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ABSTRACT 
Objective: To determine the accuracy of ultrasonography in confirming acute appendicitis in adult patients 
presenting with relevant clinical features taking histopathology of removed appendix as the gold standard. 
Study Design: Cross-sectional (Validation) study. 
Place and Duration of Study: Radiology Department Combined Military Hospital (CMH) Rawalpindi from 
August 2008 to February 2009. 
Material and Methods: A total of 80 cases of clinically suspected acute appendicitis selected on non probability 
convenience sampling technique were included in the study. They all underwent ultrasound evaluation. 
Sensitivity, Specificity, Positive Predictive Value (PPV) and Negative Predictive Value (NPV) of Ultrasound and 
Ultrasound (USG) findings were calculated keeping surgical findings and histopathology of the removed 
appendix as a gold standard, whenever appendectomy was carried out. SPSS version 16.0 was used to carry out 
necessary statistical calculations. 
Results: Out of 80 patients whose ultrasound examination of right lower quadrant (RLQ) was performed, 36 
patients were correctly diagnosed as having acute appendicitis on USG out of 42 finally diagnosed cases based on 
histopathology. Similarly we picked 18 normal appendices out of 38 non-appendicitis patients in which 6 proved 
to be false negative.  This showed that US scan has sensitivity of 86%, specificity 80%, PPV 92%, NPV 67% and 
overall accuracy of 84%. The most accurate appendiceal finding for appendicitis was a diameter of 6 mm or larger 
followed by non-compressibility of appendix. 
Conclusion: Ultrasound has high diagnostic accuracy in diagnosis of acute appendicitis and helps to reduce 
negative appendectomy rates. A greater than 6-mm diameter of the appendix under compression is the most 
accurate US finding. 
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INTRODUCTION 

Appendicitis is a common etiology of 
abdominal pain, caused by acute inflammation of 
the appendix and occurs in approximately 8-10% 
of the population (over a lifetime)1,2. Acute 
appendicitis is the most common surgical 
abdominal emergency worldwide with life time 
prevalence of one in seven3,4. The diagnosis of 
acute appendicitis is mainly clinical but because 

of myriad presentation clinical assessment is 
correct only in 80% of the total patients 
presenting in the ER5. To prevent the dire 
complications of the acute appendicitis, the 
doubtful cases are preferably operated which 
resulted in negative appendicectomy rate of      
10-15% or even more in few cases, considered as 
acceptable but ultimately carries both the risks of 
mortality and morbidity6. The accurate diagnosis 
of acute appendicitis is also important due to 
many other abdominal conditions which may 
simulate its clinical scenario especially in women 
of reproductive age group, patients with mass 
right iliac fossa (RIF) and in the extremes of 
ages7,8. 
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Routinely, diagnosis of acute appendicitis is 
made upon the basis of clinical history, physical 
examination and certain laboratory investigations 
like total leukacyte count (TLC)9-10. In order to 
improve the diagnostic accuracy different aids 
have been introduced like different scoring 
systems, gastrointestinal (GI) contrast studies, 
ultra sonography (USG), computed tomography 
(CT) scan, magnetic resonance imaging (MRI), 
nuclear scan and laparoscopy8,11. 

TLC is a commonly performed laboratory 
investigation due to its availability and cost 
effectiveness but due to its limited sensitivity and 
specificity general surgeons require simple, cost 
effective and readily available supportive 
investigation to avoid the negative 
appendicectomies12. 

Many studies have claimed that the NPV of 
CT scan is around 98%9, so certain people 
especially in the west advocate its importance 
due to the fact that it is not operator dependent 
and chances of variations in results in various 
setup are very less. The limitations of the CT scan 
abdomen in our setups are its limited availability, 
high cost and other general disadvantages like 
extensive radiation dose and chances of contrast 
reactions that make it a difficult diagnostic tool. 
So there is utmost need to look for a diagnostic 
tool that not only carries high sensitivity and 
specificity but also cost effective, fast and readily 
available. 

USG of the abdomen is yet another practiced 
investigation; its principle advantage is not its 
highest accuracy but its non-invasive nature. The 
diagnostic sign of acute appendicitis is 
visualization of appendix on USG. However it 
failed to gain popularity as a pillar of diagnosis in 
the disease, because it is very much operator 
dependent and results vary from person to 
person depending upon the expertise of the 
sonologist as well as certain patient factors like 
obesity, gas filled gut loops in front of the 
appendix, amount of inflammatory fluid around 
the appendix and position of the appendix may 
also add in its disadvantages13. 

