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Abstract

Background and aims: Acute appendicitis is a common cause of acute abdominal pain. Its
typical symptoms and signs were described already in the 1880s. However, the diagnostic
work-up for patients with suspected acute appendicitis has dramatically changed over the
last decades, especially after computed tomography was introduced in the 1990s. Diagnostic
scoring provides an accurate method for stratifying patients according to the probability of
appendicitis, and therefore works as an excellent basis for a diagnostic algorithm.

This study aimed to evaluate the predictive value of Ultrasonography (US) and abdominal
Computed Tomography (CT) in the diagnosis of appendicitis, and to correlate US with CT
a precious diagnosis of appendicitis and to evaluate the sensitivity and specificity of US and
CT reports in detection appendicitis.

Patients and methods: The target population of this study were all the patient who were
clinically suspected of having acute appendicitis and were admitted to the surgery
department of Al Makassed, BeitJala, and Al-Isteshari Hospitals who underwent
appendectomy surgery.

Study Design: A retrospective Observational Design was used for this research to determine
the relationship between the US, abdominal CT reports and Histopathology reports for
patients who were diagnosed with appendicitis after appendectomy.

Study setting: The studies presented in this thesis were conducted in three hospitals in
Palestine; Al-Makassed Islamic Charitable Hospital which is one of biggest NGO hospitals
in east Jerusalem, BeitJala Governmental Hospital which is one of biggest governmental
hospitals in west bank, and Al-Isteshari Hospital which is a private hospital in the West
Bank. This study was performed in radiology, surgery and pathological departments at the

three hospitals.



Results: Of the 461 patients who were studied by US examination as a sole exam, or as a
part of multiple radiological exam, the US showed inflamed appendicitis in 274 (59%), and
showed a normal appendix in 46 (10%) while the US operator could not detect appendix in
141 (31%). The US showed an overall sensitivity of 89% and a specificity of 45%.
Seventy-one patients underwent CT scan (15 CT alone, 56 CT plus US). The CT showed an
overall sensitivity of 91% and a specificity of 71%.

A total of 56 patients received both US and CT as a radiological modality for examination.
Ten patients (18%) demonstrated a normal appendix on histopathogical exam and 46 patients
(82%) demonstrate inflamed appendix on histopathology.

Discussion: In cases where the pathology report was positive for appendicitis, CT had a
better value as it had a higher correlation rate over US. However, in negative pathology

reports, CT had around 40% false positive rate.
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CHAPTER ONE

INTRODUCTION



1. Introduction

Acute abdominal pain is the most common case among emergency department patients. One
of the most common pathologies behind acute abdominal pain, acute appendicitis, has
systemically changed over the previous time period. Appendicitis is one of the common
surgical diseases that need surgery in western states (1). The percentage of abdominal pain
from total hospital admission patients is 25% (2).

In the past, the diagnosis of acute appendicitis was made based on the clinical examination
supported by non-specific laboratory findings demonstrating the presence of inflammatory
process such as leukocytosis, ESR and CRP.

This simple way of diagnosis led to a negative appendectomy with a rate range from 15-30%
(3).

The difficulties in distinguishing the patients with appendicitis needing operating
intervention from the patients with non- operating or spontaneously resolving abdominal
distress, together with the goal to prevent and restrain complications, i.e. perforation of the
appendix and peritonitis, has led to the traditional agreement of a relatively high rates of
unnecessary surgery and removal of a healthy appendix (negative appendectomy). In
children, a negative appendectomy average of 15-25% has been reported (4). Since
unnecessary surgery is a squandering of medical resources, and the complication rate post
negative appendectomy is very small (5), this practice is being increasingly misbelieved (6).
Negative appendectomies lead to an excessive use of health resources for example hospital
beds and operation rooms. In addition to economic and logistical respects, negative
appendectomy is linked to comparable or higher complications as compared to
appendectomy for uncomplicated appendicitis (7). A more limited surgical approach is
supported by the evolution of advance imaging techniques, in specific ultrasonography and

computed tomography The improvement of imaging modalities, particularly those of



computed tomography (CT), had allowed more precise diagnostics with a noteworthy
reduction in false positive diagnoses, which had directed to lesser amounts of negative
appendectomies (8). This development in diagnostic precision has been attained at the price
of increasing usage of imaging studies (9).

Even though in a few organizations and regions imaging is considered obligatory for
assumed acute appendicitis, in other organizations diagnostic imaging is still not used
adequately (10). This type of variance in diagnostic methods has led to different rates of
negative appendectomies. For example, a large observational research in The United
Kingdom reported negative appendectomy percentages from 3.3% to 37% (11).

Despite negative investigation for assumed appendicitis is remote from mild, imaging is
connected to some threats as well. In the lack of diagnostic strategies, imaging is sometimes
over- or underused.

CT is the most precise imaging technique for the diagnostics of appendicitis but high use of
CT includes higher budgets and higher hazards of related ionizing radiation and contrast
medium, and a possible longer postponement to management. Abdominal organs are
vulnerable to ionizing radiation, and assumed appendicitis is most common in young
individuals for whom the considerations of radiation-induced risks are most significant (12).
After a preliminary uncontrolled surge in imaging, surgeons have successfully begun to
discover methods of restraining the possibly injurious unselective CT imaging without
compromising diagnostic precision (13). There is suggestion that using a diagnostic
procedure or electronic choice support in assumed appendicitis is related to a reduced
necessity of CT imaging studies without any loss of diagnostic precision (14).

Ultrasound (US) is frequently used as a main imaging technique to evade radiation induced
by CT. If US is diagnostic for appendicitis, so the patient escapes the use of CT. If US is

negative or non-diagnostic for appendicitis, the patient undertakes further CT. US includes



no ionizing radiation but its capability to identify or exclude appendicitis is lower to that of
CT, and it is reliant on the abilities of the radiologists and the pre-test likelihood of
appendicitis.

Additionally, US is often inconclusive due to body habitus, and operator dependent (15).
Diagnostic scale was initially discovered prior to the age of recent imaging technologies as
an autonomous diagnostic instrument. Scoring has consequently frequently been merely
inspected in the surgical literature as an alternate to imaging (16). Nevertheless, scoring and
imaging must optimally be used as complementary approaches in a diagnostic process. The
purpose is to achieve precise diagnosis with negligible hazards, delays, and prices in a
consistent method independent of the knowledge level of the clinician. Recently, diagnostic
scoring has been involved in consensus strategies of diagnosis of appendicitis (17).
Diagnostic scoring is a process for stratifying patients based on the likelihood of the patient
having appendicitis. Characteristically patients are classified into three clusters: high,
intermediate, and low risk for appendicitis. Generally, the patients in the low-risk category
can be discharged, and patients in the high-risk category can be immediately planned for
surgery. The patients in the intermediate-risk category profit best from more studies such as
imaging.

There are numerous different diagnostic scores for assumed acute appendicitis. the Alvarado
score is the most extensively recognized of these scores. The Alvarado score was initially
established for both pediatric and geriatric patients, and contains eight clinical and laboratory
variables (18). The Appendicitis Inflammatory Response Score (AIR) was published in 2008
and is comparable to the Alvarado score in numerous features but highlights the
inflammatory response laboratory results, and appears to do better compared to the Alvarado
score (19). None of the current scores has obtained prevailing acceptance in ordinary clinical

practice. There are possibly a few reasons for this. The results of scoring schemes are often



compared to imaging results and are so incorrectly understood as being competitive and not
complementary to imaging (16).

The discriminating ability per se of the present scoring systems has not been dependable
enough. There are some probable features that weaken the accurateness of these scoring
systems. First, the diagnostics of acute appendicitis is different in children of variable ages
compared to adults, and several of the preceding scores are established for patients of all
ages. The reference values of inflammatory laboratory variables and probable differential
diagnoses rely on the patient’s age (20). The exact time of beginning of symptoms, pain
relocation, and other specifics of patient history are possibly not known in the youngest
individuals. Second, the postponement in coming to hospital affects the results of
inflammatory laboratory variables (21). Third, the diagnosis of appendicitis is more
ambiguous in female patients (6). These three significant confusing features have not been
taken into account in formerly described scoring systems.

In this thesis, the diagnostic accuracy of Ultrasonography and Computed Tomography was

investigated and compared with histopathology result after appendectomy.

1.1 Problem Statement

Appendicitis is one of the most common surgical diseases that need intervention to avoid

perforation of appendix and its complications.

1.2 Study question

Can Ultrasonography and Abdominal Computed Tomography be considered good
indications of acute appendicitis and reduce range of negative appendectomies?

1.3 Justification

The diagnostic accuracy of US and abdominal CT is desirable to avoid unnecessary

laparotomies and negative appendectomy.



1.4 Purpose

To evaluate accuracy of US and abdominal CT reports predictive value in detecting
appendicitis at Al-Makassed Charitable hospital, BeitJala Governmental hospital, and
Alisteshari Private hospital and correlate it with histopathology reports.

1.5 Objectives and Aims

To evaluate the predictive value of Ultrasonography (US) and abdominal Computed
Tomography (CT) in the diagnosis of appendicitis at Al-Makassed Hospital, BeitJala
Governmental Hospital, and Alisteshari Private Hospital, three different health sectors.

To evaluate the diagnostic precision of US and of abdominal CT in the diagnosis of
appendicitis.
To correlate US with CT a precious diagnosis of appendicitis.

To evaluate the sensitivity and specificity of US and CT reports in detection appendicitis.
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REVIEW OF THE LITERATURE



2. Review of the literature

There are signs that appendicitis was present in 3000 B.C., as adhesions in the right lower
quadrant of the abdomen, toughly suggestive of appendicitis, were discovered in one
Egyptian mummy (22). In 1554, a French physician Jean Fernel, funded the initial
documented explanation of appendicitis in a 7-year-old girl, who pass away of perforated
appendicitis, and he named the disease “passion iliac” (23).

In the 1800s, the disease that is today identified as appendicitis went by with several terms
including “peri-caecal inflammation”, “typhlitis”, “perityphlitis”, and “paratyphlitis”. in
1886, Dr. Reginald Fitz first defined appendicitis and advised its treatment by initial
appendectomy in his article “Perforating inflammation of vermiform appendix” (24). At that
moment, patients with generalized peritonitis ordinarily died, while abdominal abscesses
might be drained. Non-surgical procedure as we recognize today was practically non-
existent without intravenous solutions, antibiotics or vasopressors presence available (25).
In 1891, Charles McBurney published his paper “The indications for early laparotomy in
appendicitis”, where he defined characteristic symptoms and discoveries of appendicitis.
The significant medical symptoms and signs in McBurney’s paper were the severe onset of
abdominal pain, limitation and specific pain from general abdomen to the right iliac fossa,
the most pain localization terminated the base of appendix, fever, tachycardia, and guarding.
He defined a main point, later known as the “McBurney point”, where the pain from
appendicitis is limited.

