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ickground: Acute appendicitis remains the most common indication for surgical
rvention in acute abdomen. The negative appendicectomy rate is 25% at KNH
ording to a recent study.!’ Diagnosis of acute appendicitis continues to be a
allenge. This is especially so for the less experienced clinicians who are the majority
our setup. There is need for an easily available and cost effective protocol to aid the
nician in making an accurate diagnosis of acute appendicitis.

jective: To determine the diagnostic accuracy of a protocol that combined modified
lvarado scoring and ultrasonography for equivocal cases in acute appendicitis at
{enyatta National Hospital.

Design: A prospective observational study
Setting: KNH accident and emergency and general surgery departments

Patients and methods: Patients presenting with suspected acute appendicitis were
scored using the modified Alvarado scoring system. Patients who scored 7 and above
- proceeded to surgery while those who scored the equivocal range of 4 to 6 underwent
~ ultrasound scanning for suspected appendicitis as described by Puylaert.”® Confirmation
of appendicitis was based on histopathology as the reference standard.

Results: A total of 100 patients were recruited in the study over a period of 8 months
from July 2011 to March 2012. The ratio of male to female patients was 1.2:1. The
range of ages of presentation was 7 to 55 years with a median age of 26.The mean age
was 27.9 years with a standard deviation of 11.4. Fifty four patients had a modified
Alvarado score of 7 and above while 46 patients scored between 4 and 6 and
underwent ultrasonography. The area under the curve for the receiver operating curves
was 0.60 and 0.58 for ultrasonography and MAS plus ultrasonography respectively.
There was no statistical difference between the PPV of MAS between 4 and 6 and of
ultrasonography in the equivocal cases. Ultrasonography had sensitivity, specificity, PPV
and NPV values of 93.5%(95% CI,78.5-99.2), 26.7%(95% CI,7.8-55.1), 72.5%(95%
CI,56.1-85.3) and 66.7%(95% CI,22.2-95.6) respectively. The overall sensitivity,
specificity, PPV and NPV of the protocol was 97.5%(95%CI,91.2-99.7),19%(95%
CI,5.4-41.9),81.9%(95% CI,72.6-89.1) and NPV  66.7%(95%  CI,22.2-95.7)
respectively. The crude negative appendicectomy rate for the series was 21%. The
calculated negative appendicectomy rate with the protocol factored in was 18%. The
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ol had a missed appendicitis diagnosis rate of 2%. The overall accuracy of the
ol in the diagnosis of acute appendicitis was 81%.

usions: The diagnosis of acute appendicitis is first and foremost a clinical
sis with scoring systems and imaging being necessary adjuncts in the equivocai
. The use of a protocol based on modified Alvarado score and ultrasonography is a
Il and easily available tool in the diagnosis of acute appendicitis. The protocol can
- clinician to ‘rule-in” appendicitis. However, the specificity of the protocol is still
in the KNH setting and may largely be dependent on the learning curve of
sonography technique.
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- INTRODUCTION

- Appendicitis was first described in 1886 by Reginald Fitz and remains the commonest

cause of acute abdomen requiring surgical intervention both in Kenya and

~ elsewhere.'*? Accurate diagnosis of acute appendicitis remains a major challenge the

world over and is perhaps more pronounced in constrained resource setups.*?

- Accuracy in diagnosis of acute appendicitis by clinical acumen has been found to be

largely dependent on experience.” Aids to assist in diagnosis of acute appendicitis exist

but many are complex, expensive and unavailable especially in poor settings. Numerous
- scoring systems have been devised to aid the clinician.® Perhaps the best well known is
- the modified Alvarado score. Various imaging modalities are available but their use is

dependent on levels of resources. Ultrasonography has been used and studied widely in
diagnosis of appendicitis.” The aim of this study was to determine the diagnostic
accuracy of a protocol based on the use of modified Alvarado score combined with
ultrasound imaging in diagnosis of acute appendicitis at Kenyatta national hospital .The
main outcome measure was the negative appendicectomy rate.
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ITERATURE REVIEW

eginald Fitz first described appendicitis as an entity in 1886. Diagnosis of acute
appendicitis has remained a challenge despite great advances in technology. A negative
appendicectomy rate of 20% has generally been accepted in a review of trends in
management over thirty years.® It is known that negative appendicectomy rates vary
widely principally due to differences in experience. John, et a/ found the sensitivity of
clinical acumen in diagnosis of acute appendicitis to range between 71% and 97%
depending on the experience of the clinician. Clinical acumen still remains the mainstay
in the diagnosis of acute appendicitis.

Pruekprasert found that in the hands of an experienced surgeon clinical acumen was
superior to either modified Alvarado or C-reactive protein measurements.” CRP
‘measurements and the Alvarado score were quoted to be of value to the inexperienced
surgeon.’ Disparities in clinical acumen will continue to exist since the apprenticeship
nature of surgical training is both time and situation dependent. Various scoring
] systems have been devised to assist in improving accuracy in diagnosis of appendicitis.
- These include Alvarado, Teicher, Christian, Fenyo and Lindberg. 6

- Modified Alvarado score

~ In a re-evaluation of published data, the modified Alvarado scoring system was found
by the Abdominal Pain Study Group to meet the set criteria in terms of reduction in
" morbidity and mortality.® The score was first described by Alvarado in 1986. '°

This scoring system awards points for symptoms (migration of pain, anorexia, and
nausea or vomiting), physical signs (right lower quadrant tenderness, rebound
tenderness, and pyrexia), and laboratory values (leukocytosis). Whether to include a
right to left shift is dependent on the laboratory in use. The modified Alvarado score
does not include the left shift.

Table 1: Summary of the modified Alvarado score
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| | MANIFESTATION [VALULE
Symptoms Migration of pain ) ) 1

|Anorexia 1 o

FE - | Nausea/vomiting | T
Signs RLQ tenderness , 2
Rebound tenderness 1

B Elevated temperature (2 37.3°C) 1 B

Laboratory value | Leukocytosis (210,000/pL) o

Total points | R B



A prospective study of 116 patients by Ongaro at Kenyatta National Hospital in 2005
found that the use of modified Alvarado score would have reduced negative
appendicectomy rates from 25% to 11.2%. The sensitivity of the scoring system was
found to be 91 %. !

- The modified Alvarado score has been studied widely and there exists little controversy
on the management of patients who score 7 and above. The diagnosis of acute
'appendicitis in this group is almost always accurate. Patients who score 3 and below are
unlikely to have acute appendicitis. The patients who score between 4 and 6 pose the
greatest diagnostic challenge with the score being regarded as equivocal in this
~ subset.?

The modified Alvarado score has been found to be a useful tool for admission criteria.
~ with one study giving a negative appendicectomy rate of 12.5%.'” In this study by Al
Qahtani in Saudi Arabia, no patients with a score less than 4 had appendicitis.!” A high
Alvarado score is an easy and satisfactory aid in diagnosis of acute appendicitis in
children and men. There is however an unacceptably high false positive rate among
women of 33% versus 22% in the others. > Alvarado scoring in children is a useful tool
in taking the decision for admission in suspected acute appendicitis. '*

Using MAS, Khan and Rehman found a negative appendicectomy rate of 15.6% and a
positive predictive value of 84.3% in a study of 100 patients. They recommended
Alvarado score as an easy, simple and complementary tool for the diagnosis of acute
appendicitis especially for the junior surgeons."”

Modified Alvarado score had a positive predictive value of 98.1% in a study of 100
patients with acute appendicitis. 181t has been shown there is no statistical difference in
the use of Alvarado score between emergency medicine residents and the general
surgery residents in terms of suspecting the diagnosis of acute appendicitis.'’

