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Sensitivity and specificity of ultrasound in the 
diagnosis of acute appendicitis
Y. Al-Ajerami 1

ABSTRACT The aim of this study was to evaluate the sensitivity and specificity of ultrasound in the diagnosis 
of acute appendicitis at Al-Shefa hospital, Gaza Strip, Palestine. Patients who had appendicitis diagnosed 
by ultrasound over the study period (n = 180) underwent surgical excision of the appendix. The negative 
appendectomy rate was low, with only 4.4% (8/180) false positives. A significantly higher false diagnosis rate (false 
negatives + false positives) was obtained in female patients than in males: 38.5% versus 6.2%. A high proportion of 
falsely diagnosed cases had abnormal weight (overweight or obese) (82.1%). The overall sensitivity and specificity 
of ultrasound, using surgical outcome as the gold standard, were 84.8% and 83.3% respectively, and the positive 
and negative predictive values were 93.3% and 66.7% respectively. Sensitivity and specificity were higher in males 
(95.7% and 88.2% respectively) than females (84.6% and 71.4% respectively). 
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حساسية ونوعية الفحص بالأمواج فوق الصوتية في تشخيص التهاب الزائدة الحاد
ياسرالعجرمي

الخلاصـة: كان الهدف من هذه الدراسة تقييم حساسية ونوعية الفحص بالأمواج فوق الصوتية في تشخيص التهاب الزائدة الحاد في مستشفى الشفاء 
صَ لديهم التهاب الزائدة بالأمواج فوق الصوتية في مدة الدراسة )وعددهم 180(، ممنّ  في قطاع غزة في فلسطين. شملت الدراسة المرضى الذين شُخِّ
أُجريَ لهم استئصال جراحي للزائدة. وقد كان معدل استئصال الزائدة السلبي منخفضاً، مع إيجابية كاذبة لا تتجاوز 4.4% )8 من أصل 180(. كما 
حصل الباحثون على معدل أكثر ارتفاعاً للتشخيص الكاذب يُعتدُّ به إحصائياً )سلبية كاذبة + إيجابية كاذبة( لدى الإناث 38.5%، وهو أكثر مما لدى 
الذكور 6.2%، وترافقت نسبة كبيرة من الحالات ذات التشخيص الكاذب بوزن غير سوي )زيادة الوزن أو البدانة: 82.1%(. وقد كان إجمالي الحساسية 
للفحص بالأمواج فوق الصوتية باعتبار نتيجة العمل الجراحي تمثِّل معيار ذهبي: 84.8%، أما إجمالي النوعية فكان 83.3%، وبلغت التنبؤية الإيجابية 
93.3% والتنبؤية السلبية 66.7%. وكانت حساسيته ونوعيّته في الذكور 95.7% و88.2% على التوالي، في حين أنهما لدى الإناث 84.6% و71.4% على 

التوالي.

Sensibilité et spécificité de l’examen échographique pour le diagnostic de l’appendicite aiguë

RÉSUMÉ La présente étude visait à évaluer la sensibilité et la spécificité de l’examen échographique pour le 
diagnostic de l’appendicite aiguë à l’hôpital Al-Shifa situé dans la Bande de Gaza (Palestine). L’appendice a été 
excisé chez les patients (n = 180) chez qui une appendicite a été diagnostiquée après un examen échographique  
réalisé pendant la période de l’étude. Le taux d’appendicectomies blanches était faible, avec un taux de faux 
positifs de seulement 4,4 % (8 cas sur 180). Le taux de diagnostics erronés (faux négatifs + faux positifs) était 
nettement supérieur chez les patientes que chez les patients : 38,5 % par rapport à 6,2 %. Une proportion 
élevée (82,1 %) de patients ayant reçu un diagnostic erroné présentait un surpoids ou souffrait d’obésité. 
En prenant le résultat de l’intervention chirurgicale comme critère de référence, la sensibilité de l’examen 
échographique était de 84,8 %, sa spécificité de 83,3 %, et les valeurs prédictives positives et négatives s’élevaient 
à 93,3 % et 66,7 % respectivement. La sensibilité et la spécificité de l’examen échographique étaient supérieures 
chez les hommes (95,7 % et 88,2 % respectivement) que chez les femmes (84,6 % et 71,4 % respectivement).
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Introduction

Acute appendicitis is one of the most 
common acute conditions requiring 
urgent abdominal surgery in both 
adults and children [1,2]. It is a com-
mon cause of right lower quadrant pain. 
The current annual incidence of acute 
appendicitis in the Gaza Strip is 15 cases 
per 100 000 populations [3]. Severe 
complications result from perforation 
of acute appendicitis, generally resulting 
from delayed diagnosis. Hence, a surgi-
cal intervention will be the first priority 
for the surgeons.