In 1894, Before McBurney printed his paper entitled: “The incision made in the abdominal
wall in cases of appendicitis, with a description of a new method of operating” the surgery
for appendicitis was done through a midline cut or para median cut above the linea

semilunaris (26). The oblique cut used in open operation for appendicitis through decades



developed identified as the McBurney incision after the paper although it was not firstly
invented by McBurney (27).

Mortality rate was high from appendicitis and appendectomy. Later the date of McBurney,
the operation for appendicitis stayed technically carefully like to current open operation, but
growth of hospitals and non-operative procedure containing antibiotics and anesthesia, both
with superior entrance to health care have prepared appendicitis a benign illness with a small
mortality rate.

In the first of 1980s, Semm defined appendectomy that was carried out using an endoscopic
technique earlier used by gynecologists during operating pelviscopy (28). Laparoscopic
appendectomy gradually became more public, and is now the standard procedure for
appendicitis (29).

In Sweden, appendectomy was presented as healing for acute appendicitis by Karl Gustaf
Lennander in Uppsala in 1889. The total of appendectomies performed increased quickly
from 618 in 1901 to 10,449 in 1913 in Sweden (30).

Medical symptoms and signs already mentioned to by McBurney remained the foundation
of diagnostics for periods. Blood leukocytosis and enlarged amount of neutrophils was late
found to be related with appendicitis (31). Immediate surgery appropriate to avoid
perforation was the gold ordinary, and false positive finding of 15-30% was measured
normal (32).

In 1986, Alfredo Alvarado issued the Alvarado Score, an investigative score for the initial
evaluation of acute appendicitis. The score contains 8 elements: migration of pain, anorexia,
nausea, tenderness in the right lower quadrant of abdomen, rebound pain, raised temperature,
blood leukocytosis and move to the left. The score grouped patients with suspected
appendicitis into three category depend on the possibility of appendicitis, so aiding in the

decision-making (18).



The technological improvement of imaging techniques followed, which enhanced diagnostic
accuracy and therefore the usage of evaluating imaging developed general in assumed acute
appendicitis. In some organizations, diagnostic imaging techniques is currently considered
obligatory. Now, the characteristic frequency of false positive diagnosis is nearby 10% but

unlimited variation in percentage still occurs (10).
2.1 Etiology, Pathogenesis, and Classifications

The vermiform appendix and the caecum grow from the caecal bud, that rises out of the
antemesenteric edge of the caudal limb of midgut loop near the start of the sixth gestational
week (33). It stays at the end of the caecum till birth but reaches its last location on the
posteriomedial wall under the ileocecal valve because the lateral caecal wall is growing
earlier than the medial. The anterior and the retrocaecal location have been labelled as most
common by many authors (34). Varying grades of malrotation might cause more ectopic
sites of the appendix (sub-hepatic and intracaecal) (35).

The normal appendix measurement is 9 cm. The appendix has the similar elementary
constructions as the colon (36). Nevertheless, growth of lymphoid tissue approximating the
organization in the distal small intestine happens rapidly following birth and continues
throughout childhood, till around the age of 25 years. The extreme transverse diameter is
stated to be reached by 4 years and declines progressively afterwards, because of the
involution of the lymphoid tissue and growing fibrosis (34).

The generally acknowledged opinion is that the appendix is a vestigial organ with no
purpose. It has been proposed that there is a link with food behaviors, since an appendix-like
tissue is apparent in other omnivores than humans (37).

The appendix has also been suggested to have a role in the movement of the colon (38) or

for the immunological defenses, but these ideas stay unverified.
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The cause of appendicitis stays unidentified. The most preferred model and surgical
references explain that the chief cause of appendicitis is impediment of the lumen of the
appendix produced by fecolith, lymphoid hyperplasia or cancer, followed by secondary
bacterial attack of the appendiceal wall which ultimately cause necrosis and puncture when
not managed on time (39).

Faecoliths or appendicoliths, considered as likely reasons of hindrance, are more commonly
noticed by means of up-to-date imaging methods, particularly CT. They seem more
commonly related with punctured appendicitis and might consequently embody a probable
danger for perforation (40); faecoliths might likewise be an accompanying result when
inflammation is inattentive (41).

Past investigational research that were previously performed in animals and far ahead also
in humans, concluded that blockade of the lumen of the appendix caused augmented
intraluminal burden, which endangered the sustainability of the appendix (42). Nonetheless,
up-to-date researches on the cause of appendicitis do not upkeep this theory. The incidence
of fecolith in adult subjects in a research by Singh and Mariadason was 13.7% and 31.6%
for appendicitis and negative appendectomy samples, respectively. The frequency of fecolith
was 27.5% in perforated appendicitis paralleled to 12.0% in non-perforated appendicitis
(43). A study of 101 post-mortem appendices and more than 3000 surgically removed
appendices found fecolith in 27% of autopsies, yet inflammation was noticed in not any of
these samples (44). A research of the histopathology of appendix in New Zealand stated
lymphoid hyperplasia to be more prevalent in normal than inflamed appendices, and ensued
only in 6% of 1711 appendices in which acute inflammation was noticed (45).

Several alternate reasons of appendicitis have been proposed, i.e. primary infection of the
appendix, either hematogenous or coming from a crack of the mucosal wall (46), or a result

of a preceding collapse of the mucosal wall with a subclinical infection, causing a restriction

11



(47). A periodic alteration in frequency and cluster eruptions of appendicitis, as well as the
age scattering with a frequency topmost in adolescence, look like that of numerous
communicable illnesses, particularly tonsillitis and influenza (48), but a causative relation
has not been confirmed. There are sequences of precise infections of the appendix stated
difficult to vary from usual acute appendicitis. viral infections have been proposed as an
etiological aspect because of periodic difference in the frequency of appendicitis but this
theory stays unverified (49). A few bacterial infections can lead to appendicitis with or
without participation of the intestine (50). Parasitic infections are a recognized likely
etiological issue of acute appendicitis particularly in developing regions.

Enterobius vermicularis (pinworm) that is usual also in developed regions is the most mutual
worm found in the appendix (51). Besides infrequently producing appendicitis, pinworm
may also lead to appendicitis-like cases that cause appendectomy (52). And actinomyces,
tuberculosis, Helicobacter jejuni, and Yersinia enterocolica amid others (41). Other
infrequent described reasons of appendicitis are swallowed foreign objects such as shotgun
bits from wild game can travel to the appendix and lead to inflammation accompanied or not
accompanied with perforation, and trauma (53).

To summarize, the exact cause of appendicitis stays unidentified, but numerous likely
helping aspects have been documented or is multifactorial.

2.2 Epidemiology

The diagnosis of appendicitis is not permanently confirmed by histopathology and hereafter,
an assessment of the epidemiology of appendicitis is problematic. It is usually supposed that
the frequency of appendectomy imitates the occurrence of appendicitis, but this hypothesis

is debatable (33).
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Acute appendicitis happens in all age groups but there is a noticeable rise in the twenties of
age (54). Around one tenth of all affected people are aged less than 10 years and another
tenth are aged more than 50 years (46). Acute appendicitis happens also in pediatrics,
although the condition is infrequent below the age of two years (55).

Appendicitis is 15% to 48% more frequent in men and the sex variance is noticeable in all
ages. From the United States, ethnic variances have been described with a 50% lesser
frequency in blacks and Asians compared to Caucasians (54). A family history of
appendicitis seems to be an important risk factor (56). Contemporary appendicitis in first
degree relatives was described, representing both a genetic vulnerability and an
environmental effect (57). Breastfeeding in pediatrics may have a shielding consequence as
youngsters who were breastfed for a period of 7 months or more had a 40% lesser probability
of appendicitis than those who were not breastfed (58).

All life risk of getting appendicitis, depending on information from the United States 1970-
1984 is around 9% for men and 7% for women, and lifetime risk of appendectomy is 12%

for men and 23% for women (54).
2.3 Uncomplicated appendicitis

Uncomplicated appendicitis (also known as suppurative appendicitis and simple
appendicitis) is defined as acute inflammation of a part or all the appendix. The mucosa of
the appendix is intensely inflamed and frequently ulcerated.

Transmural inflammation, vascular thrombosis, and intramural abscesses are characteristic.
Gangrenous acute appendicitis is occasionally encompassed under the description of
uncomplicated, and sometimes it is encompassed under complicated appendicitis, according

to the source (Fig. 2.1) (59).
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Fig.2.1: Laparoscopic images of uncomplicated appendicitis
2.4 Complicated appendicitis

Complicated appendicitis is defined in many ways. The traditional definition is appendicitis
with perforation and peritonitis or appendiceal abscess.

The perforation frequency is more in children (23-73%) (4) and in the old (55-70%) (60),
who are believed to have an inferior opposition to perforation or a more quickly advancing
illness (61). Subjects who have a late diagnosis have a high perforation frequency (62).
These subjects frequently have simultaneous diseases and uncertain clinical symptoms (63).
In pediatrics, there is often a postponement before being transported to medical care (64).
About one third of subjects are considered to have atypical clinical results (4). Additionally,
children may be problematic to inspect and may be incapable to transfer their illnesses (65).
It has also been advised, that the thinner appendiceal wall in pediatrics may result in a

quicker evolution of appendicitis to perforation (66).
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Radiological diagnosis of perforation is indefinite, and the most precise radiological
indications to perforation include extraluminal gas, focal imperfection in appendiceal wall,
abscess and small bowel ileus (67). A study examined clinical and radiological properties of
complicated appendicitis, and concluded in a scoring scheme which categorized
uncomplicated and complicated appendicitis that was more dependable than only using
imaging (68).

2.5 Negative appendectomy

Negative appendectomy is appendectomy undertaken for doubted appendicitis with no
appendicitis found, even when additional essential surgical action is performed throughout
the same procedure (69).

The total frequency of negative appendectomies has decayed since 1990s as a result of more
precise diagnosis that has largely resulted from the expansion and wider application of
imaging techniques (8). A negative appendectomy frequency of 20% or more was regarded
satisfactory before the time of CT (70). Now, negative appendectomy frequency of about
10% or less is regarded satisfactory, but the rate still differs critically (10). In spite of the
development of up-to-date imaging, diagnostic approaches are still not 100% precise and so
the frequency of negative appendectomy will persist above 0%. Appendectomy is a fairly
safe routine process, but there is related morbidity. Complications are at least as frequent in
negative investigations as in therapeutic processes; approximately 10% of cases (7).
Evading needless laparotomies has become progressively necessary, since the complication
percentage is not insignificant and is even greater with negative laparotomy, as compared to
positive. The higher risk of having small bowel obstruction post a negative appendectomy
may be due to both the surgical practice (5) and to patient-related features, i.e. higher

inflammatory reaction (71). Economic concerns on the negative appendectomy frequency
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have also become gradually more important, since avoidable surgery is a loss of medical

resources (72).
2.6 Clinical course

Typically, the disease starts with a visceral pain situated near the epigastric area. After some
time period, but generally within 6-18 hours, the pain travels distally to the right lower
quadrant of the abdomen and a continual, discrete tenderness progresses, due to the
peritoneal involvement. Rebound tenderness, as well as both involuntary and voluntary
muscular contraction, can also be found. Other symptoms like anorexia, nausea, vomiting,
constipation or diarrhea may be present.