Ultrasonography in appendicitis

When the diagnosis is not clear, modalities to help clarify the diagnosis “or suspected
appendicitis include admission and observation in a hospital setting, diagnostic imaging
to and laparoscopy. Laparascopy is perhaps the superior of all these as appendicectomy
can proceed in the same setting, but it is not universally available. Imaging studies are
cost effective in making a definitive diagnosis and can reduce the need for admission
and observation in a hospital.'® *® More importantly, imaging studies of patients with an
uncertain diagnosis may reduce the rate of perforatlon and thus reduce postoperative
hospital stay, morbidity and mortality.?

2
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| patients with suspected acute appendicitis, US examination has been used with the
ption of more expensive and time consuming modalities in equivocal US findings. The
ymbination of US and CT scanning was shown to significantly lower the negative
ppendectomy rate when compared with clinical acumen alone .There was no increase
in complications such as perforation and length of in-hospital stay. !

Ultrasonography as an imaging modality is widely available in the country. Anecdotal
gvidence suggests that it can be found in most district and provincial hospitals. It is also
in widespread use among private radiologists and radiographers in Kenya.

The American College of Radiology cites graded compression ultrasonography as an
important adjunct in diagnosis of appendicitis. It recommends US as a safest option in
“pregnancy. MRI for inconclusive ultrasonography places detection of a normal appendix
at 2%. Ultrasound is the preferred mode of imaging in children and in low pretest
- probability patients, US is the most effective and least costly strategy.

| A meta-analysis of 26 studies that had a total of 9356 patients had several important
conclusions. Whereas CT scan had the advantages of higher sensitivity especially in
obese patients and ability to have a multi-planar retrospective data reconstruction, US
had the merits of cost effectiveness, lack of ionizing radiation and ability to provide
dynamic information through graded compression. Newer technology like tissue
harmonic imaging have increased the depth and clarity in ultrasonography.” There
were no differences in the diagnostic performance of CT compared to US with regard to
specificity of studies of any age group. [studies of children, OR=0.77(95% CI, 0.55,
1.09); studies of adults, OR=1.18(95% CI,0.61,2.28).”

US is preferred to CT in children due to the greater radio-sensitivity of organs and
tissues in children.?* US was found to be also particularly useful in adult patients whose
presentation warranted admission but not immediate surgery.”

Pulyaert described a graded compression technique for evaluating the appendix with
trans-abdominal sonography in 1986. His study had 60 consecutive patients with
suspected acute appendicitis. The inflamed appendix was visualized in 25(89%) of 28
patients with confirmed appendicitis. The appendix was not visualized in the 32 patients
without appendicitis. Ultrasonography was also able to pick 6 out of 7 perforated
appendices. Parameters to check for included an outer diameter of more than 6mm,
aperistalsis, noncompressibility and periappendiceal fluid. %
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Jtrasonography offers the added advantages of non invasiveness, short acquisition
ime, lack of radiation exposure and the potential to diagnose other causes of acute
abdomen especially in young women. Poortman, et a/ suggested that ultrasonography
should be incorporated as a first line imaging modality for the diagnosis of acute
appendicitis in adults.?’

Graded compression ultrasonography has been found to be useful in aiding diagnosis of
acute appendicitis both in pregnancy and among children. ?® ?° Nicolas, et a/ in their
study population of 125 patients concluded that a threshold 6mm appendix under
compression is the most accurate US finding for appendicitis with a high positive and
negative predictive value. A finding of an appendix greater than 6 mm had a PPV, NPV,
sensitivity and specificity of 98 %.>° US significantly improves diagnostic accuracy in
suspected appendicitis while reducing the negative laparatomy rate to 8-15%. *

Balthazar et al correlated CT and US in a study of 100 patients and concluded that the
accuracy of both modalities was similar.’> Compression graded technique
ultrasonography compares favourably with unenhanced CT scanning.** ** Accuracy of
ultrasonography was shown to decrease if the location of the appendix was retrocecal.”
Undetectable appendix has often been found to be either catarrhal or phiegrnonous. *°

It has been argued that the experience of the radiologist or sonographer has important
ramifications in the outcome of sonographic findings though some studies have
' suggested differently. In a study by Keyzer, et a/ comparing US and unenhanced multi-
~ detector row CT in patients suspected of having acute appendicitis the sensitivity,
- specificity, positive and negative predictive values, and accuracy were not significantly
- different between US and CT or between groups of radiologists (P values ranged from
.389 to >.99), regardless of the patient's BMI (P values ranged from .073 to >.99). Use
- of imaging in detection of both acute appendicitis and alternative diagrnoses outcome
did not depend on radiologist expertise in gastrointestinal imaging, patient sex, age or
' body size of the patient. >’

A study by Zielke, et a/ revealed a role for US in suspected appendicitic by surgical
~ residents. US had higher accuracy, sensitivity and specificity than clinical acumen
alone.® '

- Preeyacha, et al/ in their retrospective study concluded that ultrasonography has a
. negative predictive value of 95.1 %.3® As such one can infer that ultrasonography
would be of great value in decision making on MAS equivocal cases. The overall
~ accuracy of ultrasonography was higher than that of surgeon’s clinical impression in a
study by David, et al. *°
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varado score in combination with other modalities

g Alvarado scoring system has been studied in combination with various other
)dalities in the diagnosis of acute appendicitis. Michael, et a/ combined the score with
lective laparascopy in adult females. The negative appendicectomy rate was 0%
mpared with 18% in the control group. ** The addition of ultrasonography in negative
equivocal cases using the Alvarado score decreased the false negative rate by 75%
@ study by Stephens and Mazzucco. In their study, combination of both modalities
sduced false positives to zero. *

randomized control trial of ultrasonography in diagnosis of acute appendicitis
corporating the Alvarado score found had a sensitivity and specificity of 94.7% and
8.9%. The decision to do ultrasonography was based on the Alvarado score. Patients
1 the intervention ultrasonography-Alvarado group had a shorter mean time to
jperation than the controls. 3 Graded compression ultrasonography has been shown
0 be an accurate means of diagnosing or excluding acute appendicitis in clinically
quivocal cases and to be of great value in establishing alternative diagnosis. **




Y JUSTIFICATION

) appendicitis remains the most common cause of acute abdomen requiring
ical intervention. Accurate diagnosis still largely depends on the experience of the
Cian. Various scoring systems and imaging studies are currently in use to increase
racy of diagnosis while avoiding increase in complication rates. The negative
dicectomy rate and complication rates are common outcomes used in surgical
lits. The negative appendicectomy rate in Kenyatta national hospital is 25% overall

[ higher in women.!*

e diagnosis and management of acute abdomen in KNH and other hospitals in Kenya
by clinicians of widely differing experience. The larger proportion of patients is
andled by newly qualified clinicians. The availability of a validated tool to aid in the
agnosis of acute appendicitis is therefore highly desirable.

he modified Alvarado score is an easy and reproducible score with useful utility among
linicians at different levels of experience. Though ultrasonography is a widely available
modality in our setting, it has not been routinely employed in diagnosis of acute
appendicitis. The combination of ultrasonography and modified Alvarado scoring in
diagnosis of acute appendicitis has been studied eisewhere. The scoring and
?Itrasonography protocol has been shown to improve accuracy in diagnosis of acute
appendicitis. There is paucity of data and studies on combining modified Alvarado
‘scoring and ultrasound scanning in management of acute appendicitis in the region.

