
the pediatric population, twelve cases did not report a final pathology (29.3%). The
most common described pathology was chronic inflammation or acute appendicitis
(24.39%), followed by lymphoid hyperplasia and fibrosis (19.5%). Other common

histology included mucoceles (4.9%) and histologically normal appendix with
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intussusception (4.9%). Two pediatric patients (4.9%) had malignancy in the
intussuscepted specimen- one with MALT lymphoma, and one with papillary

adenocarcinoma.

Table 6: Histology of Intussusception of the Appendix specimens

Pediatric Adults Total
Histology
Endometriosis 0 (0%) 38 (29.5%) 38 (22.4%)
Carcinoid 0 (0%) 9 (7.0%) 9 (5.3%)
Mucin/Mucocele 2 (4.8%) 18 (14.0%) 20 (11.8%)
Villous Papilloma 0 (0%) 2 (1.6%) 2 (1.2%)
Adenocarcinoma 0 (0%) 7 (5.4%) 7 (4.1%)
Mucinous Carcinoma 0 (0%) 2 (1.6%) 2 (1.2%)
Chronic Inflammation 10 (24.4%) 9 (7.0%) 19 (11.2%)
Normal Appendix w/ 2 (4.8%) 9 (7.0%) 11 (6.5%)
intussusception
Lymphoid Hyperplas. 8 (19.5%) 8 (6.2%) 16 (9.4%)
Villous Adenoma 0 (0%) 6 (4.7%) 6 (3.5%)
Mucinous Cyst- 0 (0%) 9 (7.0%) 9 (5.3%)
Adenoma
Ulcerated Appendix 0 (0%) 2 (1.6%) 2 (1.2%)
Ischemic/ Necrosis 1 (2.4%) 4 (3.1%) 5 (2.9%)
Fecalith 0 (09%) 3 (2.3%) 3 (1.8%)
Hyperplastic Polyps 0 (0%) 4 (3.1%) 4 (2.4%)
Other 6 (14.6%) 2 (1.6%) 8 (4.7%)
Ovarian Cancer 0 (0%) 1 (0.8%) 1 (0.6%)
Melanosis Coli 0 (0%) 1 (0.8%) 1 (0.6%)
Unknown 12 (29.3%) 12 (8.5%) 24 (14.1%)
MALIGNANCY 2 (4.8%) 20 (15.5%) 22 (12.9%)

The adults had different and quite varied appendiceal histology. The most
common reported histology was endometriosis of the appendix tip (29.46%), followed
by mucoceles (14.0%) and non-reported histology (8.5%). Nine patients (7.0%) had
each of the following diagnoses: carcinoid, chronic inflammation, normal appendix
with intussusception, and mucinous cystadenoma. Twenty adult patients (15.5%) had
malignancy on pathologic inspection. The malignancies included adenocarcinoma
(5.4%), carcinoid, mucinous carcinoma (1.6%), ovarian cancer (0.8%), and melanosis

coli (0.8%).
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DISCUSSION

From our data it appears that the demographics of intussusception of the
appendix do not correspond to what is cited in the literature about IA. While most
commonly considered a pediatric disorder [6], in fact 77.5% of the cases reviewed
were adults. When we break apart pediatric from adult intussusception, the average
age of the children was 6.9 years, and the adults were 46.4 years. Most of the
children with intussusception were age seven or younger (65.9%). It is possible that
there may be a bimodal distribution of IA occurring for different reasons first in the
young child and then again in middle age.

In addition, while intussusception is believed to be more common in males [6],
in our review we found more women reported intussusception of the appendix. In the
pediatric group there were 23 boys (56.1%) and 18 girls (43.9%), far from the 5:1
ratio of boys to girls that Fink reported. In the adult group, women made up 72.7% of
the cases. Since our data set represents only published case reports it is possible that
authors are more likely to write about women with intussusception than men, which
may account for part of this difference. Even so it is clear that intussusception of the
appendix in women is a real entity, and should be on the differential for women with
chronic or acute lower abdominal pain.