Untreated appendicitis is believed to ensue to perforation in a high percentage of cases.
Perforation might end in short-term relief of pain, but is then tailed by a steady rise in severity
of the symptoms (36).

Related complications comprise peritonitis as well as septicaemia. In about 2-3% of cases
with acute appendicitis, perforation is tailed by the occurrence of a appendiceal abscess (73).
The appendiceal abscess development is also thought to happen without a noticeable rupture
of the appendiceal wall, as bacteria may eagerly infuse an injured appendiceal wall (74).
The disease evolution continues regularly throughout 8-48 hours; if the case is not diagnosed
as appendicitis within this time period, the likelihood that it truly is appendicitis is gradually
decreased (36). An advanced appendiceal abscess might have a history of less clear
symptoms over several weeks. Naturally resolving appendicitis has been described.
Recurring and chronic types of appendicitis have also been documented (75).

The above mentioned presentation is seen in only two thirds of the subjects with appendicitis,
and subjects with other abdominal illnesses may have comparable symptoms (76). The
inconsistency in the exact anatomical position of the appendix affects the localized

symptoms. Children are more frequently thought to show up with atypical presentation (4).
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2.7 Diagnosis of Acute Appendicitis

2.7.1 History:

Knowing the clinical course of appendicitis is obligatory for satisfactory history taking. In
pediatrics, there are substantial problems present; pediatrics, especially, may be unable to
understand and answer questions in a clear way (7), which might add a postponement before
being taken to medical care (64).

2.7.2 Clinical symptoms and physical examination:

Typical symptoms and signs of appendicitis have been known to physicians for more than a
hundred years, and continue to be the most significant part of the assessment of people with
acute abdominal pain (24). None of symptoms, signs or tests is completely precise in
diagnosing appendicitis, but a mixture of numerous results support the diagnosis. Before the
time of CT, the choice to perform a surgery in suspected appendicitis was grounded on
clinical signs and findings reinforced by laboratory inspections, and the described negative
appendectomy frequency was usually 15-30% (9, 13).

The most distinctive symptoms of acute appendicitis comprise acute abdominal pain in the
right lower quadrant (RLQ), transfer of pain from higher part of the abdomen to the RLQ,
loss of appetite and nausea, and fever.

The pain may be worsened by motion or cough indicating peritoneal inflammation, with or
without vomiting (18, 19).

Tenderness in the RLQ is the most frequently discovered sign in the physical examination,
but this sign is not found in all of cases.

Peritoneal inflammation as a result of appendicular inflammation can be verified in several
different methods, of which the mixture of guarding and rebound tenderness (also known as
Blomberg’s sign) is the most precise sign. Indirect tenderness in Rovsing’s test aids the

diagnosis and so does the psoas sign which indicates irritation to the iliopsoas muscle and
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that the inflamed appendix is located in the retrocaecal site. Patients frequently have a higher
temperature (18, 81).

2.7.3 Laboratory findings:

Numerous diagnostic laboratory results that quantify inflammatory process are
independently related to appendicitis. This relation is as strong as the relationship of
characteristic clinical results such as guarding and rebound tenderness. Though,
inflammatory laboratory inspections, as well as clinical symptoms and results, have the
solidest relations with appendicitis when they are added to each other (71). There exist no
laboratory inspections, dependent or not on each other that have 100% positive or negative
foretelling results for appendicitis (21). Blood leukocyte count, the fraction of
polymorphonuclear cells, and C-reactive protein (CRP) are usually used in clinical
application for assumed appendicitis, but several others have also been tested.

Raise of the leukocyte number is an autonomous prognostic element of acute appendicitis,
and starts in the initial stage of the disease (6). The whole white blood cell count (WBC) is
typically raised to more than 9.0x 10° /L. Repetitive quantification have revealed that WBC
might decline and even be normal in spite of the unceasing process of inflammation (77).
The higher percentage of polymorphonuclear cells (neutrophils, eosinophils and basophils),
and higher percentage of neutrophils are recognized to be related to appendicitis (6, 18).
Current investigation proposes that higher neutrophil-to-lymphocyte fraction is a predictor
of acuteness of appendicitis (88).

Raised CRP value is related to appendicitis (71). Nevertheless, the comparatively slow
initiation of CRP confines its worth in the finding of acute appendicitis in the initial stage of
the disease, and even within-range numbers of CRP do not consequently exclude possible
appendicitis. CRP numbers beyond 10 mg/L may be valuable in clinical treatments of

infections, containing appendicitis (79).
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2.7.4 Other laboratory values:

Bilirubin, Urine analysis.

2.7.5 Laparoscopy:

Laparoscopy has been defined as a cost-effective process in the diagnosis and management
of abdominal pain in subjects with uncertain cause and particularly when appendicitis is
assumed. However, laparoscopy is an invasive process needful of anaesthesia, and is related
to a risk for complications (80).

2.8 Radiologic imaging

The technological expansion of imaging techniques has allowed imaging to play a growing
and even vital role in diagnosis of acute appendicitis.

Nowadays, imaging for doubted appendicitis is even considered obligatory in several
organizations (10).

2.8.1 Plain radiographs and barium enema:

Earlier to the age of CT, routine abdomen X-ray was commonly used in diagnostics of acute
abdominal pain. The signs that were used to aid diagnosis of acute appendicitis by X-ray
were appendicolith, RLQ soft tissue bulk, extraluminal air, psoas margin obscuration, and
levoconvex lumbar spine scoliosis. The diagnostic accurateness of routine abdomen X-ray
is fragile, and this imaging technique cannot be suggested in the diagnosis of acute
appendicitis (81).

Routine abdominal x-ray and barium enema are inaccurate and of little importance.
Radiographs were described to have inaccurate results in 75% of pediatric subjects with
appendicitis in one study (82), whereas other studies found x-rays useful in only 6% of times
(83). Filling of the appendix completely with contrast almost rules out appendicitis, while
non-filling of the appendix with bulk effect on the caecum advocates appendicitis.

Nevertheless, the appendix does not fill entirely in 8% of normal subjects (84).
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Additionally, evaluation of whole filling can be hard because of the difference in the size of
normal appendices and difference in the level of block in appendicitis. Other situations than
appendicitis can cause mass effect on the cecum (85). Currently, routine radiographs and
barium enema have been substituted by up-to-date imaging methods with more sensitivity
and specificity.

2.8.2 Ultrasonography (US):

Ultrasound can be utilized in diagnosis of acute appendicitis. This method was first defined
by Pulyaert in 1986. Graded compression is utilized to displace gas-containing intestinal
loops to see the uncompressible inflamed appendix. Typical diagnostic structures of
appendicitis in graded compression US contain local probe tenderness, uncompressible
solidified appendix and peri-appendiceal fat permeation (86). Fig. (2.2) shows a

characteristic US image of an inflamed appendix.

Fig. 2.2: US images of appendicitis (the arrows point at the appendix).

The total sensitivity of US differs in diverse studies, but frequently lies in the range of 75-
95% (87); still, numbers as low as 44% have been described (88). The specificity of US is
typically described to lie within the range of 90-95%, though considerably inferior numbers

have been stated (87). The diagnosis of appendicitis is dependent on the discovery of a
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blind-ending, non-compressible tubular structure with a greatest diameter beyond 6 mm,
with or without an appendicolith, and with no peristaltic motion.

Doplex imaging might reveal hyperemia in the appendiceal wall that is considered as a
discovery of high specificity (89); nevertheless, measurable hyperemia might be not present
in initial and in advanced, gangrenous appendicitis (4). Presently, there are no studies on the
usage of contrast-enhanced ultrasonography in the assessment of appendicitis. Fig. (2.3).

Fig. (2.4)

Fig. 2.3: Ultrasonographic longitudinal image of a gangrenous appendicitis.

Fig. 2.4: Phlegmonous appendicitis. Color Doppler ultrasonographic image demonstrating
mural hyperemia.
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The main restriction of US is that is highly dependent on the operator, as shown by the
extensive range of sensitivity and specificity numbers in diverse researches (89). An
additional restriction of US in identifying appendicitis is that the absence of visualization of
the appendix does not exclude appendicitis. Well-known problems in recognizing the
appendix may happen in subjects with pain, overweight, superimposing gas, or in punctured
appendicitis. Numerous new studies have confirmed that a normal appendix may be seen in
a high count of subjects with symptoms indicative of appendicitis (4); this discovery is
considered as very specific in eliminating appendicitis (89).

In youngsters, though, the smaller quantity of intra-abdominal fat compared to that in
grownups might affect the capability to recognize the normal appendix and also to
differentiate it from intestinal loops. The external diameter of the appendix has been a topic
of argument.

Rettenbacher et al (90) established a noticeable overlap of external appendiceal width in
normal and abnormal appendices, and decided that an external diameter of more than 6 mm
as a mark of acute appendicitis offers high sensitivity but incomplete specificity. Hahn et al
(91) described lymphoid hyperplasia as a reason of a sonographically abnormal appendix.
In youngsters, the mucosa and submucosa are normally thicker (92), which can clarify the
comparatively bigger count of false-positive US investigations described by some studies
(93). A few cases considered as false-positive in many studies might also characterize
naturally resolving appendicitis (75).

The high advantage of US as the main imaging technique is the fact that it is comparatively
rapid to accomplish and does not include the administration of ionizing radiation, which is

of high value in pediatrics (94).
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Lymphoid hyperplasia may be misleading for diagnosing appendicitis particularly in
pediatrics as it leads to a thickening of the appendix. The occurrence of other typical findings
of appendicitis make diagnosis more dependable (95).

2.8.3 Computed Tomography (CT):

Spiral computed tomography with use of a diversity of methods has been described to be
very sensitive and specific for the identification of appendicitis (81). The stated general
sensitivity and the specificity falls typically within the range of 90-100% and 91-99%,
respectively (4) although many techniques have been used in the numerous studies.