“This prospective observational study sought to establish whether the combined use of a
simple clinical scoring system and ultrasonography in a protocol could lead to lower
" negative appendicectomy rates at KNH. Positive results would encourage an affordable
| protocol based criteria in diagnosis and management of acute appendicitis at KNH and

- across the country.
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f QUESTION

the overall negative appendicectomy rate at KNH following the use of a protocol
on modified Alvarado scoring and ultrasonography in the diagnosis of acute
itis?



 OBJECTIVES

objective

lermine the diagnostic accuracy of a protocol based on modified Alvarado score
trasonography in diagnosis of acute appendicitis at KNH.

ic objectives

;‘determine the predictive value of modified Alvarado scoring for suspected acute
ndicitis at KNH.

) determine the sensitivity, specificity and predictive values of ultrasonography for
jocal cases of suspected acute appendicitis at KNH.

0 determine the overall accuracy of a protocol based on combined use of modified
rado score and ultrasonography for diagnosis of suspected acute appendicitis at
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TIENTS AND METHODS
; dy setting

e study was conducted at KNH accident and emergency and surgical wards. KNH is a
tional teaching and referral hospital in Kenya. It serves Nairobi city and its environs
nd also serves as one of the referral centers for the country and its neighbours.

tudy population

Ml patients above 5 years of age with suspected acute appendicitis seen at the accident
ind emergency department and in the surgical wards.

nclusion criteria

A\l patients above 5 years with suspected acute appendicitis that consented to be
included in the study.

Exclusion criteria

)Patients with generalized peritonitis

2) Patients with previous abdominal surgery

-3) Patients with blunt or penetrating abdominal trauma
,’4) Patients who declined to give consent

Study design

Prospective observational study

| Sample size

A previous study by Neford had a sample size of 116."

- Appendicitis had a prevalence of 32.5% and 37.5% in the retrospective and prospective
arms respectively in the study by Mungai.lThe average was calculated as 35%.

This was an observational study to evaluate diagnostic accuracy.

24



derer’s formula was used to calculate the required sample size for given values of
ificity, sensitivity and absolute precision:

7% _a/2 X SN X (1-SN)

d? X Prevelance

mple size (n)based on sensitivity = and,

75 _q/2 X Sp X (1-Sp)
d? X (1—Prevalance)

mple size (n)based on specificity =

here;
y= anticipated sensitivity

p=anticipated specificity

;u/2= Statistic for the level of confidence of 95%, 1.96

"= absolute precision desired (half the width of the confidence interval)

lhe prevalence estimates for appendicitis was taken to be 35%, an average for the
trospective and prospective arms of a study carried out in our set up. Taking the
sensitivity and specificity of the score, the ultrasound and both combined to be above
/0%, calculation was done for the required sample size for 0.1 value of precision.

For sensitivity or specificity above 90%, sample sizes of about 100 or even less would
achieve a considerable precision of 10%. Using the formulae above Malhotra and
Indrayan (2010) have developed a nomogram where different samples sizes can easily
be read of the scale for different values of prevalence, sensitivity and precision.

The subset of patients scoring 4 to 6 on the modified Alvarado score was to be a
- minimum of 30 to allow for statistical analysis as stipulated in the Central Limit

theorem.

~ All patients who met the eligibility criteria and who consented to be recruited into the
- study underwent diagnosis according to a protocol incorporating the modiiied Alvarado
- score and graded compression ultrasonography. Consecutive patients above 5 years
- with suspected appendicitis were recruited at the Kenyatta National Hospital accident
- and emergency department over a period of 8 months. Consent from minors was taken

through the guardian or parent.



e chief investigator conducted training on modified Alvarado scoring, throughout the
dy period, of the medical officers and surgery residents working at the accident and
lergency department.

cruitment was done at the patient filtering rooms in accident and emergency
partment in KNH, by the medical officers on duty. The medical officers interviewed
1d examined the patients and on suspecting acute appendicitis , partially filled the
AS form (see appendix II). A complete blood count was then ordered.

he patients were then reviewed in the surgical review room by the principal
nvestigator and/or surgery resident on call. The MAS was repeated by the investigator
". surgical resident on call who then completed the scoring using the now available
gukocyte count from the complete blood count results.

All patients who scored 7 and above on the MAS underwent surgery without further
imaging. Patients who scored between 4 and 6 underwent graded compression
[trasonography as described by Puylaert. There was continuous appraisal on the
‘technique of graded compression technique on the part of the ultrasonographers by the
chief investigator.

. Patients who scored 3 and below on the MAS were discharged or managed as per the
clinician’s prerogative. These were excluded from the study.

The patients who underwent ultrasonography were counseled before the procedure.
' The ultrasonography was done by qualified sonographers and diagnostic radiology
- residents on call. A global survey of the abdomen was done routinely using a convex
low frequency probe and any other pathology noted. A Philips HD11 ultrasound system
with high frequency (7.5-12 MHz) linear probes was then used to focus on the right iliac
fossa. Gentle and graded progressive compression was initiated in the mid part of the
abdomen, in front of the aorto-iliac bifurcation. The compression was done slowly to
the point of maximum tenderness. Along the wall of the caecum the ileocaecal valve
was recognized as a pseudo-tumoral shape bulging into the caecal lumen. The appendix
was taken as the blind-ended tubular structure that originated from the base of the

Caecum.

The right iliac fossa findings were recorded in a standard form that contained the
parameters described by Puylaert. (See appendix III). The standard parameters to be
reported will include outer diameter, presence or absence of peristalsis, presence or
lack of compressibility, appendicolith and periappendiceal fluid presence.




The possible scenarios in ultrasound imaging were lack of visualization of the appendix,
normal appendix, features in keeping with various stages of acute appendicitis or
obvious other pathology. All the patients sent for ultrasonography had initial
equivocality using clinical examination and scoring and as such still underwent
appendicectomy. Exception was given to the patients who on ultrasonography
demonstrated an obvious other pathology as expected in differential diagnoses of acute
appendicitis. This subset was then managed as per the determined diagnoses and was
" analysed as a subset.

' Appendicectomy was carried out by the investigator or any other surgery resident on

fcall. The intra-operative findings were recorded in the patients file for referral during

' analysis. The incision of access was the surgeon’s prerogative. Patients with intra-
operative alternative diagnoses were managed as warranted. A finding of an alternative
diagnosis intra-operatively that had not been picked by the protocol was regarded as a
false positive during analysis. This was based on the fact that the study was testing the
accuracy of a diagnostic protocol.

The appendicectomy specimen was preserved in formalin and transported to the
histopathology laboratory at KNH for histopathology reporting.

Confirmation of the diagnosis of acute appendicitis was based on the histopathology. A
finding of acute appendicitis on histopathology was regarded as the reference standard
for acute appendicitis and formed the basis for calculation of negative appendicectomy
rate, sensitivity, specificity, PPV, NPV and accuracy in this study.




TA MANAGEMENT AND ANALYSIS

was collected using a standard form for the biodata, history and examination
dings. The modified Alvarado score was calculated. Ultrasonography findings were
tered into a standard form. At the end of data collection, data was entered and
nalyzed using SPSS version 17.0. The study population was described using age and
gender distributions which were presented as means and proportions respectively.
egative appendectomy rates were calculated and presented as a proportion. The MAS
and the ultrasonography findings were compared with the histology findings using
McNemar test. The degree of agreement was measured using kappa statistics.

Taking the histo-pathological findings as gold standard, the degree of agreement
between the reference test and a) the MAS, b) the ultrasonography of the equivocal
- cases and c) both score and ultrasonography combined were reported using kappa
statistic.