While both pediatric and adult patients presented most commonly with
abdominal pain (overall 78.2%), children were much more likely to have vomiting
(53.7%) and nausea (26.8%) while adults had bloody stools (26.1%). The melena
may be an important trigger for further diagnostic workup, especially in the older
adult when malignancy may be considered. This diagnostic workup or ultimate

treatment may lead to the identification of the intussusception. When mentioned, all
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the patients in the series had a resolution of symptoms after surgical treatment and
removal of the intussusception.

We hypothesized that the children would present with acute symptomatology
while the adults had more chronic abdominal complaints. This proved not to be the
case- both groups had high percentage of patients with chronic symptoms [chronic
pediatric (61.0%), adults (63.1%)]. Many of the children had intermittent or recurrent
symptoms lasting more than a week, some complaining of recurrent symptoms for
years. In adults over 50 years old, 80.4% of the 1A cases where chronic (of the cases
where the chronicity was mentioned). It is important to recognize that intussusception
of the appendix must be part of a chronic abdominal pain differential and that it may
in fact be a more common presentation of intussusception of the appendix than the
commonly thought of acute, lower abdominal pain. These chronic patients presented
with different symptoms than those with the acute presentation. Chronic adult
sufferers reported more constipation (12.6%) than adults overall (8.7%) as well as
weight loss (9.2% in chronic sufferers, 7.2% in all adult sufferers). Conversely, the
chronic sufferers had far less nausea (9.2% in chronic adults versus 16.7% adult
sufferers overall) and vomiting (13.8% in chronic sufferers versus 18.1% of all adults)
than the overall group of adult patients. The symptomatic picture of the patient with
chronic intussusception of the appendix looks different from patients with acute
intussusception and appendicitis. Chronic suffers have more weight loss,
constipation, and may paint a more ominous clinical picture as this profile raises
concern for malignancy, especially with blood in the stools, which more than one

quarter of the adult patients reported.
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The children had different histology, and we believe lead points, of their
intussusception compared to the adults. The children had a variety of histopathology,
most commonly unknown histology when the authors of the case report did not
comment (29.3%), chronic or acute appendicitis (24.4%), or lymphoid hyperplasia
and fibrosis (19.5%). The adults were more likely to have significant pathology
involved in the intussusception. Most common was endometriosis (29.5%), or
mucocele (14.0%). Other pathology included carcinoid (7.0%), adenocarcinoma
(5.4%), and mucinous cystadenoma (7.0%). When we analyzed the male and female
adults separately, endometriosis stood out as the most common cause of the
intussusception in women with over one third of cases reporting endometriosis on
histopathology (37.6%). While mucoceles are reportedly more common in men [6],
in our review women had mucoceles at higher rates (13.9% vs. 10.5%) than men.
Interestingly, women had 8/9 cases (88.9%) of the mucinous cystadenomas reported,
and relatively similar numbers of carcinoid compared to men (women 6.9%, men
5.3%).

Malignancy was reported in 20 of the adult cases (15.5%) and 2 pediatric
cases (4.9%). This proportion is consistent with the increased risk of malignancy with
increasing age. When separated by gender, malignancy was more common in men
(18.4%) than women (12.9%), though there were still a significant number of
malignancies found in the women (13) considering gastrointestinal cancer is more
prevalent in men.