CT for assumed acute appendicitis was presented in the nineties. Research that links negative
appendectomy rates before and after the application of CT shows a certain relationship
between higher use of CT and reduced percentage of negative appendectomies (81).
Nonetheless, the overall advantage of CT has been interrogated in a number of studies (96).
Generally, intravenous contrast-media is utilized without oral contrast medium. Usual signs
of appendicitis in CT images comprise thickening of the appendiceal wall with peri-
appendiceal fat infiltration, appendiceal enhancement and peri-appendiceal free fluid (81).

Fig. (2.5).

Fig. 2.5: CT images of appendicitis. The arrows point at the inflamed appendix.
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The performance of CT as a diagnostic modality for appendicitis has been analyzed in
numerous studies. In the 2010s, the reported specificity has been 93-98 % and the reported
sensitivity has been 94-98.5% (97).

Despite the excellent performance of CT in diagnosis of appendicitis, the ability to
differentiate complicated from uncomplicated cases has not been well reliable.

Findings on CT to suggest complicated appendix are mural defect, free gas, abscess
formation, peri-appendieal free fluid and appendicolith.

These findings have the highest specificity, but it has a low sensitivity of 28-70% (67).
However, the causal association of fecolith to advanced pathology is controversial (43).
Atema et al. have suggested a scoring system to increase the accuracy based on combination
of clinical and imaging findings (21).

Several medical institutions have now accepted CT as the first diagnostic method because
of its superior advantages over the US, these advantages include no operator dependency,
superior visualization of the appendix and better determination of the complications (98).
In some hospital-based protocols, CT is performed on all suspected cases of appendicitis.
Concerns about the risks of ionizing radiation and possible reactions to the contrast media,
and the high cost of this procedure have led to a protocols with more selective in choice CT
as the first diagnostic method and to use low-dose protocols when it needed.

The radiological diagnosis of appendicitis is based on the visualization of dilated (>6mm in
maximum diameter) non-compressible appendix with or without appendicolith, with mural
enhancement in Contrast Enhancement CT (CECT) Fig. (2.6), and/or surrounding
inflammatory process and abscess visualization in complicated cases (99).

In patients with abdominal symptoms caused by alternative pathologies, the accurate

identification of normal appendix is valuable. However, it is not always possible to identify
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it, especially in patients with small amount of intraperitoneal fat, particularly, children

younger than 10 years (100).

Fig. 2.6: Two consecutive abdominal CECT scans demonstrating a normal air-filled
appendix (arrows).

Recently, developing malignancy as stochastic effect from the ionizing radiation is a well-
established risk (94). Pediatric are at greater risk, because of the longer life span and the
increased the sensitivity of the dividing cells.

A major concern is the radiation-induced risks from CT scanning because of its frequent
utilization. Mettler et al found that CT were responsible to 67% of the effective dose from
all diagnostic images, from all scans, 11% were performed in pediatrics (101).

Paterson et al. stated that most of CT procedures executed at many organizations did not use
methods suitable for children, which comprised both issues resulting in higher radiation dose
and issues reducing diagnostic accurateness (102). A case of a non-medical action that rises
radiation contact is high altitude flying. It was expected that 10,000 miles of long airline
travel leads to higher cancer risk for pediatrics of 1 in 5,000 (103), which is comparable to
the single CT risk estimated, using the contemporary lower dose techniques.

Consequently, CT scanning should be asked for with care to both the hazard and the
advantage. In most instances, the advantage highly offsets the risk. All CT images should be
executed using the least dose that gives the radiologist with needed information (104).

Donnelly et al. defined a table that may be used to select the single-detector CT scanning
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method for tuning the radiation dose, according to the region of the body imaged and to the
patient’s weight. The utilization of this method in pediatrics gives a reduction in radiation
dose of around 75% with sufficient diagnostic accuracy (105).

Techniques for dose saving for multidetector CT are also being progressively developed.
Nevertheless, the highest possible reduction in hazard happens when a needless procedure
IS not executed.

Assessments of US and CT for diagnostic value are ambiguous. US has revealed lesser
diagnostic value compared to CT in comparative procedures, despite that identical diagnostic
performance were stated in earlier research. However, US includes no ionizing radiation or
contrast material, and the expense of US examination is less compared to CTs. The
sensitivity and specificity of US were 76-88% and 93-95%, respectively (106). The appendix
is not continually noticeable in US examination, and consequently negative US result does
not constantly exclude appendicitis. Yet, the positive prognostic value of US is useful. This,
added to the goal of evading additional ionizing radiation led to the utilization of US as a
chief imaging technique in most organizations. Though, in the case of questionable or
negative US, CT is essential (21).

2.8.4 Magnetic Resonance Imaging (MRI):

Magnetic Resonance Imaging (MRI) results linked to acute appendicitis comprise
appendiceal diameter of more than 7 mm, fat infiltration around the appendix and limited
appendiceal wall diffusion (107). The diagnostic value of MRI in assumed appendicitis is
higher than US but lower than CT. The MRI does not include ionizing radiation, and can be
applied even in pregnancy and perfect soft tissue resolution, multiplanar imaging
proficiency. MRI is frequently used to substitute CT for pregnant women after questionable

or negative US. The stated sensitivity and specificity of MRI are around 82-98% and 71-
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100%, respectively, according to the skill of the MRI technician. Though, MRI is not precise
at identifying perforation of the appendix (108).

The technique has numerous restrictions; for example, high expense, time-consumption and
consequently normally needs sedatives in youngsters, and is infrequently accessible an
emergency. Additionally, as faecoliths and abdominal gas give analogous signal voids on

MRI, they might be hard to differentiate.
2.9 Risks of ionizing radiation

The exact dangers of radiation resulting from diagnostic imaging are unidentified, but
approximations based on research can be found. The cancer risk related to a CT procedure
is little but existing. Visceral organs are sensitive to exposure to ionizing radiation, and
assumed appendicitis is most common in young subjects with which the issues of radiation-
induced dangers are most significant (12). An investigation of radiation-induced cancer
related to assumed appendicitis by Rogers et al. unenthusiastically decided that if all subjects
with doubted appendicitis undergo CT, one cancer death will happen as an expense for every
12 evaded negative appendectomies (109). Another approximation given by investigators
was that about 2000 CT scans on young adult patients suspected of acute appendicitis would
lead to at least one death due to cancer (110).

Low-dose procedures for abdominal CT had been created to decrease radiation dose of CT
for suspected appendicitis. The usual stated reference ranges for the effective radiation doses
for typical abdominal CT are from 7 to 10 mSv, while the radiation doses of low-dose
procedures can be as low as 2 mSv (111). Researches display similar diagnostic results for
low-dose CT compared to standard-dose CT in detection of acute appendicitis, and
diagnostic procedures including low-dose CT protocols as a part of diagnostic plan have

been effectively accepted (15).
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Numerous organizations have partially substituted CT by US in order to decrease hazards of
ionizing radiation. Therefore, US is used as the first line imaging technique for all subjects
in these situations, and CT is executed when US is negative or questionable (8, 10). Equal
or better diagnostic results has been described in conditional versus immediate CT
procedures using US as the main imaging technique. In addition to better safety, conditional
CT gives economic benefits (21). A randomized research described that selective CT
imaging depending on clinical evaluation was cost-effective in comparison to routine CT
(112).

2.10 Differential diagnosis

Numerous circumstances resemble acute appendicitis. The diagnosis is greatest puzzling in
fertile-aged females with likely acute symptoms of gynecological source. Other cases that
are frequently mistaken for appendicitis comprise mesenteric adenitis, gastroenteritis and

acute diverticulitis (32, 71).
2.11 Treatment of appendicitis

2.11.1 Appendectomy:

For over a 100 years the best management of acute uncomplicated appendicitis has been
rapid appendectomy to avoid perforation of the appendix (26).

Open appendectomy is the management of choice in the massive majority of subjects with
appendicitis. The surgical method applied nowadays has grown from tradition and practice
over many decades. Laparoscopic appendectomy was done for the first time in 1983, and is
now done regularly at many organizations, in both adults and pediatrics. Laparoscopic
appendectomy gradually became more prevalent, and is nowadays the standard procedure in

surgery for appendicitis (29).
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2.11.2 Laparoscopic versus open appendectomy:

Many researches have revealed that the laparoscopic method have benefits for people with
non-complicated and complicated appendicitis, in the old, people with comorbidities, and in
overweight patients. There is less complications and smaller length of hospitalization post
laparoscopic operations for all people (29). A Swiss analysis of 7446 people that performed
laparoscopic appendectomy for acute appendicitis over the period of 1995-2008 revealed
there was a significant reduction in postoperative complications, repeated operations, and
the duration of hospital stay over the 12-year analysis period (113). A population based
analysis from Finland stated that open appendectomy was led to six-fold increase in

mortality compared to laparoscopic appendectomy (114). Fig. (2.7).

Fig. 2.7: Operation room image of laparoscopic appendectomy.

2.11.3 Conservative treatment:

Conservative management with antibiotics (combined Intravenous (IV) and oral antibiotics)
has been utilized in acute appendicitis in small adult populations (77) but there are no
researches limited to pediatrics. Antibiotic management that might or might not be tailed by
an appendectomy, nevertheless, is often used in the treatment of appendiceal abscesses;

occasionally in addition to drainage of the abscess. Prophylactic antibiotic management,
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earlier to an appendectomy, is suggested particularly in situations of progressive appendicitis
(115). One randomized controlled study associated conservative management and direct
laparoscopic surgery and established that laparoscopic surgery is harmless in knowledgeable
hands and related to less readmissions and further interventions (116).

There is agreement that the period of time between the beginning of symptoms to the
treatment is connected with the severity of appendicitis, and that lengthy time to
management causes perioperative complications (117).

2.12 Histopathologic analysis

The commonly known histologic standard for the identification of acute appendicitis is
polymorphonuclear leukocytic infiltration of the muscularis region (74). Frequently,
neutrophils and ulcerations are also existing within the mucosa. The diverse phases of
appendicitis are frequently denoted as phlegmonous, gangrenous or perforated appendicitis.
Still, the histopathological inspection has been identified to be an “defective gold standard”
(33), as the criteria for the diagnosis of appendicitis are not determined and might differ
between different foundations and explainers.

Histopathological examination displays neutrophilic infiltration in the submucosal layer and
muscularis propria. Transmural inflammation with parts of necrosis and widespread mucosal
ulcerations are perceived in histopathological examination of gangrenous appendicitis (59).

Fig. (2.8).