Predictive values were calculated for the various MAS and ultrasound findings.
Specificity and sensitivity and their 95% confidence intervals were estimated for a) the
ultrasound in equivocal cases and c) both score and ultrasound combined. Thcir
positive predictive values and negative predictive values were computed. Receiver-
Operating Characteristic (ROC) curves were drawn to determine the area under the
curve for sensitivity and specificity of each technique. Negative appendectomy rates
and the expected reduction achieved by combining the two diagnostic tools were
calculated and presented as a proportion. All statistical tests were performed at 5%
level of significance. (95% confidence interval).
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THICAL CONSIDERATIONS

pproval to carry out the study was sought from the Surgery Department University of
\airobi and the Kenyatta National Hospital Ethics and Research Committee.

. Patients recruited into the study signed a consent after a clear explanation ot the
nature, procedures and purpose of the study.

2. Minors consented and assented through their next of kin or guardians.

3. Total blood counts waiting time and ultrasonography did not jeopardize or unduly
delay patient management decisions.

" No patient who met the inclusion criteria refused to consent for the study.




ESULTS

n a period of eight months between July 2011 and April 2012 a total of 100 patients
ere recruited into the study.

The patient flow chart during the study is as shown in Figure 1

Figure 1: Patient flow chart
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Jaseline demographic patient characteristics

hundred patients were recruited into the study over a period of 8 months from July
011 to March 2012. The ratio of male to female was 1.2:1.The range of ages was 7 to
years with a median age was 26 years. The mean age was 27.9 years with a
ndard deviation of 11.4. Table 2 and figure 2 summarise the baseline demographic
characteristics.

Figure 2: Distribution of patient population by gender

| 60
50 -
40
30 -
m distribution by gender

20

10

male 55 female 45

Table 2 summarises the measures of central tendency for the age of recruited patients.

Table 2: Measures of central tendency in the ages of recruited patients

Variable Age in years
Mean (SD) 27.9 (11.4)

| Median (IQR) 26 (22-35)

| Min-Max 7-55
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Age distribution by frequency

Mean = 27.85
Std. Dev. = 11.391

'12.5*— N =100

10.0—

0.0

0.00 10.00 20.00 30.00 40.00 50.00 60.00
Age

frequency graph shows a main peak in incidence of acute appendicitis in the third
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compression ultrasonography.

4: Proportion of recruited patients by modified Alvarado score

proportions by modified Alvarado score
(n=100)

| . -

MAS (7-9) 54 patients MAS (4-6) 46 patients

e

oEN8E8z N8BS

four (54%) patients scored above 7 in the modified Alvarado score while 46(46%)
the equivocal 4 to 6 range. All the 46 patients in the equivocal range underwent
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llts of patients scored by modified Alvarado score

 eight out of 54 patients who scored between 7 and 9 on the modified Alvarado
s underwent appendicectomy and were confirmed as positive on histopathology.
' patient had no appendicitis on histopathology. Five patients were found to have
rative diagnoses at surgery. Two of these patients had perforated gastric ulcers, 1
ent had gangrenous small bowel while 1 patient had pelvic inflammatory disease.
e patient had a mesenteric abscess. Table 3 summarises the findings of the patients
0 scored above 7 on the MAS based on histopathology of appendicectomy specimen
d alternate diagnosis at surgery.

ble 3: Results of patients with modified Alvarado score (7-9) including

iternative diagnoses seen at surgery for patients (n=54)

Histopathology | Histopathology | Alternative diagnosis __at | Total

' Appendicitis ' Normal i SED
appendix
48 1 ‘ 1.mesenteric abscess
1 | | ' 2.gangrenous gut

OSItNe. . .for ? ' 3.pelvic inflammatory disease
endictis ' 4.perforated gastric ulcer

on | 1 1 5.perforated gastric ulcer
UAS 7-9 - 48( True | 6 (False positives) 54

positives) | ‘

i

Positive predictive value = 48/54 (True positives / Total test positives)

PPV=88.9% (95% CI 80.5-97.3%)

(W3]
o



j Its of patients with modified Alvarado score between 4 and 6

six patients had a modified Alvarado score of 4 to 6 and were regarded as

yivocal. These underwent ultrasonography as per the protocol. Tabie 4 shows the
ults of the findings based on the equivocal score based on MAS between 4 and 6.

ble 4: Findings based on modified Alvarado score between 4 and 6 (n=46)

dified Alvarado Score | Histology Total
Appendicitis No appendicitis ’

31 ( True positives) | 15 ( False positives) ' 46

Positive predictive value = 31/46 (True positives / Total test positives)

PPV=70.5% (95% CI 57.3-83.7%)

-

TEWVERSITY OF NAIRGR

MEDICAL LIBRARA
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li results of patients using modified Alvarado score 4-9

100 patients recruited into the study underwent modified Alvarado scoring.
e 5 summarises the findings of the scoring system compared with histopathology
a-operative diagnoses.

re 5: Summary of modified Alvarado score findings in relation to intra-
e and histopathology results (n=100)

& histopathology positive for
appendicitis
= histopathology negative
for appendicitis
12 alternative diagnosis

31

MAS (7-9) MAS(4-6) alternative
diagnosis
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Its of subset of patients who underwent ultrasonography

al of 46 patients underwent ultrasonography. Out of the 40 patients who had
ve appendicitis findings on ultrasonography, 29 were confirmed as positive on
)pathology while 11 patients were negative. Eight of these patients had negative
athology for appendicitis while 1 patient was reported as metastatic
arcinoma with a normal appendix. Two patients had alternative diagnoses at

gery with right pyosalpinx and a frozen abdomen respectively.

patients were reported as to have no appendicitis on ultrasonography. Two of these
jents had a positive histopathology diagnosis of acute appendicitis. Of the remaining
atients reported not to have appendicitis on ultrasound, 3 patients were found to be
gative on histopathology. 1 patient did not undergo appendicectomy as the intra-
perative findings agreed with the ultrasound findings of bilateral tubo-ovarian mass.

ltrasonography was able to detect concurrent diagnoses in 4 patients. The concurrent
lagnoses were; right hydronephrosis, right ectopic kidney, right tuboovarian mass and
leural effusion with ascites respectively. The patient with pleural effusion and ascites,
hough reported to have appendicitis on ultrasound turned out to have metastatic

adenocarcinoma on histopathology.
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and alternative intra-operative findings is shown in Tables 5.

)ppendicitis (n=46)

Variable - | Histopathology results - 7‘[ ' [ Total
 Appendicitis Normal | Alternative
‘ diagnoses
s T (S I
Ultrasonography ] 29 9 1. nght pyosalpmx
y i 2. frozen abdomen
ppendicitis | 40
|
29 (true | 11( false positives) 40
positives) 1
Urasonography 2 ( icéié‘é’ 3 (true|l. Bilateral tubo-
\‘ o negatives) negatives) ' ovarian masses
No appendicitis ] |
} [ |
2 (false | 4 (true negatives) 6
negatives)
Total 31 P.‘Sﬂﬂﬂ - ' w 46
I L

| Key: F|gures_|n bold used to calculate the performance of the ultrasonography

P=0.002 (McNemar test), Agreement = 71.7%, Kappa=0.239, p=0.056

PPV = 29/40 (true positives / total test positives)
" NPV = 4/6 (true negatives / total test negatives)
Sensitivity = 29/31 (true positives / true positives + false negatives)
Specificity = 4/15 (true negatives / true negatives + false positives)

Accuracy = 29+4/46 (true positives + true negatives /total test population)

A summary of the findings of ultrasonography in relation to the histopathology findings

rable 5: Findings of ultrasonography for equivocal cases of suspected acute

]
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e calculated PPV, NPV, sensitivity and specificity of ultrasonography are summarized

ography
Proportion | 95% CI
Lower | Upper
93.5% 78.5% |99.2%
26.7% 7.8% 55.1%
72.5% 56.1% | 85.3%
66.7% 22.2% |95.6%

e 6: Summary of ultrasonography findings in comparison to intra-
ive and histopathology findings (n=46)

= histopathology +ve for ]
appendicitis

= histopathology -ve for |
appendicitis .='

8  alternative diagnosis *

| ?
f 4 i

Ultrasound +ve ultrasound -ve  alternative |
for appendicitis  for appendicitis diagnoses
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of use of the combined modified Alvarado score (4-9) and
ography protocol

total of 100 patients who were recruited in the study underwent diagnostic screening
using the study protocol which was base on modified Alvarado score with additional
ultrasonography for the equivocal cases.