The significance of this study is that 
ultrasound will definitely increase the confidence 
of general surgeons in diagnosis of acute 
appendicitis resultantly reducing the negative 
appendicectomy rate, which will help the patient 
by reducing the patient’s exposure to the 
mortality, morbidity and certain post operative 
complications like intestinal obstruction due to 
adhesions and fertility problems in females7,14. It 
will definitely reduce the burden on health care 
system and overall society as undue surgeries 
have socioeconomic impacts in the form of loss of 
working days and declined productivity. 

The rationale of this study was to add 
further information and help in better 
understanding of the role of USG in patients of 
acute appendicitis. This also highlighted the 
importance of ultrasound as a useful, readily 
available, non-invasive and radiation free 
investigation in these patients. The study was 
based on the presumption that a thorough 
appendicitis-specific USG examination yields 
more accurate diagnosis helping to reduce high 
negative appendectomy rates and thereby 
benefiting the affected patients. 
MATERIAL AND METHODS 

This descriptive (validation) study was 
conducted at the Radiology Department, 
Combined Military Hospital Rawalpindi from 
August 2008 to February 2009.  

Patients of both genders more than 18 years 
of age with presence of relevant clinical features 
were included in the study. 

Patients with mass right iliac fossa, known 
history of appendicectomy, pregnancy, adnexal 
mass, right ovarian torsion, or pelvic 
inflammatory disease (PID) were excluded. 
Data Collection Procedure  

A total of 80 cases of clinically suspected 
acute appendicitis selected on non probability 
convenience sampling technique were included 
in the study. They all underwent USG evaluation. 
Sensitivity, Specificity, Positive Predictive Value 
(PPV) and Negative Predictive Value (NPV) of 
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Ultrasound and US findings were calculated 
keeping surgical findings and histopathology of 
the removed appendix as gold standard 
whenever appendectomy was carried out. SPSS 
version 16.0 was used to carry out necessary 
statistical calculations.  
RESULTS 

There were 55 (69%) males and 25 (31%) 
females out of a total sample of 80 patients. The 
age of the patients ranged from 18 years to 70 
years with a mean age of 21 years and SD ± 4. All 
the patients were subjected to US abdomen 
within   2-4 hours of presentation in the ER. 
Findings of USG were matched against the 
histopathological findings of appendix after 
surgery. 

US diagnosis of acute appendicitis was made 
in 39 patients who underwent surgery. 
Histopathology of the resected appendices 
showed signs of acute appendicitis in 36, whereas 

3 appendices turned out to be normal, thus 
making 3 false positive (FP) US results. 

In 41 US negative patients a normal 
appendix was identified in 18 patients (47% of 
USG negative patients) and in the remaining 23 
(53%) appendix was not identified on US. Six 

patients, among these 18 US negative patients, 
persisted to have clinical signs and symptoms of 
acute appendicitis. Surgical intervention was 
carried out within 24 hours of US examination 
and they turned out to be having inflamed 
appendices on surgery and histopathology (thus 
giving the non-visualization of the appendix at 
Ultrasound a NPV of 67%). These were the FN 
results of US as shown in table-1 and fig-1. Two 
out of these six patients had perforated 
appendicitis and the other four had retrocoecal 
appendices. 

In 38 non appendicitis patients, diagnosis 
was confirmed on US in 15 patients, on surgery in 
3 patients (3 US false positive cases), on 
endoscopy in 2 patients and at clinical follow up 
in 18 patients. Final diagnosis of all the patients is 
shown in table-2. 

Appendix was seen on US in 57 patients out 
of 80 (71%) including 39 inflamed, 18 normal 

appendices and appendix was not seen in 23 
patients. In these patients, a diameter of 6 mm or 
larger was the most accurate finding for 
appendicitis followed by lack of compressibility. 
Appendicolith was found in only 20% of 
appendicitis patients. 

Table-1:  Breakdown of cases with appendicitis. 
 Histopathology Positive Histopathology Negative 

Ultrasound Positive                 39 True Positive         36 False Positive           3 
Ultrasound Negative               18 True Negative       12 False Negative         6 
Table-2: Final diagnosis of the patients. 
 Frequency 

 
Percent 

 
Valid percent 

 
Cumulative 

Percent 
Valid acute appendicitis 42 52.5 52.5 52.5 
Pain with no definitive cause 13 16.3 16.3 68.8 
Mesenteric lymphadenitis 8 10.0 10.0 78.8 
Cystitis 3 3.8 3.8 82.5 
GE 6 7.5 7.5 90.0 
PID 2 2.5 2.5 92.5 
Peptic ulcer 4 5.02 5.02 97.5 
Misc 2 2.5 2.5 100 
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DISCUSSION 
It is agreed upon at various levels that acute 

appendicitis is the most common surgical 
emergency worldwide, warranting early surgical 
intervention to prevent the complications1-3. Even 
with the advent of modern clinical assessment 
methods, acute appendicitis always puts the 
surgeon’s clinical judgment into a real test in 
majority of the cases, especially in the women of 
reproductive age group and extremes of ages 
resulting into a challenge for general surgeons 
not only to prevent complications but also to 
prevent unnecessary interventions7, 8. 