Early diagnosis of appendicitis is still 
a challenge [4]. During the last decade, 
use of white blood cell scans and ultra-
sound and computerized tomography 
(CT) scanning have improved the di-
agnostic accuracy for acute appendicitis 
[5,6]. Despite the use of ultrasound and 
special laboratory investigations (e.g. 
C-reactive protein), high diagnostic 
error rates are still observed [7]. The 
negative appendectomy rate in large 
series ranged from 15% to 33% [8,9]. In 
patients with atypical history or equivo-
cal physical examination findings, par-
ticularly in women of childbearing age, 
the negative appendectomy rate may be 
as high as 45% [10]. 

The diagnosis of acute appendicitis 
by ultrasound has been used since the 
1980s. Its benefits include low cost, 
safety (no ionizing radiation) and the 
ability to provide dynamic information 
[8]. Previous studies, however, have 
found that the accuracy of ultrasound 
is less than that of CT [11–14]. This 
study at a hospital in Gaza Strip aimed 
to evaluate the accuracy of ultrasound 
in the diagnosis of acute appendicitis.

Methods

Sample
The study was carried out at Al-Shefa 
hospital, Gaza Strip, Palestine. Between 
3 April 2008 to 30 July 2008, 180 pa-
tients who were clinically diagnosed 

with appendicitis by both physical 
examination and laboratory tests were 
selected for ultrasound examination. 
All patients diagnosed with appendicitis 
over the study period were selected 
for the study regardless of age or sex. 
Patients with a history of malignancy, 
congenital anomaly and pregnant 
women were excluded. Approval for the 
study was obtained from the Palestinian 
Ministry of Health. The subjects who 
participated in the study were asked to 
sign an informed consent form.

Data collection
The age, sex and body mass index 
(BMI) of the patients were recorded.

Ultrasound images were obtained 
using the Toshiba Nemio XG with 
PVM 375AT probe and prospectively 
interpreted by at least 2 different radi-
ologists. Although a 7.5 MHz probe 
with an annular array transducer was 
generally used, a 5 MHz convex probe 
was also employed depending on the 
patient’s physique and the depth of the 
appendix. On the basis of ultrasono-
graph findings, appendicitis was clas-
sified as follows: catarrhal (appendix 
was tubular with a clear layer structure 
of the appendiceal wall, slight mucosal 
oedema, and a maximum transverse 
diameter of 10 mm); phlegmonous 
(ill-defined layer structure of the appen-
dix wall, moderate enlargement of the 

appendix, and a maximum transverse 
diameter of 10 mm); gangrenous (ill-
defined or unidentifiable layer structure 
of the appendiceal wall and severe en-
largement of the appendix to form a 
mass) [13].

Patients who had appendicitis di-
agnosed by ultrasound also underwent 
CT scanning and then surgical excision 
of the appendix. The patients were fol-
lowed up after surgery to determine the 
number of true positive, true negative, 
false positive and false negative ultra-
sound findings based on the surgical 
report as the gold standard.

Data analysis
The data were tabulated, encoded and 
analysed using SPSS, version 13. The 
chi-squared test was used to determine 
whether the difference in frequency 
(percentage) among the same groups 
was significant or not.

Results

A total of 128 males (71.1%) and 52 
females (28.9%), with a mean age of 20 
years (range 5–51 years), underwent 
appendectomy. Table 1 shows the dis-
tribution of patients by age, sex and BMI 
category; 86.7% of males and 80.7% 
of females were over 10 years old and 
34.4% of males and 46.2% of females 

Table 1 Distribution of patients by age, sex and body mass index (BMI) category

Variable Males Females Total

No. % No. % No. %

Age group (years)

< 11 17 13.3 10 19.2 27 15.0

11–20 41 32.0 11 21.2 52 28.9

21–30 41 32.0 10 19.2 51 28.3

31–40 17 13.3 8 15.4 25 13.9

> 40 12 9.4 13 25.0 25 13.9

BMI category

Normal 84 65.6 28 53.8 112 62.2

Overweight 16 12.5 16 30.8 32 17.8

Obese 28 21.9 8 15.4 36 20.0

Total 128 100.0 52 100.0 180 100.0
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were obese or overweight. The highest rate of acute appendicitis 
in this sample was found in the age group 11–20 years (28.9%).