Intussusception is considered a rare clinical finding, considered hard to
diagnose pre-operatively. Our data shows the majority of cases are in fact diagnosed

intra-operatively (56.4%); the patient is taking to the surgical suite for a diagnosis
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other than intussusception of the appendix. There are increasing numbers of

reported correct pre-operative diagnosis- before 1990 only 25.7% of IA diagnosis was
made pre-operatively, with 64.8% of the cases diagnosed intra-operatively. Since
1990, the majority of cases are reported pre-operatively (43.8%) compared to a
declining amount of cases diagnosed intra-operatively (42.5%). We believe this
change is due to an increasing reliance on diagnostic imaging, including colonoscopy,
which was not as widely available before 1990. If we look at case reports from 2000
the results are even more striking- 56.8% of the cases (25 cases of a total of 44 cases)
were diagnosed pre-operatively, while only 13 cases (29.6%) were diagnosed intra-
operatively. That represents a significant decline from the overall average of 56.4%
intra-operative diagnosis of all the cases in the data set. It is possible that in the future
more pre-operative diagnosis of 1A will lead to more appropriate matching of surgical
treatment to pathology.

We believe the rise in pre-operative diagnosis of appendiceal intussusception
is likely due to increased use of helpful diagnostic radiology and endoscopy. The
availability and use of CT scans and colonoscopy has increased significantly in the
last decade. Similarly, these technologies have been used increasingly in the workup
of abdominal pain and the diagnosis of intussusception of the appendix. Since 2000,
55.6% of case reports used colonoscopy in the workup of patients with IA, more than
doubling the overall use of colonoscopy in 24.3% of all the patients in the set. CT
scans were also used in more than one third of patients (35.6%) compared to the entire
data set (12.7%). The use of ultrasound also rose significantly, from 12.7% overall to
31.1% of patients diagnosed after 2000. As expected, the use of barium enemas

declined to 15.6% after 2000, from 48.1% overall.



Barbara Wexelman 34

One end point we wanted to test was whether the type of surgical
intervention changed over the time period of our investigation. Overall,
appendectomy was the most common surgical intervention (43.9%), and chosen in
children with an overwhelming rate (80.5%). The next most common surgical
treatment was right hemicolectomy in adults (25.2%) and ileo-cecal resection in
children (10%). The type of surgical treatment did not differ significantly when we
considered cases since 2000. It seems that increases in pre-operative diagnosis and
shifts in imaging modalities did not impact the end surgical intervention, which
disproves one of our initial hypotheses, however it would be hard to prove causality
from our data set. A possible reason why the surgical treatment did not change even
though the IA was diagnosed earlier may be because malignancy was the preliminary
diagnosis in adult patients with known intussusception, and as such a more extended
resection was required to avoid having to re-operate on the patient if the histological
section showed cancer.

In summary, our analysis shows compelling evidence in favor of two out of
our three initial hypotheses. First, 1A is likely to be a chronic condition in adults. The
reported cases show significant occurrence of chronic abdominal pain with intussus-
ception of the appendix in middle age women, most commonly with endometriosis of
the appendix. In this patient population, while still a rare entity, intussusception of
the appendix should be considered in a chronic pain workup, especially if
endometriosis is present. A chronic IA syndrome may be described in the future.

Second, IA is no longer an intra-operative diagnosis. Pre-operative diagnosis
of intussusception of the appendix is increasingly common, and goes along with the

use increasing use of diagnostic radiology in the workup of abdominal pain.
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Similarly, the higher prevalence of colonoscopy in the adult population, as well as
the use of colonoscopy as a tool in the workup of abdominal pain, allows endoscopic
techniques to take a larger role in the pre-operative diagnosis and treatment of IA.
While once feared as a cause of potential peritonitis, the technology for removing the
intussuscepted appendix by colonoscopy is being further developed and several case
reports describe successes [16].

Lastly, while it may be possible to remove 1A by endoscopy, the rates of
appendectomy versus right hemi-colectomy have not significantly changed over the
last 100 years. This is likely due to the fear of malignancy in adult patients with 1A,
and pre-operative diagnosis often does not point to histopathology or the lead point of
the 1A unless a large mass or metastasis is seen. Therefore, while we may improve
our diagnostic capabilities, changes in surgical treatment particularly for benign
causes of intussusception of the appendix may lag behind. Most importantly, an
attempt for a minimal resection/appendectomy should be made in women with

endometriosis, as this seems to be a common cause of 1A in this population.
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