Fig. 2.8: Hlstologlcal sectlon of an acute appendlcms with ulceratlon of the mucosa and
intense inflammatory infiltration of neutrophile granulocytes through the appendiceal wall.
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2.13 Outcome of acute appendicitis and appendectomy

2.13.1 Mortality:

Nowadays, death after appendectomy is infrequent. The described mortalities differ
therefore: 0.07% in one report from Germany (71), 0.23-0.24% in reports from Sweden (72).
The probability of mortality post appendectomy is associated with the patients’ age,
comorbid diseases, and case severity. There appears to be higher mortality post negative
appendectomy (7,72). The most common reasons behind deaths post appendectomies are
cardiovascular illnesses (46%), appendicitis (18%), and other infections (14%) (118). An
analysis from Finland described that open appendectomy had a six-fold increase in mortality
compared to that of laparoscopic appendectomy. The study also displayed that overall
mortality post appendectomy lessened in Finland, and this was probably as a result of more
precise diagnostics and a higher percentage of laparoscopic appendectomies (114).

2.13.2 Morbidity:

The possibility of complications post appendectomy is associated with other the disease and
the severity of appendicitis. Targeting better expectation and avoidance of

postoperative problems, researchers have established disease severity ordering systems
according to intraoperative appearance of the appendix and the peritoneal space (119).
Nevertheless, one research concluded that there were no alterations in the frequency or
severity of complications post laparoscopic appendectomy for inflamed or non-inflamed
appendix (120).

Laparoscopic appendectomy was presented to lead to less complications compared to open
surgery (29). A Finnish study utilized information gotten from the Patient Insurance
Association, and concluded that complications post appendectomy that cause a patient
insurance claim were infrequent (0.2%). The frequency of paid claims post open and
laparoscopic surgery were the same, but the compensated complications connected to
laparoscopy were worse. just 57% of subjects that received payment had an appendicitis
(114).
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3. Methodology

3.1 Study Design
A retrospective Observational Design will be used for this thesis to determine the
relationship between the US, abdominal CT reports and Histopathology reports for patients

who diagnosis with appendicitis after appendectomy surgery.
3.2 Study setting

The studies presented in this thesis were conducted in three hospitals in Palestine. Al-
Makassed Islamic Charitable hospital is one of biggest NGOS hospital in east Jerusalem,
and BeitJala Governmental hospital is one of biggest governmental hospital in west bank,
and Alisteshari is a private hospital in west bank.

This study was performed in Radiology, Surgery and pathological departments at Al-

Makassed hospital, BeitJala hospital, and Alisteshari hospital.
3.3 Target population

The target population of this study are all the patient who were clinically suspected of having
acute appendicitis and were admitted to the surgery department of Al Makassed, BeitJala,
and Alisteshari Hospitals who underwent appendectomy surgery.

The study was performed during a period of 3years and 8 months, from January 2016 to
September 2019 at Al-Makassed and BeitJala hospitals, and during 1 year, from September
2018 to September 2019 at Alisteshari hospital. The study has been approved by the

administration departments at all hospitals.
3.4 Sample

We retrospectively reviewed the medical records of the 476 patients who underwent

appendectomy, including 257 males and 219 females.
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3.5 Inclusive criteria

All patients who underwent appendectomy and received histopathology report and US
and/or Abdominal CT reports.

3.6 Exclusive criteria

Any patients who underwent appendectomy without received any histopathology report or
at least one radiological report.

The diagnostic performance of MRI was excluded from further analysis because of the small
number of patients imaged by MRI. The study exclusive sample was 316 patients.

3.7 Data collection

All patients admitted to surgery departments because of clinically suspected appendicitis
who underwent appendectomy were enrolled in the study.

Hospital 1D of all patients who underwent appendectomy were extracted from IT department
of all hospital and then Histopathology, and radiology reports were collected through the
Hospital Information System HIS.

3.8 Data analysis

Statistical analysis was performed using SPSS® versions 23 (IBM, Armonk, New York,
USA).

3.9 Timetable

This study was conducted retrospectively and the result was available by September 2019.

3.10 Budget

The research did not receive any grants.
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4. Results

The data of 792 patients who underwent appendectomy was analyzed, from which 316
patients were excluded from the statistical analysis because of absence of histopathogical or
radiological reports (182 no radiological data, 134 no pathological data). From the 182
patients who had absent radiological data, 13 patients had negative appendectomy.

The remaining data of 476 patients was studied and analyzed.

The data of the 476 studied cases was collected from three hospitals. Table (4.1). Of the
patients, 405 patients (85%) received just an ultrasound report, 15 patients (3%) received
just a CT report with no ultrasound exam, and 56 patients (12%) received both US and CT
reports.

The study included 275 male patients (54%) and 219 female patients (46%).

Table 4.1: Hospitals from which data was collected

Hospital Patient number
BeitJala 261
Almakassed 190
Alisteshari 25
Total 476

Thirty-nine percent of studied patients (n=186) were pediatrics (<16years).
Results of pathology, US, and CT per hospital are presented in Table (4.2).

Table 4.2: Results of pathology, US, and CT per hospital

Hospitals Pathology Us CT
Positive | Negative | Positive | Negative | Equivocal | Positive | Negative
Governmental 242 19 152 32 77 25 3
NGOs 154 36 118 9 58 28 7
Private 10 15 11 6 7 4 1

36




4.1 Diagnostic performance of US

Of the 461 patients who were studied by US examination as a sole exam, or as a part of
multiple radiological exam, the US showed inflamed appendicitis in 274 (59%), and showed
a normal appendix in 46 (10%) while the US operator could not detect appendix in 141
(31%).

The result was positive in both of the pathology report and US in 80.6 percent of the cases
that performed the two procedures (excluding equivocal results). The relationship between
the result of the pathology report and US is shown in Table (4.3).

Table 4.3: Relationship between the result of the pathology report and US.

US Total
NEGATIVE | POSITIVE
NEGATIVE Count 13 16 29
% of Total 4.1% 5.0% 9.1%
PATHOLOGY
POSITIVE Count 33 258 291
% of Total 10.3% 80.6% 90.9%
Total Count 46 274 320
% of Total 14.4% 85.6% 100.0%

There was a statistically significant difference between US result and the pathology results
(p<0.05, Chi-square test)

The US showed an overall sensitivity of 89% and a specificity of 45%.

4.2 Diagnostic performance of CT

Seventy-one patients underwent CT scan (15 CT alone, 56 CT plus US). The CT showed an
overall sensitivity of 91% and a specificity of 71%.

The result was positive in both of the pathology report and CT in 73.2 percent of the cases
that performed the two procedures. The relationship between the result of the pathology

report and CT is shown in Table (4.4).
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Table 4.4: Relationship between the result of the pathology report and CT.

cT
Total
NEGATIVE | POSITIVE ot
NEGATIVE 1o, Co? l'JI'r:taI 14120/ 5 20/ 19130/
PATHOLOGY ° =7 270 —
POSITIVE Count 5 52 57
%of Total | 7.0% 73.2% 80.3%
Count 15 56 71
Total
% of Total | 21.1% 78.9% 100.0%

There was a statistically significant relation between CT result in correlation with

Pathological results. (p<0.05, Chi-square test)

4.3 Correlation between USand CT

A total of 56 patients received both US and CT as a radiological modality for examination.
Ten patients (18%) demonstrated a normal appendix on histopathogical exam (Group 1) and
46 patients (82%) demonstrate inflamed appendix on histopathology (Group 2) Table (4.5).

Table 4.5: Distribution of patients that received US, CT and pathology reports.

CT
PATHOLOGY Total
OLOG NEGATIVE |POSITIVE | '°®@
Count 4 4 8
EQUIVOCAL
US Q % of Total 40.0% 40.0% 80.0%
NEGATIVE Count 2 0 2
NEGATIVE
GROUP 1 G % of Total 20.0% 0.0% 20.0%
Count 6 4 10
Total
% of Total 60.0% 40.0% 100.0%
Count 1 20 21
E IVOCAL
QUIVOC % of Total 2.2% 43.5% 45.7%
Count 1 6 7
US| NEGATIVE
POSITIVE % of Total 2.2% 13.0% 15.2%
GROUP 2 Count 0 18 18
- POSITIVE
% of Total 0.0% 39.1% 39.1%
Count 2 44 46
Total
% of Total 4.3% 95.7% 100.0%
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US did not show any inflamed appendix in Group 1, it showed 8 non-detectable and 2 non-
inflamed appendices. CT demonstrated 6 non-inflamed and 4 inflamed appendices (despite
normal appendix on pathology).
In Group 1, both US and CT demonstrated normal appendix in 2 patients. However, CT
demonstrated inflamed appendix in 4 cases which were non-detectable on US. CT
demonstrated normal appendix in the cases which were non-detectable on US (n=4).
A total of 46 patients had both US and CT scan with an inflamed appendix on pathology.
Twenty-one patients demonstrated a non-detectable appendix on US, 7 demonstrated
negative US (despite being inflamed on pathology) and 18 patients demonstrated inflamed
appendix.
CT showed inflamed appendix in 44 of the cases and only 2 non-inflamed appendices. CT
and US demonstrated inflamed appendix in 18 patients and non-inflamed appendix in 1
patient on both US and CT.
There was a controversial result between US and CT in 27 patients as follows:

e Positive CT and equivocal US: 20

e Negative CT and equivocal US: 1

e Positive CT and negative US: 6
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5. Discussion

Acute abdominal pain is the most common case among emergency department patients. One
of the most common pathologies is diagnosed behind acute abdominal pain is acute
appendicitis (1). Despite its common occurrence, accurate diagnosis remains challenging.
Diagnostic imaging of appendicitis with graded-compression US and helical CT has steadily
improved over the past decades, but the effect of radiologic imaging on negative
appendectomy rates, perforation rates and management outcome has been a subject of
discussion (7).

The ideal diagnostic test should be safe, fast, non-invasive, highly accurate, inexpensive and
readily available. Several studies have demonstrated that higher sensitivity can be achieved
when using helical CT compared to US, and it has been recommended as the method of first
choice by several authors (28). During recent years, however, concern over the risks of
ionizing radiation generated by CT has increased, especially in the pediatric population (94)
The results of our retrospective study demonstrate that both US and CT are excellent tools
for making the diagnosis of appendicitis.

Radiologic imaging may guide whether a patient should be discharged home, admitted for
observation, or given surgical treatment, which may lead to beneficial changes in
management plans.

5.1 Ultrasonography

US is a generally available, relatively inexpensive and safe procedure that does not involve
the use of ionizing radiation, and requires no patient preparation, although it is well known
that US is highly operator-dependent. The major disadvantage of US is the fact that a
negative US examination does not exclude appendicitis unless a normal appendix is
confidently visualized.

Visualization rates vary widely in the published literature from 22 to 98% (88).
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Our study demonstrated that from 461 patients who underwent US the visualization rate was
69.5% (320 from 461). Of those only 46 patients (14.4%) demonstrated normal appendix on
us.

Appendicitis was not ruled out nor confirmed due to non-visualization in 141 patients, which
necessitated another imaging modality (for example, CT) to be done, or to move directly to
surgery if there was high suspicion.