Ninety four (94%) of the patients were reported as acute appendicitis by the protocol.
Of these 77 (81.9%) were confirmed on histopathology. Seventeen (29.1%) patients
did not have appendicitis .Ten of these patients underwent appendicectomy and turned
out negative on histopathology. 7 patients had alternative diagnosis made during
surgery.

Six (6%) patients were reported to have no appendicitis on ultrasonography with 1 of
the patients being reported as having bilateral tubo-ovarian masses. Two of these
patients were positive for appendicitis on histopathology. Three patients who had no
appendicitis on ultrasonography were confirmed as negative by histopathology. In the
patient with bilateral tubo-ovarian masses on ultrasonography the diagnosis was
confirmed during surgery.

Figure 7: Summary of findings using the protocol of combined modified
Alvarado score and ultrasonography in comparison to intra-operative and
histopathological findings (n=100)

y—
o |77
70
60 + — —— —
50 - = histopathology +ve for
40 appendicitis
30 = histopathology -ve for
- appendicitis
%0 L - 8 alternative diagnosis
0 — =
MAS(4-9) and MAS(4-9) and alternative
ultarsound +ve ultrasound diagnosis
for appendicitis  negative for
appendicitis
40




Table 7: Findings of combined MAS and ultrasonography for diagnosis of
acute appendicitis (n=100)

L —

Histology or alternative
diagnoses
[MAS+U|trasonography R
- _ Appendicitis  No (alternative
Jenostic test) appendicitis | diagnosis) (s
L
‘Appendicitis 77( true | 17(false (7) 94
positives) positives)
No appendicitis N 2(false negatives) | 4(true (1) 6
' negatives)
Total 79 21 [(® 1100 .

| -

P=0.001 (McNemar test), Agreement = 81%, Kappa=0.224, p=0.005

The figures in brackets represent the alternative findings intra-operatively.

Sensitivity=77/79 (true positives/true positives + false negatives)

Specificity= 4/21 (true negatives/true negatives + false positives)

PPV= 77/94 (true positives/ total test positives)

NPV=4/6

(true negatives/total test negatives)

“ Table 8: Summary of sensitivity, specificity, PPV, NPV and confidence limits
for the diagnostic protocol.

‘Measure | Proportion | 95% CI
Lower | Upper
Sensitivity | 97.5% 91.2% |99.7%
Specificity | 19.0% 5.4% 41.9%
PPV 81.9% 72.6% |89.1%
NPV 66.7% 22.2% | 95.7%
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operating characteristic curves

operating curves were drawn using the calculated sensitivities and specificities
a) ultrasonography in the equivocal group (46 patients) and b) the protocol
ing MAS and ultrasonography for the study (100 patients).Figure 8 shows the
. curve for ultrasonography in the equivocal group.

8: ROC curve for ultrasonography in the equivocal range

ROC Curve

1.0

0.87

0. T T T
0.0 0.2 04 0.6 0.8 1.0

1 - Specificity

Diagonal segments are produced by ties.

a under the curve = 0.601
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9 shows the plot of the ROC curve for the protocol based on MAS and
phy as used in combination during the study.

9: Receiver operating characteristic curve for the protocol based on
and ultrasonography

ROC Curve

1.0

0.8

0.2

0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

Diagonal segments are produced by ties.

under the curve = 0.585

ROC curves for both ultrasonography in the equivocal cases and the protocol as a
vhole were 0.6 and 0.58 respectively.
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erall accuracy of the protocol

he sensitivity, specificity, PPV and NPV values of the diagnostic protoccl were 97.5 %(
% CI, 91.2.5-99.7), 19 %( 95% CI, 5.4-41-9), 81.9 %( 95% CI, 72.6-89.1) and
7 %( 95% CI, 22.7-95.7) respectively.

erall accuracy=77+4/100 (true positives+ true negatives / true positives + true
atives + false negatives + false positives)

The overall accuracy of the protocol was 81%.
Negative appendicectomy rate

The overall crude negative appendicectomy rate during the study period was 21%. This
was an observational study and therefore there was no interventional arm. There were
/ patients who, though reported as acute appendicitis by the protocol, had alternative
diagnosis at surgery and these did not have appendicectomy done. A further 4 patients
}feII in the category of true negatives; 3 who did not have appendicitis on

‘ultrasonography and 1 patient who had bilateral tubo-ovarian masses. These were
found to be true to the intra-operative diagnosis and histopathology findings.

Adjusting for use of the MAS and ultrasonography protocol, the total number of patients
who would have gone for surgery with acute appendicitis as the diagnoses would have
been 94. This takes into account the 6 patients who were reported as negative on
ultrasonography. Out of the 94 patients, 77 were confirmed as acute appendicitis on
histopathology. The adjusted negative appendicectomy rate was calculated as 18%.

The protocol would have missed a diagnosis of acute appendicitis in 2% of the study
population. This is derived from the fact that there were 2 patients reported as negative
by the diagnostic protocol, who were confirmed to have acute appendicitis on
histopathology.
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ISCUSSION

is study set out to establish the diagnostic accuracy of a protocol based on modified
arado score and ultrasonography in acute appendicitis at Kenyatta national hospital.

e hundred patients were recruited into the study over a period of 8 months from July
2011 to March 2012. The demographic characteristics revealed a male to female ratio of
.2:1 and a peak incidence in the third decade with @ mean age of 27.9 years. These
ndings were similar to two studies done previously at KNH. Ongaro found had a mean
ge of 27.1 years and a similar interquatile range.'! Kimaro’s study also showed nearly
imilar findings with a male to female ratio of 1.9:1 .*> A study on the epidemiology of
appendicitis in the United States of America surveyed 250000 patients and the male to
female ratio was 1.4:1. However the peak incidence was in the second decade which
differed with the findings in our setup.*® A study by Paterson, et al suggested that there
was no significant difference in the male to female ratio in the United Kingdom.*

Modified Alvarado scoring showed that a higher number of patients (54 vs 46) were
seen in our setup with unequivocal findings as opposed to those in the equivocal range
of 4 to 6. It remains to be elucidated if this suggests delays in health seeking behavior.