 The overall accuracy of clinical diagnosis of 
acute appendicitis is approximately 80% with 
mean negative appendicectomy rate of 20%, 
mainly due to the difficulties faced in 
differentiation of acute appendicitis from other 

abdominal conditions5,6. To lower the rate of 
unnecessary surgeries and to improve the 
diagnostic accuracy, laboratory investigations 
and imaging have been increasingly used, 
particularly in equivocal cases15,16. 

In patients who were US negative for acute 
appendicitis (n=38), definite alternative diagnosis 
were made on US in 15 patients, which included 

5 female patients with various gynecological 
disorders,8 with mesenteric adenitis. Probable 
diagnosis of peptic ulcer was given in one patient 
and gut perforation in another patient due to 
peptic ulcer disease, which all turned out the 
same on follow up. This beautifully 
demonstrated the benefit of US for the provision 
of an alternate diagnosis to explain the patient's 
symptoms providing the opportunity to examine 
rest of the abdomen and pelvis in a very short 
acquisition time17,18. 

The inability to visualize the normal 
appendix is classically considered a major 
weakness of US in the assessment of patients 
suspected of having appendicitis because it 
represents a serious limitation to confidently 
excluding the diagnosis of appendicitis19. 

US evaluation of the appendix ideally 

includes the evaluation of the appendiceal wall 
and appendiceal content. We decided to measure 
the outer appendiceal diameter rather than 
appendiceal wall thickness for two reasons. 
Inflammation of the appendiceal wall may be 
difficult to distinguish from hypoechoic 
intraluminal pus, thus making measurement of 
the appendiceal wall inaccurate and second the 

 
Figure-1: Correlation between US & histopathological findings. 
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mucosal surface may be difficult to identify 
within the appendix20. We found that 
identification of an appendix measuring less than 
6 mm in diameter was an accurate indication to 
exclude appendicitis, with a NPV of 67%. Which 
is slightly out of line with the studies by 
Rettenbacher et al obtained a NPV of 100% with 
this sign, whereas Rioux reported a NPV of 98% 
with it20,21. The diameter of 6 mm or above for the 
diagnosis of an inflamed appendix, which is the 
most commonly reported threshold, had high 
PPV (95%) in our study. The high PPV is out of 
line with the data obtained by Rettenbacher et al 
who reported an appendiceal diameter of 6 mm 
or larger in 32% of symptomatic patients without 
appendicitis in whom the appendix was 
identified21. We found that hyperemia in the 
appendiceal wall shown on the color doppler 
images was a specific finding for appendicitis 
that was encountered in only three of the patients 
without appendicitis. The same high specificity 
was already reported in previously published 
studies in which flow was never identified in the 
normal appendiceal wall22. This finding, 
however, showed a sensitivity of only 45%. 

 Our evaluation of the content of the 
appendiceal lumen focused on the presence of 
intraluminal fluid as a sign of appendicitis, 
whereas Rettenbacher and his fellows considered 
the absence of gas in the appendiceal lumen as a 
criterion for appendicitis. The same mechanism 
might explain both the presence of fluid and the 
absence of gas in an appendix. Obstruction, 
which is the most common cause of appendicitis, 
could lead to retention of pus or appendiceal 
secretion with resorption of intraluminal gas. We 
did not evaluate the presence or absence of gas in 
the appendix because we considered that the US 
appearance of a tiny appendicolith or a small 
amount of feces could resemble gas and in 
addition, its evaluation is easier at CT than at US 
23,24. By contrast, appendiceal fluid, which is a 
finding that has never been evaluated to our 
knowledge, is easier to identify and its presence 
could be a useful ancillary sign. 

To summarize, our study suggests a quick 
protocol to diagnose acute appendicitis especially 
in equivocal cases with cost effectiveness, 
avoiding radiation exposure and intravenous 
contrast administration.  
CONCLUSION 

Ultrasound is a noninvasive highly 
diagnostic investigation with the overall accuracy 
of 84%. It has improved our ability to detect 
appendicitis and its complications with improved 
results and reduced rate of unnecessary surgeries 
resulting into decreased negative 
appendicectomy rate. In addition various 
diseases simulating acute appendicitis can also be 
diagnosed especially in pregnant ladies and 
extremes of ages. Tissue harmonic ultrasound 
therefore is an imaging modality of preference in 
cases of acute appendicitis. 

Diameter of inflamed appendix more than 6 
mm is the most sensitive US finding for 
appendicitis with high PPV and NPV followed by 
non-compressibility of the inflamed appendix. 
These two US findings together provide the most 
accurate diagnosis in suspected cases of acute 
appendicitis. 
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