Patient dependent difficulties include body constitution and meteorism.

In this study, the US showed a sensitivity and specificity of 89% and 45% respectively.
The result was in harmony with Skaane et. al (87) which resulted in a sensitivity range of
75-95% but was different from Garcia Pena et. al in which the specificity range was 90-
95% (88).

In summary, US is a first-line imaging modality that can be used to identify which patients
can go directly to surgery or when further imaging with CT is necessary.

5.2 Computed Tomography

This study shows that CT has 91% and 71% sensitivity and specificity respectively.

The result shows a low specificity rate in contrast to high specificity (91%-99%) in Sivit et.
al (4). This may be due to poor protocol of CT examination in cases of suspected
appendicitis. Further studies are advised to assess the cause of this poor specificity and to
suggest solution to improve it, which is beyond the scope of this study.

CT should be added to the imaging protocol for patients who have negative US findings but
clinical presentations are strongly suggestive of appendicitis, in inconclusive cases, or when
the radiologist lacks experience with US.

Communication between the radiologist and the clinician is crucial for avoiding unnecessary
CT studies (especially repeated examinations) and provides the greatest possible potential to

minimize unnecessary ionizing radiation.
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5.3 Correlation between USand CT

The main subject of this study was to correlate the result of the US and CT in diagnosis of
cases of suspected appendicitis.

Only 56 patients underwent both US and CT scan. According to pathology reports, they were
classified as group 1, which consisted of 10 patients (negative appendix) and group 2, which
consisted of 46 patients (positive result, appendicitis).

In Group 1, both procedures showed matching results with pathology in 2 patients (20%).
When the two procedures showed controversial results, CT appeared to have a high false
positive results (CT showed inflamed appendix in 4 cases (40%)). However, US in this group
did not visualize the appendix to rule out the diagnosis in 8 cases with a non-visualization
rate of 80%.

In Group 2, both modalities showed matching results with pathology in 18 patients (40%)
while 60% was unmatched. In the unmatched cases, CT appears to have a high true positive
results of 96% (26 from the 27 patients).

US demonstrated high false negative with a rate of 15.2% and non-visualization rate of
45.7%.

However, in one case, CT had a result controversial to the pathology report and the US did
not detect an appendix (both demonstrate false negative).

In conclusion, in cases with negative appendectomy, CT demonstrated high false positive
results with 40% of all cases and true negative in 60% of the cases. In both situation US
failed to visualize the appendix with a non-visualization rate of 80%.

However, in cases with approved appendicitis, CT showed high true positive rate of 96%,
while US demonstrated high non-visualization rate of 45.7% and false negative in 15.2% of

the cases.
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The results show that CT had higher correlation with pathology results when the pathology
demonstrated inflamed appendix, especially in cases not visualized by US. This suggests
that the patient should be referred to CT when US is non-conclusive.

The study shows a limited value of CT in cases of non-visualized appendix on US and
negative pathology with false positive of 50% of non-visualized appendix on US. These

limited values do not go in harmony with other studies in literature.
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Conclusion

When the pathology report was positive for appendicitis, CT had a higher correlation rate
over US which had a very low specificity rate of around 45%. However, in negative
pathology reports, CT had a 40% false positive rate.

Limitations

e A very high number of patients had missing data (either missing radiology report or
missing pathology report).

e The sample from Al-Isteshari Hospital was smaller than the other two hospitals.

Recommendations

e Using US as the primary imaging modality in the evaluation of suspected appendicitis.

e Abdominal CT should be added to the imaging protocol when the US study fails to
visualize the appendix but the patient has a clinical presentation strongly suggestive of,
but not totally convincing for appendicitis, when the US study is inconclusive, or when
the radiologist lacks experience with US.

e Improve CT protocols and improve knowledge of radiologists in diagnosis of
appendicitis on CT.

¢ Increase the number of available radiologists and radiology services.

e Application of a standard protocol for diagnosis of appendicitis that should include oral

and 1V contrast media, using only one series (portal phase), and thin slice sections.

45



References

[EEN
[

N
1

3

4

5

6

~
1

8

10-

Puri P. Appendicitis (editorial). Pediatr Surg Int 1995;10:61.

De Dombal FT. The OMGE acute abdominal pain survey. Progress report, 1986.
Scand J Gastroenterol Suppl 1988;144:35-42.

Hoffmann J, Rasmussen OO. Aids in the diagnosis of acute appendicitis. Br J Surg.
1989;76(8):774-9.

Sivit CJ, Siegel MJ, Applegate KE, Newman KD. When appendicitis is suspected in
children. Radiographics 2001;21:247-262; questionnaire 288-294.

Pieper R, Kager L, N,sman P. Acute appendicitis: a clinical study of 1018 cases of
emergency appendectomy. Acta Chir Scand 1982;148:5162.

Andersson RE, Hugander AP, Ghazi SH, et al. Why does the clinical diagnosis fail
in suspected appendicitis? Eur J Surg 2000;166:796802.

Flum DR, Koepsell T. The clinical and economic correlates of misdiagnosed
appendicitis: nationwide analysis. Arch Surg. 2002;137(7):799-804.

Boonstra PA, van Veen RN, Stockmann HB. Less negative appendectomies due to
imaging in patients with suspected appendicitis. SurgEndosc. 2015;29(8):2365-70.
Raja AS, Wright C, Sodickson AD, Zane RD, Schiff GD, Hanson R,Baeyens PF,
Khorasani R. Negative appendectomy rate in the era of CT: an 18year perspective.
Radiology. 2010;256(2):460-5.

Lahaye MJ, Lambergts DM, Mutsaers E, Essers BA, Breukink SC, V. C., Beets GL,
Beets-Tan RG. Mandatory imaging cuts costs and reduces the rate of unnecessary
surgeries in the diagnostic work-up of patients suspected of having appendicitis. Eur

Radiol. 2015;25(5):1464.70.

46



11- National Surgical Research C. Multicenter observational study of performance
variation in provision and outcome of emergency appendectomy. Br J Surg.
2013;100(9):1240-52.

12-Hall EJ, Brenner DJ. Cancer risks from diagnostic radiology: the impact of new
epidemiological data. Br J Radiol. 2012;85(1020): e1316-7.

13- Kharbanda AB, Madhok M, Krause E, Vazquez-Benitez G, Kharbanda EO, Mize W,
Schmeling D. Implementation of Electronic Clinical Decision Support for Pediatric
Appendicitis. Pediatrics. 2016;137(5).

14-Shah SR, Sinclair KA, Theut SB, Johnson KM, Holcomb GW, St Peter SD.
Computed Tomography Utilization for the Diagnosis of Acute Appendicitis in
Children Decreases With a Diagnostic Algorithm. Ann Surg. 2016.

15- Poletti PA, Platon A, De Perrot T, Sarasin F, Andereggen E, Rutschmann O, Dupuis-
Lozeron E, Perneger T, Gervaz P, Becker CD. Acute appendicitis: prospective
evaluation of a diagnostic algorithm integrating ultrasound and low-dose CT to
reduce the need of standard CT. Eur Radiol. 2011;21(12):2558-66.

16- Apisarnthanarak P, Suvannarerg V, Pattaranutaporn P, Charoensak A, Raman SS,
Apisarnthanarak A. Alvarado score: can it reduce unnecessary CT scans for
evaluation of acute appendicitis? Am J Emerg Med. 2015;33(2):266-70.

17- Di Saverio S, Birindelli A, Kelly MD, Catena F, Weber DG, Sartelli M, Sugrue M,
De Moya M, Gomes CA, Bhangu A, Agresta F, Moore EE, Soreide K, Griffiths E,
De Castro S, Kashuk J, Kluger Y, Leppaniemi A, Ansaloni L, Andersson M,
Coccolini F, Coimbra R, Gurusamy KS, Campanile FC, Biffl W, Chiara O, Moore
F, Peitzman AB, Fraga GP, Costa D, Maier RV, Rizoli S, Balogh ZJ, Bendinelli C,

Cirocchi R, Tonini V, Piccinini A, Tugnoli G, Jovine E, Persiani R, Biondi A, Scalea

47



T, Stahel P, Ivatury R, Velmahos G, Andersson R. WSES Jerusalem guidelines for
diagnosis and treatment of acute appendicitis. World J Emerg Surg. 2016;11:34.

18- Alvarado A. A practical score for the early diagnosis of acute appendicitis. Ann
Emerg Med. 1986;15(5):557-64.

19- Andersson M, Andersson RE. The appendicitis inflammatory response score: a tool
for the diagnosis of acute appendicitis that outperforms the Alvarado score. World J
Surg. 2008;32(8):1843-9.

20- Bachur RG, Dayan PS, Dudley NC, Bajaj L, Stevenson MD, Macias CG, Mittal MK,
Bennett J, Sinclair K, Monuteaux MC, Kharbanda AB. The Influence of Age on the
Diagnostic Performance of White Blood Cell Count and Absolute Neutrophil Count
in Suspected Pediatric Appendicitis. Acad Emerg Med. 2016.

21- Atema JJ, Gans SL, Beenen LF, Toorenvliet BR, Laurell H, Stoker J, Boermeester
MA. Accuracy of White Blood Cell Count and C-reactive Protein Levels Related to
Duration of Symptoms in Patients Suspected of Acute Appendicitis. Acad Emerg
Med. 2015;22(9):1015-24.

22- Ackerman E. A short history of medicine. In. Baltimore: The John Hopkins
University Press, 1982.

23- Doherty GM, Lewis FR, Jr. Appendicitis: continuing diagnostic challenge. Emerg
Med Clin North Am 1989;7:537-553.

24- Fitz RH. Perforating inflammation of the vermiform appendix with special reference
to its early diagnosis and treatment. Am J Med Sci. 1886;92:321-46.

25- Richardson WS. The evolution of early appendectomy as standard treatment from
appendicitis: what we can learn from the past in adopting new medical therapies. Am

Surg. 2015;81(2):161-5.

48



26-McBurney C. IV. The Incision Made in the Abdominal Wall in Cases of
Appendicitis, with a Description of a New Method of Operating. Ann Surg.
1894;20(1):38-43.

27-Grover CA, Sternbach G. Charles McBurney: McBurney's point. J Emerg Med.
2012;42(5):578-81.

28- Semm K. Endoscopic appendectomy. Endoscopy. 1983;15(2):5964.

29- Masoomi H, Mills S, Dolich MO, Ketana N, Carmichael JC, Nguyen NT, Stamos
MJ. Comparison of outcomes of laparoscopic versus open appendectomy in adults:
data from the Nationwide Inpatient Sample (NIS), 2006-2008. J Gastrointest Surg.
2011;15(12):2226-31.