A modified Alvarado score of 7 and above had a positive predictive value of 88.9%.1In
this study 47 (97.9%) of the patients who were predicted to have appendicitis by a high
- score had confirmed appendicitis on histopathology. This gave a crude negative
- appendicectomy rate of 11.1% that is in keeping with what Ongaro found in his study
in 2007." A high Alvarado score was however unable to distinguish between
appendicitis and other mimicking diagnosis in 5 cases. A systematic review by Ohle et al
found out that a high Alvarado score was less sensitive as a ‘rule in’ score than as a
" ‘rule out’ for those below 5.% Our study suggests that a high Alvarado score is a useful

tool to set aside patients for immediate appendicectomy without further diagnostics.
- This contrasts with a study by Saidi and Chavda that suggested that the scoring system
has no value over clinical acumen.*

An intermediate modified Alvarado score of 4 to 6 had a positive predictive value of
70.5%. In this subset of 46 patients, the negative appendicectomy rate was above
32%. As has been observed by numerous other studies, this subset has continued to
pose diagnostic challenges for the clinician with approaches that range from in patient
observation to further imaging using different modalities.”®>’




v

The addition of ultrasound to the equivocal group improved the positive predictive value
from 70.5% to 72.5%. Since the Alvarado score of 4 to 6 cannot be used to rule out
appendicitis, ultrasonography added the important component of negative predictive
value of 66.7%. It further was able to detect an alternative diagnosis in 1 case and
concurrent other diagnosis in 4 cases. The additional information by ultrasonography
may be useful in reducing pre-operative delays due to diagnostic dilemmas. The utility
of ultrasound has been advocated in many studies both as an adjunct to improve
diagnosis in the equivocal cases and to determine who needs further imaging with a
superior modality. In a study by Rasoul, et al in Iran, ultrasonography had a PPV of
90.4% and a sensitivity of 55.4%.>”> In comparison ultrasonography had a PPV of
72.5% and a sensitivity of 93.5% in our study.

Kimaro, a diagnostic radiology resident then, in 2011 did a study on the correlation of
ultrasonography as compared to clinical and surgical findings among patients in KNH.
His study revealed sensitivity, specificity, PPV and NPV values of 92%, 58.3%, 95% and
47% respectively.* Our study in comparison had values of 93.5%, 26.7%, 72.5% and
66.7% respectively . The sensitivities in both studies were comparable. In our study the
ability to picx the true negatives was quite low. This may be explained in part by the
different methodology used in the two studies. Kimaro conducted the ultrasonography
in all the patients in his series showed a negative appendicectomy rate of 10.7%.% 1In
our study the ultrasonography was done by the different ultrasonographers or radiology
residents on call.

There was an attempt to mitigate against inter-observer bias in ultrasonography in our
study by using a standard data collection tool. It is known that ultrasound imaging
remains heavily dependent on the user. Some authors have suggested that with
adequate training ultrasonography can be a useful tool even among non radiology
colleagues. Christian et al found that bedside ultrasound to detect acute appendicitis
had a sensitivity of 65% [95% confidence interval (CI) 52-76], specificity of 90% (95%
CI 81-95), positive predictive value was 84% (95% CI 71-92), and negative oredictive
value was 76% (95% CI 65-84).> In our study ultrasonography had a higher sensitivity
but a low specificity. The differences in the specificity of ultrasonography, as suggested
by the various comparable studies, seem to be largely dependent on the learning curve.
It is expected that with further training, the utility of ultrasonography in diagnosing
acute appendicitis would improve.

Combined use of a protocol based on mcdified Alvarado score and ultrasonography has
been studied and been advocated by a number of authors.
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2 overall results for the protocol based on modified Alvarado score and ultrasound in
study were sensitivity, specificity, PPV and NPV values of 97.5% ( 95% CI,94.1-
0), 19%(95% CI,2.2-35.8), PPV of 81.9%(95% CI, 74.1-89.7) and NPV of 66.7% (
%CI, 46.5-86.9).

ile crude negative appendicectomy rate in our study was 21%. The adjusted negative
ppendicectomy rate after incorporating the protocol was calculated as 18%.This
dicates a better performance than what has been generally accepted over the years,
ith negative appendicectomy rates being about 20%.® The protocol would have
nissed a diagnosis of acute appendicitis in 2% of the study population. This is derived
rom the fact that there were 2 patients reported as negative by the diagnostic
6toco|, who were confirmed to have acute appendicitis on histopathology.

A study by Emmanuel et al in Tanzania had an overall negative appendicectomy rate of
33.1%.°* Khan and Rehman found a negative appendicectomy rate of 15.6%. They
advocated for the scoring system as an easy, cheap and complimentary tool for
diagnosis of appendicitis.'® A study by Stephens and Mazucco achieved a false positive
of zero by combining modified Alvarado score and ultrasonography .*/ Debnath et al
showed that graded compression ultrasonography was an accuraie means of
‘diagnosing or excluding appendicitis in clinically equivocal cases.™ In our study the
specificity was lower than expected and therefore ultrasonography could not be
advocated as a tool for excluding appendicitis. However the positive predictive value
and high sensitivity suggest that the use of the combined protocol is a good tool to
enable the clinician to make a timely decision. This is in keeping with the findings by
Douglas et al who in their randomized control trial concluded that patients in the
Alvarado-ultrasonography group had a shorter mean time to operation than controls.”

" The AUC in the ROC curves were both above 0.5 and hence the protocol can usefully
distinguish between those with and without acute appendicitis. It is expected that the
AUC would improve with increased accuracy in ultrasonography use.
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UDY LIMITATIONS

Ultrasonography was not carried out by a designated person and this may have
caused inter-observer/operator errors. There was an attempt at mitigating against
this by the use of standard ultrasonography descriptions using Puylaert’s graded
compression method. The use of different sonographers and radiology residents to
do the ultrasonography was thought to be a strength in the study as it mirrored the
reality of practice in our setting.

CONCLUSIONS

+ The diagnosis of acute appendicitis is first and foremost a clinical diagnosis with

scoring systems and imaging being necessary adjuncts in the equivocal cases. This
reality is underscored by the fact that even a high modified Alvarado score has low
specificity.

o The use of a protocol based on modified Alvarado score and ultrasonography of

value and is an easily available tool in the diagnosis of acute appendicitis. The
protocol can aid the clinician to ‘rule-in” appendicitis. However the ability of the
protocol to pick true negatives for appendicitis is still low and may largely be
dependent on the learning curve of the ultrasonographer.

RECOMMENDATIONS

There is need for continued training in ultrasound imaging among the clinicians in
order to improve its accuracy as an imaging modality that shows great promise in
the diagnosis of acute appendicitis.

Further interventional studies using combined scoring and imaging protocols may
further help to clarify and establish an algorithm for diagnosing acute appendicitis in
our set up in order to bring down the negative appendicectomy rate further.



REFERENCES

1. Peter Mungai Ngugi. The pattern of emergency laparatomies in the division of
surgery at Kenyatta National Hospital. Mmed dissertation, Dept of Surgery, University of
Nairobi 1991

2. Alatise, O.I.; Lawal, O.0.; Agbakwuru, E.A., et a/ .Emergency Non—obstetric
Abdominal Surgery in Pregnancy. East and Central African Journal of Surgery 2007;
12(2): 28-35

3. Kotiso,B., Abdurahman, Z. Pattern of Acute Abdomen in Adult Patients in Tikur
Anbessa Teaching Hospital, Addis Ababa, Ethiopia. £ast and Central African Journal of
Surgery 2007; 12(1):47-52

4. John, H., Neff, U., Kelemen, M. Appendicitis diagnosis today: clinical and ultrasonic
deductions. World J Surg 1993; 17:243 -249

5. Nance, M.L., Adamson, W.T., Hedrick, H.L. Appendicitis in the young child: a
continuing diagnostic challenge. Pediatr Emerg Care 2000 Jun; 16(3):160-2.

6. Ohmann, C., Yang, Q., Franke, C. Diagnostic scores for acute appendicitis. Abdominal
Pain Study Group. Eur J Surg 1995 Apr; 161(4):273-81.