The great majority of males with appendicitis (86.7%) pre-
sented with right lower quadrant pain, raised white blood cell 
counts, fever and vomiting compared with only 13.5% of females.

Table 2 shows the accuracy of ultrasound for the diagnosis of 
appendicitis for all patients and by BMI category and sex. Overall 
there were 8/180 false positives, giving a negative appendec-
tomy rate of 4.4%. There were 20/180 patients who were false 
negatives (11.1%). The sensitivity and specificity of ultrasound 
examination for all patients were 84.8% and 83.3% respectively 
and the positive and negative predictive values were 93.3% and 
66.7% respectively (Table 2). The sensitivity and specificity of 
the test were higher in males (95.7% and 88.2% respectively) 
than females (84.6% and 71.4% respectively).

The total  rate  of  fa lse  diagnosis  by ultrasound 
(false negatives + false positives) was therefore 28/180 
(15.6%). A significantly higher false diagnosis rate was ob-
tained in female patients than in males: 38.5% versus 6.2% 
(P < 0.001).  A high proportion  of the 28 falsely diagnosed cases 
(23, 82.1%) were overweight or obese (2 males and 18 females). 
CT scanning showed true positive results for appendicitis in 
20/28 patients (71.4%) who had a false diagnosis by ultrasound 
(4 males and 16 females). 

Discussion

Acute appendicitis remains one of the most common surgi-
cal emergencies with a lifetime occurrence of 7% [10]. Early 
ultrasound detection and surgical intervention is the best way 
to manage acute appendicitis in order to reduce complications 
and mortality [11]. The incorrect diagnosis of acute appendicitis 
by ultrasound is due to many causes: ultrasound may not detect 
the appendix when it is retrocaecally located or if it lies deep in 
the pelvis; excess overlying bowel gas may also be problematic, 
Incorrect clinical diagnosis is affected by the experience of physi-
cians and radiologists, the stage or degree of appendicitis and the 
sex, age and BMI of patients [12]. The negative appendectomy 
rate can be significantly reduced by using ultrasound coupled 
with clinical assessment and evaluation [15,16].

Lewis et al. and Lee et al. found that the negative appendec-
tomy rate was 15.7% and 16% respectively [10,14,]. By compari-
son, we had a low negative appendectomy rate, with only 4.4% 
false positives. Summa et al. found false positive results in only 
7/308 of cases (2%) [17].

In our study, the accuracy of ultrasound examination varied 
with the age group and BMI category of patients. A significantly 
higher false diagnosis rate was obtained in female patients than 
in males: 38.5% versus 6.2%. A similar difference was obtained 
by Paulson et al. and this may be related to gynaecological Ta
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conditions simulating the signs of acute 
appendicitis [6]. The great majority of 
falsely diagnosed cases (82.1%) had 
abnormally high weight (i.e. overweight 
or obese), slightly more in male patients 
(87.5%) compared with female patients 
(80.0%).

Lee et al. showed that the incidence 
of acute appendicitis increased in pa-
tients younger than 10 years and older 
than 50 years [14]. The highest rate of 
acute appendicitis in our sample was 
found in the age group 11–20 years.
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In this study, in spite of the viability 
of ultrasound examination to detect and 
diagnose acute appendicitis in approxi-
mately 84.8% of cases, 20 out of 180 
patients were false negative (11.1%), 
which means 20 patients faced the risk 
of complications of perforated appen-
dicitis..

The overall specificity and sen-
sitivity were found to be 84.8% and 
83.3% respectively, which showed that 
ultrasound has a relatively high speci-
ficity and sensitivity in diagnosing ap-
pendicitis especially with patients of 

normal weight. Our results compare 
well with other studies reported sensi-
tivity 75%–98%, specificity 86%–100% 
with positive and negative predictive 
values of 91%–100% and 89%–99% 
[1,2,4,6,17,18].

In conclusion, ultrasound may 
be alongside clinical and laboratory 
testing to diagnose acute appendicitis. 
However, confirmatory tests such as 
CT may be needed in doubtful cases, 
especially in female patients and those 
with abnormal weight (overweight/
obese).