30- Nystrom G. Die Entwicklung der Appendizitchirurgie in Schweden: ein Beitrag zu
deren Wertschtzung. Acta Chir Scand 1919;1919:1-32.

31- Sasso RD, Hanna EA, Moore DL. L leukocyte and neutrophilic counts in acute
appendicitis. Am J Surg. 1970;120(5):563-6.

32- Gilmore OJ, Browett JP, Griffin PH, Ross 1K, Brodribb AJ, Cooke TJ, Higgs MJ,
Williamson RC. Appendicitis and mimicking conditions. A prospective study.
Lancet. 1975;2(7932):421-4.

33- Andersson R. Appendicitis, epidemiology and diagnosis. In: Thesis, Linkoping’s
University, 1998.

34- Williams R. Development, structure and function of the appendix. In: Williams R,
Myers,P, ed. Pathology of the appendix and its sutgical treatment. London: Chapman
& Hall Medical, 1994:9-30.

35- Abramson D. Vermiform appendix located within the caecal wall. Abnormalities and

bizarre locations. Dis Colon Rectum 1983;1983:386-389.

49



36- Andrén-Sandberg A. Acute appendicitis. Diagnosis, treatment and results in the
2002s. A literature study aiming at evidence based surgery., 2002.

37- Cave A. Appendix vermiformis duplex. J Anat 1936;1936:283-292.

38- McEwen W. The function of the caecum and appendix. Lancet 1904;1904:995-1000.

39- Goldblatt MI, Telford GL, Wallace JR. Shackelford's Surgery of the Alimentary
Tract. 7th ed: Elsevier; 2013.

40- Birnbaum BA, Wilson SR. Appendicitis at the millennium. Radiology 2000;
215:337-348.

41- Williams R. Inflammatory disorders of the appendix. In: Williams R, Myers,P, ed.
Pathology of the appendix and its surgical treatment. London: Chapman & Hall
Medical, 1994:53-89.

42- Wangensteen OH, Dennis C.Experimental proof of the obstructive origin of
appendicitis in man. Ann Surg. 1939;110(4):62947.

43- Singh JP, Mariadason JG. Role of the faecolith in modern-day appendicitis. Ann R
Coll Surg Engl. 2013;95(1):48-51.

44- Andreou P, Blain S, Du Boulay CE. A histopathological study of the appendix at
autopsy and after surgical resection. Histopathology. 1990;17(5):427-31.

45- Chang AR. An analysis of the pathology of 3003 appendices. Aust N Z J Surg.
1981;51(2):169-78.

46- Arnbjornsson E, Bengmark S. Role of obstruction in the pathogenesis of acute
appendicitis. Am J Surg 1984;147:390-392.

47- Aschoff L. Die Wormfortsatzentziindung, eine patologischhistologische und
patogenetische Studie. In, 1908.

48- Luckmann R, Davis P. The epidemiology of acute appendicitis in California: racial,

gender, and seasonal variation. Epidemiology 1991;2:323-330.

50



49- Alder AC, Fomby TB, Woodward WA, Haley RW, Sarosi G, Livingston EH.
Association of viral infection and appendicitis. Arch Surg. 2010;145(1):63-71.

50-Lamps LW. Infectious causes of appendicitis. Infect Dis Clin North Am.
2010;24(4):995-1018, ix-X.

51-Jada SK, Jayakumar K, Sahu PS, R V. Faecolith examination for spectrum of
parasitic association in appendicitis. J Clin Diagn Res. 2014;8(5):Dc16-8.

52- Nordstrand 1A, Jayasekera LK. Enterobius vermicularis and clinicalappendicitis:
worms in the vermiform appendix. ANZ J Surg. 2004;74(11):10245.

53-Baek SK, Bae OS, Hwang |. Perforated appendicitis caused by foreign body
ingestion. Surg Laparosc Endosc Percutan Tech. 2012;22(2): e947.

54- Addiss DG, Shaffer N, Fowler BS, Tauxe RV. The epidemiology of appendicitis and
appendectomy in the United States. Am J Epidemiol 1990;132:910-925.

55- Lassiter HA, Werner MH. Neonatal appendicitis. South Med J 1983;76:1173-1175.

56- Andersson N, Griffiths H, Murphy J, et al. Is appendicitis familial? Br Med J
1979;2:697-698.

57- Gracey L, Sanders S. Appendicectomy and family history. Br Med J 1979;2:1003.

58- Pisacane A, de Luca U, Impagliazzo N, Russo M, De Caprio C, Caracciolo G. Breast
feeding and acute appendicitis. Bmj 1995;310:836-837.

59- Carr NJ. The pathology of acute appendicitis. Ann Diagn Pathol. 2000;4(1):46-
58.88.

60- Birnbaum BA, Balthazar EJ. CT of appendicitis and diverticulitis. Radiol Clin North
Am 1994;32:885-898.

61- Coran AG, Wheeler HB. Early perforation in appendicitis after age 60.Jama

1966;197:745-748.

51



62- Andersen E, Sondenaa K, Soreide JA, Nysted A. [Acute appendicitis. Preoperative
observation time and diagnostic accuracy]. Tidsskr Nor Laegeforen 1992;112:630-
634.

63- Rothrock SG, Green SM, Dobson M, Colucciello SA, Simmons CM. Misdiagnosis
of appendicitis in nonpregnant women of childbearing age. J Emerg Med 1995;13:18.

64- Lau WY, Fan ST, Yip WC, et al. Acute appendicitis in children. Aust N Z J Surg
1987;57:927-931.

65- Hopkins KL, Patrick LE, Ball TI. Imaging findings of perforative appendicitis: a
pictorial review. Pediatr Radiol 2001;31:173-179.

66- Schmit PJ, Hiyama DT, Swisher SG, Bennion RS, Thompson JE, Jr. Analysis of risk
factors of post appendectomy intra-abdominal abscess. J Am Coll Surg
1994;179:721-726.

67-Suh SW, Choi YS, Park JM, Kim BG, ChaSJ, Park SJ, Chang IT. Clinical factors
for distinguishing perforated from nonperforated appendicitis: a comparison using
multidetector computed tomography in 528 laparoscopic appendectomies. Surg
Laparosc Endosc Percutan Tech. 2011;21(2):72-5.

68- Atema JJ, van Rossem CC, Leeuwenburgh MM, Stoker J, Boermeester MA. Scoring
system to distinguish uncomplicated from complicated acute appendicitis. Br J Surg.
2015;102(8):979-90.

69- Papes D, Srsen Medancic S, Antabak A, Sjekavica I, Luetic T. What is the acceptable
rate of negative appendectomy? Comment on "Prospective evaluation of the added
value of imaging within the Dutch National Diagnostic Appendicitis Guideline--do
we forget our clinical eye"? Dig Surg. 2015;32(3):181-2.

70- Berry J, Jr., Malt RA. Appendicitis near its centenary. Ann Surg. 1984;200(5):567-

75.

52



71- Andersson RE. Small bowel obstruction after appendicectomy. Br J Surg
2001;88:1387-1391.

72- Blomqvist PG, Andersson RE, Granath F, Lambe MP, Ekbom AR. Mortality after
appendectomy in Sweden, 1987-1996. Ann Surg 2001;233:455-460.

73- Soderbaum P. Om blindtarmsinflammation. Allm Sv Lkartidningen 1895;1895:369-
380.

74-Robbins S. Gastrointestinal tract. In: Pathologic basis of disease. Philadelphia:
Saunders WB, 1974:974-975.

75- Cobben LP, de Van Otterloo AM, Puylaert JB. Spontaneously resolving appendicitis:
frequency and natural history in 60 patients. Radiology 2000;215:349-352.

76- Buchman TG, Zuidema GD. Reasons for delay of the diagnosis of acute appendicitis.
Surg Gynecol Obstet 1984;158:260-266.

77-Eriksson S, Granstrom L, Carlstrom A. The diagnostic value of repetitive
preoperative analyses of C-reactive protein and total leucocyte count in patients with
suspected acute appendicitis. Scand J Gastroenterol 1994;29:1145-1149.

78- Kelly ME, Khan A, Riaz M, Bolger JC, Bennani F, Khan W, Waldron R, Khan 1Z,
Barry K. The Utility of Neutrophil-to-Lymphocyte Ratio as a Severity Predictor of
Acute Appendicitis, Length of Hospital Stay and Postoperative Complication Rates.
Dig Surg. 2015;32(6):459-63.

79- Gronroos JM, Gronroos P. Leucocyte count and C-reactive protein in the diagnosis
of acute appendicitis. Br J Surg. 1999;86(4):501-4.

80- Whitworth CM, Whitworth PW, Sanfillipo J, Polk HC, Jr. Value of diagnostic
laparoscopy in young women with possible appendicitis. Surg Gynecol Obstet

1988;167:187-190.

53



81-Rao PM, Rhea JT, Rao JA, Conn AK. Plain abdominal radiography in clinically
suspected appendicitis: diagnostic yield, resource use, and comparison with CT. Am
J Emerg Med. 1999;17(4):325-8. 159. Kipper SL. The role of radiolabeled leukocyte
Imaging in the management of patients with acute appendicitis. Q J Nucl Med.
1999:43(1):8392.

82- Rothrock SG, Green SM, Harding M, et al. Plain abdominal radiography in the
detection of acute medical and surgical disease in children: a retrospective analysis.
Pediatr Emerg Care 1991;7:281-285.

83- Mullins ME, Kircher MF, Ryan DP, et al. Evaluation of suspected appendicitis in
children using limited helical CT and colonic contrast material. AJR Am J Roentgenol
2001;176:37-41.

84-Schey WL. Use of barium in the diagnosis of appendicitis in children. Am J
Roentgenol Radium Ther Nucl Med 1973;118:95-103.

85- Fee HJ, Jr., Jones PC, Kadell B, O'Connell TX. Radiologic diagnosis of appendicitis.
Arch Surg 1977;112:742-744.

86- Puylaert JB. Acute appendicitis: US evaluation using graded compression.
Radiology. 1986;158(2):355-60.

87-Skaane P, Schistad O, Amland PF, Solheim K. Routine ultrasonography in the
diagnosis of acute appendicitis: a valuable tool in daily practice? Am Surg
1997,63:937-942.

88- Garcia Pena BM, Mandl KD, Kraus SJ, et al. Ultrasonography and limited computed
tomography in the diagnosis and management of appendicitis in children. Jama

1999;282:1041-1046.

54



89- Kessler N, Cyteval C, Gallix B, et al. Appendicitis: evaluation of sensitivity,
specificity, and predictive values of US, Doppler US, and laboratory findings.
Radiology 2004;230:472-478.

90- Rettenbacher T, Hollerweger A, Macheiner P, et al. Outer diameter of the vermiform
appendix as a sign of acute appendicitis: evaluation at US. Radiology 2001;218:757-
762.