7. Orr, R.K., Porter, D, 'Hartman, D. Ultrasonography to evaluate adults for
appendicitis: decision making based on meta-analysis and probabilistic reasoning.
Acad Emerg Med 1995; 2: 644-650

8. Jones, P.F. Suspected acute appendicitis: trends in management over 30 years.
BrJ Surg 2001; 88:1570 -1577

9. Pruekprasert, P., Maipang, T., Geater, A., et al. Accuracy in diagnosis of acute
appendicitis by comparing serum C-reactive protein measurements, Alvarado score and
clinical impression of surgeons. J Med Assoc Thai 2004 Mar; 87(3):296-3( 3.

10. Alvarado, A.A. practical score for early diagnosis of acute appendicitis.
Ann Emerg Med 1986; 15: 557-564.

11. Ongaro, Neford. Evaluation of the usefulness of modified Alvarado scoring system
regarding early diagnosis of acute appendicitis and in reduction of negative
appendicectomy at Kenyatta National hospital. A prospective study. M med dissertation,
Dept of Surgery, University of Nairobi 2005

49



12. Al Qahtani, H.H., Muhammad, A.A,. Alvarado score as an admission criterion for
suspected appendicitis in adults. Saudi J Gastroentero/ 2004; 10(2):86-91

13. Kalan, M., Talbot, D., Cunliffe, W. J., et a/ .Evaluation of the modified Alvarado
score in the diagnosis of acute appendicitis: a prospective study. Ann R Coll Surg Engl/
1994 November; 76(6): 418—419.

14. Shreef, K.S., Waly, A.H., Abd-Elrahman, S., et a/ .Alvarado score as an admission
criterion in children with pain in right iliac fossa. Afr J Paediatr Surg 2010 Sep-Dec;
7(3):163-5.

15. Khan, 1., ur Rehman ,A. Application of Alvarado scoring system in diagnosis of acute
appendicitis. J Ayub Med Coll Abbottabad 2005 Jul-Sep; 17(3):41-4.

16. Ahmed, A.M., Vohra, L.M., Khaliq, T., et a/. Diagnostic Accuracy of Alvarado Score in
the Diagnosis of acute Appendicitis. Pak J Med Sci 2009; 25(1):118-121

17. Denizbasi, Arzu.,Unluer., Erol, Erden. The role of the emergency medicine resident
using the Alvarado score in the diagnosis of acute appendicitis compared with the
general surgery resident. European Journal of Emergency Medicine December 2003; 10
(4): 296-301.

18.Rhegq, J., Rao, P., Novelline, R., et a/. A focused appendiceal CT technigue to reduce
the cost of caring for patients with clinically suspected appendicitis. AJR Am J
Roentgenol 1997; 169:113-8.

19. Wilson, E., Cole, J., Nipper, M., et al. Computed tomography and ultrasonography in
the diagnosis of appendicitis: when are they indicated? Arch Surg 2001; 136:670-5

20. Birnbaum, B., Wilson, S. Appendicitis at the millennium. Radiology 2000; 215:337—-
348.

21. Vriesman ,A., Kole, B., Puylaert, J.Effect of ultrasonography and optional computed-
tomography on the outcome of appendectomy. Eur Radio/ 2003 Oct; 13(1.1)):2278-82.

22.Choudhry, S., Gorman, B., Charboneau, J., et a/. Comparison of Tissue Harmonic
Imaging with Conventional US in Abdominal Disease. RadioGraphics 2000 July;20:
1127-1135

23. Andrea , S., Moineddin, R., Kellenberger, C,. et a/ . US or CT for Diagnosis of
Appendicitis in Children and Adults? A Meta-Analysis. Radiology 2006 October; 241: 83-
94




24. Gray JE. Safety (risk) of diagnostic radiology exposures radiation risk: a primer.
American College of Radiology Commission on Physics and Radiation Safety, Committee
on Radiologic Units, Standards, and Protection. Reston, Va: American College of
‘Radiology 1996; 15-17.

125.Larson, J., Peirce, 1., Ellinger, D., et al. The validity and utility of sonography in the
diagnosis of appendicitis in the community setting .American Journal of Roentgenology
1989;153 (4): 687-691

26. Puylaert, J.B. Acute appendicitis: US evaluation using graded compression.
Radiology Feb 1986; 158(2):355-60.

27. Poortman, P., Oostvogel, H.]., Bosma, E., Lohle ,P.N., et a/. Improving diagnosis of
acute appendicitis: results of a diagnostic pathway with standard use of
ultrasonography followed by selective use of CT. J Am Coll Surg Mar 2009;208(3):434-
41

28. Barloon, T.J., Brown, B.P., Abu-Yousef, M.M., et al Sonography of acute
appendicitis in pregnancy. Abdom Imaging Mar-Apr 1995; 20(2):149-51.

29. Garcia ,Pena .B.M., Mandl ,K.D., Kraus, S.]J., et a/. Ultrasonography and limited
computed tomography in the diagnosis and management of appendicitis in children.
JAMA Sep 15 1999; 282(11):1041-6.

30. Nicolas, Kessler, Catherine, Cyteval., Benoct, Gallix., et a/. Appendicitis: Evaluation
of Sensitivity,Specificity, and Predictive Values of US, Doppler US, and Laboratory
' Findings. Radiology .2004; 230:472-478.

31. Ooms, H.W.A., Koumans, R.K.J., Ho, Kang. You. P.J., et al. Ultrasoncgraphy in the
diagnosis of acute appendicitis. BrJ Surg 1991; 78:315-18.

. 32. Balthazar EJ, Birnbaum BA, Yee J, et al. Acute appendicitis: CT and US correlation
in 100 patients. Radiology Jan 1994; 190(1):31-5.

33. Poortman ,P., Lohle, P.N., Schoemaker, C.M., et a/ Comparisor of CT and
sonography in the diagnosis of acute appendicitis: a blinded prospective study.
AJR Am J Roentgenc/ 2003 Nov; 181(5):1355-9.

34. Gamanagatti, S., Vashisht, S., Kapoor, A., et a/. Comparison of graded cqmpression
ultrasonography and unenhanced spiral computed tomography in the diagnosis of acute
appendicitis. Singapore Med J 2007 Jan; 48(1):80-7.



35. Fefferman, N., Roche, K., Pinkney, L.,et a/ . Suspected appendicitis in children:
focused CT technique for evaluation. Radiology 2001;220:691-5.

36. Himeno, S., Yasuda, S., Oida , Y., et al. Ultrasonography for the Diagnosis of Acute
Appendicitis. Tokai J Exp Clin Med 2003; 28 (1):39-44,

37. Keyzer, C., Zalcman, M., De Maertelaer, V., et a/ .Comparison of US and
unenhanced multi-detector row CT in patients suspected of having acute appendicitis.
Radiology 2005 Aug; 236(2):527-34.

38. Zielke, A., Hasse, H., Sitter, H., et a/ .Surgical ultrasound in suspected acute
appendicitis. Surgical Endosc 1997; 11: 362-365

39. Preeyacha ,Pacharn., Jun, Ying. Leann, E., et a/ .Sonography in the Evaluation of
Acute Appendicitis.Are Negative Sonographic Findings Good Enough? J Ultrasound Med
29:1749-1755. 0278-4297

40. David,.S. Wade C.D.R., Stephen, E. Morrow., Zubin, N. Balsara., et al.
Accuracy of Ultrasound in the Diagnosis of Acute Appendicitis Compared With the
Surgeon's Clinical Impression.Arch Surg. 1993; 128(9):1039-1046.

41. Michael, J. Lamparelli., Happy, M.R. Hogue., et al. A prospective evaluationof the
combined use of the modified Alvarado score with selective laparascopy in adult
females in the management of suspected appendicitis. Ann R Coll Surg Eng/ 2000;
82:192-195

42. Stephens, P.L., Mazzucco, J.J. Comparison of ultrasound and the Alvarado score for
the diagnosis of acute appendicitis. Conn Med. 1999 Mar; 63(3):137-40.

43. Douglas, C.D., Macpherson, N.E., Davidson, P.M., Randomised controlled trial of
ultrasonography in diagnosis of acute appendicitis, incorporating the Alvarado score.
BMJ.2000 Oct 14; 321(7266)'919—22

44. Debnath, J., Sree, Ram .M.N., Balani, S., et al. Ultrasonography in Aatients with
Suspected Acute Append|C|t|s MJAFI 2005; 61: 249-252

45. Kimaro,S. Correlation of ultrasound,clinical and surgical findings of suspected acute
appendicitis in KNH. MMed dissertation ,University of Nairobi 2011

46. David, G. A, Nathan, S.,Barbara ,S. F, et a/ The epidemiology of appendicitis and
appendectomy in the United States.Am. J. Epidemiol 1990;132 (5): 910-925

52



4/. Paterson, H. M., Qadan, M., S. M de Luca., et a/ Changing trends in surgery for
acute appendicitis. British Journal of Surgery 2008;95 (3): 363—-368

48. Ohle ,Robert., O'Reilly, F., O'Brien, K., K., et al. The Alvarado score for predicting
acute appendicitis: a systematic review. BMC Medicine 2011, 9:139

49. Saidi, H.S., Chavda, S.K., Use of a modified Alvorado score in the diagnosis of acute
' appendicitis. East Afr Med J. 2003 Aug; 80(8):411-414.

50. Rolan’d ,E. A., Anders ,H., Hans R., et.al Repeated Clinical and Laboratory
Examinations in Patients with an Equivocal Diagnosis of Appendicitis. World Journal of
Surgery 2000; 24(4): 479-485 :

51. Khayal A. Al-Khayal., Mohammed A. Al-Omran. Computed tomography and
ultrasonography in the diagnosis of equivocal acute appendicitis:A meta-analysis
Saudi Med J 2007; 28 (2): 173-80

52. Rasoul, A.,Negin F.,Tahmineh, M., Seyed-Mohammad, F., et a/ Low diagnostic
values of ultrasonography and negative appendectomy: Still a major probiem in
university hospitals. Medical journal of the Islamic Republic of Iran 2011 Feb; 24 (4):

200-207

53. Christian Fox, J.; Solley, M., Anderson, Craig L.; et al. Prospective evaluation of
emergency  physician  performed  bedside ultrasound to  detect acute
appendicitis. European Journal of Emergency Medicine: 2008 Apr; 15 (2): 80-85

54. Kanumba, E, S., Mabula, ], B., Rambau,P., et a/ .Modified Alvarado Scoring System
as a diagnostic tool for Acute Appendicitis at Bugando Medical Centre, Mwanza,

Tanzania..BMC Surgery. 2011; 11:4

53



APPENDIX II

DATA COLLECTION SHEET AND MODIFIED ALVARADO SCORING.

Name

[P/Casualty number

Sex

Modified Alvarado scoring

Symptoms . Migration of pain
. Anorexia

.Nausea/ vomiting

Signs .RLQ tenderness

.Rebound tenderness

.Elevated temperature
(above 37.3°C)
.Leukocytosis
( = 10,000/uL)

Laboratory

Total

Study number

e
Yes No Score
()
.
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APPENDIX III

ULTRASONOGRAPHY FINDINGS

Name Study number

IP/Casualty number

Sex

Appendix visualized
Appendix compressible

Appendicular diameter (6mm and above)
Periappendicular fluid present
Peristalsis present

Appendicolith seen

Other findings

Age

<

es

JUuU udu

No

Joo dou

CONCLUSION




APPENDIX IV
CONSENT FORM

DIAGNOSTIC ACCURACY IN ACUTE APPENDICITIS: A PROTOCOL BASED ON MODIFIED
ALVARADO SCORE AND ULTRASONOGRAPHY AT KENYATTA NATIONAL HOSPITAL

Name Study No [ ]

Hospital No | ]

This study is being carried out by Dr Mbuthia Mwangi, a postgraduate student in the
department of surgery; University of Nairobi. The purpose of this study is to investigate the
diagnostic accuracy of a protocol based on the modified Alvarado score and ultrasonography in
diagnosis of acute appendicitis at Kenyatta National Hospital. The information gathered will be
useful both in your treatment and for other patients in future who will present in a similar
manner and have suspected acute appendicitis.

There is no harm or risk to you for participating in this study. Apart from taking a detailed
history, you will undergo a blood test and if indicated additional ultrasonography of the
abdomen and nelvis will be carried out. A total blood count and ultrasonography are commonly
done investigations that carry minimal risk but which will be of benefit in your further
management.

Participation in this study is out of your own free will. You will not be denied medical care in
case you refuse to participate in the study. All information will be treated with confidentiality.
Your identity will not be exposed to the public.

I, the undersigned have been explained to, understand the above, and voluntarily accept to
participate in the study.

Signature/Thumb print:

Date

tlephone No (Patient)

For any enquiries or further clarification, you may contact

1. DR MBUTHIA MWANGI — PRINCIPAL RESEARCHER, TEL 0721380493
2. CHAIRMAN, UON/KENYATTA NATIONAL HOSPITAL ETHICS AND RESEARCH COMMITTEE

TEL 020-2726300 Ext 44355
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APPENDIX V
CONSENT FORM FOR MINORS

DIAGNOSTIC ACCURACY IN ACUTE APPENDICITIS: A PROTOCOL BASED ON MOPDIFIED
ALVARADO SCORE AND ULTRASONOGRAPHY AT KENYATTA NATIONAL HOSPITAL

This study is being carried out by Dr Mbuthia Mwangi, a postgraduate student in the
department of surgery; University of Nairobi. The purpose of this study is to investigate the
diagnostic accuracy of a protocol based on the modified Alvarado score and ultrasonography in
diagnosis of acute appendicitis at Kenyatta National Hospital. The information gathered will be
useful both in the treatment of the patient and for other patients in future who will present in a
similar manner and have suspected acute appendicitis.

There is no harm or risk to the patient for participating in this study. Apart from taking a
detailed history, he/she will undergo a blood test and if indicated additional ultrasonography of
the abdomen and pelvis will be carried out. A total blood count and ultrasonography are
commonly done investigations that carry minimal risk but which will be of benefit in further
management.

Participation in this study is out of own free will. Medical care will not be denied in case of
refusal to participate in the study. All information will be treated with confidentiality. The
identity of the patient will not be exposed to the public.

I Mr./Mrs./Ms ; is the parent/quardian of

I consent for my child/ patient to participate in the study.

Signed [patient/parent/guardian] Date

Witness signature Date

ASSENT FORM FOR MINORS

I hereby agree to

participate in the study.
Date

For any enquiries or further clarification, you may contact

1. DR MBUTHIA MWANGI - PRINCIPAL RESEARCHER, TEL 07213804932. CHAIRMAN,
UON/KNH ETHICS AND RESEARCH COMMITTEE, TEL 020-2726300 Ext 44355



APPENDIX VI

CONSOLIDATED FINDINGS FORM

Name

IP/Casualty number

Study number

Age

Sex
Modified Alvarado score

Ultrasonography diagnosis

Management decision

Intra-operative findings

Histolopathological diagnosis
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