91- Hahn HB, Hoepner FU, Kalle T, et al. Sonography of acute appendicitis in children:
7 year's experience. Pediatr Radiol 1998;28:147-151.

92- Williams G. The vermiform appendix. In: Morson B, ed. Alimentary tract systemic
pathology, 3rd ed. London: Churchill Livingstone, 1987:292-312.

93- Galindo Gallego M, Fadrique B, Nieto MA, et al. Evaluation of ultrasonography and
clinical diagnostic scoring in suspected appendicitis. Br J Surg 1998;85:37-40.

94- Brenner D, Elliston C, Hall E, Berdon W. Estimated risks of radiationinduced fatal
cancer from pediatric CT. AJR Am J Roentgenol 2001;176:289-296.

95- Xu 'Y, Jeffrey RB, DiMaio MA, Olcott EW. Lymphoid Hyperplasia of the Appendix:
A Potential Pitfall in the Sonographic Diagnosis of Appendicitis. AJR Am J
Roentgenol. 2016;206(1):189-94.

96- Wagner PLa, Eachempati SRab, Soe K, Pieracci FM, Shou J, Barie PSab. Defining
the current negative appendectomy rate: For whom is preoperative computed
tomography making an impact? Surgery. 2008;144(2):276-82.

97- Pickhardt PJ, Lawrence EM, Pooler BD, Bruce RJ. Diagnostic performance of
multidetector computed tomography for suspected acute appendicitis. Ann Intern

Med. 2011;154(12):789-96, w-291.

55



98- Guillerman RP, Brody AS, Kraus SJ. Evidence-based guidelines for pediatric
imaging: the example of the child with possible appendicitis. Pediatric Ann
2002;31:629-640.

99- Balthazar EJ, Megibow AJ, Hulnick D, Gordon RB, Naidich DP, Beranbaum ER.
CT of appendicitis. AJR Am J Roentgenol 1986;147:705-710.

100- Grayson DE, Wettlaufer JR, Dalrymple NC, Keesling CA. Appendiceal CT in
pediatric patients: relationship of visualization to amount of peritoneal fat. AJR Am
J Roentgenol 2001;176:497-500.

101- Mettler FA, Jr., Wiest PW, Locken JA, Kelsey CA. CT scanning: patterns of use
and dose. J Radiol Prot 2000;20:353-359.

102- Paterson A, Frush DP, Donnelly LF. Helical CT of the body: are settings adjusted
for pediatric patients? AJR Am J Roentgenol 2001;176:297301.

103- Measurement NCoRPa. Radiation exposure and high-altitude flight. In. Bethesda,
Maryland, 1995:5-12.

104- Brody AS, Guillerman RP. Radiation risk from diagnostic imaging. Pediatr Ann
2002;31:643-647.

105- Donnelly LF, Emery KH, Brody AS, et al. Minimizing radiation dose for pediatric
body applications of single-detector helical CT: strategies at a large Children's
Hospital. AJR Am J Roentgenol 2001;176:303-306.

106- van Randen A, Lameris W, van Es HW, van Heesewijk HP, van Ramshorst B,
Ten Hove W, Bouma WH, van Leeuwen MS, van Keulen EM, Bossuyt PM, Stoker
J, Boermeester MA. A comparison of the accuracy of ultrasound and computed
tomography in common diagnoses causing acute abdominal pain. Eur Radiol.

2011;21(7):1535-45.

56



107- Leeuwenburgh MM, Jensch S, Gratama JW, Spilt A, Wiarda BM, Van Es HW,
Cobben LP, Bossuyt PM, Boermeester MA, Stoker J. MRI features associated with
acute appendicitis. Eur Radiol. 2014;24(1):214-22.

108- Konrad J, Grand D, Lourenco A. MRI: first-line imaging modality for pregnant
patients with suspected appendicitis. Abdom Imaging. 2015;40(8):3359-64. 94.
109- Rogers W, Hoffman J, Noori N. Harms of CT scanning prior to surgery for

suspected appendicitis. Evid Based Med. 2015;20(1):3-4.

110- Board on Radiation Effects R. Health risks from exposure to low levels of ionizing
radiation: BEIR VI phase 2. Washington DC: National Academies Press; 2006.
111- Kim K, Kim YH, Kim SY, Kim S, Lee YJ, Kim KP, Lee HS, Ahn S, Kim T,
Hwang SS, Song KJ, Kang SB, Kim DW, Park SH, Lee KH. Low-dose abdominal

CT for evaluating suspected appendicitis. N Engl J Med. 2012;366(17):1596605.

112- Lehtimaki T, Juvonen P, Valtonen H, Miettinen P, Paajanen H, Vanninen R.
Impact of routine contrast-enhanced CT on costs and use of hospital resources in
patients with acute abdomen. Results of a randomized clinical trial. Eur Radiol.
2013;23(9):2538-45.

113- Brugger L, Rosella L, Candinas D, Guller U. Improving outcomes after
laparoscopic appendectomy: a population-based, 12-year trend analysis of 7446
patients. Ann Surg. 2011;253(2):309-13.

114- Kotaluoto S, Ukkonen M, Pauniaho SL, Helminen M, Sand J, Rantanen T.
Mortality Related to Appendectomy; a Population Based Analysis over Two Decades
in Finland. World J Surg. 2016.

115- Soderquist-Elinder C, Hirsch K, Bergdahl S, Rutqvist J, Frenckner B.
Prophylactic antibiotics in uncomplicated appendicitis during childhood- a

prospective randomised study. Eur J Pediatr Surg 1995;5:282-285.

57



116- Mentula P, Sammalkorpi H, Leppaniemi A. Laparoscopic Surgery or
Conservative Treatment for Appendiceal Abscess in Adults? A Randomized
Controlled Trial. Ann Surg. 2015;262(2):237-42.

117- Jeon BG, Kim HJ, Jung KH, Lim HI, Kim SW, Park JS, Kim KH, Kim ID.
Appendectomy: Should it Be Performed So Quickly? Am Surg. 2016;82(1):6574.
118- Andersson MN, Andersson RE. Causes of short-term mortality after
appendectomy: a population-based case-controlled study. Ann  Surg.

2011;254(1):103-7.

119- Reid F, Choi J, Williams M, Chan S. Prospective evaluation of the Sunshine
Appendicitis Grading System score. ANZ J Surg. 2015.

120- Lee M, Paavana T, Mazari F, Wilson TR. The morbidity of negative

appendicectomy. Ann R Coll Surg Engl. 2014;96(7):517-20.

58



Appendix A

oedal) A xala
Ll (gl A5
whll gl B la

1ds University

Ity of Health Professions

al Imaging Dep.

\
ilem - Abu Dies }

28/07/2018 ),]7 f’f;v) UL"Q
/ Pf 39!}

U.u.!.lﬂ-Mwluhaw?bfu\epﬁhd.ﬁyiemJJaSAEhw
(g Ak Al

Caly daga Jugul £ g gl

)._.LA}LA\’_LALI)JHHL’JE— LZ:L...!J_‘@L‘a MMWJ\M ea! allall uh?ldl )
Lé_ua‘o)llq,ﬂnl'l ﬁ}...:l'ﬁ _)L...a\‘___?__d:.lll Jg;.aﬂ”ﬂ:x_,j}\sﬁ

3 s 8 (MSc Medical Imaging Technology — Functional Imaging track)
: ol daala /ol eatl)

o seaill g oadaiall  eeatl) ) Aall ) g iag Jeny Gpes deal QiU G
a5l s 3 Dledll e Clsll 845 seall (348 s sally

Predictive value of Computed Tomography and Ultrasonography in the
(detection of appendicitis)

JSJ.A’LEA-H Jhﬂam, QA)S:L“‘ Yh@ywwduwicﬂm-ul [En{BN] (aj.i.\...nu.\;
2]l
.

Aaga Jigasts Gyinall VU a SHlI oS5 pums e s adle

2Rl g a) s Jsds | gl

595799755

&~
h)

9753 - +02 2791243 E-Mail: 1A s +102 2799753 -+ 02 2791243 : 045

59



Appendix B

230719 10:12 FROM= =074
S_tate of Palestinc Ohuadd A 53
Ministry of Health P 0305

. General Divectorata .. . .
of Paramedical Services ..

R NP eS|
sbuall dubll Oloasl

il I f’f’) 4
"ﬁi} //X)‘fy i il ) (g3n )5:5.\.\@1\

LR 5 / Clbioall Ll BN oo g 1§
o s / -

fag (Jutad 1 aazall f /‘\)\ {/
oz

-
\., sty Auh Aaas

(-(D?S fo‘{‘é
Q—%\ \Qﬁ‘c\_,

._u\ epeail Ll iinle — G Geall e denth el Zago Jiend s
G5 oyl gasilly (oadaball zesitll Kol el Olysny Sias Joand gl dxala 0
Yo Siy Aas (B ATege Jated o2 Jab il sl el e CaSSD (B Ansall
Giadl (mhaY A 15 By Slagbud] B ae Jaball S s adad e oy

pex — ‘\ﬁ_ Lt

Ly

ol G o iy 7, -

Ministry of Health — Ramallah TelFax: 022964402: <35 Aol Rawali 5 )10y
= e-mail : [ahs. bb@hotmail.com
Ministry of Health - Nablus TelFax: 09-2335821; o8l blie Lawall 30100
74! 0N GH SN el

60



Appendix C

Al Quds University woadl daal>
Faculty of Health Professions Agall o dl a8
Department of Medical Imaging whall ygsaill 3yl
Jerusalem —Abu Dis -u“-.’é ;._.i — woudl!

2019\09\08

A aly\ ) (5 AN Adla sida | asfaal) Aial ) st ) g3 5 pan
ey g Al das

Gl daga g £ guda gall

fale zalip (B Ule Gl o Qs (s deas aa )l ae daal QL G Al s )
sl ) gl asa\ ol g el i 15

50l A (MSc Medical Imaging Technology — Functional Imaging track)
(ool Aaals /bl gl

el paliall s peal Ayl Al ) ging g Jamg (e 2an) AL 5y
g0 520 523130 il e RS 3 A5 el (3 il sally
Predictive value of Computed Tomography and Ultrasonography in the
.(detection of appendicitis)

Sletal) Calida M\ *_s.é“ ?LE.’\H Aliae Ay Gl = 2aal llall PEYTNTITEN
-(L)A\A..“‘, s".\AY\‘, g‘n)S;“)

Alage Jagasty Oprinall Jla¥U o S 4S5 jas e s )l Adle

adllg alial) gy 1sladt

Tel. + 02 2799753 - +02 2791243  E-Mail: H S A Lo +02 2799753 -+ 02 2791243 : 058k
Fax. 02+2796110 0242796110 1S

61



